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Description

[0001] The presentdisclosure relates generally to sys-
tems and methods for orienting a marine vessel.

[0002] BradleyetalU.S.PatentNo. 7,305,928 disclos-
es vessel positioning systems that maneuver a marine
vessel in such a way that the vessel maintains its global
position and heading in accordance with a desired posi-
tion and heading selected by the operator of the marine
vessel. When used in conjunction with a joystick, the op-
erator of the marine vessel can place the system in a
station keeping-enabled mode and the system then
maintains the desired position obtained upon the initial
change in the joystick from an active mode to an inactive
mode. In this way, the operator can selectively maneuver
the marine vessel manually and, when the joystick is re-
leased, the vessel will maintain the position in which it
was at the instant the operator stopped maneuvering it
with the joystick.

[0003] The presentinventors have recognized that the
amount of available thrust for positioning the vessel var-
ies as the system carries out the station keeping func-
tionality described above. For example, the available
thrust to move the vessel sideways is necessarily less
than the available thrust to move the vessel forward. This
difference is because (1) propulsion devices such as pro-
peller drives are more efficient while rotating in a forward
direction than in a reverse direction and (2) propulsion
devices will be more efficientwhen alignedin the direction
of movement of the vessel than when aligned to achieve
motion transverse to the actual heading of the vessel.
That is, vectoring of the propeller devices to achieve for
example side directed forces reduces the available thrust
in the actual direction of vessel movement JP07223591
discloses a system and a method for orienting a marine
vessel according to the preamble of claim 1 resp. claim
12.

[0004] The present disclosure provides embodiments
that maneuver a marine vessel to enhance available
thrust and thus provide improved performance in station
keeping modes. According to one aspect of the invention
there is provided a system for orienting a marine vessel,
comprising a plurality of marine propulsion devices for
orientinga marine vessel, a control device havinga mem-
ory and a programmable circuit, the control device pro-
grammed to control operation of the plurality of marine
propulsion devices to maintain orientation of a marine
vessel in a selected global position, wherein the control
device is programmed to calculate a direction of a result-
ant thrust vector associated with the plurality of marine
propulsion devices that is necessary to maintain the ves-
sel in the selected global position, characterised in that
the control device is programmed to control operation of
the plurality of marine propulsion devices to change the
actual heading of the marine vessel to align the actual
heading with the thrust vector, and a user input device
providing the control device with a signal that is repre-
sentative of an operator desired movement, wherein in
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a first mode the control device controls operation of the
plurality of marine propulsion devices to change the ac-
tual heading of the marine vessel to align the thrust vector
and the actual heading and in a second mode the control
device does not control operation of the plurality of marine
propulsion devices to change the actual heading of the
marine vessel to align the thrust vector and the actual
heading, and wherein in both of the first and second op-
erating modes the control device controls operation of
the marine propulsion devices to maintain the selected
global position of the marine vessel, wherein the control
device is configured to determine, with a global position
sensor, that the second mode is unable to maintain the
global position of the marine vessel and thereafter to au-
tomatically activate the first mode.

[0005] According to another aspect of the invention, a
method for orienting a marine vessel includes providing
a plurality of marine propulsion devices coupled to the
marine vessel, selecting a global position of the marine
vessel, determining an actual heading of the marine ves-
sel in the global position, providing a control device hav-
ing a memory and a programmable circuit, wherein the
control device controls operation of the plurality of marine
propulsion devices, characterised by operating the con-
trol device in a first mode to control operation of the plu-
rality of marine propulsion devices to maintain the global
position of the marine vessel, calculate a direction of a
thrust vector associated with the plurality of marine pro-
pulsion devices, which is necessary to maintain the glo-
bal position of the marine vessel, and control operation
of the plurality of marine propulsion devices to change
the actual heading of the marine vessel to align the di-
rection of the thrust vector and the actual heading, se-
lecting between two modes of operation including the
first mode wherein the control device controls operation
of the plurality of marine propulsion devices to change
the actual heading of the marine vessel to align the thrust
vector and the actual heading and a second mode where-
in the control device does not control operation of the
plurality of marine propulsion devices to change the ac-
tual heading of the marine vessel to align the thrust vector
and the actual heading, controlling operation of the ma-
rine propulsion devices in both of the first and second
modes to maintain the selected global position of the ma-
rine vessel, and determining with a global position sensor
that the control device in the second mode is unable to
maintain the global position of the marine vessel and
thereafter automatically activating the first mode.
[0006] The method maycomprise operatingthe control
device to repeat steps of the method to actively maintain
alignment of the thrust vector and the actual heading.
[0007] The method may comprise controlling operation
of the plurality of marine propulsion devices to create a
moment that causes rotation of the marine vessel about
its center of gravity to thereby align the actual heading
with the thrust vector.

[0008] The invention will further be described, by way
of example, with reference to the accompanying draw-
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ings, in which:

FIG. 1 is a highly schematic representation of a ma-
rine vessel showing the steering axes and center of
gravity;

FIGS. 2 and 3 illustrated the arrangement of thrust
vectors during a sidle movement of the marine ves-
sel;

FIG. 4 shows the arrangement of thrust vectors for
a forward movement;

FIG. 5 illustrates the geometry associated with the
calculation of a moment arm relative to the center of
gravity of a marine vessel;

FIG. 6 shows the arrangement of thrust vectors used
to rotate the marine vessel about its center of gravity;
FIGS. 7 and 8 are two schematic representation of
a joystick;

FIG. 9is a bottom view of the hull of a marine vessel
showing the first and second marine propulsion de-
vices extending therethrough;

FIG. 10 is a side view showing the arrangement of
an engine, steering mechanism, and marine propul-
sion device;

FIG. 11 is a schematic representation of a marine
vessel equipped with the devices for performing the
station keeping function;

FIG. 12 is a representation of a marine vessel at a
particular global position and with a particular head-
ing which are exemplary;

FIG. 13 shows a marine vessel which has moved
from an initial position to a subsequent position;
FIG. 14 is a block diagram of the functional elements
used to perform a station keeping function;

FIG. 15 is a representation of a marine vessel which
has been moved from an initial position to a second
position and subsequently been moved into a third
position having a common global position with the
initial position;

FIG. 16 is a flow chart illustrating one example of a
method of orienting a marine vessel according to the
present disclosure; and

FIG. 17 is a flow chart illustrating another example
of a method of orienting a marine vessel according
to the present disclosure.

[0009] In the present description, certain terms have
been used for brevity, clearness and understanding. No
unnecessary limitations are to be implied therefrom be-
yond the requirement of the prior art because such terms
are used for descriptive purposes only and are intended
to be broadly construed. The different systems and meth-
ods described herein may be used alone or in combina-
tion with other systems and methods. Various equiva-
lents, alternatives and modifications are possible within
the scope of the appended claims.

[0010] Throughoutthe description of the preferred em-
bodiments, like components will be identified by like ref-
erence numerals.
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[0011] FIGS. 1-16 schematically depict marine vessels
and control systems for orienting and maneuvering the
marine vessels. It should be understood that the partic-
ular configurations of the marine vessels and control sys-
tems shown and described are exemplary. It is possible
to apply the concepts described in the present disclosure
with substantially different configurations for marine ves-
sels and control systems therefor. For example, the ma-
rine vessels that are depicted in the drawing figures have
first and second marine propulsion devices 27, 28 that
have limited ranges or rotation. However, it should be
understood that the concepts disclosed in the present
disclosure are applicable to marine vessels having any
number of marine propulsion devices and any configu-
ration of a propulsion device, such as propeller, impeller,
pod drive, and the like. In addition, the control systems
described herein include certain operational structures
such as global positioning system (GPS) devices and
inertial measurement units (IMUs). It should be under-
stood that the concepts disclosed in the present disclo-
sure are capable of being implemented with different
types of systems for acquiring global position data and
are not limited to the specific types and numbers of such
devices described and depicted herein. Further, the
present disclosure describes certain types of user input
devices such a joystick 52 and user input 120. It should
also be recognized that the concepts disclosed in the
present disclosure are also applicable in a prepro-
grammed format or in conjunction with different types of
user input devices, as would be known to one of skill in
the art. Further equivalents, alternatives and modifica-
tions are also possible as would be recognized by those
skilled in the art.

[0012] InFIG. 1, amarine vessel 10 is illustrated sche-
matically with its center of gravity 12. First and second
steering axes, 21 and 22, are illustrated to represent the
location of first and second marine propulsion devices
(reference numerals 27 and 28 in FIG. 9) located under
the hull of the marine vessel 10. The first and second
marine propulsion devices are rotatable about the first
and second steering axes, 21 and 22, respectively. The
first marine propulsion device, on the port side of a cen-
terline 24, is configured to be rotatable 45 degrees in a
clockwise direction, viewed from above the marine vessel
10, and 15 degrees in a counterclockwise direction. The
second marine propulsion device, located on the star-
board side of the centerline 24, is oppositely configured
to rotate 15 degrees in a clockwise direction and 45 de-
grees in a counterclockwise direction. The ranges of ro-
tation of the first and second marine propulsion devices
are therefore symmetrical about the centerline 24 in a
preferred embodiment.

[0013] The positioning method of the present disclo-
sure rotates the first and second propulsion devices
about their respective steering axes, 21 and 22, in an
efficient manner that allows rapid and accurate maneu-
vering of the marine vessel 10. This efficient maneuver-
ing of the first and second marine propulsion devices is
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particularly beneficial when the operator of the marine
vessel 10 is docking the marine vessel or attempting to
maneuver it in areas where obstacles exist, such as with-
in a marina.

[0014] FIG. 2illustrates one elementof the present dis-
closure thatis used when itis desired to move the marine
vessel 10 in a direction represented by arrow 30. In other
words, it represents the situation when the operator of
the marine vessel wishes to cause it to sidle to the right
with no movement in either a forward or reverse direction
and no rotation about its center of gravity 12. This is done
by rotating the first and second marine propulsion devic-
es so thattheirthrust vectors, T1and T2, are both aligned
with the center of gravity 12. This provides no effective
moment arm about the center of gravity 12 for the thrust
vectors, T1 and T2, to exert a force that could otherwise
cause the marine vessel 10 to rotate. As can be seen in
FIG. 2, the first and second thrust vectors, T1 and T2,
are in opposite directions and are equal in magnitude to
each other. This creates no resultant forward or reverse
force on the marine vessel 10. The first and second thrust
vectors are directed along lines 31 and 32, respectively,
which intersect at the center of gravity 12. As illustrated
in FIG. 2, these two lines, 31 and 32, are positioned at
angles theta. As such, the first and second marine pro-
pulsion devices are rotated symmetrically relative to the
centerline 24. As will be described in greater detail below,
the first and second thrust vectors, T1 and T2, can be
resolved into components, parallel to centerline 24, that
are calculated as a function of the sine of angle theta.
These thrust components in a direction parallel to cen-
terline 24 effectively cancel each other if the thrust vec-
tors, T1and T2, are equalto each other since the absolute
magnitudes of the angles theta are equal to each other.
Movement in the direction represented by arrow 30 re-
sults from the components of the first and second thrust
vectors, T1 and T2, being resolved in a direction parallel
to arrow 30 (i.e. perpendicular to centerline 24) as a func-
tion of the cosine of angle theta. These two resultant
thrust components which are parallel to arrow 30 are ad-
ditive. As described above, the moment about the center
of gravity 12 is equal to zero because both thrust vectors,
T1 and T2, pass through the center of gravity 12 and, as
a result, have no moment arms about that point.

[0015] While itis recognized that many other positions
of the thrust, T1 and T2, may result in the desired sidling
represented by arrow 30, the direction of the thrust vec-
tors in line with the center of gravity 12 of the marine
vessel 10 is most effective and is easy to implement. It
also minimizes the overall movement of the propulsion
devices during complicated maneuvering of the marine
vessel 10. lts effectiveness results from the fact that the
magnitudes of the first and second thrusts need not be
perfectly balanced in order to avoid the undesirable ro-
tation of the marine vessel 10. Although a general bal-
ancing of the magnitudes of the first and second thrusts
is necessary to avoid the undesirable forward or reverse
movement, no rotation about the center of gravity 12 will
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occur as long as the thrusts are directed along lines, 31
and 32, which intersect at the center of gravity 12 as
illustrated in FIG. 2.

[0016] FIG.3showsthefirstand second thrustvectors,
T1 and T2, and the resultant forces of those two thrust
vectors. For example, the first thrust vector can be re-
solved into a forward directed force F1Y and a side di-
rected force F1X as shown in FIG. 3 by multiplying the
first thrust vector T1 by the sine of theta and the cosine
of theta, respectively. Similarly, the second thrust vector
T2 is shown resolved into a rearward directed force F2Y
and a side directed force F2X by multiplying the second
thrust vector T2 by the sine of theta and cosine of theta,
respectively. Since the forward force F1Y and rearward
force F2Y are equal to each other, they cancel and no
resulting forward or reverse force is exerted on the marine
vessel 10. The side directed forces, F1X and F2X, on the
other hand, are additive and result in the sidle movement
represented by arrow 30. Because the lines, 31 and 32,
intersect at the center of gravity 12 of the marine vessel
10, no resulting moment is exerted on the marine vessel.
As a result, the only movement of the marine vessel 10
is the sidle movement represented by arrow 30.

[0017] FIG. 4 shows the result when the operator of
the marine vessel 10 wishes to move in a forward direc-
tion, with no side movement and no rotation about the
center of gravity 12. The first and second thrusts, T1 and
T2, are directed along their respective lines, 31 and 32,
and they intersect at the center of gravity 12. Both thrusts,
T1 and T2, are exerted in a generally forward direction
along those lines. As a result, these thrusts resolve into
the forces illustrated in FIG. 4. Side directed forces F1X
and F2X are equal to each other and in opposite direc-
tions. Therefore, they cancel each other and no sidle
force is exerted on the marine vessel 10. Forces F1Y and
F2Y, on the other hand, are both directed in a forward
direction and result in the movement represented by ar-
row 36. The configuration of the first and second marine
propulsion systems represented in FIG. 4 result in no
side directed movement of the marine vessel 10 or rota-
tion about its center of gravity 12. Only a forward move-
ment 36 occurs.

[0018] When itis desired that the marine vessel 10 be
subjected to a moment to cause it to rotate about its cent-
er of gravity 12, the application of the concepts of the
present disclosure depend on whether or not it is also
desired that the marine vessel 10 be subjected to alinear
force in either the forward/reverse or the left/right direc-
tion or a combination of both. When the operator wants
to cause a combined movement, with both a linear force
and a moment exerted on the marine vessel, the thrust
vectors, T1 and T2, are caused to intersect at the point
38 as represented by dashed lines 31 and 32 in FIG. 6.
If, on the other hand, the operator of the marine vessel
wishes to cause it to rotate about its center of gravity 10
with no linear movement in either a forward/reverse or a
left/right direction, the thrust vectors, T1’ and T2, are
aligned in parallel association with each other and the
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magnitude of the first and second thrust vectors are di-
rected in opposite directions as represented by dashed
arrows T1”and T2’ in FIG. 6. When the first and second
thrust vectors, T1’ and T2, are aligned in this way, the
angle theta for both vectors is equal to 90 degrees and
their alignment is symmetrical with respect to the center-
line 24, but with oppositely directed thrust magnitudes.
[0019] When a rotation of the marine vessel 10 is de-
sired in combination with linear movement, the first and
second marine propulsion devices are rotated so that
their thrust vectors intersect at a point on the centerline
24 other than the center of gravity 12 of the marine vessel
10. This is illustrated in FIG. 5. Although the thrust vec-
tors, T1 and T2, are not shown in FIG. 5, their associated
lines, 31 and 32, are shown intersecting at a point 38
which is not coincident with the center of gravity 12. As
aresult, an effective moment arm MI exists with respect
to the first marine propulsion device which is rotated
about its first steering axis 21. Moment arm M1 is per-
pendicular to dashed line 31 along which the first thrust
vector is aligned. As such, it is one side of a right triangle
which also comprises a hypotenuse H. It should also be
understood that anotherrighttriangle in FIG. 5 comprises
sides L, W/2, and the hypotenuse H. Although not shown
in FIG. 5, for purposes of clarity, a moment arm M2 of
equal magnitude to moment arm M1 would exist with
respect to the second thrust vector directed along line
32. Because of the intersecting nature of the thrust vec-
tors, they each resolve into components in both the for-
ward/reverse and left/right directions. The components,
if equal in absolute magnitude to each other, may either
cancel each other or be additive. If unequal in absolute
magnitude, they may partially offset each other or be ad-
ditive. However, a resultant force will exist in some linear
direction when the first and second thrust vectors inter-
sect at a point 38 on the centerline 24.

[0020] WithcontinuedreferencetoFIG.5, those skilled
in the art recognize that the length of the moment arm
M1 can be determined as a function of angle theta, angle
PHI, angle PI, the distance between the first and second
steering axes, 21 and 22, which is equal to W in FIG. 5,
and the perpendicular distance between the center of
gravity 12 and a line extending between the first and sec-
ond steering axes. This perpendicular distance is identi-
fied as L in FIG. 5. The length of the line extending be-
tween the first steering axis 21 and the center of gravity
12 is the hypotenuse of the triangle shown in FIG. 5 and
can easily be determined. The magnitude of angle PHI
is equivalent to the arctangent of the ratio of length L to
the distance between the first steering axis 21 and the
centerline 24, which is identified as W/2 in FIG. 5. Since
the length of line H is known and the magnitude of angle
H is known, the length of the moment arm M1 can be
mathematically determined.

[0021] Asdescribed above, a moment, represented by
arrow 40 in FIG. 6, can be imposed on the marine vessel
10 to cause it to rotate about its center of gravity 12. The
moment can be imposed in either rotational direction. In
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addition, the rotating force resulting from the moment 40
can be applied either in combination with a linear force
on the marine vessel or alone. In order to combine the
moment 40 with a linear force, the first and second thrust
vectors, T1and T2, are positioned to intersect at the point
38 illustrated in FIG. 6. The first and second thrust vec-
tors, T1 and T2, are aligned with their respective dashed
lines, 31 and 32, to intersect at this point 38 on the cen-
terline 24 of the marine vessel. If, on the other hand, itis
desired that the moment 40 be the only force on the ma-
rine vessel 10, with no linear forces, the first and second
thrust vectors, represented by T1’ and T2’ in FIG. 6, are
aligned in parallel association with each other. This, ef-
fectively, causes angle theta to be equal to 90 degrees.
If the first and second thrust vectors, T1’ and T2’, are
then applied with equal magnitudes and in opposite di-
rections, the marine vessel 10 will be subjected only to
the moment 40 and to no linear forces. This will cause
the marine vessel 10 to rotate about its center of gravity
12 while not moving in either the forward/reverse or the
left/right directions.

[0022] In FIG. 6, the first and second thrust vectors,
T1 and T2, are directed in generally opposite directions
and aligned to intersect at the point 38 which is not co-
incident with the center of gravity 12. Although the con-
struction lines are not shown in FIG. 6, effective moment
arms, M1 and M2, exist with respect to the first and sec-
ond thrust vectors and the center of gravity 12. Therefore,
a moment is exerted on the marine vessel 10
as .represented by arrow 40. If the thrust vectors T1 and
T2 are equal to each other and are exerted along lines
31and 32, respectively, and these are symmetrical about
the centerline 24 and in opposite directions, the net com-
ponent forces parallel to the centerline 24 are equal to
each other and therefore no net linear force is exerted
on the marine vessel 10 in the forward/reverse directions.
However, the first and second thrust vectors, T1 and T2,
also resolve into forces perpendicular to the centerline
24 which are additive. As a result, the marine vessel 10
in FIG. 6 will move toward the right as it rotates in a clock-
wise direction in response to the moment 40.

[0023] Inorderto obtain arotation of the marine vessel
10 with no lateral movement in the forward/reverse or
left/right directions, the first and second thrust vectors,
represented as T1’ and T2’ in FIG. 6, are directed along
dashed lines, 31" and 32’, which are parallel to the cen-
terline 24. The first and second thrust vectors, T1’ and
T2’, are of equal and opposite magnitude. As a result, no
net force is exerted on the marine vessel 10 in a for-
ward/reverse direction. Since angle theta, with respect
to thrust vectors T1’ and T2, is equal to 90 degrees, no
resultant force is exerted on the marine vessel 10 in a
direction perpendicular to the centerline 24. As a result,
arotation of the marine vessel 10 about its center of grav-
ity 12 is achieved with no linear movement.

[0024] FIG. 7 is a simplified schematic representation
of a joystick 50 which provides a manually operable con-
trol device which can be used to provide a signal that is



9 EP 2 338 785 B9 10

representative of a desired movement, selected by an
operator, relating to the marine vessel. Many different
types of joysticks are known to those skilled in the art.
The schematic representation in FIG. 7 shows a base
portion 52 and a handle 54 which can be manipulated by
hand. In a typical application, the handle is movable in
the direction generally represented by arrow 56 and is
also rotatable about an axis 58. It should be understood
that the joystick handle 54 is movable, by tilting it about
its connection point in the base portion 52 in virtually any
direction. Although dashed line 56 is illustrated in the
plane of the drawing in FIG. 7, a similar type movement
is possible in other directions that are not parallel to the
plane of the drawing.

[0025] FIG.8isatop viewofthe joystick50. The handle
54 canmove, asindicated by arrow 56 in FIG. 7, in various
directions which include those represented by arrows 60
and 62. However, it should be understood that the handle
54 can move in any direction relative to axis 58 and is
not limited to the two lines of movement represented by
arrows 60 and 62. In fact, the movement of the handle
54 has a virtually infinite number of possible paths as it
is tilted about its connection point within the base 52. The
handle 54 is also rotatable about axis 58, as represented
by arrow 66. Those skilled in the art are familiar with many
different types of joystick devices that can be used to
provide a signal that is representative of a desired move-
ment of the marine vessel, as expressed by the operator
of the marine vessel through movement of the handle 54.
[0026] With continued reference to FIG. 8, it can be
seen that the operator can demand a purely linear move-
ment either toward port or starboard, as represented by
arrow 62, a purely linear movement in a forward or re-
verse direction as represented by arrow 60, or any com-
bination of the two. In other words, by moving the handle
54 along dashed line 70, a linear movement toward the
right side and forward or toward the left side and rearward
can be commanded. Similarly, a linear movement along
lines 72 could be commanded. Also, it should be under-
stood that the operator of the marine vessel can request
a combination of sideways or forward/reverse linear
movement in combination with a rotation as represented
by arrow 66. Any of these possibilities can be accom-
plished through use of the joystick 50. The magnitude,
or intensity, of movement represented by the position of
the handle 54 is also provided as an output from the joy-
stick. In other words, if the handle 54 is moved slightly
toward one side or the other, the commanded thrust in
that direction is less than if, alternatively, the handle 54
was moved by a greater magnitude away from its vertical
position with respect to the base 52. Furthermore, rota-
tion of the handle 54 about axis 58, as represented by
arrow 66, provides a signal representing the intensity of
desired movement. A slight rotation of the handle about
axis 58 would represent a command for a slight rotational
thrust about the center of gravity 12 of the marine vessel
10. On the other hand, a more intense rotation of the
handle 54 about its axis would represent a command for
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a higher magnitude of rotational thrust.

[0027] With reference to FIGS. 1-8, it can be seen that
movement of the joystick handle 54 can be used by the
operator of the marine vessel 10 to represent virtually
any type of desired movement of the vessel. In response
to receiving a signal from the joystick 50, an algorithm,
in accordance with a preferred embodiment, determines
whether or not a rotation 40 about the center of gravity
12 is requested by the operator. If no rotation is request-
ed, the first and second marine propulsion devices are
rotated so that their thrust vectors align, as shown in
FIGS. 2-4, with the center of gravity 12 and intersect at
that point. This results in no moment being exerted on
the marine vessel 10 regardless of the magnitudes or
directions of the first and second thrust vectors, T1 and
T2. The magnitudes and directions of the first and second
thrust vectors are then determined mathematically, as
described above in conjunction with FIGS. 3 and 4. If, on
the other hand, the signal from the joystick 50 indicates
that a rotation about the center of gravity 12 is requested,
the first and second marine propulsion devices are di-
rected along lines, 31 and 32, that do not intersect at the
center of gravity 12. Instead, they intersect at another
point 38 along the centerline 24. As shown in FIG. 6, this
intersection point 38 can be forward from the center of
gravity 12. The thrusts, T1 and T2, shown in FIG. 6 result
in a clockwise rotation 40 of the marine vessel 10. Alter-
natively, if the first and second marine propulsion devices
are rotated so that they intersect at a point along the
centerline 24 which is behind the center of gravity 12, an
opposite effect would be realized. It should also be rec-
ognized that, with an intersect point 38 forward from the
center of gravity 12, the directions of the first and second
thrusts, T1 and T2, could be reversed to cause a rotation
of the marine vessel 10 in a counterclockwise direction.
[0028] In the various maneuvering steps described in
conjunction with FIGS. 1-6, it can be seen that the first
and second marine propulsion devices are directed so
that they intersect along the centerline 24. That point of
intersection can be atthe center of gravity 12 or atanother
point such as point 38. In addition, the lines, 31 and 32,
along which the first and second thrust vectors are
aligned, are symmetrical in all cases. In other words, the
first and second marine propulsion devices are posi-
tioned at angles theta relative to a line perpendicular to
the centerline 24. The thrust vectors are, however,
aligned in opposite directions relative to the centerline
24 so that they are symmetrical to the centerline even
though they may be in opposite directions as illustrated
in FIG. 6.

[0029] While it is recognized that the movements of
the marine vessel 10 described above can be accom-
plished by rotating the marine propulsion devices in an
asymmetrical way, contrary to the description of the
present disclosure in relation to FIGS. 1-6, the speed and
consistency of movement are enhanced by the consist-
ent alignment of the first and second thrust vectors at
points along the centerline 24 and, when no rotation
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about the center of gravity 12 is required, at the center
of gravity itself. This symmetrical movement and posi-
tioning of the first and second marine propulsion devices
simplifies the necessary calculations to determine the
resolved forces and moments and significantly reduces
the effects of any errors in the thrust magnitudes.
[0030] As described above, in conjunction with FIGS.
1-6, the first and second thrust vectors, T1 and T2, can
result from either forward or reverse operation of the pro-
pellers of the first and second marine propulsion devices.
In other words, with respect to FIG. 6, the first thrust vec-
tor T1 would typically be provided by operating the first
marine propulsion device in forward gear and the second
thrust vector T2 would be achieved by operating the sec-
ond marine propulsion device in reverse gear. However,
as is generally recognized by those skilled in the art, the
resulting thrust obtained from a marine propulsion device
by operating it in reverse gear is not equal in absolute
magnitude to the resulting thrust achieved by operating
the propeller in forward gear. This is the result of the
shape and hydrodynamic effects caused by rotating the
propeller in a reverse direction. However, this effect can
be determined and calibrated so that the rotational speed
(RPM) of the reversed propeller can be selected in a way
that the effective resulting thrust can be accurately pre-
dicted. In addition, the distance L between the line con-
necting the first and second steering axes, 21 and 22,
and the center of gravity 12 must be determined for the
marine vessel 10 so that the operation of the algorithm
of the present disclosure is accurate and optimized. This
determination is relatively easy to accomplish. Initially, a
presumed location of the center of gravity 12 is deter-
mined from information relating to the structure of the
marine vessel 10. With reference to FIG. 3, the first and
second marine propulsion devices are then aligned so
that their axes, 31 and 32, intersect at the presumed lo-
cation of the center of gravity 12. Then, the first and sec-
ond thrusts, T1 and T2, are applied to achieve the ex-
pected sidle movement 30. If any rotation of the marine
vessel 10 occurs, about the actual center of gravity, the
length L (illustrated in FIG. 5) is presumed to be incorrect.
That length L in the microprocessor is then changed
slightly and the procedure is repeated. When the sidle
movement 30 occurs without any rotation about the cur-
rently assumed center of gravity, it can be concluded that
the currently presumed location of the center of gravity
12 and the magnitude of length L are correct. It should
be understood that the centerline 24, in the context of
the present disclosure, is a line which extends through
the center of gravity of the marine vessel 10. It need not
be perfectly coincident with the keel line of the marine
vessel, but it is expected that in most cases it will be.
[0031] Asmentioned above, propellers do not have the
same effectiveness when operated in reverse gear than
they do when operated in forward gear for a given rota-
tional speed. Therefore, with reference to FIG. 3, the first
thrust T1 would not be perfectly equal to the second thrust
T2 if the two propellers systems were operated at iden-
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tical rotational speeds. In order to determine the relative
efficiency of the propellers when they are operated in
reverse gear, a relatively simple calibration procedure
can be followed. With continued reference to FIG. 3, first
and second thrusts, T1 and T2, are provided in the di-
rections shown and aligned with the center of gravity 12.
This should produce the sidle movement 30 asiillustrated.
However, this assumes that the two thrust vectors, T1
and T2, are equal to each other. In a typical calibration
procedure, it is initially assumed that the reverse operat-
ing propeller providing the second thrust T2 would be
approximately 80% as efficient as the forward operating
propeller providing the first thrust vector T1. The rotation-
al speeds were selected accordingly, with the second
marine propulsion device operating at 125% of the speed
of the first marine propulsion device. If a forward or re-
verse movement is experienced by the marine vessel 10,
thatinitial assumption would be assumed to be incorrect.
By slightly modifying the assumed efficiency of the re-
verse operating propeller, the system can eventually be
calibrated so that no forward or reverse movement of the
marine vessel 10 occurs under the situation illustrated in
FIG. 3. In an actual example, this procedure was used
to determine that the operating efficiency of the propel-
lers, when in reverse gear, is approximately 77 % of their
efficiency when operated in forward gear. Therefore, in
order to balance the first and second thrust vectors, T1
and T2, the reverse operating propellers of the second
marine propulsion device would be operated at a rota-
tional speed (i.e. RPM) which is approximately 29.87%
greater than the rotational speed of the propellers of the
first marine propulsion device. Accounting for the ineffi-
ciency of the reverse operating propellers, this technique
would result in generally equal magnitudes of the first
and second thrust vectors, T1 and T2.

[0032] FIG. 9is anisometric view of the bottom portion
of a hull of a marine vessel 10, showing first and second
marine propulsion devices, 27 and 28, and propellers,
37 and 38, respectively. The firstand second marine pro-
pulsion devices, 27 and 28, are rotatable about generally
vertical steering axes, 21 and 22, as described above.
In order to avoid interference with portions of the hull of
the marine vessel 10, the two marine propulsion devices
are provided with limited rotational steering capabilities
as described above. Neither the first nor the second ma-
rine propulsion device is provided, in a particularly pre-
ferred embodiment of the present disclosure, with the
capability of rotating 360 degrees about its respective
steering axis, 21 or 22.

[0033] FIG. 10is a side view showing the arrangement
of a marine propulsion device, such as 27 or 28, associ-
ated with a mechanism that is able to rotate the marine
propulsion device about its steering axis, 21 or 22. Al-
though not visible in FIG. 10, the driveshaft of the marine
propulsion device extends vertically and parallel to the
steering axis and is connected in torque transmitting re-
lation with a generally horizontal propeller shaft that is
rotatable about a propeller axis 80. The embodiment
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shown in FIG. 10 comprises two propellers, 81 and 82,
that are attached to the propeller shaft. The motive force
to drive the propellers, 81 and 82, is provided by an in-
ternal combustion engine 86 that is located within the
bilge of the marine vessel 10. It is configured with its
crankshaft aligned for rotation about a horizontal axis. In
a particularly preferred embodiment, the engine 86 is a
dieselengine. Each of the two marine propulsion devices,
27 and 28, is driven by a separate engine 86. In addition,
each of the marine propulsion devices, 27 and 28, are
independently steerable about their respective steering
axes, 21. or 22. The steering axes, 21 and 22, are gen-
erally vertical and parallel to each other. They are not
intentionally configured to be perpendicular to the bottom
surface of the hull. Instead, they are generally vertical
and intersect the bottom surface of the hull at an angle
that is not equal to 90 degrees when the bottom surface
of the hull is a V-type hull or any other shape which does
not include a flat bottom.

[0034] With continued reference to FIG. 10, the sub-
merged portion of the marine propulsion device, 27 or
28, contains rotatable shafts, gears, and bearings which
support the shafts and connect the driveshaft to the pro-
peller shaft for rotation of the propellers. No source of
motive power is located below the hull surface. The power
necessary to rotate the propellers is solely provided by
the internal combustion engine. Alternate propulsive
means could be employed such as electric motors and
the like.

[0035] FIG. 11 is a schematic representation of a ma-
rine vessel 10 which is configured to perform the steps
of the preferred embodiment relating to a system and a
method for maintaining a marine vessel in a selected
position. The marine vessel 10 is provided with a global
positioning system (GPS) which, in a preferred embodi-
ment, comprises a first GPS device 101 and a second
GPS device 102 which are each located at a preselected
fixed position on the marine vessel 10. Signals from the
GPS devices are provided to an inertial measurement
unit (IMU) 106. The IMU is identified as model RT3042
and is available in commercial quantities from Oxford
Technology. In certain embodiments of the IMU 1086, it
comprises a differential correction receiver, accelerom-
eters, angular rate sensors, and a microprocessor which
manipulates the information obtained from these devices
to provide information relating to the current position of
the marine vessel 10, in terms of longitude and latitude,
the current heading of the marine vessel 10, represented
by arrow 110in FIG. 11, and the velocity and acceleration
of the marine vessel 10 in six degrees of freedom.
[0036] FIG. 11 also shows a microprocessor 116 which
receives inputs from the IMU 106. The microprocessor
116 also receives information from a device 120 which
allows the operator of the marine vessel 10 to provide
manually selectable modes of operation. As an example,
the device 120 can be an input screen that allows the
operator of the marine vessel to manually select various
modes of operation associated with the marine vessel
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10. One of those selections made by the operator of the
marine vessel can provide an enabling signal which in-
forms the microprocessor 116 that the operator desires
to operate the vessel 10 in a station keeping mode in
order to maintain the position of the marine vessel in a
selected position. In other words, the operator can use
the device 120 to activate the present system so that the
marine vessel 10 is maintained at a selected global po-
sition (e.g. a .selected longitude and latitude) and a se-
lected heading (e.g. with arrow 110 being maintained at
a fixed position relative to a selected compass point).
[0037] With continued referenceto FIG. 11, a manually
operable control device, such as the joystick 50, can also
be used to provide a signal to the microprocessor 116.
As described above, the joystick 50 can be used to allow
the operator of the marine vessel 10 to manually maneu-
ver the marine vessel. It can also provide information to
the microprocessor 116 regarding its being in an active
status or inactive status. While the operator is manipu-
lating the joystick 50, the joystick is in an active status.
However, if the operator releases the joystick 50 and al-
lows the handle 54 to return to its centered and neutral
position, the joystick 50 reverts to an inactive status. As
will be described in greater detail below, a particularly
preferred embodiment can use the information relating
to the active or inactive status of the joystick 50 in com-
bination with an enabling mode received from the device
120 to allow the operator to select the station keeping
mode of the present disclosure. In this embodiment, the
operator can use the joystick 50 to manually maneuver
the marine vessel 10 into a particularly preferred position,
represented by a global position and a heading, and then
release the joystick 50 to immediately and automatically
request the control system to maintain that newly
achieved global position and heading. This embodiment
can be particularly helpful during docking procedures.
[0038] Asdescribedabove, thefirstand second marine
propulsion devices, 27 and 28, are steerable about their
respective axes, 21 and 22. Signals provided by the mi-
croprocessor 116 allow the first and second marine pro-
pulsion devices to be independently rotated about their
respective steering axes in order to coordinate the move-
ment of the marine vessel 10 in response to operator
commands.

[0039] FIG. 12 shows a marine vessel 10 at an exem-
plary global position, measured as longitude and latitude,
and an exemplary heading represented by angle A1 be-
tween the heading arrow 110 of the marine vessel 10
and a due north vector. Although alternative position de-
fining techniques can be used in conjunction with the
presently described embodiments, a preferred embodi-
ment uses both the global position and heading of the
vessel 10 for the purpose of determining the current po-
sition of the vessel and calculating the necessary position
corrections to return the vessel to its position.

[0040] As described above, GPS devices, 101 and
102, are used by the IMU 106 to determine the informa-
tion relating to its position. For purposes of describing a
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preferred embodiment, the position will be described in
terms of the position of the center of gravity 12 of the
marine vessel and a heading vector 110 which extends
through the center of gravity. However, it should be un-
derstood that alternative locations on the marine vessel
10 can be used for these purposes. The IMU 106, de-
scribed above in conjunction with FIG. 11, provides a
means by which this location on the marine vessel 10
can be selected.

[0041] The station keeping function, where it maintains
the desired global position and desired heading of the
marine vessel, can be activated in several ways. In a
simple embodiment, the operator of the marine vessel
10 can actuate a switch that commands the microproc-
essor 116 to maintain the current position whenever the
switch is actuated. In a particularly preferred embodi-
ment, the station keeping mode is activated when the
operator of the marine vessel enables the station keep-
ing, or position maintaining, function and the joystick 50
is inactive. If the station keeping mode is enabled, but
the joystick is being manipulated by the operator of the
marine vessel 10, a preferred embodiment temporarily
deactivates the station keeping mode because of the ap-
parent desire by the operator of the marine vessel to ma-
nipulate its position manually. However, as soon as the
joystick 50 is released by the operator, this inactivity of
the joystick in combination with the enabled station keep-
ing mode causes the preferred embodiment of to resume
its position maintaining function.

[0042] FIG. 13 is a schematic representation that
shows the marine vessel 10 in two exemplary positions.
An initial, or desired, position 121 is generally identical
to that described above in conjunction with FIG. 12. Its
initial position is defined by a global position and a head-
ing. The global position is identified by the longitude and
latitude of the center of gravity 12 when the vessel 10
was at its initial, or desired, position 121. The heading,
represented by angle A1, is associated with the vessel
heading when it was at its initial position 121.

[0043] Assuming that the vessel 10 moved to a sub-
sequent position 121’, the global position of its center of
gravity 12 moved to the location represented by the sub-
sequent position 121’ of the vessel 10. In addition, the
marine vessel 10 is illustrated as having rotated slightly
in a clockwise direction so that its heading vector 110 is
now defined by a larger angle A2 with respect to a due
north vector.

[0044] With continued reference to FIG. 13, it should
be understood that the difference in position between the
initial position 121 and the later position 121’ is signifi-
cantly exaggerated so that the response by the system
can be more clearly described. A preferred embodiment
determines a difference between a desired position, such
as the initial position 121, and the current position, such
as the subsequent position 121’ that resulted from the
vessel 10 drifting. This drift of the vessel 10 can occur
because of wind, tide, or current.

[0045] The current global position and heading of the
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vessel is compared to the previously stored desired glo-
bal position and heading. An error, or difference, in the
north, east and heading framework is computed as the
difference between the desired global position and head-
ing and the actual global position and heading. This error,
or difference, is then converted to an error, or difference,
in the forward, right and heading framework of the vessel
which is sometimes referred to as the body framework.
These vessel framework error elements are then used
by the control strategies that will be described in greater
detail below which attempt to simultaneously null the er-
ror, or difference, elements. Through the use of a PID
controller, a desired force is computed in the forward and
right directions, with reference to the marine vessel,
along with a desired YAW moment relative to the marine
vessel in order to null the error elements. The computed
force and moment elements are then transmitted to the
vessel maneuvering system described above which de-
livers the requested forces and moments by positioning
the independently steerable marine propulsion drives,
controlling the power provided to the propellers of each
drive, and controlling the thrust vector directions of both
marine propulsion devices.

[0046] The difference between the desired position
121 and the current position 121’ can be reduced if the
marine vessel 10 is subjected to an exemplary target
linear thrust 130 and a target moment 132. The target
linearthrust 130 and the target moment 132 are achieved
by a manipulation of the first and second marine propul-
sion devices as described above in conjunction with
FIGS. 2-6. The target linear thrust 130 will cause the ma-
rine vessel 10 to move towards its initial, or desired, po-
sition which is measured as a magnitude of longitude and
latitude. The target moment 132 will cause the marine
vessel 10 to rotate about its center of gravity 12 so that
its heading vector 110 moves from the current position
121’ to the initial position 121. This reduces the heading
angle from the larger magnitude of angle A2 to the smaller
magnitude of A1. Both the target linear thrust 130 and
target moment 132 are computed to decrease the errors
between the current global position and heading at loca-
tion 121’ and the desired global position and heading at
the desired position 121.

[0047] With continued reference to FIG. 13, it should
be recognized that the station keeping mode is notalways
intended to move the marine vessel 10 by significant dis-
tances. Instead, its continual response to slight changes
in global position and heading will more likely maintain
the vessel in position without requiring perceptible move-
ments of the vessel 10. In other words, the first and sec-
ond marine propulsion devices are selectively activated
in response to slight deviations in the global position and
heading of the marine vessel and, as a result, large cor-
rective moves such as that which is illustrated in FIG. 13
will not normally be required. As a result, the thrusts pro-
vided by the first and second marine propulsion devices
continually counter the thrusts on the marine vessel
caused by wind, current, and tide so that the net result
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is an appearance that the marine vessel is remaining
stationary and is unaffected by the external forces. How-
ever, alternative techniques could be used to cause the
marine vessel 10 to move to a position, defined by a
desired global position and heading, that was previously
stored in the microprocessor memory. Under those con-
ditions, a relatively larger target linear thrust 130 and tar-
get moment 132 could be used to move the vessel 10 to
the initial position when that initial position is selected
from memory and the station keeping mode is enabled.
As an example of such an alternate technique a desired
position, such as the position identified by reference nu-
meral 121inFIG. 13, can be stored in the microprocessor
and then recalled, perhaps days later, after the operator
of the marine vessel 10 has moved the marine vessel to
a position in the general vicinity of the stored position
121. In other words, if the operator of the marine vessel
maneuvers it to a location, such as the location identified
by reference numeral 121’ in FIG. 13, the system can be
enabled and activated. Under those conditions, the sys-
tem will cause the marine vessel to move to its stored
desired position 121 that was selected and saved at some
previous time. This technique could possibly be advan-
tageous in returning the marine vessel to a desirable fish-
ing location or to a docking position after the operator
has maneuvered the marine vessel into a position that
is generally close to the desired position.

[0048] The microprocessor 116, as described above
in conjunction with FIG. 11, allows the operator to man-
ually manipulate the joystick 50 so that the marine vessel
is positioned in response to the desire of the operator.
As this process continues, the operator of the marine
vessel may choose to release the joystick 50. At that
instant in time, the station keeping mode is immediately
activated, ifenabled, and the marine vessel is maintained
at the most recent position and heading of the vessel 10
when the joystick 50 initially became inactive as the op-
erator released it. The operator could subsequently ma-
nipulate the joystick again to make slight corrections in
the position and heading of the vessel. As that is being
done, the station keeping mode is temporarily deactivat-
ed. However, if the operator of the marine vessel again
releases the joystick 50, its inactivity will trigger the re-
sumption of the station keeping method if it had been
previously enabled by the operator.

[0049] FIG. 14 is a schematic representation of the de-
vices and software used With references to FIGS. 11-14,
the inertial measurement unit (IMU) 106 receives signals
from the two GPS devices, 101 and 102, and provides
information to the microprocessor 116 in relation to the
absolute global position and heading of the marine vessel
10 and in relation to the velocity and acceleration of the
marine vessel 10 in six degrees of freedom which include
forward and reverse movement of the vessel, left and
right movement of the vessel, and both yaw movements
of the vessel.

[0050] With continued reference to FIG. 14, a target
selector portion 140 of the software receives inputs from

10

15

20

25

30

35

40

45

50

55

10

the IMU 106, the operator input device 120, and the joy-
stick 50. When the station keeping mode is enabled, by
an input from the operator of the marine vessel through
the operator input device 120, and the joystick 50 is in-
active, the target selector receives a current set of mag-
nitudes from the IMU 106 and stores those values as the
target global position and target heading for the vessel
10. Preferably, the microprocessor 116 is programmed
to obtain this target position information only when the
station keeping mode is enabled by the device 120 and
the joystick 50 initially becomes inactive after having
been active. This target information is stored by the mi-
croprocessor 116.

[0051] Whenin the station keeping mode, the IMU 106
periodically obtains new data from the GPS devices, 101
and 102, and provides the position information to an error
calculator 144 within the microprocessor 116. This error
calculator compares the target global position and target
heading to current values of these two variables. That
produces a difference magnitude which is defined in
terms of a north-south difference and an east-west dif-
ference in combination with a heading angular difference.
These are graphically represented as the target linear
thrust 130 and the target moment 132. The target linear
thrust 130 is the net difference in the longitude and lati-
tude positions represented by the target position and cur-
rent position. The heading difference is the angular dif-
ference between angles A2 and A1 in FIG. 13.

[0052] This information, which is described in terms of
global measurements and which are in reference to sta-
tionary global references, are provided to an error calcu-
lator 148 which resolves those values into forward-re-
verse, left-right, and heading changes in reference to
clockwise and counterclockwise movement of the marine
vessel 10. These errors are provided to a PID controller
150.

[0053] Asis generally known to those skilled in the art,
a PID controller uses proportional, integral, and deriva-
tive techniques to maintain a measured variable at a
preselected set point. Examples of this type of controller
are used in cruise control systems for automobiles and
temperature control systems of house thermostats. In
the proportional band of the controller, the controller out-
put is proportional to the error between the desired mag-
nitude and the measured magnitude. The integral portion
of the controller provides a controller output that is pro-
portional to the amount of time that an error, or difference,
is present. Otherwise, an offset (i.e. a deviation from set
point) can cause the controller to become unstable under
certain conditions. The integral portion of the controller
reduces the offset. The derivative portion of the controller
provides an output that is proportional to the rate of
change of the measurement or of the difference between
the desired magnitude and the actual current magnitude.
[0054] Each of the portions, or control strategies, of
the PID controller typically uses an individual gain factor
so that the controller can be appropriately tuned for each
particular application. It should be understood that spe-
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cific types of PID controllers and specific gains for the
proportional, integral, and derivative portions of the con-
troller are not limiting.

[0055] With continued reference to FIG. 14, the error
correction information provided by the PID controller 150
is used by the maneuvering algorithm 154 which is de-
scribed above in greater detail. The maneuvering algo-
rithm receives information describing the required cor-
rective vectors, both the linear corrective vector and the
moment corrective vector, necessary to reduce the error
or difference between the current global position and
heading and the target global position and heading.
[0056] As described above, the method for positioning
a marine vessel, 10 comprises the steps of obtaining a
measured position of the marine vessel 10. As described
in conjunction with FIGS. 11-14, the measured position
of the marine vessel is obtained through the use of the
GPS devices 101 and 102, in cooperation with the inertial
measurement unit (IMU) 106. The present embodiment
further comprises the step of selecting a desired position
of the marine vessel. This is done by a target selector
140 that responds to being placed in an enabling mode
by an operator input device 120 in combination with a
joystick 50 being placed in an inactive mode. When those
situations occur, the target selector 140 saves the most
recent magnitudes of the global position and heading pro-
vided by the IMU 106 as the target global position and
target heading. A preferred method further comprises the
step of determining a current position ofthe marine vessel
10. This is done, in conjunction with the error calculator
144, by saving the most recent magnitude received from
the IMU 106. The preferred method further comprises
the step of calculating a difference between the desired
and current positions of the marine vessel. These differ-
ences are preferably represented by the differences, in
longitude and latitude positions, of the center of gravity
12 of the marine vessel between the desired and current
positions. The preferred method then determines the re-
quired movements to reduce the magnitude of that dif-
ference. This is done through the use of a PID controller
150. Once these movements are determined, the first
and second marine propulsion devices are used to
maneuver the marine vessel 10 in such a way that it
achieves the required movements to reduce the differ-
ence between the desired position and the current posi-
tion. The steps used efficiently and accurately maneuver
the marine vessel 10 in response to these requirements
is described above in detail in conjunction with FIGS.
1-10.

[0057] Withreference to FIGS. 11 and 14, it should be
understood that an alternative embodiment could replace
the two GPS devices, 101 and 102, with a single GPS
device that provides information concerning the global
position, in terms of longitude and latitude, of the marine
vessel 10. This single GPS device could be used in com-
bination with an electronic compass which provides
heading information, as represented by arrow 110, per-
taining to the marine vessel 10. In other words, it is not
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necessary in all embodiments to utilize two GPS devices
to provide both global position and heading information.
In the particularly preferred embodiment described
above, the two GPS devices work in cooperation with the
IMU 106 to provide additional information beyond the glo-
bal position. In addition to providing information relating
to the heading of the marine vessel 10, as represented
by arrow 110, the two GPS devices in association with
the IMU 106 provide additional information as described
above in greater detail. Alternatives, which utilize a single
GPS device in cooperation with an electronic compass,
are also within the scope of the present disclosure. In
fact, any combination of devices that is able to provide
information identifying the global position and heading of
the marine vessel 10 can be used in conjunction with the
GPS devices.

[0058] With continued reference to FIGS. 11 and 14,
it should also be understood that the IMU 106 could be
used as a separate unit which provides data into another
device, or vice versa, for the purpose of providing infor-
mation relating to position and heading correction infor-
mation. It should therefore be clearly understood that al-
ternative configurations of the IMU 106 and microproc-
essor 116 could be used as long as the system is able
to provide information relating to the appropriate correc-
tions necessary to cause the marine vessel 10 to move
toward a desired position in such a way that its center of
gravity 12 remains atits desired position and the heading,
asrepresented by arrow 110, is maintained at the desired
heading position of the marine vessel. Many different
techniques can be incorporated in the marine vessel 10
for the purposes of providing the information relating to
the global position, the heading of marine vessel 10, and
the appropriate thrust vectors necessary to achieve an
effective correction of the position and heading of the
marine vessel so that it remains at the desired position.
[0059] Although the description regarding FIGS. 1-14
relates to a vessel 10 that is maneuverable by first and
second marine propulsion devices, it should be recog-
nized that the present disclosure is not limited to such an
arrangement. For example, the concepts discussed in
this disclosure are operable in conjunction with a system
or vessel that is maneuverable by more than two marine
propulsion devices, which can include any type of device
for providing a propulsive power, such as an inboard ar-
rangement, outboard arrangement, pod arrangement,
etc. Further, the concepts disclosed herein are not limited
to arrangements that include a pair of global positioning
devices and a single IMU unit. Rather, the concepts dis-
closed herein can be accomplished with more or less
such units according to known vessel positioning control
structures.

[0060] The presentinventors have recognized that the
amount of available thrust for positioning the vessel 10
varies as the microprocessor 116 carries out the station
keeping functionality described hereinabove. For exam-
ple with reference to FIGS. 1-4, the available thrust to
move the vessel 10 sideways in the direction of arrow 30
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is necessarily less than the available thrust to move the
vessel 10 forward in the direction of arrow 36. This dif-
ference is because (1) propulsion devices such as pro-
peller drives are more efficient while rotating in a forward
direction than in a reverse direction and (2) propulsion
devices will be more efficientwhen alignedin the direction
of movement of the vessel 10, such as along lines 31’
and 32’ in FIG. 6, than when aligned to achieve motion
transverse to the actual heading of the vessel 10, such
as along lines 31 and 32 in FIGS. 2-6. That is, vectoring
of the propeller drives to achieve, for example, side di-
rected forces (e.g. F1X, F2X shown in FIGS. 3 and 4)
reduces the total available thrust in the actual direction
of vessel movement. The vessel 10 and related propul-
sion units are most efficiently operated when the propul-
sion units are oriented in the direction of vessel travel,
such as is shown in FIG. 6 with reference to lines 31’ and
32,

[0061] According to the station keeping functionality
described above, a selected global position and a select-
ed heading are maintained despite external forces acting
on the vessel 10, such as wind, waves, etc. to move the
vessel out of the selected global position and selected
heading. The microprocessor 116 is programmed to ro-
tate the propulsion devices 27, 28 about the steering axes
21, 22 to achieve a target linear thrust 130 and moment
132 (see FIGS. 12 and 13 and related description herein)
that are necessary to counteract the external forces and
thereby maintain both the vessel’s initial global position
and the vessel's initial heading. However because of the
above-described differences in available thrust for differ-
ent rotational positions of the propulsion devices 27, 28,
the system’s ability to successfully maintain position and
heading of the vessel 10 will depend upon the orientation
of the vessel 10 relative to the direction of the external
forces. For example, if a large enough external force is
applied to the side of the vessel 10, the propulsion de-
vices 27, 28 may not be able to provide enough resultant
linear thrust opposite the external force in the sideways
direction 30 to counteract the external force. This is a
disadvantage of the prior art that had been recognized
by the inventors.

[0062] The present invention provides systems and
methods to supplement the functional advantages of the
station keeping systems and methods described above.
FIG. 15 is a schematic illustration which shows a marine
vessel 10 in three exemplary positions. An initial, or de-
sired position 220 is shown in dashed line format and
generally is identical to the position 121 described above
in conjunction with FIGS. 12 and 13. The initial position
220 is defined by a global position (i.e. the longitude and
latitude of the center of gravity 12) and a heading repre-
sented by vector 210a and angle B 1. The initial position
220 is, for the purposes described herein, the global po-
sition and heading which the microprocessor 116 is pro-
grammed to maintain, in accordance with the station
keeping features described above. A second position 221
is shown in dashed line format and is representative of
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the vessel 10 location after it has been moved away from
the initial position 220 by external forces 250 such as
wind, waves, etc. In the second position 221 the vessel
10 has rotated slightly in a clockwise direction so that its
heading vector 210b is now defined by a larger angle B2
with respect to a due north vector.

[0063] According to the orienting procedures dis-
cussed above regarding FIGS. 1-14, the microprocessor
116 is configured to compare the initial position 220, in-
cluding the associated global position 12 and heading
210a to the second position 221 to compute an error or
difference therebetween and to control operations of the
propulsion units 27, 28 to generate a target thrust vector
230 and target moment 232 suitable to move the marine
vessel 10 back into the initial position 220. However con-
trary to the orienting procedures described above, the
microprocessor 116 in preferred embodiment is also con-
figured to operate according to a "Thrust Maximization
Mode" wherein the target moment 232 that is generated
by vectoring of the propulsion devices 27, 28 causes the
vessel 10 to continue to rotate about its center of gravity
12 until the actual heading 210c and the target thrust 230
are aligned. This is contrary to the above-described pro-
cedures a wherein the target moment 232 that is gener-
ated causes the vessel 10 to rotate back to its initial head-
ing 210a in the initial position 220. Under "Thrust Maxi-
mization Mode", alignment of the actual heading 210c
and the target thrust 230 allows for propulsion units 27,
28 to be aligned in a parallel to maximize the output of
those units, such as along lines 31’ and 32’ shown in FIG.
6, to most effectively achieve the target thrust vector con-
figuration 230. As described above regarding FIG. 6, in
such parallel alignment, vectoring of the respective
thrusts provided by the units 27, 28 is not necessary to
achieve movement of the vessel 10 in the desired direc-
tion of the thrust vector 230.

[0064] A third or return position 223 is also shown, and
is representative of the vessel 10 location after it has
been moved back to the initial global position under the
Thrust Maximization Mode. As can be seen in FIG. 15,
the actual heading 210c of the vessel 10 in the return
position 223 is aligned with the thrust vector 230 neces-
sary to maintain the vessel 10 at the initial position 220.
Although the return position 223 is depicted with the bow
of the vessel 10 oriented in the direction of the actual
heading 210c, the system could alternately be configured
to rotate the vessel 10 such that the stem of the vessel
10 is directed to the counteracting force 250. That is, the
vessel 10 could be rotated 180 degrees from the orien-
tation shown in FIG. 15 about the center point 12. This
type of an arrangement would also allow for alignment
of the propulsion units 27, 28 in a parallel orientation to
maximize output of those units.

[0065] The microprocessor 116 can be programmed
to repeatedly perform the above steps to continue to
maintain the vessel 10 at the initial position 220 with the
actual heading 210c being continually realigned with the
thrust vector 230, even when the thrust vector 230 chang-
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es in orientation due to changes in external forces on the
vessel 10 such as wind, waves, current, tide, etc. As with
the other station keeping features described herein
above, the Thrust Maximization Mode can be turned on
and off via a user input device such as 50 or 120, or
alternately preprogrammed to automatically operate un-
der certain vessel conditions, such as when the vessel
10 is not otherwise able to maintain a selected global
position due to external forces.

[0066] Referring to FIG. 16, exemplary method steps
for maintaining the global position of the vessel (i.e. po-
sition with respect to latitude and longitude) despite coun-
teracting forces such as wind, waves, current, etc. are
described. In this example, the vessel’s actual heading
is determined and then actively changed while the ves-
sel’s global position is maintained constant, so as to pro-
vide increased available thrust to counteract external
forces acting on the vessel in accordance with the dis-
cussion above. At step 500, the operator identifies or
selects a global position in which it is desired to maintain
the marine vessel. This can be accomplished via, for ex-
ample, operation of the input device 50 or 120, as de-
scribed above with reference to FIGS. 1-14. At step 502,
the microprocessor determines whether or not a "Thrust
Maximization Mode" is active. If no, the microprocessor
116 at step 501 will follow the steps described above for
station keeping, without thrust maximization. If yes, the
microprocessor 116 will continue to process the next
steps in the method. At step 504, the microprocessor 116
receives input identifying the actual heading of the vessel
from, for example, the GPS devices 101, 102 and the
IMU 106. At step 506, the microprocessor 116 operates
according to the station keeping methods described
above in reference to FIGS 1-14 to achieve and maintain
the selected position (latitude and longitude) of the ves-
sel. Simultaneously or subsequently, at step 508, the mi-
croprocessor 116 calculates the difference between the
actual heading of the vessel and the target linear thrust
necessary to achieve or maintain the selected global po-
sition. At step 510, the microprocessor 116 calculates
the necessary rotational positions of the propulsion units
and magnitudes of thrust outputted by the propulsion
units to create a moment that will cause the vessel to
rotate about its center of gravity 12 until the difference
between the actual heading of the vessel and the target
linear thrust currently necessary to maintain the vessel
in the selected global position is zero. At step 512, the
microprocessor 116 controls operation of the first and
second propulsion devices to achieve the necessary mo-
ment to causes the actual heading of the vessel to be-
come aligned with the thrust vector. The above refer-
enced steps can be continuously repeated to actively
maintain the alignment between the actual heading and
thrust vector necessary to maintain the selected global
position.

[0067] Thrust Maximization Mode can for example be
activated by the user via for example the input device
120 or by a button on the joystick 50. Alternately, Thrust
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Maximization Mode can be programmed into the micro-
processor 116 to remain active during operation of station
keeping functions. In another example, Thrust Maximi-
zation Mode can be automatically activated by the mi-
croprocessor 116 only when the microprocessor 116 de-
termines that it is not possible to maintain a selected
heading and global position because of counteracting
forces (e.g. wind, waves, current) on the vessel. For ex-
ample if the counteracting forces are larger than the avail-
able thrust, it would not be possible to maintain the se-
lected global position and/or heading. If this is the case,
the microprocessor 116 will initiate Thrust Maximization
Mode. If this is not the case, the microprocessor 116 will
instead follow the steps described above for station keep-
ing, without thrust maximization.

[0068] Referring to FIG. 17, exemplary method steps
are now described for automatically initiating Thrust Max-
imization Mode only when the microprocessor 116 de-
termines that it is not possible to maintain a selected
heading and global position because of counteracting
forces on the vessel. In this example, the station keeping
mode discussed above regarding FIGS. 1-14 is activated
at step 600. At step 602, the microprocessor 116 calcu-
lates a global position error according to the steps dis-
cussed above regarding FIG. 14. Briefly, the IMU 106
periodically obtains new data from the GPS devices 101
and 102 and provides the position information to an error
calculator 144 within microprocessor 116. This error cal-
culator compares the target global position and target
heading to current values of these two variables. That
produces a difference magnitude which is defined in
terms of a north-south difference and an east-west dif-
ference in combination with a heading angular difference.
These values are graphically represented as the target
linear thrust 130 and the target moment 132. The target
linear thrust 130 is the net difference in the longitude and
latitude positions represented by the target position and
current position. The heading difference is the angular
difference between angles A2 and A1 in FIG. 13. This
information, which is described in terms of global meas-
urements and which are in reference to stationary global
references, are provided to an error calculator 148 which
resolves those values in forward-reverse, left-right, and
heading changes in reference to clockwise and counter-
clockwise movement of the marine vessel 10. These er-
rors are provided to a PID controller 150, which uses
proportional, integral, and derivative techniques to main-
tain a measured variable at a preselected set point, as
discussed above and is used in the maneuvering algo-
rithm 154 described above.

[0069] At step 604, the station keeping mode is oper-
ated in conformance with the methods provided above
to move the vessel back into its initial position.

[0070] At step 606, the microprocessor 116 identifies
a continued global position error which, after a predeter-
mined number of attempts by the controller 116, cannot
be resolved. For example, when operation of the propul-
sion units 27, 28 is insufficient to move the vessel back
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to its initial position. If this happens, at step 608, the mi-
croprocessor 116 is programmed to activate the Thrust
Maximization Mode to enhance available thrust in ac-
cordance with the principles discussed above.

Claims

A system for orienting a marine vessel (10), com-
prising:

a plurality of marine propulsion devices (27, 28)
for orienting a marine vessel (10);

a control device (116) having a memory and a
programmable circuit, the control device (116)
programmed to control operation of the plurality
ofmarine propulsion devices (27, 28) to maintain
orientation of a marine vessel (10) in a selected
global position;

wherein the control device (116) is programmed
to calculate a direction of a resultant thrust vec-
tor associated with the plurality of marine pro-
pulsion devices (27, 28) that is necessary to
maintain the vessel (10) in the selected global
position;

wherein the control device (116) is programmed
to control operation of the plurality of marine pro-
pulsion devices (27, 28) to change the actual
heading of the marine vessel (10) to align the
actual heading with the thrust vector; and com-
prising a user input device (120) providing the
control device (116) with a signal that is repre-
sentative of an operator desired movement;
characterised in that in a first mode the control
device (116) controls operation of the plurality
of marine propulsion devices (27, 28) to change
the actual heading of the marine vessel (10) to
align the thrust vector and the actual heading
and in a second mode the control device (116)
does not control operation of the plurality of ma-
rine propulsion devices (27, 28) to change the
actual heading of the marine vessel (10) to align
the thrust vector and the actual heading;
wherein in both of the first and second operating
modes the control device (116) controls opera-
tion of the marine propulsion devices (27, 28) to
maintain the selected global position of the ma-
rine vessel (10); and

wherein the control device (116) is configured
to determine, with a global position sensor (101,
102), thatthe second mode is unable to maintain
the global position of the marine vessel and
thereafter to automatically activate the first
mode.

2. A system according to claim 1, wherein the control

device (116) is programmed to actively maintain the
actual heading of the marine vessel (10) in alignment

10

15

20

25

30

35

40

45

50

55

14

EP 2 338 785 B9

10.

1.

26

with the thrust vector, in the first mode, by repeatedly
calculating the direction of the thrust vector and
changing the actual heading of the marine vessel
(10) to align with the thrust vector.

A system according to claim 1 or claim 2, wherein,
in the first mode, when the actual heading and the
thrust vector are not aligned, the control device (116)
controls operation of the plurality of marine propul-
sion devices (27, 28) to create a moment arm that
causes rotation of the marine vessel (10) about its
center of gravity to thereby align the actual heading
with the thrust vector.

A system according to claim 3, wherein, in the first
mode, the control device (116) is programmed to cal-
culate a rotational position of each propulsion unit
(27, 28) in the plurality of propulsion units (27, 28),
and a respective magnitude of thrust output by each
propulsion unit (27, 28) in the plurality of propulsion
units (27, 28) that are necessary to cause the marine
vessel (10) to rotate until the actual heading of the
marine vessel (10) and the thrust vector are aligned.

A system according to any of the preceding claims,
wherein the user input device (120) allows an oper-
ator to select between the first and second operating
modes of the control device (116),

A system according to any of the preceding claims,
wherein the user input device comprises a joystick
(50).

A system according to any of the preceding claims,
wherein the global positioning sensor (101, 102) pro-
viding a signal representative of a present global po-
sition of the marine vessel (10).

A system according to any of the preceding claims,
comprising a compass device providing a signal rep-
resentative of actual heading of the marine vessel
(10) to the control device (116).

A system according to any of the preceding claims,
wherein the actual heading is the longitudinal direc-
tion in which a bow of the vessel (10) is directed.

A system according to any of the preceding claims,
inthe first mode, aligning thrust vector and the actual
heading causes an output thrust of each of the plu-
rality of marine propulsion devices (27, 28) to be
aligned with the actual heading.

A system according to any of the preceding claims,
wherein the plurality of marine propulsion devices
(27, 28) comprises first and second marine propul-
sion devices.
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12. A method for orienting a marine vessel (10), com-

prising:

providing a plurality of marine propulsion devic-
es (27, 28) coupled to the marine vessel (10);
selecting a global position of the marine vessel
(10);

determining an actual heading of the marine
vessel (10) in the global position;

providing a control device (116) having a mem-
ory and a programmable circuit, wherein the
control device (116) controls operation of the
plurality of marine propulsion devices (27, 28);
operating the control device (116) in a first mode
to

(a) control operation of the plurality of ma-
rine propulsion devices (27, 28) to maintain
the global position of the marine vessel (10);
(b) calculate a direction of a thrust vector
associated with the plurality of marine pro-
pulsion devices (27, 28), which is necessary
to maintain the global position of the marine
vessel (10); and

(c) control operation of the plurality of ma-
rine propulsion devices (27, 28) to change
the actual heading of the marine vessel (10)
to align the direction of the thrust vector and
the actual heading;

characterised by selecting between two modes
of operation including the first mode wherein the
control device (116) controls operation of the
plurality of marine propulsion devices (27, 28)
to change the actual heading of the marine ves-
sel (10) to align the thrust vector and the actual
heading and a second mode wherein the control
device (116) does not control operation of the
plurality of marine propulsion devices (27, 28)
to change the actual heading of the marine ves-
sel (10) to align the thrust vector and the actual
heading;

controlling operation of the marine propulsion
devices (27, 28) in both of the first and second
modes to maintain the selected global position
of the marine vessel (10); and

determining with a global position sensor that
the control device in the second mode is unable
to maintain the global position of the marine ves-
sel and thereafter automatically activating the
first mode.

Patentanspriiche

1.

System zum Orientieren eines Seefahrzeugs (10),
das Folgendes umfasst:
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mehrere Schiffsantriebsvorrichtungen (27, 28)
zum Orientieren eines Seefahrzeugs (10);
eine Steuervorrichtung (116) mit einem Spei-
cher und einer programmierbaren Schaltung,
wobei die Steuervorrichtung (116) zum Steuern
des Betriebs der mehreren Schiffsantriebsvor-
richtungen (27, 28) programmiert ist, um eine
Orientierung eines Seefahrzeugs (10) in einer
gewabhlten globalen Position zu halten;

wobei die Steuervorrichtung (116) zum Berech-
nen einer Richtung eines resultierenden Schub-
vektors in Verbindung mit den mehreren
Schiffsantriebsvorrichtungen (27, 28) program-
miert ist, die zum Halten des Schiffs (10) in der
gewabhlten globalen Position nétig ist;

wobei die Steuervorrichtung (116) zum Steuern
des Betriebs der mehreren Schiffsantriebsvor-
richtungen (27, 28) zum Andern des eigentli-
chen Kurses des Seefahrzeugs (10) program-
miert ist, um den eigentlichen Kurs auf den
Schubvektor auszurichten; und

die eine Benutzereingabevorrichtung (120) um-
fasst, um ein Signal an die Steuervorrichtung
(116) anzulegen, das eine vom Bediener ge-
wiinschte Bewegung reprasentiert;

dadurch gekennzeichnet, dass

die Steuervorrichtung (116) in einem ersten Mo-
dus den Betrieb der mehreren Schiffsantriebs-
vorrichtungen (27, 28) steuert, um den eigentli-
chen Kurs des Seefahrzeugs (10) zu andern,
um den Schubvektor und den eigentlichen Kurs
auszurichten, und die Steuervorrichtung (116)
in einem zweiten Modus den Betrieb der meh-
reren Schiffsantriebsvorrichtungen (27, 28)
nicht steuert, um den eigentlichen Kurs des See-
fahrzeugs (10) zu andern, um den Schubvektor
und den eigentlichen Kurs auszurichten;
wobei die Steuervorrichtung (116) sowohl im
ersten als auch im zweiten Betriebsmodus den
Betrieb der Schiffsantriebsvorrichtungen (27,
28) steuert, um die gewahlte globale Position
des Seefahrzeugs (10) zu halten; und

wobei die Steuervorrichtung (116) so konfigu-
riert ist, dass sie mit einem globalen Positions-
sensor (101, 102) feststellt, wenn der zweite Mo-
dus die globale Position des Seefahrzeugs nicht
halten kann, und danach automatisch den ers-
ten Modus aktiviert.

System nach Anspruch 1, wobei die Steuervorrich-
tung (116) so programmiert ist, dass sie den eigent-
lichen Kurs des Seefahrzeugs (10) mit dem Schub-
vektor im ersten Modus durch wiederholtes Berech-
nen der Richtung des Schubvektors und Andern des
eigentlichen Kurses des Seefahrzeugs (10), um es
mit dem Schubvektor auszurichten, aktiv halt.

System nach Anspruch 1 oder 2, wobei die Steuer-
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vorrichtung (116) im ersten Modus, wenn der eigent-
liche Kurs und der Schubvektor nicht ausgerichtet
sind, den Betrieb der mehreren Schiffsantriebsvor-
richtungen (27, 28) steuert, um einen Hebelarm zu
erzeugen, der eine Rotation des Seefahrzeugs (10)
um seinen Schwerpunkt bewirkt, um dadurch den
eigentlichen Kurs mit dem Schubvektor auszurich-
ten.

System nach Anspruch 3, wobei die Steuervorrich-
tung (116) im ersten Modus so programmiert ist,
dass sie eine Drehposition jeder Antriebseinheit (27,
28) der mehreren Antriebseinheiten (27, 28) und ei-
ne jeweilige Schubgréfie jeder Antriebseinheit (27,
28) der mehreren Antriebseinheiten berechnet, die
notwendig sind, um das Seefahrzeug (10) zum Dre-
hen zu bringen, bis der eigentliche Kurs des See-
fahrzeugs (10) und der Schubvektor ausgerichtet
sind.

System nach einem der vorherigen Anspriiche, wo-
bei es die Benutzereingabevorrichtung (120) zu-
lasst, dass ein Bediener zwischen dem ersten und
dem zweiten Betriebsmodus der Steuervorrichtung
(116) auswahlt.

System nach einem der vorherigen Anspriiche, wo-
bei die Benutzereingabevorrichtung einen Joystick
(50) umfasst.

System nach einem der vorherigen Anspriiche, wo-
bei der globale Positionierungssensor (101, 102) ein
Signal erzeugt, das fiir eine aktuelle globale Position
des Seefahrzeugs (10) reprasentativ ist.

System nach einem der vorherigen Anspriiche, das
eine Kompassvorrichtung umfasst, die ein Signal,
dasfurden eigentlichen Kurs des Seefahrzeugs (10)
reprasentativ ist, zu der Steuervorrichtung (116)
sendet.

System nach einem der vorherigen Anspriiche, wo-
bei der eigentliche Kurs die Langsrichtung ist, in die
der Bug des Schiffs (10) zeigt.

System nach einem der vorherigen Anspriiche, wo-
bei das Ausrichten des Schubvektors und des ei-
gentlichen Kurses im ersten Modus bewirkt, dass ein
Abtriebsschub von jeder der mehreren Schiffsan-
triebsvorrichtungen (27, 28) auf den eigentlichen
Kurs ausgerichtet wird.

System nach einem der vorherigen Anspriiche, wo-
bei die mehreren Schiffsantriebsvorrichtungen (27,
28) eine erste und eine zweite Schiffsantriebsvor-
richtung beinhalten.

Verfahren zum Orientieren eines Seefahrzeugs (10),
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das Folgendes beinhaltet:

Bereitstellen von mehreren Schiffsantriebsvor-
richtungen (27, 28), die mit dem Seefahrzeug
(10) gekoppelt sind;

Auswahlen einer globalen Position des Seefahr-
zeugs (10);

Ermitteln eines eigentlichen Kurses des See-
fahrzeugs (10) in der globalen Position;
Bereitstellen einer Steuervorrichtung (116) mit
einem Speicher und einer programmierbaren
Schaltung, wobei die Steuervorrichtung (116)
den Betrieb der mehreren Schiffsantriebsvor-
richtungen (27, 28) steuert;

Betreiben der Steuervorrichtung (116) in einem
ersten Modus zum:

(a) Steuern des Betriebs der mehreren
Schiffsantriebsvorrichtungen (27, 28), um
die globale Position des Seefahrzeugs (10)
zu halten;

(b) Berechnen einer Richtung eines Schub-
vektors in Verbindung mit den mehreren
Schiffsantriebsvorrichtungen (27, 28), die
zum Halten der globalen Position des See-
fahrzeugs (10) nétig ist; und

(c) Steuern des Betriebs der mehreren
Schiffsantriebsvorrichtungen (27, 28), um
den eigentlichen Kurs des Seefahrzeugs
(10) zu &ndern, um die Richtung des Schub-
vektors und den eigentlichen Kurs auszu-
richten;

gekennzeichnet durch

Auswahlen zwischen zwei Betriebsmodi, ein-
schlieRlich einem ersten Modus, in dem die
Steuervorrichtung (116) den Betrieb der mehre-
ren Schiffsantriebsvorrichtungen (27, 28) steu-
ert, um den eigentlichen Kurs des Seefahrzeugs
(10) zu &ndern, um den Schubvektor und den
eigentlichen Kurs auszurichten, und einem
zweiten Modus, in dem die Steuervorrichtung
(116) den Betrieb der mehreren Schiffsantriebs-
vorrichtungen (27, 28) nicht steuert, um den ei-
gentlichen Kurs des Seefahrzeugs (10) zu &n-
dern, um den Schubvektor und den eigentlichen
Kurs auszurichten;

Steuern des Betriebs der Schiffsantriebsvor-
richtungen (27, 28) im ersten und im zweiten
Modus, um die gewahlte globale Position des
Seefahrzeugs (10) zu halten; und

Feststellen mit einem globalen Positionssensor,
wenn die Steuervorrichtung im zweiten Modus
die globale Position des Seefahrzeugs nicht hal-
ten kann, und danach automatisch Aktivieren
des ersten Modus.
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Revendications

1.

Systeme d’orientation de navire (10), comprenant :

une pluralité de dispositifs de propulsion navale
(27, 28) destinés a orienter un navire (10) ; et
undispositif de commande (116) présentantune
mémoire et un circuit programmable, le dispo-
sitif de commande (116) étant programmé pour
commander le fonctionnement de la pluralité de
dispositifs de propulsion navale (27, 28) afin de
maintenir I'orientation du navire (10) dans une
position de géolocalisation voulue ;

dans lequel le dispositif de commande (116) est
programmeé pour calculer une direction d’un vec-
teur de poussée résultant associé a la pluralité
de dispositifs de propulsion navale (27, 28) et
nécessaire pour maintenir le navire (10) dans la
position de géolocalisation voulue ; et

dans lequel le dispositif de commande (116) est
programmé pour commander le fonctionnement
delapluralité de dispositifs de propulsion navale
(27, 28) afin de modifier le cap effectif du navire
(10) pour aligner le cap effectif sur le vecteur de
poussée ; et comprenant :

un dispositif de saisie utilisateur (120) four-
nissant au dispositif de commande (116) un
signal représentatif d’'un déplacementvoulu
par 'opérateur ;

caractérisé en ce que :

dans un premier mode, le dispositif de com-
mande (116) commande le fonctionnement
de la pluralité de dispositifs de propulsion
navale (27, 28) afin de modifier le cap ef-
fectif du navire (10) pour aligner le vecteur
de poussée et le cap effectif et, dans un
second mode, le dispositif de commande
(116) ne commande pas le fonctionnement
de la pluralité de dispositifs de propulsion
navale (27, 28) afin de modifier le cap ef-
fectif du navire (10) pour aligner le vecteur
de poussée et le cap effectif ;

dans lequel, dans le premier et dans le se-
cond mode de fonctionnement, le dispositif
de commande (116) commande le fonction-
nement des dispositifs de propulsion navale
(27, 28) afin de maintenir la position de géo-
localisation voulue du navire (10) ; et
danslequelle dispositif de commande (116)
est configuré pour déterminer, a 'aide d’'un
détecteur de position de géolocalisation
(101, 102), que le second mode n’est pas
en mesure de maintenir la position de géo-
localisation du navire, puis pour activer
automatiquement le premier mode.
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2,

Systeme selon la revendication 1, dans lequel le dis-
positif de commande (116) est programmé pour ac-
tivement maintenir le cap effectif du navire (10) dans
I'alignement du vecteur de poussée, dans le premier
mode, en calculant a maintes reprises la direction
du vecteur de poussée et en modifiant le cap effectif
du navire (10) pour I'aligner sur le vecteur de pous-
sée.

Systeme selon larevendication 1 ou la revendication
2, dans lequel, dans le premier mode, lorsque le cap
effectif et le vecteur de poussée ne sont pas alignés,
le dispositif de commande (116) commande le fonc-
tionnement de la pluralité de dispositifs de propulsion
navale (27, 28) afin de créer un bras de levier qui
entraine la rotation du navire (10) sur son centre de
gravité pour ainsi aligner le cap effectif sur le vecteur
de poussée.

Systeme selon la revendication 3, dans lequel, dans
le premier mode, le dispositif de commande (116)
est programmé pour calculer une position angulaire
de chaque unité de propulsion (27, 28) parmi la plu-
ralité d’'unités de propulsion (27, 28), et une grandeur
respective de la poussée produite par chaque unité
de propulsion (27, 28) parmi la pluralité d’unités de
propulsion (27, 28) qui sont nécessaires pour ame-
ner le navire (10) a tourner jusqu’a ce que le cap
effectif du navire (10) et le vecteur de poussée soient
alignés.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel le dispositif de saisie utili-
sateur (120) permet a un opérateur de choisir entre
le premier et le second mode de fonctionnement du
dispositif de commande (116).

Systeme selon I'une quelconque des revendications
précédentes, dans lequel le dispositif de saisie utili-
sateur comprend une manette (50).

Systeme selon I'une quelconque des revendications
précédentes, dans lequel le détecteur de position de
géolocalisation (101, 102) fournitun signal représen-
tatif d’'une position de géolocalisation actuelle du na-
vire (10).

Systeme selon I'une quelconque des revendications
précédentes, comprenant un dispositif de compas
fournissant un signal représentatif du cap effectif du
navire (10) au dispositif de commande (116).

Systeme selon I'une quelconque des revendications
précédentes, dans lequel le cap effectif est la direc-
tion longitudinale dans laquelle se dirige la proue du
navire (10).

10. Systéme selon 'une quelconque des revendications
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précédentes, dans lequel, dans le premier mode,
I'alignement du vecteur de poussée et du cap effectif
amene la poussée produite par chacun des disposi-
tifs de la pluralité de dispositifs de propulsion navale
(27, 28) a s’aligner sur le cap effectif.

Systéme selon I'une quelconque des revendications
précédentes, dans lequel la pluralité de dispositifs
de propulsion navale (27, 28) comprennent des pre-
mier et second dispositifs de propulsion navale.

12. Procédé d’orientation d’'un navire (10), comprenant :

la mise en place d’une pluralité de dispositifs de
propulsion navale (27, 28) couplés au navire
(10);

la sélection d’une position de géolocalisation du
navire (10) ;

la détermination d’un cap effectif du navire (10)
dans la position de géolocalisation ;

la mise en place d'un dispositif de commande
(116) présentant une mémoire et un circuit pro-
grammable, le dispositif de commande (116)
commandant le fonctionnement de la pluralité
de dispositifs de propulsion navale (27, 28) ;
I'exploitation du dispositif de commande (116)
dans un premier mode afin de :

(a) commander le fonctionnement de la plu-
ralité de dispositifs de propulsion navale
(27, 28) afin de maintenir la position de géo-
localisation du navire (10) ;

(b) calculer la direction d’'un vecteur de
poussée associé a la pluralité de dispositifs
de propulsion navale (27, 28), qui est né-
cessaire afin de maintenir la position de
géolocalisation du navire (10) ; et

(c) commander le fonctionnement de la plu-
ralité de dispositifs de propulsion navale
(27, 28) afin de modifier le cap effectif du
navire (10) pour aligner la direction du vec-
teur de poussée et le cap effectif ;

caractérisé par

le choix entre deux modes de fonctionnement
comportant un premier mode dans lequel le dis-
positif de commande (116) commande le fonc-
tionnement de la pluralité de dispositifs de pro-
pulsion navale (27, 28) afin de modifier le cap
effectif du navire (10) pour aligner le vecteur de
poussée et le cap effectif, et un second mode
dans lequel le dispositif de commande (116) ne
commande pas le fonctionnement de la pluralité
de dispositifs de propulsion navale (27, 28) afin
de modifier le cap effectif du navire (10) pour
aligner le vecteur de poussée et le cap effectif ;
la commande du fonctionnement des dispositifs
de propulsion navale (27, 28) dans le premier
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et dans le second mode afin de maintenir la po-
sition de géolocalisation voulue du navire (10) ;
et

la détermination, a 'aide d’un détecteur de po-
sition de géolocalisation, du fait que le dispositif
de commande dans le second mode n’est pas
en mesure de maintenir la position de géoloca-
lisation du navire, et I'activation automatique
subséquente du premier mode.
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