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(54) SHIP STEERING SYSTEM AND SHIP STEERING METHOD

(57) A ship maneuvering system includes: a
front-rear propulsor that outputs thrust toward both sides
in a front-rear direction of a hull; a lateral propulsor that
outputs thrust toward both sides in a lateral direction of
the hull; at least one mooring structure located close to
a stern of the hull and at least one mooring structure
located close to a bow of the hull, each of the mooring
structures being configured to wind and unwind a moor-
ing rope; and ship maneuvering circuitry configured to
control operations of the front-rear propulsor, the lateral
propulsor, and the mooring structures. When making the
hull reach a quay, with the mooring ropes locked to moor-
ing posts located at the quay, the ship maneuvering cir-
cuitry makes the mooring structures wind the mooring
ropes, and at the same time, makes at least one of the
front-rear propulsor and the lateral propulsor output the
thrust by which tension of each mooring rope is reduced.
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Description

Technical Field

[0001] The present disclosure relates to a ship maneu-
vering system and a ship maneuvering method which are
used when a ship arrives at and is moored to a quay.

Background Art

[0002] A series of steps performed from when a ship
enters into a port until the ship arrives at and is moored
at a berth include: ship maneuver which causes large
mental load of ship pilots; and work which causes large
workload of ship crews. For these reasons, the automa-
tion and manpower-saving of the above series of steps
are desired in order to reduce the load and improve safe-
ty. However, appropriate actions need to be taken with
respect to changes in weather and marine conditions at
a port, and superb cooperation between the ship crews
and the workers at the port is necessary. Therefore, cur-
rently, most of the work is performed based on experi-
ences of the ship pilots and the workers in the ships and
at the ports.
[0003] PTL 1 discloses an automatic arriving/mooring
structure that automates ship maneuver performed from
when a ship arrives at a quay until the ship is moored to
the quay. The ship of PTL 1 includes: a front-rear thrust
engine that outputs front-rear thrust of a hull; a bow side
thruster and a stern pod propulsor which can output lat-
eral thrust in directions toward both sides of the hull; a
bow mooring structure and a stern mooring structure
each of which can wind and unwind a mooring rope; a
distance meter that measures a distance to the quay;
and a controller that controls the bow side thruster, the
stern pod propulsor, the bow mooring structure, and the
stern mooring structure based on a measured value of
the distance meter. The controller performs arriving and
mooring operations of the ship in order of an arriving
mode and a mooring mode. In the arriving mode, the
controller stops the front-rear thrust engine, the bow
mooring structure, and the stern mooring structure, and
laterally moves the hull by the bow side thruster and the
stern pod propulsor to a mooring start position that is
away from the quay by one meter. In the mooring mode,
the controller stops the front-rear thrust engine, the bow
side thruster, and the stern pod propulsor, and moors the
hull to the quay in such a manner that the bow mooring
structure and the stern mooring structure pull the mooring
ropes.

Citation List

Patent Literature

[0004] PTL 1: Japanese Laid-Open Patent Application
Publication No. 2005-255058

Summary of Invention

Technical Problem

[0005] The ship of PTL 1 consecutively performs the
lateral movement of the hull by the bow side thruster and
the stern pod propulsor and the adjusting and maintaining
of a moored position of the hull by the bow mooring struc-
ture and the stern mooring structure. However, the ship
of PTL 1 does not simultaneously generate the thrust by
the propulsors and the tension by the mooring structures.
[0006] The present disclosure was made under these
circumstances, and an object of the present disclosure
is to perform ship maneuver in which a hull is made to
efficiently reach a quay by cooperation between propul-
sors and mooring structures.

Solution to Problem

[0007] A ship maneuvering system according to one
aspect of the present disclosure includes: a front-rear
propulsor that outputs thrust toward both sides in a front-
rear direction of a hull; a lateral propulsor that outputs
thrust toward both sides in a lateral direction of the hull;
at least one mooring structure located close to a stern of
the hull and at least one mooring structure located close
to a bow of the hull, each of the mooring structures being
configured to wind and unwind a mooring rope; and ship
maneuvering circuitry configured to control operations of
the front-rear propulsor, the lateral propulsor, and the
mooring structures. When making the hull reach a quay,
with the mooring ropes locked to mooring posts located
at the quay, the ship maneuvering circuitry makes the
mooring structures wind the mooring ropes, and at the
same time, makes at least one of the front-rear propulsor
and the lateral propulsor output the thrust by which ten-
sion of each mooring rope is reduced.
[0008] A ship maneuvering method according to one
aspect of the present disclosure is a ship maneuvering
method of a ship. The ship includes: a front-rear propulsor
that outputs thrust toward both sides in a front-rear di-
rection of a hull; a lateral propulsor that outputs thrust
toward both sides in a lateral direction of the hull; and at
least one mooring structure located close to a stern of
the hull and at least one mooring structure located close
to a bow of the hull, each of the mooring structures being
configured to wind and unwind a mooring rope. The ship
maneuvering method includes, when making the hull
reach a quay, with the mooring ropes locked to mooring
posts located at the quay, making the mooring structures
wind the mooring ropes, and at the same time, making
at least one of the front-rear propulsor and the lateral
propulsor output the thrust by which tension of each
mooring rope is reduced.
[0009] A ship maneuvering system according to anoth-
er aspect of the present disclosure includes: a front-rear
propulsor that outputs thrust toward both sides in a front-
rear direction of a hull; a lateral propulsor that outputs
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lateral thrust toward both sides in a lateral direction of
the hull; at least one mooring structure located close to
a stern of the hull and at least one mooring structure
located close to a bow of the hull, each of the mooring
structures being configured to wind and unwind a moor-
ing rope; and ship maneuvering circuitry configured to
control operations of propulsion structures including the
front-rear propulsor, the lateral propulsor, and the moor-
ing structures, the mooring structures being regarded as
the propulsion structures each of which outputs thrust
corresponding to the tension of the mooring rope. The
ship maneuvering circuitry acquires a command vector
defined such that a direction and magnitude of the com-
mand vector represent a command thrust acting on the
hull, distributes thrust corresponding to the command
vector to the propulsion structures, and controls the pro-
pulsion structures such that the propulsion structures out-
put the distributed thrust.
[0010] A ship maneuvering method according to an-
other aspect of the present disclosure is a ship maneu-
vering method of a ship. The ship includes: a front-rear
propulsor that outputs thrust toward both sides in a front-
rear direction of a hull; a lateral propulsor that outputs
thrust toward both sides in a lateral direction of the hull;
and at least mooring structure located close to a stern of
the hull and at least mooring structure located close to a
bow of the hull, each of the mooring structures being
configured to wind and unwind a mooring rope. The ship
maneuvering method includes: acquiring a command
vector defined such that a direction and magnitude of the
command vector represent a command thrust acting on
the hull; distributing thrust corresponding to the com-
mand vector to propulsion structures including the front-
rear propulsor, the lateral propulsor, and the mooring
structures, the mooring structures being regarded as the
propulsion structures each of which outputs thrust cor-
responding to tension of the mooring rope; and control-
ling the propulsion structures such that the propulsion
structures output the distributed thrust.
[0011] Moreover, a ship maneuvering system accord-
ing to the present disclosure includes: a front-rear pro-
pulsor that outputs thrust toward both sides in a front-
rear direction of a hull; a lateral propulsor that outputs
thrust toward both sides in a lateral direction of the hull;
at least one mooring structure located close to a stern of
the hull and at least one mooring structure located close
to a bow of the hull, each of the mooring structures being
configured to wind and unwind a mooring rope; and ship
maneuvering circuitry configured to control operations of
the front-rear propulsor, the lateral propulsor, and the
mooring structures. When making the hull reach a quay,
with the mooring ropes locked to mooring posts located
at the quay, the ship maneuvering circuitry makes the
mooring structures wind the mooring ropes, and at the
same time, makes at least one of the front-rear propulsor
and the lateral propulsor output the thrust by which ten-
sion of each mooring rope becomes a predetermined
threshold or less.

Advantageous Effects of Invention

[0012] According to the ship maneuvering system and
the ship maneuvering method in the present disclosure,
the hull can efficiently reach the quay by cooperation be-
tween the propulsors and the mooring structures.

Brief Description of Drawings

[0013]

FIG. 1 is a diagram showing a schematic configura-
tion of a ship to which a ship maneuvering system
according to one embodiment of the present disclo-
sure is applied.
FIG. 2 is a diagram showing a schematic configura-
tion of a mooring structure.
FIG. 3 is a diagram showing the configuration of the
ship maneuvering system.
FIG. 4 is a diagram showing functional parts of ship
maneuvering circuitry.
FIG. 5 is a diagram for explaining processing of a
ship maneuvering equipment control part.
FIG. 6 is a diagram for explaining a ship maneuvering
method performed when the ship arrives at and is
moored to a quay.
FIG. 7 is a diagram for explaining a hull kinetic model
showing that the ship is moored to the quay.

Description of Embodiments

[0014] Next, an embodiment of the present disclosure
will be described with reference to the drawings. FIG. 1
is a diagram showing a schematic configuration of a ship
S to which a ship maneuvering system 20 according to
one embodiment of the present disclosure is applied.

Schematic Configuration of Ship S

[0015] As shown in FIG. 1, based on the ship S, a hor-
izontal direction connecting a bow and stern of the ship
S is referred to as a "front-rear direction," and a horizontal
direction (left-right direction) orthogonal to the front-rear
direction is referred to as a "lateral direction." The ship
S includes: a hull 5; at least one front-rear propulsor 2
that outputs thrust in the front-rear direction relative to
the hull 5; and at least one lateral propulsor 3 that outputs
thrust in the lateral direction relative to the hull 5.
[0016] In the present embodiment, the front-rear pro-
pulsor 2 includes a combination of a variable pitch pro-
peller, which is a main propulsor, and a rudder. The var-
iable pitch propeller and the rudder are located close to
the stern of the hull 5. However, the front-rear propulsor
2 is not limited to the above and may be a turning thruster
or may be a combination of variable pitch propellers and
rudders.
[0017] The lateral propulsor 3 desirably includes at
least one bow lateral propulsor 3B and at least one stern
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lateral propulsor 3A. In the present embodiment, the bow
lateral propulsor 3B is a side thruster (bow thruster) lo-
cated close to the bow. Moreover, in the present embod-
iment, the combination of the variable pitch propeller and
the rudder which are located close to the stern can output
both of the thrust in the front-rear direction and the thrust
in the lateral direction in accordance with the direction of
the rudder, and therefore, also serves as the stern lateral
propulsor 3A. However, the lateral propulsor 3 included
in the ship S is not limited to the above. Side thrusters
may be respectively located close to the bow and stern
of the hull 5, or a turning thruster may be located close
to at least one of the bow and stern of the hull 5.
[0018] Moreover, the ship S includes: at least one bow
mooring structure 10B located on a deck and close to
the bow; and at least one stern mooring structure 10A
located on the deck and close to the stern.
[0019] In the present embodiment, the bow mooring
structure 10B includes a headline mooring structure and
a forward spring line mooring structure. The bow mooring
structure 10B may further include a forward breast moor-
ing structure. Moreover, in the present embodiment, the
stern mooring structure 10A includes a stern line mooring
structure and an aft spring mooring structure. The stern
mooring structure 10A may further include an aft breast
mooring structure. The mooring structures 10 (a refer-
ence sign 10 is used when the bow mooring structure
10B and the stern mooring structure 10A are not distin-
guished from each other) that should be included in the
ship S are determined based on an equipment number
and the like.
[0020] The mooring structures 10 that are the bow
mooring structure 10B and the stern mooring structure
10A are substantially the same in structure as each other.
As shown in FIG. 2, each of the mooring structures 10
includes a mooring rope R and a winch W that can wind
and unwind the mooring rope R. The winch W is of an
electric hydraulic type. The winch W includes: a winding
drum 11 around which the mooring rope R is wound; a
motor 12 that rotates the winding drum 11; a hydraulic
clutch 13 that switches connection and disconnection of
power transmission from the motor 12 to the winding
drum 11; a reducer 14 located on a power transmitting
path extending from the motor 12 to the winding drum
11; and a hydraulic release brake 15 that applies braking
force at all times. However, the structure of the winch W
is not limited to the above, and the winch W may be of
an electric type.
[0021] The mooring structure 10 includes a rotational
position sensor 51, a tension meter 52, a rope length
meter 53, and winch control circuitry 50 that controls an
operation of the winch W based on detected values of
the rotational position sensor 51, the tension meter 52,
and the rope length meter 53. The rotational position sen-
sor 51 detects a rotational position and rotational fre-
quency of the motor 12 or the winding drum 11. The rope
length meter 53 measures the length of the mooring rope
R unwound from the winding drum 11. The winch control

circuitry 50 measures the rotation of the motor 12 or the
winding drum 11 and estimates the length of the wound
mooring rope R and the length of the unwound mooring
rope R based on a detection signal of the rotational po-
sition sensor 51 and/or a measured value of the rope
length meter 53. The tension meter 52 may directly or
indirectly detect tension (load) acting on the mooring rope
R. For example, the tension meter 52 may be a load cell
located at the brake 15 and may estimate the tension of
the mooring rope R based on the load detected by the
load cell. For example, the tension meter 52 may be a
torque sensor that detects output torque of the motor 12
and may estimate the tension of the mooring rope R
based on the torque detected by the torque sensor. The
winch control circuitry 50 can control the rotation of the
winding drum 11 based on the detected value of the ten-
sion meter 52 such that the tension acting on the mooring
rope R is maintained at a predetermined value that is not
more than a predetermined upper limit.
[0022] When winding the mooring rope R around the
winding drum 11, the power transmitting path extending
from the motor 12 to the winding drum 11 is established
by the clutch 13, and the winding drum 11 is rotated in a
winding direction. When unwinding the mooring rope R
from the winding drum 11, the clutch 13 is disengaged,
and therefore, the power transmitting path extending
from the motor 12 to the winding drum 11 is cut. Thus,
the winding drum 11 is set to such a state as to be able
to idle and can rotate in an unwinding direction. Or, when
unwinding the mooring rope R, the power transmitting
path extending from the motor 12 to the winding drum 11
may be established by the clutch 13, and the winding
drum 11 may be rotated in the unwinding direction.
[0023] Referring back to FIG. 1, a tip of the mooring
rope R is locked to a mooring post 35 located at a quay.
The mooring rope R pulled out from the winding drum 11
is protected and guided by suitable guides 36, such as
a chock (mooring hole), a fair-leader, a deck end roller,
and a stand roller.

Configuration of Ship Maneuvering System 20

[0024] FIG. 3 is a diagram showing the configuration
of the ship maneuvering system 20. As shown in FIG. 3,
the ship maneuvering system 20 of the ship S includes:
ship maneuvering circuitry 6; an instrument group 7 that
is electrically connected to the ship maneuvering circuitry
6 with a cable or wirelessly; a user interface 8; and a ship
maneuvering equipment group 9.
[0025] The ship maneuvering circuitry 6 includes a
processor, a memory such as a ROM and a RAM, and
an I/O part (all of these are not shown). The instrument
group 7, the user interface 8, and the ship maneuvering
equipment group 9 are connected to the ship maneuver-
ing circuitry 6 through the I/O part. A storage (not shown)
may be connected to the ship maneuvering circuitry 6
through the I/O part. The ship maneuvering circuitry 6
may include a single processor that performs centralized
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control or may include processors that perform distribut-
ed control. The memory and the storage means store a
basic program, an application program, and the like ex-
ecuted by the processor. The application program is con-
figured to make the processor perform processing of the
functional parts. The processor reads and executes the
program to serve as the ship maneuvering circuitry 6.
The ship maneuvering circuitry 6 may include at least
one of a computer, a personal computer, a microcontrol-
ler, a microprocessor, a PLD (programmable logic de-
vice) such as a FPGA (field-programmable gate array),
a PLC (programmable logic controller), and a logic circuit
or may include a combination of two or more of these.
[0026] A ship-land communicator 31 is connected to
the ship maneuvering circuitry 6. The ship maneuvering
circuitry 6 uses the ship-land communicator 31 to trans-
mit ship maneuvering information to a state monitor 33
located at a land terminal. The ship maneuvering infor-
mation includes a sailing state in a port, equipment op-
eration data, and the like.
[0027] The instrument group 7 includes a distance me-
ter 27, a camera 28, and various nautical instruments.
[0028] The distance meter 27 includes: a bow-quay
distance meter that measures a bow-quay distance that
is a distance from the bow to the quay; and a stern-quay
distance meter that measures a distance from the stern
to the quay. The distance meter 27 may be a known non-
contact distance meter, such as a laser distance meter.
Based on the information acquired from the distance me-
ter 27, the ship maneuvering circuitry 6 can obtain a dis-
tance (hull-quay distance) from the hull 5 (especially, the
bow and the stern) to the quay that the ship 5 is about to
reach.
[0029] The camera 28 includes: a bow camera that is
located on the deck and close to the bow and continu-
ously or intermittently takes images of the quay from the
bow; and a stern camera that is located on the deck and
close to the stern and continuously or intermittently takes
images of the quay from the stern. It is desirable that an
imaging field of the bow camera include, in addition to
the quay, the bow mooring structure 10B and/or the moor-
ing rope R unwound from the bow mooring structure 10B.
Moreover, it is desirable that an imaging field of the stern
camera include the stern mooring structure 10A and/or
the mooring rope R unwound from the stern mooring
structure 10A. To secure such wide viewing field, an
around view camera system may be adopted as the cam-
era 28.
[0030] Examples of such various nautical instruments
include a compass 21 that detects a bow azimuth, a
speed (log speed) meter 22, a wind direction/wind speed
meter 25 (a wind vane and an anemometer), a ship po-
sition measurer 26, a tidal current meter 29, a sounder,
a radar, a chronometer, and a draft gauge. The ship po-
sition measurer 26 is a GPS position measurer using
satellites, a radio wave position measurer using radio
wave from a reference station, and/or a light wave posi-
tion measurer using light from the reference station.

Based on the information acquired from such various
nautical instruments, the ship maneuvering circuitry 6
can obtain sailing state information including the position,
course, bow azimuth, ship speed, and the like of the hull 5.
[0031] The ship maneuvering circuitry 6 uses the ship-
land communicator 31 to timely acquire port information
from a port information provider 32 located at a land ter-
minal. The port information includes weather/marine in-
formation in a port, port environmental information, and
the like. The weather/marine information includes a wind
speed, a wind direction, a tidal current, a tide level, weath-
er, a climate, and the like in the port. The port environ-
mental information includes the degree of congestion and
a berth state in the port. Together with the information
from the instrument group 7, the ship maneuvering cir-
cuitry 6 utilizes, for calculation, the information transmit-
ted from the port information provider 32 through the ship-
land communicator 31.
[0032] The user interface 8 includes an operator 80
and a display 83. The user interface 8 may further include:
setters and indicators for ship maneuvering equipment,
such as individual propellers and rudders; a display that
displays signals of a direction, a ship speed, and the like
output from the instrument group 7; a function changing
switch; a display lamp; and the like.
[0033] In the present embodiment, the operator 80 in-
cludes a joystick 81 and a turning dial 82. The ship pilot
operates the joystick 81 to input a command regarding
the direction and magnitude of the thrust by which the
parallel displacement of the hull 5 is performed. The joy-
stick 81 receives the command and inputs the command
to the ship maneuvering circuitry 6. Moreover, the ship
pilot operates the turning dial 82 to input a command
regarding the direction and magnitude of a turning mo-
ment by which the turning displacement of the hull 5 is
performed. The turning dial 82 receives the command
and inputs the command to the ship maneuvering circuit-
ry 6. However, the operator 80 is not limited to the above,
and a known operator may be adopted.
[0034] As the display 83, at least one of known dis-
plays, such as a touch panel display and a head mount
display, is adopted. The display 83 may include: ship
maneuvering support information output from the ship
maneuvering circuitry 6; the image taken by the camera
28; the operation states of the equipment; the sailing state
information; the environmental information (ma-
rine/weather information) of the hull 5; and the like. The
ship maneuvering support information includes at least
one of: an own ship position, a recommended route, a
danger line, a remaining distance, a marine area facility,
and a target position on a nautical chart; a movement
speed vector of the hull 5; the speed of an arbitrary po-
sition of the bow; the speed of an arbitrary position of the
stern; the remaining distance between the bow and the
quay; the remaining distance between the stern and the
quay; and the like.
[0035] The ship maneuvering equipment group 9 in-
cludes: the winch control circuitry 50 that controls the
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winch W of the mooring structure 10; front-rear propul-
sion control circuitry 91 that controls the front-rear pro-
pulsor 2; and lateral propulsion control circuitry 92 that
controls the lateral propulsor 3. The winch control circuit-
ry 50, the front-rear propulsion control circuitry 91, and
the lateral propulsion control circuitry 92 are included in
accordance with the numbers of winches W, front-rear
propulsors 2, and lateral propulsors 3 mounted on the
ship S. In FIG. 3, one winch control circuitry 50, one front-
rear propulsion control circuitry 91, and one lateral pro-
pulsion control circuitry 92 are shown, and the others are
not shown. The ship maneuvering circuitry 6 outputs op-
eration commands to the respective pieces of ship
maneuvering equipment of the ship maneuvering equip-
ment group 9, and the ship maneuvering equipment
group 9 operates the corresponding pieces of ship
maneuvering equipment based on the operation com-
mands.
[0036] As shown in FIG. 4, the ship maneuvering cir-
cuitry 6 includes functional parts that are a ship maneu-
vering support information generating part 65, a display
control part 66, a route planning part 67, a command
generating part 68, and a ship maneuvering equipment
control part 69. The ship maneuvering support informa-
tion generating part 65 generates the ship maneuvering
support information based on the information acquired
from the instrument group 7 and the port information pro-
vider 32. The display control part 66 makes the display
83 display the generated ship maneuvering support in-
formation. Based on the information acquired from the
instrument group 7 and the port information provider 32
and the like, the route planning part 67 searches an op-
timal route which is from a departure place to a destina-
tion and in which a predetermined evaluation index is
optimized, and generates the optimal route as a planned
route. During automatic ship maneuver, the command
generating part 68 generates commands in place of the
ship pilot. The ship maneuvering equipment control part
69 controls the operation of the ship maneuvering equip-
ment group 9.
[0037] FIG. 5 is a diagram for explaining processing of
the ship maneuvering equipment control part 69. As
shown in FIG. 5, the ship maneuvering equipment control
part 69 of the ship maneuvering circuitry 6 includes an
acquiring part 61, a thrust distribution calculating part 62,
and an output part 63.
[0038] The acquiring part 61 acquires the information
detected or measured by the instrument group 7 and the
command received by the operator 80 of the user inter-
face 8 and subjects the acquired information (signal) to
A/D conversion, scaling processing, signal abnormality
determination, and the like.
[0039] The thrust distribution calculating part 62 gen-
erates a "command vector" based on the command re-
ceived by the joystick 81 (i.e., a tilt angle and tilt direction
of the joystick 81). The command vector is defined such
that the direction and magnitude of the command vector
represent command thrust acting on the hull 5. The di-

rection of the command vector corresponds to the tilt di-
rection of the joystick 81, and the magnitude of the com-
mand vector corresponds to the tilt angle of the joystick
81.
[0040] The thrust distribution calculating part 62 ac-
quires disturbance information including: the tidal current
detected by the tidal current meter 29; the wind direction
and wind speed detected by the wind direction/wind
speed meter 25; and/or the tidal current, the wind direc-
tion, and the wind speed in the port which are acquired
from the port information provider 32. The thrust distri-
bution calculating part 62 estimates disturbance force
acting on the ship S based on the disturbance information
and corrects the command vector by adding force against
the disturbance force to the command vector. The thrust
distribution calculating part 62 performs calculation to
distribute thrust to the propulsion structures (the mooring
structure 10, the front-rear propulsor 2, and the lateral
propulsor 3) such that the corrected command vector cor-
responds to a thrust vector. Herein, the mooring structure
10 is regarded as one type of propulsion structure, and
the "thrust vector" is defined such that the direction and
magnitude of the thrust vector represent resultant force
of the thrust output from the propulsion structures (the
mooring structure 10, the front-rear propulsor 2, and the
lateral propulsor 3). A thrust distribution calculating meth-
od performed by the thrust distribution calculating part
62 will be described later in detail.
[0041] The output part 63 subjects the thrust, calculat-
ed by the thrust distribution calculating part 62 and dis-
tributed to the propulsion structures 2, 3, and 10, to scal-
ing, D/A conversion, abnormality processing, and the
like, and outputs the thrust as the operation commands
to the corresponding winch control circuitry 50, the cor-
responding front-rear propulsion control circuitry 91, and
the corresponding lateral propulsion control circuitry 92.
With this, the thrust which has magnitude corresponding
to the tilt angle of the joystick 81 and acts in the tilt direc-
tion is applied to the hull 5.

Ship Maneuvering Method

[0042] A ship maneuvering method performed by us-
ing the ship maneuvering system 20 configured as above
when the ship S arrives at and is moored to the quay will
be described with reference to FIG. 6.
[0043] When the ship S enters into the port, the ship
maneuvering circuitry 6 starts approach maneuver. In
the approach maneuver, the ship maneuvering circuitry
6 generates approach maneuver support information by
using the information acquired from the instrument group
7 and the port information provider 32 and displays the
approach maneuver support information on a screen im-
age of the display 83. Here, the ship maneuvering cir-
cuitry 6 sets a predetermined arrival start position P2 as
the target position and calculates an optimal route from
a port entrance P1 to the arrival start position P2 as the
planned route by using the information acquired from the
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instrument group 7 and the port information provider 32.
As the approach maneuver support information, the
screen image of the display 83 graphically displays: a
port nautical chart on which the planned route including
way points, the target position, and the own ship position
are overlaid; and sailing information, such as the bow
azimuth and the ship speed. The arrival start position P2
is a position away from the quay of the berth by a prede-
termined distance (about 30 meters, for example). The
front-rear direction of the hull 5 of the ship S which has
reached the arrival start position P2 is substantially par-
allel to an extending direction of the quay, and the speed
of the hull 5 in the front-rear direction is substantially zero.
[0044] The ship pilot operates the joystick 81 and the
turning dial 82 based on the approach maneuver support
information displayed on the display 83. The ship maneu-
vering circuitry 6 calculates the command vector based
on the tilt angle and tilt direction of the joystick 81. How-
ever, the approach maneuver of the ship S may be au-
tomatically performed. In this case, the ship maneuvering
circuitry 6 may generate the command vector based on
the information acquired from the instrument group 7 and
the port information provider 32 and the planned route.
[0045] The ship maneuvering circuitry 6 calculates the
corrected command vector by adding the force against
the disturbance force to the command vector, and dis-
tributes the thrust to the front-rear propulsor 2 such that
the thrust vector corresponding to the corrected com-
mand vector is obtained by the resultant of the thrust
output from the front-rear propulsor 2. In the approach
maneuver, the thrust distributed to the lateral propulsor
3 and the thrust distributed to the mooring structure 10
are zero. The ship maneuvering circuitry 6 generates a
thrust target value by which the distributed thrust is out-
put, and outputs the thrust target value to the front-rear
propulsion control circuitry 91. The front-rear propulsion
control circuitry 91 controls the front-rear propulsor 2
such that the front-rear propulsor 2 outputs the thrust
corresponding to the thrust target value. As a result, the
ship S obtains the thrust corresponding to the command
vector and sails along the planned route.
[0046] When the ship S reaches the arrival start posi-
tion P2, the ship maneuvering circuitry 6 starts arrival
maneuver. In the arrival maneuver, the ship maneuvering
circuitry 6 generates arrival maneuver support informa-
tion by using the information acquired from the instrument
group 7 and the port information provider 32 and displays
the arrival maneuver support information on the screen
image of the display 83. In the arrival maneuver, the ship
S moves from the arrival start position P2 to a predeter-
mined mooring start position P3. The mooring start po-
sition P3 is a position away from the quay of the berth by
about several meters. The front-rear direction of the hull
5 of the ship S which has reached the mooring start po-
sition P3 is substantially parallel to the extending direc-
tion of the quay. The speeds of the hull 5 in the bow
direction and the lateral direction are substantially zero.
As the arrival maneuver support information, the screen

image of the display 83 displays: a port nautical chart on
which the target position and the own ship position are
overlaid; the sailing information, such as the bow azimuth
and the ship speed; the hull-quay distance; the image
taken by the camera 28; and the like.
[0047] The ship pilot operates the joystick 81 and the
turning dial 82 based on the arrival maneuver support
information displayed on the display 83. The ship maneu-
vering circuitry 6 calculates the command vector based
on the tilt angle and tilt direction of the joystick 81. How-
ever, the arrival maneuver of the ship S may be automat-
ically performed. In this case, the ship maneuvering cir-
cuitry 6 may generate the command vector based on the
information acquired from the instrument group 7 and the
port information provider 32.
[0048] The ship maneuvering circuitry 6 calculates the
corrected command vector by adding the force against
the disturbance force to the command vector, and dis-
tributes the thrust to the front-rear propulsor 2 and the
lateral propulsor 3 such that the thrust vector correspond-
ing to the corrected command vector is obtained by the
resultant of the thrust output from the front-rear propulsor
2 and the thrust output from the lateral propulsor 3. In
the arrival maneuver, the thrust distributed to the mooring
structure 10 is zero. The ship maneuvering circuitry 6
generates thrust target values by which the thrust distrib-
uted to the front-rear propulsion control circuitry 91 and
the thrust distributed to the lateral propulsion control cir-
cuitry 92 are output, and outputs the thrust target values
to the front-rear propulsion control circuitry 91 and the
lateral propulsion control circuitry 92. The front-rear pro-
pulsion control circuitry 91 controls the front-rear propul-
sor 2 such that the front-rear propulsor 2 outputs the
thrust corresponding to the given thrust target value.
Moreover, the lateral propulsion control circuitry 92 con-
trols the lateral propulsor 3 such that the lateral propulsor
3 outputs the thrust corresponding to the given thrust
target value. As a result, the ship S obtains the thrust
corresponding to the command vector and mainly per-
forms lateral movement to the mooring start position P3.
[0049] When the ship S reaches the mooring start po-
sition P3, the mooring ropes R are unwound from the
stern mooring structure 10A and the bow mooring struc-
ture 10B, and tip portions of the mooring ropes R are
locked to the mooring posts 35 located at the quay. Dur-
ing this, the ship maneuvering circuitry 6 maintains the
position of the ship S at the mooring start position P3 by
an automatic direction maintaining function. The auto-
matic direction maintaining function of the ship maneu-
vering circuitry 6 performs, for example, PID calculation
of a deviation between a set bow azimuth and the bow
azimuth from the compass 21 and gives the deviation as
a turning moment command to thrust distributing calcu-
lation instead of the turning dial 82. With this, the front-
rear propulsor 2 and the lateral propulsor 3 are operated
such that the direction of the bow is maintained.
[0050] After the tip portions of all the mooring ropes R
are locked to the mooring posts 35 located at the quay,
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the ship maneuvering circuitry 6 starts mooring maneu-
ver. The ship maneuvering circuitry 6 generates mooring
maneuver support information by using the information
acquired from the instrument group 7 and the port infor-
mation provider 32 and displays the mooring maneuver
support information on the screen image of the display
83. As the arrival maneuver support information, the
screen image of the display 83 displays: a port nautical
chart on which the target position and the own ship po-
sition are overlaid; the sailing information, such as the
bow azimuth and the ship speed; the hull-quay distance;
the image taken by the camera 28; and the like.
[0051] The mooring maneuver is automatically per-
formed, and the ship maneuvering circuitry 6 generates
the command vector based on the information acquired
from the instrument group 7 and the port information pro-
vider 32. However, the ship pilot may visually confirm the
mooring maneuver support information displayed on the
display 83 and operate the joystick 81 and the turning
dial 82 according to need. In this case, the operations
received by the joystick 81 and the turning dial 82 may
be prioritized over the command generated by the ship
maneuvering circuitry 6.
[0052] The ship maneuvering circuitry 6 calculates the
corrected command vector by adding the force against
the disturbance force to the command vector, and dis-
tributes the thrust to the mooring structure 10, the front-
rear propulsor 2, and the lateral propulsor 3 such that the
thrust vector corresponding to the corrected command
vector is obtained by the resultant of the thrust output
from the mooring structure 10, the thrust output from the
front-rear propulsor 2, and the thrust output from the lat-
eral propulsor 3. The ship maneuvering circuitry 6 gen-
erates thrust target values by which the thrust distributed
to the winch control circuitry 50, the thrust distributed to
the front-rear propulsion control circuitry 91, and the
thrust distributed to the lateral propulsion control circuitry
92 are output, and outputs the thrust target values to the
winch control circuitry 50, the front-rear propulsion con-
trol circuitry 91, and the lateral propulsion control circuitry
92. The winch control circuitry 50 controls the mooring
structure 10 such that the mooring structure 10 outputs
the thrust corresponding to the given thrust target value.
Specifically, the winch control circuitry 50 controls the
operation of the winch W to achieve the thrust target value
in such a manner that the tension and the rope length
are adjusted by winding or unwinding the mooring rope
R. The front-rear propulsion control circuitry 91 controls
the front-rear propulsor 2 such that the front-rear propul-
sor 2 outputs the thrust corresponding to the given thrust
target value. The lateral propulsion control circuitry 92
controls the lateral propulsor 3 such that the lateral pro-
pulsor 3 outputs the thrust corresponding to the given
thrust target value. As a result, the ship S obtains the
thrust corresponding to the command vector and mainly
performs lateral movement to reach the quay.
[0053] In the thrust distribution of the mooring maneu-
ver, the distribution of the thrust to the mooring structure

10 is prioritized. An allowable range of the tension of the
mooring rope R is set for each mooring structure 10. After
the mooring maneuver starts, and the looseness of the
mooring rope R is eliminated by the winding operation
performed by the mooring structure 10, the thrust is dis-
tributed to the mooring structure 10 such that the tension
of the mooring rope R which is measured by the tension
meter 52 is maintained within the allowable range. Here,
the allowable range of the tension is not more than a
predetermined threshold that is larger than zero and
smaller than maximum winding force of the mooring
structure 10A, 10B. The maximum winding force of the
mooring structure 10A is a known value specific to the
mooring structure 10A, and the maximum winding force
of the mooring structure 10B is a known value specific
to the mooring structure 10B. The threshold (allowable
range) regarding the tension of the mooring rope R may
be set individually for each of the mooring structures 10A
and 10B. Or, the same threshold (allowable range) re-
garding the tension of the mooring rope R may be set for
all the mooring structures 10A and 10B.
[0054] In the thrust distribution of the mooring maneu-
ver, first, the thrust is distributed to each mooring struc-
ture 10 such that the tension of the mooring rope R is
maintained within the allowable range. Then, a resultant
vector (mooring structure thrust vector) of the thrust out-
put from all the mooring structures 10 is calculated, and
a shortage calculated by subtracting the mooring struc-
ture thrust vector from the command vector is compen-
sated by the thrust output from the front-rear propulsor
2 and the lateral propulsor 3. When there is no shortage,
the thrust output from the front-rear propulsor 2 and the
lateral propulsor 3 may be zero. By the above distribution
of the thrust, the ship maneuvering circuitry 6 controls
the propulsion structures in at least a part of the mooring
maneuver such that the bow mooring structure 10B and
the stern mooring structure 10A wind the mooring ropes
R, and at the same time, at least one of the front-rear
propulsor 2 and the lateral propulsor 3 outputs the thrust
by which the tension of the mooring rope R is reduced.
[0055] Here, the thrust distribution calculating method
(First Example and Second Example) performed by the
thrust distribution calculating part 62 of the ship maneu-
vering circuitry 6 will be described in detail.

Thrust Distribution Calculating Method: First Exam-
ple

[0056] The ship maneuvering circuitry 6 includes a hull
kinetic model configured to estimate the thrust output
from the bow mooring structure 10B and the thrust output
from the stern mooring structure 10A based on the ten-
sion of the mooring rope R of the bow mooring structure
10B and the tension of the mooring rope R of the stern
mooring structure 10A. As shown in FIG. 7, regarding
each mooring rope R, the hull kinetic model includes co-
ordinates of an input point 78 that is the position of the
guide 36 located at a most tip side when viewed from the
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winch W based on the hull 5. The ship maneuvering cir-
cuitry 6 can estimate components of the thrust acting on
the input point 78 in three directions (the front-rear direc-
tion, the lateral direction, and the vertical direction) by
inputting the draft of the hull 5, the position of the hull 5,
coordinates of a quay mooring point 77 that is a position
where the mooring rope R is locked to the mooring post
35, and the tension of the mooring rope R to the hull
kinetic model. Moreover, by simulation using the hull ki-
netic model, the ship maneuvering circuitry 6 can esti-
mate the behavior of the hull 5 that behaves by the thrust
acting on the input point 78. Based on a calculation result
using the hull kinetic model, the ship maneuvering cir-
cuitry 6 can determine the thrust distributed to the bow
mooring structure 10B and the stern mooring structure
10A.
[0057] The winch control circuitry 50 operates the
winch W so as to generate the tension used in the sim-
ulation in the ship maneuvering circuitry 6. Then, the ship
maneuvering circuitry 6 performs feedback of a differ-
ence between the movement of the hull 5 which is ob-
tained by the simulation and the actual movement of the
hull 5 and moves the hull 5 in an arbitrary direction to
perform the mooring maneuver. Here, when the tension
that exceeds the predetermined threshold is measured,
the ship maneuvering circuitry 6 outputs a command to
the winch control circuitry 50 to lower a winding speed.
Then, the thrust is distributed to the front-rear propulsor
2 and/or the lateral propulsor 3 such that the shortage of
the thrust which is caused by a reduction in the winding
speed is compensated by the front-rear propulsor 2
and/or the lateral propulsor 3. With this, an overload of
the mooring rope R is prevented.

Thrust Distribution Calculating Method: Second Ex-
ample

[0058] To simplify calculation, the hull 5 is regarded as
being controlled in a horizontal plane and is considered
based on three degrees of freedom (x, y, z). Thrust com-
mands received by the joystick 81 and the turning dial
82 regarding the three degrees of freedom are assigned
to a front-rear direction thrust command (xd), a lateral
direction thrust command (yd), and a turning moment
command (ϕd). A command vector Xd is represented by
Formula 1 below. In the above embodiment, since the
thrust vector is calculated from the corrected command
vector, the command vector Xd below is regarded as the
corrected command vector. In Formulas 1 to 4, each of
X, Xd, A, A*, and Xk is a vector or a matrix.
Formula 1

[0059] Herein, Tp denotes the thrust of the front-rear
propulsor 2, Tr denotes rudder thrust, Ts denotes the
thrust of the lateral propulsor 3, Tb denotes the thrust of
the bow mooring structure 10B, and Ta denotes the thrust
of the stern mooring structure 10A. When the ship S in-
cludes n front-rear propulsors 2, the thrust of the front-
rear propulsors 2 is shown by Tp 1, ... , Tpn. When the
ship S includes rudders, the rudder thrust Tr is regarded
as resultant force of the rudders. When the ship S in-
cludes m lateral propulsors 3, the thrust of the lateral
propulsors 3 is shown by Ts1, ... , Tsm. When the ship
S includes k bow mooring structures 10B, each bow
mooring structure 10B is regarded as generating the
thrust (resultant force of the front-rear thrust and the lat-
eral thrust) corresponding to the tension, and the thrust
of the bow mooring structures 10B is shown by Tb1, ... ,
Tbk. When the ship S includes k stern mooring structures
10A, each stern mooring structure 10A is regarded as
generating the thrust (the front-rear thrust and the lateral
thrust) corresponding to the tension, and the thrust of the
stern mooring structure 10A is shown by Ta1, ... , Tak.
A thrust vector X that is a combination of these is shown
by Formula 2 below.
Formula 2

[0060] The thrust vector X and the command vector
Xd satisfy Formula 3 below. 

[0061] Herein, a matrix A is an arrangement matrix.
The thrust vector X is shown by Formula 4 below by using
a general inverse matrix A* of the arrangement matrix A. 

[0062] Herein, Xk satisfies Formula 5 below. A* de-
notes a thrust distribution matrix. 

[0063] Although there are various general inverse ma-
trixes, for example, a general inverse matrix that mini-
mizes the sum of squares of each component of the thrust
vector X may be adopted. To obtain necessary thrust,
such as rudder lateral force, a constraint condition is giv-
en in addition to the rudder angle. The constraint condi-
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tion is, for example, a condition of minimum necessary
thrust of the variable pitch propeller. The ship maneuver-
ing circuitry 6 prestores the thrust distribution matrix A*.
The ship maneuvering circuitry 6 uses the thrust distri-
bution matrix A* to derive the thrust vector from the com-
mand vector Xd (in the above embodiment, the corrected
command vector).

Conclusion

[0064] As described above, the ship maneuvering sys-
tem 20 according to the present embodiment includes:

at least one front-rear propulsor 2 that can output
the thrust toward both sides in the front-rear direction
of the hull 5;
at least one lateral propulsor 3 that can output the
thrust toward both sides in the lateral direction of the
hull 5;
at least one mooring structure 10A located close to
the stern of the hull 5 and at least one mooring struc-
ture 10B located close to the bow of the hull 5, each
of the mooring structures 10A and 10B being able
to wind and unwind the mooring rope R; and
the ship maneuvering circuitry 6 configured to control
the operations of the front-rear propulsor 2, the lat-
eral propulsor 3, and the mooring structures 10A and
10B.

[0065] Then, when making the hull 5 reach the quay,
with the mooring ropes R locked to the mooring posts 35
located at the quay, the ship maneuvering circuitry 6
makes the mooring structures 10A and 10B wind the
mooring ropes R, and at the same time, makes at least
one of the front-rear propulsor 2 and the lateral propulsor
3 output the thrust by which the tension of each mooring
rope R is reduced.
[0066] Similarly, the ship maneuvering method of the
ship S according to the present embodiment is a ship
maneuvering method of the ship S. The ship S includes:
at least one front-rear propulsor 2 that can output the
thrust toward both sides in the front-rear direction of the
hull 5; at least one lateral propulsor 3 that can output the
thrust toward both sides in the lateral direction of the hull
5; and at least one mooring structure 10A located close
to the stern of the hull 5 and at least one mooring structure
10B located close to the bow of the hull 5, each of the
mooring structures 10A and 10B being able to wind and
unwind the mooring rope R.
[0067] The ship maneuvering method includes, when
making the hull 5 reach the quay, with the mooring ropes
R locked to the mooring posts 35 located at the quay,
making the mooring structures 10A and 10B wind the
mooring ropes R, and at the same time, making at least
one of the front-rear propulsor 2 and the lateral propulsor
3 output the thrust by which the tension of each mooring
rope R is reduced.
[0068] According to the ship maneuvering system 20

and the ship maneuvering method, while the mooring
structures 10A and 10B wind the mooring ropes R in order
to make the hull 5 reach the quay, the thrust by which
the tension of each mooring rope R is reduced acts on
the hull 5. As above, by the cooperation between the
propulsors 2 and 3 and the mooring structures 10A and
10B, an overload is prevented from being applied to the
mooring ropes R. Generally, if the overload is applied to
the mooring rope while the mooring structure winds the
mooring rope, the mooring structure is made to unwind
the mooring rope, and this eliminates the overload. How-
ever, according to the ship maneuvering system 20 and
the ship maneuvering method, while the mooring struc-
tures 10A and 10B wind the mooring ropes R, the over-
load is prevented from being applied to the mooring ropes
R. Therefore, the length of the unwound mooring rope R
continuously decreases, i.e., the decrease in the length
of the unwound mooring rope R does not stop, or the
length of the unwound mooring rope R does not increase.
On this account, the hull 5 can be made to reach the quay
more efficiently than when only the mooring structures
10A and 10B are used.
[0069] The above ship maneuvering system 20 further
includes the tension meter 52 that measures the tension
of each mooring rope R. The ship maneuvering circuitry
6 makes at least one of the front-rear propulsor 2 and
the lateral propulsor 3 output the thrust by which the ten-
sion of each mooring rope R is reduced, such that the
tension of the mooring rope R which is measured by the
tension meter 52 is maintained within a range of not more
than a predetermined threshold that is larger than zero
and smaller than the maximum winding force of the moor-
ing structure 10A, 10B.
[0070] Similarly, at least one of the front-rear propulsor
2 and the lateral propulsor 3 is made to output the thrust
by which the tension of each mooring rope R is reduced,
such that the tension of the mooring rope R is maintained
within a range of not more than a predetermined thresh-
old that is larger than zero and smaller than the maximum
winding force of the mooring structure 10A, 10B.
[0071] As above, while the mooring structures 10A and
10B wind the mooring ropes R in order to make the hull
5 reach the quay, the tension of each mooring rope R is
maintained within the above range, and therefore, the
overload is prevented from being applied to the mooring
rope R.
[0072] Moreover, the ship maneuvering system 20 ac-
cording to the above embodiment includes:

at least one front-rear propulsor 2 that can output
the thrust toward both sides in the front-rear direction
of the hull 5;
at least one lateral propulsor 3 that can output the
thrust toward both sides in the lateral direction of the
hull 5;
at least one mooring structure 10A located close to
the stern of the hull 5 and at least one mooring struc-
ture 10B located close to the bow of the hull 5, each
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of the mooring structures 10A and 10B being able
to wind and unwind the mooring rope R; and
the ship maneuvering circuitry 6 configured to control
operations of the propulsion structures 2, 3, 10A, and
10B including the front-rear propulsor 2, the lateral
propulsor 3, and the mooring structures 10A and
10B, the mooring structures 10A and 10B being re-
garded as the propulsion structures each of which
outputs the thrust corresponding to the tension of
the mooring rope R.

[0073] Then, the ship maneuvering circuitry 6 acquires
the command vector defined such that the direction and
magnitude of the command vector represent the com-
mand thrust acting on the hull 5, distributes the thrust
corresponding to the command vector to the propulsion
structures 2, 3, 10A, and 10B, and controls the propulsion
structures 2, 3, 10A, and 10B such that the propulsion
structures 2, 3, 10A, and 10B output the distributed thrust.
Herein, the ship maneuvering circuitry 6 may distribute
the thrust to the propulsion structures 2, 3, 10A, and 10B
such that the thrust vector corresponds to the command
vector, the thrust vector being defined such that the di-
rection and magnitude of the thrust vector represent the
resultant force of the thrust output from the propulsion
structures 2, 3, 10A, and 10B.
[0074] Similarly, the ship maneuvering method of the
ship S according to the above embodiment is a ship
maneuvering method of the ship S. The ship S includes:
at least one front-rear propulsor 2 that can output the
thrust toward both sides in the front-rear direction of the
hull 5; at least one lateral propulsor 3 that can output the
thrust toward both sides in the lateral direction of the hull
5; and at least one mooring structure 10A located close
to the stern of the hull 5 and at least one mooring structure
10B located close to the bow of the hull 5, each of the
mooring structures 10A and 10B being able to wind and
unwind the mooring rope R.
[0075] The ship maneuvering method includes: acquir-
ing the command vector defined such that the direction
and magnitude of the command vector represent the
command thrust acting on the hull 5; distributing the thrust
corresponding to the command vector to the propulsion
structures 2, 3, 10A, and 10B including the front-rear pro-
pulsor 2, the lateral propulsor 3, and the mooring struc-
tures 10A and 10B, the mooring structures 10A and 10B
being regarded as the propulsion structures each of
which outputs the thrust corresponding to the tension of
the mooring rope R; and controlling the propulsion struc-
tures 2, 3, 10A, and 10B such that the propulsion struc-
tures 2, 3, 10A, and 10B output the distributed thrust.
Herein, the above distributing step may include distrib-
uting the thrust to the propulsion structures 2, 3, 10A,
and 10B such that the thrust vector corresponds to the
command vector, the thrust vector being defined such
that the direction and magnitude of the thrust vector rep-
resent the resultant force of the thrust output from the
propulsion structures 2, 3, 10A, and 10B.

[0076] According to the ship maneuvering system 20
and the ship maneuvering method, each of the mooring
structures 10A and 10B is regarded as one type of pro-
pulsion structure, and the thrust acting on the hull 5 is
distributed to the propulsion structures 2, 3, 10A, and
10B including the mooring structures 10A and 10B, the
front-rear propulsor 2, and the lateral propulsor 3. As
above, since the propulsors 2 and 3 and the mooring
structures 10A and 10B are collectively controlled, it is
unnecessary to individually operate the propulsors 2 and
3 and the mooring structures 10A and 10B, and therefore,
the work efficiency can be improved, and the manpower
can be saved. Moreover, fluid force near the quay is ir-
regular. However, the propulsion structures 2, 3, 10A,
and 10B including the propulsors 2 and 3 and the mooring
structures 10A and 10B generate the thrust in coopera-
tion, and therefore, the hull 5 can reach the target position
more stably than when the hull 5 is moved only by the
mooring structures 10A and 10B.
[0077] Moreover, the ship maneuvering system 20 ac-
cording to the above embodiment includes the joystick
81 that receives an operation and inputs the operation
to the ship maneuvering circuitry 6. The tilt angle of the
joystick 81 corresponds to the magnitude of the com-
mand vector. The tilt direction of the joystick 81 corre-
sponds to the direction of the command vector. The ship
maneuvering circuitry 6 acquires the command vector
corresponding to the operation received by the joystick
81.
[0078] Similarly, in the above ship maneuvering meth-
od, the step of acquiring the command vector includes
acquiring the command vector corresponding to the op-
eration received by the joystick 81, the tilt angle of the
joystick 81 corresponding to the magnitude of the com-
mand vector, the tilt direction of the joystick 81 corre-
sponding to the direction of the command vector.
[0079] By operating the joystick 81 as above, the pro-
pulsion structures 2, 3, 10A, and 10B including the moor-
ing structures 10A and 10B and the lateral propulsor 3
can be collectively operated. Therefore, it is unnecessary
to individually operate the propulsors 2 and 3 and the
mooring structures 10A and 10B, and therefore, the work
efficiency can be improved, and the manpower can be
saved.
[0080] Moreover, the ship maneuvering system 20 ac-
cording to the above embodiment includes: the distance
meter 27 that measures the hull-quay distance of the hull
5; and the ship position measurer 26 that measures the
ship position of the hull 5. The ship maneuvering circuitry
6 generates the command vector based on the hull-quay
distance and the ship position.
[0081] Similarly, in the ship maneuvering method ac-
cording to the above embodiment, the step of acquiring
the command vector includes: measuring the hull-quay
distance of the hull 5; measuring the ship position of the
hull 5; and generating the command vector based on the
hull-quay distance and the ship position.
[0082] As above, since the command vector is auto-
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matically generated, the automatic ship maneuver of the
ship S can be performed.
[0083] Moreover, in the ship maneuvering system 20
according to the above embodiment, the ship maneuver-
ing circuitry 6 acquires the disturbance information in-
cluding the wind direction, the wind speed, the tidal cur-
rent in the environment around the hull 5, estimates the
disturbance force acting on the hull 5 based on the dis-
turbance information, and corrects the command vector
by the disturbance force.
[0084] Similarly, in the ship maneuvering method ac-
cording to the above embodiment, the step of acquiring
the command vector includes: acquiring the disturbance
information including the wind direction, the wind speed,
and the tidal current in the environment around the hull
5; estimating the disturbance force acting on the hull 5
based on the disturbance information; and correcting the
command vector by the disturbance force.
[0085] As above, since the command vector is correct-
ed such that the disturbance force acting on the hull 5 is
canceled, the command vector that has not been cor-
rected yet does not have to be prepared in consideration
of the disturbance force. Therefore, the ship pilot can
give a command without depending on experience.
[0086] Moreover, in the ship maneuvering system 20
according to the above embodiment, when the hull 5 ar-
rives at and is moored to the quay, the ship maneuvering
circuitry 6 performs: the arrival maneuver in which the
hull 5 is moved from the predetermined arrival start po-
sition P2 to the mooring start position P3 closer to the
quay than the arrival start position P2; and the mooring
maneuver in which the hull 5 is moved from the mooring
start position P3 and is made to reach the quay. In the
arrival maneuver, the ship maneuvering circuitry distrib-
utes the thrust to the propulsion structures 2, 3, 10A, and
10B such that the thrust distributed to the mooring struc-
tures 10A and 10B becomes zero. Moreover, in the moor-
ing maneuver, the ship maneuvering circuitry 6 distrib-
utes the thrust to the propulsion structures 2, 3, 10A, and
10B such that among the propulsion structures 2, 3, 10A,
and 10B, the thrust is distributed to the mooring structures
10A and 10B more preferentially than the propulsion
structures 2 and 3.
[0087] Similarly, the ship maneuvering method accord-
ing to the above embodiment includes, when the hull 5
arrives at and is moored to the quay, performing: the
arrival maneuver in which the hull 5 is moved from the
predetermined arrival start position P2 to the mooring
start position P3 closer to the quay than the arrival start
position P2; and the mooring maneuver in which the hull
5 is moved from the mooring start position P3 and is
made to reach the quay. In the arrival maneuver, the
thrust is distributed to the propulsion structures 2, 3, 10A,
and 10B such that the thrust distributed to the mooring
structures 10A and 10B becomes zero. Moreover, in the
mooring maneuver, the thrust is distributed to the pro-
pulsion structures 2, 3, 10A, and 10B such that among
the propulsion structures 2, 3, 10A, and 10B, the thrust

is distributed to the mooring structures 10A and 10B more
preferentially than the propulsion structures 2 and 3.
[0088] As above, according to the arrival maneuver in
which the mooring ropes R are not being moored to the
mooring posts 35, the thrust can be applied to the hull 5
by the operations of the propulsors 2 and 3. According
to the mooring maneuver in which the mooring ropes R
are being moored to the mooring posts 35, the thrust can
be applied to the hull 5 by the operations of the propulsion
structures 2, 3, 10A, and 10B including the mooring struc-
tures 10A and 10B. In addition, in the mooring maneuver,
the propulsion structures 2, 3, 10A, and 10B can be op-
erated such that: the thrust is distributed preferentially to
the mooring structures 10A and 10B; the hull 5 is moved
mainly by the tension of each mooring rope R; and the
shortage of the thrust is compensated by the thrust gen-
erated by the propulsors 2 and 3.
[0089] Moreover, in the ship maneuvering system 20
according to the above embodiment, the ship maneuver-
ing circuitry 6 includes the hull kinetic model configured
to estimate the thrust output from the mooring structure
10A, 10B based on the tension of the mooring rope R of
the mooring structure 10A, 10B.
[0090] Similarly, in the ship maneuvering method ac-
cording to the above embodiment, the thrust distributed
to the mooring structure 10A, 10B is determined by using
the hull kinetic model configured to estimate the thrust
output from the mooring structure 10A, 10B based on the
tension of the mooring rope R of the mooring structure
10A, 10B.
[0091] As above, the thrust acting on the hull 5 by the
tension of the mooring rope R is estimated by using the
hull kinetic model. Therefore, more accurate behavior of
the hull 5 can be realized in a complex system, and this
can be utilized for the distribution of the thrust.
[0092] The foregoing has described a preferred em-
bodiment of the present disclosure. Modifications of spe-
cific structures and/or functional details of the above em-
bodiment may be included in the present disclosure as
long as they are within the scope of the present disclo-
sure.

Reference Signs List

[0093]

2 front-rear propulsor (propulsion structure)
3 lateral propulsor (propulsion structure)
3A stern lateral propulsor (propulsion structure)
3B bow lateral propulsor (propulsion structure)
5 hull
6 ship maneuvering circuitry
7 instrument group
8 user interface
9 ship maneuvering equipment group
10 mooring structure (propulsion structure)
10A stern mooring structure (propulsion structure)
10B bow mooring structure (propulsion structure)
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20 ship maneuvering system
26 ship position measurer
27 distance meter
81 joystick
P2 arrival start position
P3 mooring start position
R mooring rope
S ship

Claims

1. A ship maneuvering system comprising:

a front-rear propulsor that outputs thrust toward
both sides in a front-rear direction of a hull;
a lateral propulsor that outputs thrust toward
both sides in a lateral direction of the hull;
at least one mooring structure located close to
a stern of the hull and at least one mooring struc-
ture located close to a bow of the hull, each of
the mooring structures being configured to wind
and unwind a mooring rope; and
ship maneuvering circuitry configured to control
operations of the front-rear propulsor, the lateral
propulsor, and the mooring structures, wherein:
when making the hull reach a quay, with the
mooring ropes locked to mooring posts located
at the quay, the ship maneuvering circuitry
makes the mooring structures wind the mooring
ropes, and at the same time, makes at least one
of the front-rear propulsor and the lateral pro-
pulsor output the thrust by which tension of each
mooring rope is reduced.

2. The ship maneuvering system according to claim 1,
further comprising a tension meter that measures
the tension of each mooring rope, wherein
the ship maneuvering circuitry makes at least one of
the front-rear propulsor and the lateral propulsor out-
put the thrust by which the tension of each mooring
rope is reduced, such that the tension of the mooring
rope which is measured by the tension meter is main-
tained within a range of not more than a predeter-
mined threshold that is larger than zero and smaller
than maximum winding force of the mooring struc-
ture.

3. A ship maneuvering system comprising:

a front-rear propulsor that outputs thrust toward
both sides in a front-rear direction of a hull;
a lateral propulsor that outputs lateral thrust to-
ward both sides in a lateral direction of the hull;
at least one mooring structure located close to
a stern of the hull and at least one mooring struc-
ture located close to a bow of the hull, each of
the mooring structures being configured to wind

and unwind a mooring rope; and
ship maneuvering circuitry configured to control
operations of propulsion structures including the
front-rear propulsor, the lateral propulsor, and
the mooring structures, the mooring structures
being regarded as the propulsion structures
each of which outputs thrust corresponding to
the tension of the mooring rope, wherein
the ship maneuvering circuitry

acquires a command vector defined such
that a direction and magnitude of the com-
mand vector represent a command thrust
acting on the hull,
distributes thrust corresponding to the com-
mand vector to the propulsion structures,
and
controls the propulsion structures such that
the propulsion structures output the distrib-
uted thrust.

4. The ship maneuvering system according to claim 3,
wherein the ship maneuvering circuitry distributes
the thrust to the propulsion structures such that a
thrust vector corresponds to the command vector,
the thrust vector being defined such that a direction
and magnitude of the thrust vector represent result-
ant force of the thrust output from the propulsion
structures.

5. The ship maneuvering system according to claim 3
or 4, further comprising a joystick that receives an
operation and inputs the operation to the ship
maneuvering circuitry, wherein:

a tilt angle of the joystick corresponds to mag-
nitude of the command vector;
a tilt direction of the joystick corresponds to a
direction of the command vector; and
the ship maneuvering circuitry acquires the
command vector corresponding to the operation
received by the joystick.

6. The ship maneuvering system according to claim 3,
further comprising:

a distance meter that measures a hull-quay dis-
tance of the hull; and
a ship position measurer that measures a ship
position of the hull, wherein
the ship maneuvering circuitry generates the
command vector based on the hull-quay dis-
tance and the ship position.

7. The ship maneuvering system according to any one
of claims 3 to 6, wherein
the ship maneuvering circuitry
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acquires disturbance information including a
wind direction, a wind speed, and a tidal current
in an environment around the hull,
estimates disturbance force acting on the hull
based on the disturbance information, and
corrects the command vector by the disturbance
force.

8. The ship maneuvering system according to any one
of claims 3 to 7, wherein:

when the hull arrives at and is moored to a quay,
the ship maneuvering circuitry performs

arrival maneuver in which the hull is moved
from a predetermined arrival start position
to a mooring start position closer to the quay
than the arrival start position, and
mooring maneuver in which the hull is
moved from the mooring start position and
is made to reach the quay; and

in the arrival maneuver, the ship maneuvering
circuitry distributes the thrust to the propulsion
structures such that the thrust distributed to the
mooring structures becomes zero.

9. The ship maneuvering system according to claim 8,
wherein in the mooring maneuver, the ship maneu-
vering circuitry distributes the thrust to the propulsion
structures such that among the propulsion struc-
tures, the thrust is distributed to the mooring struc-
tures more preferentially than the other propulsion
structures.

10. The ship maneuvering system according to any one
of claims 3 to 9, wherein the ship maneuvering cir-
cuitry includes a hull kinetic model configured to es-
timate the thrust output from each mooring structure
based on the tension of the mooring rope of the moor-
ing structure.

11. A ship maneuvering method of a ship,
the ship comprising:

a front-rear propulsor that outputs thrust toward
both sides in a front-rear direction of a hull;
a lateral propulsor that outputs thrust toward
both sides in a lateral direction of the hull; and
at least one mooring structure located close to
a stern of the hull and at least one mooring struc-
ture located close to a bow of the hull, each of
the mooring structures being configured to wind
and unwind a mooring rope,
the ship maneuvering method comprising
when making the hull reach a quay, with the
mooring ropes locked to mooring posts located
at the quay, making the mooring structures wind

the mooring ropes, and at the same time, making
at least one of the front-rear propulsor and the
lateral propulsor output the thrust by which ten-
sion of each mooring rope is reduced.

12. The ship maneuvering method according to claim
11, wherein at least one of the front-rear propulsor
and the lateral propulsor is made to output the thrust
by which the tension of each mooring rope is re-
duced, such that the tension of the mooring rope is
maintained within a range of not more than a prede-
termined threshold that is larger than zero and small-
er than maximum winding force of the mooring struc-
ture.

13. A ship maneuvering method of a ship,

the ship comprising:

a front-rear propulsor that outputs thrust to-
ward both sides in a front-rear direction of
a hull;
a lateral propulsor that outputs thrust toward
both sides in a lateral direction of the hull;
and
at least mooring structure located close to
a stern of the hull and at least mooring struc-
ture located close to a bow of the hull, each
of the mooring structures being configured
to wind and unwind a mooring rope,

the ship maneuvering method comprising:

acquiring a command vector defined such
that a direction and magnitude of the com-
mand vector represent a command thrust
acting on the hull;
distributing thrust corresponding to the
command vector to propulsion structures in-
cluding the front-rear propulsor, the lateral
propulsor, and the mooring structures, the
mooring structures being regarded as the
propulsion structures each of which outputs
thrust corresponding to tension of the moor-
ing rope; and
controlling the propulsion structures such
that the propulsion structures output the dis-
tributed thrust.

14. The ship maneuvering method according to claim
13, wherein the distributing step includes distributing
the thrust to the propulsion structures such that a
thrust vector corresponds to the command vector,
the thrust vector being defined such that a direction
and magnitude of the thrust vector represent result-
ant force of the thrust output from the propulsion
structures.
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15. The ship maneuvering method according to claim 13
or 14, wherein the step of acquiring the command
vector includes acquiring the command vector cor-
responding to an operation received by a joystick, a
tilt angle of the joystick corresponding to magnitude
of the command vector, a tilt direction of the joystick
corresponding to a direction of the command vector.

16. The ship maneuvering method according to claim 13
or 14, wherein the step of acquiring the command
vector includes

measuring a hull-quay distance of the hull,
measuring a ship position of the hull, and
generating the command vector based on the
hull-quay distance and the ship position.

17. The ship maneuvering method according to any one
of claims 13 to 16, wherein the step of acquiring the
command vector includes

acquiring disturbance information including a
wind direction, a wind speed, and a tidal current
in an environment around the hull,
estimating disturbance force acting on the hull
based on the disturbance information, and
correcting the command vector by the distur-
bance force.

18. The ship maneuvering method according to any one
of claims 13 to 17, further comprising, when the hull
arrives at and is moored to a quay, performing

arrival maneuver in which the hull is moved from
a predetermined arrival start position to a moor-
ing start position closer to the quay than the ar-
rival start position, and
mooring maneuver in which the hull is moved
from the mooring start position and is made to
reach the quay, wherein
in the arrival maneuver, the thrust is distributed
to the propulsion structures such that the thrust
distributed to the mooring structures becomes
zero.

19. The ship maneuvering method according to claim
18, wherein in the mooring maneuver, the thrust is
distributed to the propulsion structures such that
among the propulsion structures, the thrust is dis-
tributed to the mooring structures more preferentially
than the other propulsion structures.

20. The ship maneuvering method according to any one
of claims 13 to 19, wherein the thrust distributed to
each mooring structure is determined by using a hull
kinetic model configured to estimate the thrust output
from the mooring structure based on the tension of
the mooring rope of the mooring structure.

21. A ship maneuvering system comprising:

a front-rear propulsor that outputs thrust toward
both sides in a front-rear direction of a hull;
a lateral propulsor that outputs thrust toward
both sides in a lateral direction of the hull;
at least one mooring structure located close to
a stern of the hull and at least one mooring struc-
ture located close to a bow of the hull, each of
the mooring structures being configured to wind
and unwind a mooring rope; and
ship maneuvering circuitry configured to control
operations of the front-rear propulsor, the lateral
propulsor, and the mooring structures, wherein
when making the hull reach a quay, with the
mooring ropes locked to mooring posts located
at the quay, the ship maneuvering circuitry
makes the mooring structures wind the mooring
ropes, and at the same time, makes at least one
of the front-rear propulsor and the lateral pro-
pulsor output the thrust by which tension of each
mooring rope becomes a predetermined thresh-
old or less.
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