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(57) ABSTRACT

A marine vessel control system includes a control unit, a first
communication bus, a second communication bus, and an
auxiliary device connection section. The control unitincludes
a main output section arranged to output marine vessel
maneuvering control information including starting informa-
tion of a marine vessel propulsion device, and a sub output
section arranged to output backup information including the
starting information of the marine vessel propulsion device.
The first communication bus is connected to the marine vessel
propulsion device and the control unit, and is arranged to
transmit the marine vessel maneuvering control information
to the marine vessel propulsion device. The second commu-
nication bus is connected to the marine vessel propulsion
device and the control unit, and is arranged to transmit the
backup information to the marine vessel propulsion device.
The second communication bus includes an auxiliary device
connection section that is arranged to enable connection of an
auxiliary device that executes communication, related to aux-
iliary information other than the marine vessel maneuvering
control information, with at least one of the marine vessel
propulsion device and the control unit via the second com-
munication bus.

19 Claims, 18 Drawing Sheets
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MARINE VESSEL CONTROL SYSTEM,
MARINE VESSEL PROPULSION SYSTEM,
AND MARINE VESSEL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a marine vessel control
system for a marine vessel that includes a marine vessel
propulsion device, and to a marine vessel propulsion system
and a marine vessel that include such a marine vessel control
system.

2. Description of the Related Art

An exemplary marine vessel propulsion device is an out-
board motor that is attached to a stern of a marine vessel. The
outboard motor includes an engine, a propeller, and a shift
mechanism. The shift mechanism is provided in a power
transmission path between the engine and the propeller. The
shift mechanism has a plurality of shift positions. The plural-
ity of shift positions are a forward drive position, a neutral
position, and a reverse drive position. The forward drive posi-
tion is a shift position at which the rotation of a driveshaft that
is driven by the engine is transmitted to the propeller shaft to
rotate the propeller shaft in the forward drive direction. The
reverse drive position is a shift position at which the rotation
of the driveshaft is transmitted to the propeller shaft to rotate
the propeller shaft in the reverse drive direction. The neutral
position is a shift position at which the rotation of the drive-
shaft is not transmitted to the propeller shaft, that is, the power
transmission path is interrupted.

The outboard motor is provided with a steering mechanism
for changing the direction (steering angle) of the outboard
motor with respect to the hull. The heading direction of the
marine vessel can be adjusted by adjusting the steering angle.
In some cases, the steering mechanism is arranged from a
power steering apparatus that includes a steering actuator,
such as an electromotive actuator, a hydraulic actuator, etc.

Steering of the marine vessel having the outboard motor
includes adjustment of an engine output, selection of the shift
position, and adjustment of the steering angle. The adjust-
ment of the engine output and the selection of the shift posi-
tion are performed by operation of a remote control lever
included in a marine vessel maneuvering compartment. The
adjustment of the steeting angle is performed by operation of
a steering handle included in the marine vessel maneuvering
compartment.

In some cases, a drive-by-wire (DBW) system, which elec-
trically transmits the operation of the remote control lever to
the outboard motor, is adopted. In this case, a remote control
unit includes a position sensor, which detects the operation of
the remote control lever, and an electronic control unit (here-
inafter referred to as “remote controller ECU”) that processes
an output signal of the position sensor. The remote controller
ECU outputs a throttle opening degree command (engine
rotational speed command) and a shift position command.
The outboard motor includes an electronic control unit (here-
inafter referred to as “outboard motor ECU”) that processes
the commands from the remote controller ECU. The outboard
motor ECU controls a throttle opening degree of the engine in
accordance with the throttle opening degree command and
controls the shift position of the shift mechanism in accor-
dance with the shift position command.

Likewise in some cases, a steer-by-wire (SBW) system,
which electrically transmits the operation of the steering
handle to the steering mechanism, is adopted. In this case, an
operation angle sensor, which detects a rotation position of
the steering handle, and an electronic control unit (hereinafter
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referred to as “steering ECU”) that processes an output signal
of the operation angle sensor, are included. Also, a steering
actuator is included as a power source in the steering mecha-
nism. The steering ECU outputs a steering angle command.
The steering angle command is sent to the outboard motor
ECU. The outboard motor ECU controls the steering actuator
based on the steering angle command.

Connection between the remote controller ECU and the
outboard motor ECU is made by a communication bus. In the
case where the steering ECU is included, the steering ECU is
also connected to the communication bus. Communication
between the remote controller ECU and the outboard motor
ECU and communication between the steering ECU and the
outboard motor ECU are performed via the communication
bus.

In some cases, a marine vessel is provided with a plurality
of marine vessel maneuvering compartments. For example, in
some cases, a marine vessel structure includes a main marine
vessel maneuvering compartment disposed at a first floor and
a submarine vessel maneuvering compartment disposed at a
second floor. There are also cases in which a marine vessel
structure includes a main marine vessel maneuvering com-
partment disposed at a hull center, a first sub marine vessel
maneuvering compartment disposed near a stem, and a sec-
ond submarine vessel maneuvering compartment disposed
near a stern. In such cases where a plurality of marine vessel
maneuvering compartments are provided, each marine vessel
maneuvering compartment includes a remote controller ECU
and a steering ECU, and all of these are connected to the
communication bus.

Meanwhile, the number of outboard motors is also not
limited to one. For example, a multiple-outboard motor
equipped arrangement, in which two or more outboard
motors are attached side-by-side to the stern, is adopted in
some cases. In this case, a remote controller ECU is provided
for each outboard motor, and to each outboard motor ECU,
the corresponding remote controller ECU is connected via a
communication bus. Communication buses of a number cor-
responding to the number of outboard motors are thus pro-
vided.

When a disconnection or other fault occurs in the commu-
nication bus, marine vessel maneuvering control information
(throttle opening degree command, shift position command,
steering angle command, etc.) cannot be provided from the
remote controller ECU or the steering ECU to the outboard
motor ECU. Thus, in United States Patent Application Pub-
lication No. US 2007/082567 A1, the communication bus is
arranged as a dual system. That is, the connection between a
remote controller ECU and an outboard motor ECU is made
by two communication buses. Thus, even when a fault occurs
in one of the communication buses, communication among
the ECUs can be performed via the other communication bus.

SUMMARY OF THE INVENTION

The inventors of preferred embodiments of the present
invention described and claimed in the present application
conducted an extensive study and research regarding a marine
vessel control system, such as the one described above, and in
doing so, discovered and first recognized new unique chal-
lenges and previously unrecognized possibilities for
improvements as described in greater detail below.

That is, the number of components is high with the above-
described arrangement where a communication bus is pro-
vided for each of a plurality of outboard motors. The wiring
work for constructing the marine vessel control system is thus
complicated and the working time is long accordingly. Also,
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complex wiring work tends to cause wiring errors by a wiring
worker and tends to invite loss of function due to the wiring
work errors. Rewiring work, etc., is thus generated and the
work efficiency becomes poor.

An arrangement of a communication bus in common for
the plurality of outboard motors may thus be considered. In
this case, the capacity of the communication bus must be
determined based on an assumed maximum communication
volume. This is because the number of outboard motors and
the number of marine vessel maneuvering compartments are
determined arbitrarily by a boat builder in accordance with
desires of a user, and the communication bus must thus be
able to accommodate any assumed and arbitrary system
arrangement. For example, if the maximum number of out-
board motors is five and the maximum number of marine
vessel maneuvering compartments is three, the capacity of
the communication bus must be deigned to enable trouble-
free communication of the marine vessel maneuvering con-
trol information among five outboard motor ECUs and ECUs
respectively included in the three marine vessel maneuvering
compartments. It is known that in general, the possibility of
occurrence of lowering of response performance increases
when a bus load becomes not less than approximately 40% of
the bus capacity. The bus capacity is thus preferably designed
such that the maximum communication volume does not
reach 40% of the bus capacity. Also, the communication bus
is preferably arranged as a dual system in preparation for
faults of the communication bus, and thus a pair of commu-
nication buses, each having a capacity that can accommodate
the assumed maximum communication volume such as that
mentioned above, must be prepared if the arrangement of US
2007/0082567 Al is to be followed.

However, when a fault is not occurring in the communica-
tion buses, communication by one of the communication
buses is sufficient, and thus although the other communica-
tion bus communicates an equivalent volume of communica-
tion data, the communication data flowing through the other
communication bus are practically unused. The communica-
tion data volume flowing through the communication buses
as a whole is thus not used efficiently.

Meanwhile, as indicated in US 2007/0082567 A1, there are
cases where various auxiliary devices are added to extend the
functions of the marine vessel. An instrument panel (gauge)
can be cited as an example of auxiliary devices. Besides such
auxiliary devices, there are those that exhibit functions by
performing information communication with the remote con-
troller ECU and the outboard motor ECU. If such auxiliary
devices are to be connected to the communication bus for the
transmission of marine vessel maneuvering control informa-
tion, the overall communication data volume increases and
the bus capacity of the communication bus must thus be
increased further.

US 2007/0082567 Al discloses an arrangement where an
information system bus is provided apart from the communi-
cation bus described above, and the auxiliary devices are
connected to the information system bus. By adopting this
arrangement, the need to increase the capacity of the commu-
nication bus in preparation for connection of the auxiliary
devices is eliminated. However, by the provision of the infor-
mation bus in addition to the communication bus, the overall
number of buses increases. The arrangement of the commu-
nication system is thus made complex, and accordingly, the
trouble and time required for constructing the communication
system increase. Also, a process (gateway process) of trans-
ferring data necessary for use of the auxiliary devices from
the communication bus for the outboard motor ECU to the
information system bus must be performed by the remote
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controller ECU. The processing load of the remote controller
ECU thus increases and leeway for incorporating other pro-
cesses with additional functions decreases.

There is thus an unsolved challenge that when bus design is
performed in consideration of the responsiveness of the
marine vessel maneuvering information transmission and the
backup in case of fault occurrence, the communication data
volume flowing through the communication bus cannot be
used efficiently. There is also an unsolved challenge that
when an information system bus is added for connection of
auxiliary device, the system arrangement is made complex
and the trouble and time required for system construction
increase.

In order to overcome the previously unrecognized and
unsolved challenges described above, a preferred embodi-
ment of the present invention provides a marine vessel control
system for a marine vessel that includes a marine vessel
propulsion device. The marine vessel control system includes
a control unit including a main output section arranged to
output marine vessel maneuvering control information
including starting information of the marine vessel propul-
sion device, and a sub output section arranged to output
backup information including the starting information of the
marine vessel propulsion device. The marine vessel control
system further includes a first communication bus connected
to the marine vessel propulsion device and the control unit
and arranged to transmit the marine vessel maneuvering con-
trol information, output from the main output section, to the
marine vessel propulsion device. The marine vessel control
system further includes a second communication bus con-
nected to the marine vessel propulsion device and the control
unit and arranged to transmit the backup information, output
from the sub output section, to the marine vessel propulsion
device. The marine vessel control system further includes and
an auxiliary device connection section provided in the second
communication bus and arranged to enable connection of an
auxiliary device that executes communication, related to aux-
iliary information other than the marine vessel maneuvering
control information, with at least one of the marine vessel
propulsion device and the control unit via the second com-
munication bus.

The control unit is arranged to output the marine vessel
maneuvering control information from the main output sec-
tion to the first communication bus. The marine vessel pro-
pulsion device operates in accordance with the marine vessel
maneuvering control information. The marine vessel maneu-
vering control information includes the starting information.
The starting information specifically includes a starting com-
mand for starting the marine vessel propulsion device. The
control unit outputs the backup information from the sub
output section to the second communication bus, on the other
hand. The backup information includes the starting informa-
tion. Thus, even when a fault (disconnection, etc.) occurs in
the first communication bus, the marine vessel propulsion
device can be started based on the starting information from
the second communication bus. Thus, at least, in regard to the
starting of the marine vessel propulsion device, a dual system
is arranged for communication between the control unit and
the marine vessel propulsion device.

The second communication bus is provided with the aux-
iliary device connection section that enables connection of
the auxiliary device. The auxiliary device can thus be con-
nected to the second communication bus. The auxiliary
device can thus perform the necessary communication with
the control unit and the marine vessel propulsion device via
the second communication bus.
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The first communication bus is not provided with the aux-
iliary device connection section, and thus a communication
load of the first communication bus is not increased due to
communication by the auxiliary device. It thus suffices to
determine a bus capacity of the first communication bus based
on a maximum communication volume assumed for commu-
nication between the control unit and the marine vessel pro-
pulsion device.

When a fault is not occurring in the first communication
bus, the marine vessel propulsion device can be controlled
with excellent responsiveness because the marine vessel
maneuvering control information can be transmitted at an
adequate communication rate from the control unit to the
marine vessel propulsion device. Satisfactory marine vessel
maneuvering performance can thereby be secured. Also, even
when a fault is not occurring in the first communication bus,
the second communication bus can be used effectively for
communication related to the auxiliary device, etc. The com-
munication data and the communication paths flowing
through the communication buses can thus be used efficiently.

When a fault occurs in the first communication bus, the
marine vessel propulsion device operates in accordance with
the backup information transmitted via the second commu-
nication bus. The backup information includes the starting
information and the marine vessel propulsion device can thus
be started. The marine vessel can thus be made to travel. With
the backup information, when the auxiliary device is con-
nected to the second communication bus, the responsiveness
may be low due to the communication related to the auxiliary
device. However, the minimum necessary functions for mak-
ing the marine vessel travel are secured.

Efficient use can thus be made of the overall communica-
tion data volume flowing through the communication buses.
Moreover, the communication for the auxiliary device is per-
formed via the second communication bus that is used for
transmission of the backup information and there is thus no
need to provide a dedicated bus for the auxiliary device. The
communication system can thus be made simple in arrange-
ment to enable the trouble and time required for construction
of the communication system to be reduced. Also, the auxil-
iary device and the marine vessel propulsion device are con-
nected to the same bus, thereby enabling data to be commu-
nicated directly to each other, and there is no need to provide
a data transfer process in the control unit. Processes of the
control unit and paths for the communication data can thus be
simplified.

A “marine vessel propulsion device” signifies a main pro-
pulsion device that applies a propulsive force in a forward
drive direction to a hull. Also, “auxiliary device” refers to an
equipment other than the marine vessel propulsion device.
Auxiliary devices may be arranged to communicate with
either or both of the control unit and the marine vessel pro-
pulsion device. An auxiliary propulsion device, such as a bow
thruster arranged to provide a propulsive force in a right/left
direction to the hull, is also an example of an auxiliary device.

Preferably, the auxiliary device is not connected to the first
communication bus, and the auxiliary device is exclusively
connected to the second communication bus. The first com-
munication bus, which is used for basic marine vessel maneu-
vering functions, thus does not have to be reconfigured when
the auxiliary device is attached subsequently. The influence of
wiring work errors on the basic marine vessel maneuvering
functions can thus be prevented. Also, the wiring work is
made more readily understood by a worker because the com-
munication bus (wiring) to which the auxiliary device is to be
connected is unified to a single location.
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Preferably, the sub output section is arranged to output the
backup information that is lower in information volume per
unit time than the marine vessel maneuvering control infor-
mation output by the main output section. By this arrange-
ment, the backup information and the information for the
auxiliary device can be transmitted via the second communi-
cation bus without having to make the capacity of the second
communication bus so high.

Specifically, the sub output section may be arranged to
output the backup information at a communication cycle that
is longer than a communication cycle at which the main
output section outputs the marine vessel maneuvering control
information.

In a preferred embodiment of the present invention, the
marine vessel includes a plurality of the marine vessel pro-
pulsion devices, and each marine vessel propulsion device is
connected to the first communication bus and the second
communication bus.

By this arrangement, the plurality of marine vessel propul-
sion devices can receive the marine vessel maneuvering con-
trol information from the first communication bus and receive
the backup information from the second communication bus.
Thus, even when a fault occurs in the first communication
bus, the respective marine vessel propulsion devices can be
started based on the starting information included in the
backup information transmitted via the second communica-
tion bus. The marine vessel propulsion devices that are started
based on the starting information included in the backup
information may be all or a portion of the plurality of marine
vessel propulsion devices.

The sub output section may be arranged to transmit the
backup information via the second communication bus only
to a portion of the marine vessel propulsion devices among
the plurality of marine vessel propulsion devices.

With this arrangement, the communication load of the
second communication bus can be lightened because the sub
output section outputs the backup information only to a por-
tion of the marine vessel propulsion devices. The bus capacity
of the second communication bus thus does not have to be
made very large. Even when a fault occurs in the first com-
munication bus, the marine vessel can be made to travel
because at least a portion of the marine vessel propulsion
device can be started based on the backup information.

The marine vessel control system may be used, for
example, in a marine vessel in which an odd number of not
less than three of the marine vessel propulsion devices are
attached in alignment in a single row along the right/left
direction of the hull. In this case, the sub output section may
be arranged to output, as the backup information, a command
for a single marine vessel propulsion device at a center.

Also, the marine vessel control system may be used, for
example, in a marine vessel in which an even number of not
less than four of the marine vessel propulsion devices are
attached in alignment in a single row along the right/left
direction of the hull. In this case, the sub output section may
be arranged to output, as the backup information, a command
for two marine vessel propulsion devices at the center.

Here, “center” signifies the center in the order of alignment
of the plurality of marine vessel propulsion devices. Gener-
ally, when a plurality of marine vessel propulsion devices are
attached in alignment in a single row along the right/left
direction of the hull, the center in the order of alignment of the
plurality of marine vessel propulsion devices is matched with
the center of the hull in the right/left direction. When outboard
motors are used as the marine vessel propulsion devices, the
plurality of outboard motors are attached in alignment in a
single row in the right/left direction at the stern.
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By these arrangements, when a fault occurs in the first
communication bus, the marine vessel can be made to travel
by actuating the single or two marine vessel propulsion
device or devices at the center. Moreover, the backup infor-
mation does not include the commands for all of the marine
vessel propulsion devices, and the information volume
thereof is thus low. The second communication bus can thus
be used in common for transmission of the backup informa-
tion and communication for the auxiliary device without hav-
ing to design the second communication bus to be large in
capacity.

The marine vessel maneuvering control information (out-
put of the main output section) that is to be effective when the
first communication bus is normal may include the com-
mands for all of the marine vessel propulsion devices.

A marine vessel propulsion device other than the single
device or two devices at the center may be actuated when a
fault occurs in the first communication bus. However, even in
this case, the command included in the backup information is
the command for the single or two marine vessel propulsion
device or devices at the center, and thus the other marine
vessel propulsion device is actuated according to the com-
mand for the marine vessel propulsion device or devices at the
center.

Further, the marine vessel control system may be used in a
marine vessel in which not less than three of the marine vessel
propulsion devices are attached in alignment in a single row
along the right/left direction of the hull. In this case, the sub
output section may be arranged to output, as the backup
information, a port-side command for the marine vessel pro-
pulsion device at a port-most side and a starboard-side com-
mand for the marine vessel propulsion device at a starboard-
most side.

With this arrangement, the commands for the marine vessel
propulsion devices at the port-most side and the starboard-
most side are output as the backup information. Thus, even
when a fault occurs in the first communication bus, at least,
the marine vessel can be made to travel by actuating the
marine vessel propulsion devices at the port-most side and the
starboard-most side. Also, with the marine vessel in which the
plurality of the marine vessel propulsion devices are installed,
there is a case where the marine vessel is maneuvered by
operating a marine vessel propulsion device at either the left
or right in forward drive and operating a marine vessel pro-
pulsion device at the opposite side in reverse drive to rotate
the marine vessel on the spot during launching from and
docking on shore. In a case where the present arrangement is
used, such a marine vessel maneuvering method is enabled
even when a fault occurs in the first communication bus.
Moreover, the backup information is low in information vol-
ume because it does not include the commands for all of the
marine vessel propulsion devices. The second communica-
tion bus can thus be used in common for transmission of the
backup information and communication for the auxiliary
device without having to design the second communication
bus to be large in capacity.

A marine vessel propulsion device other than the marine
vessel propulsion devices at the port-most side and the star-
board-most side may be actuated when a fault occurs in the
first communication bus. However, even in this case, the
commands included in the backup information are the com-
mands for the marine vessel propulsion devices at the port-
most side and the starboard-most side, and thus the other
marine vessel propulsion device is actuated according to the
command or commands for either or both of the marine vessel
propulsion devices at the port-most side and the starboard-
most side.
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The number of the marine vessel propulsion devices may,
for example, be three. In this case, the marine vessel propul-
sion device at the center may be arranged to operate based on
the port-side command and the starboard-side command
when a fault occurs in the first communication bus.

By this arrangement, even when a fault occurs in the first
communication bus, not only the port-most side and the star-
board-most side marine vessel propulsion devices but the
marine vessel propulsion device at the center can also be
actuated. A traveling state close to that when the first com-
munication bus is normal can thereby be maintained. More-
over, the information volume of the backup information is not
increased because the command for the marine vessel pro-
pulsion device at the center is not necessarily included in the
backup information. The bus load of the second communica-
tion bus is thus not increased and a problem thus does not
occur in the communication of the backup information and
the information for the auxiliary device via the second com-
munication bus.

The number of the marine vessel propulsion devices may,
for example, be four. In this case, the marine vessel propul-
sion devices at a left side relative to the center may be
arranged to operate based on the port-side command and the
marine vessel propulsion devices at a right side relative to the
center may be arranged to operate based on the starboard-side
command when a fault occurs in the first communication bus.

By this arrangement, even when a fault occurs in the first
communication bus, not only the port-most side and the star-
board-most side marine vessel propulsion devices but all four
marine vessel propulsion devices can be actuated. A traveling
state close to that when the first communication bus is normal
can thereby be maintained. Moreover, the information vol-
ume of the backup information is not increased because the
commands for the two marine vessel propulsion devices near
the center are not necessarily included in the backup infor-
mation. The bus load of the second communication bus is thus
not increased and a problem thus does not occur in the com-
munication of the backup information and the information for
the auxiliary device via the second communication bus.

The marine vessel control system may be used in a marine
vessel in which five of the marine vessel propulsion devices
are attached in alignment in a single row along the right/left
direction of the hull. In this case, the sub output section may
be arranged to output, as the backup information, a port-side
command for the marine vessel propulsion device at the port-
most side, a starboard-side command for the marine vessel
propulsion device at the starboard-most side, and a central
command for the marine vessel propulsion device at the cen-
ter.

With this arrangement, the sub output section outputs the
commands for three of the marine vessel propulsion devices
as the backup information, and thus transmits, to the second
communication bus, commands of lower information volume
than the main output section. The bus load of the second
communication bus can thereby lightened, and the second
communication bus can thus be used in common for commu-
nication of the backup information and information for the
auxiliary device without having to design the second commu-
nication bus to be large in capacity. Also, when a fault occurs
in the first communication bus, at least the port-most side,
starboard-most side, and central marine vessel propulsion
devices can be actuated based on the backup information. The
marine vessel can be made to travel thereby.

For example, when a fault occurs in the first communica-
tion bus, the marine vessel propulsion devices at the left side
relative to the center may be arranged to operate based on the
port-side command, the marine vessel propulsion devices at
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the right side relative to the center may be arranged to operate
based on the starboard-side command, and the marine vessel
propulsion device at the center may be arranged to operate
based on the central command. By this arrangement, all five
marine vessel propulsion devices can be actuated even when
a fault occurs in the first communication bus. A traveling state
close to that when the first communication bus is normal can
thereby be maintained.

In a preferred embodiment of the present invention, the
main output section is arranged to output marine vessel
maneuvering control information for a portion of the marine
vessel propulsion devices among the plurality of marine ves-
sel propulsion devices, and the sub output section is arranged
to output, as the backup information, commands to the marine
vessel propulsion devices other than the marine vessel pro-
pulsion devices that are subject to the marine vessel maneu-
vering control information.

By this arrangement, the commands for all of the marine
vessel propulsion devices are generated by the marine vessel
maneuvering control information output by the main output
section and the backup information output by the sub output
section together. When a fault occurs in the second commu-
nication bus, only the commands for the portion of the marine
vessel propulsion devices among the plurality of marine ves-
sel propulsion devices are output. Also, when a fault occurs in
the first communication bus, only the commands for the
remaining marine vessel propulsion devices are output.
Actuation of a portion of the marine vessel propulsion devices
is thus enabled when a fault occurs in one of either of the first
and second communication bus. However, the marine vessel
propulsion devices other than this portion of the marine vessel
propulsion devices may be actuated according to commands
for this portion of the marine vessel propulsion devices. By
this arrangement, a larger number (for example, all) of the
marine vessel propulsion devices can be actuated.

In a case where the number of the plurality of marine vessel
propulsion devices is not less than three, the main output
section may be arranged to output the marine vessel maneu-
vering control information that includes a port-most-side
command for the marine vessel propulsion device at the port-
most side and a starboard-most-side command for the marine
vessel propulsion device at the starboard-most side.

That is, the main output section outputs the port-most-side
command and the starboard-most-side command, and the sub
output section outputs the central command for the central
marine vessel propulsion device. That is, only the port-most-
side marine vessel propulsion device and the starboard-most-
side marine vessel propulsion device are subject to the marine
vessel maneuvering control information. Also, only the cen-
tral marine vessel propulsion device is subject to the backup
information. In this case, the central marine vessel propulsion
device refers to the single marine vessel propulsion device at
the center when the number of marine vessel propulsion
devices is an odd number and refers to the two marine vessel
propulsion devices at the center when the number of marine
vessel propulsion devices is an even number.

When a fault occurs in the first communication bus, the
central outboard motor is actuated according to the central
command. Also, when a fault occurs in the second commu-
nication bus, the port-most-side marine vessel propulsion
device and the starboard-most-side marine vessel propulsion
device are actuated respectively according to the port-most-
side command and the starboard-most-side command.
Marine vessel propulsion devices at the left side relative to the
center may be actuated according to the port-most-side com-
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mand, and marine vessel propulsion devices at the right side
relative to the center may be actuated according to the star-
board-most-side command.

In a preferred embodiment of the present invention, the
marine vessel includes a single main marine vessel maneu-
vering compartment and not less than one sub marine vessel
maneuvering compartment, a plurality of the control units are
provided respectively in the plurality of marine vessel maneu-
vering compartments, and the first communication bus and
the second communication bus are connected to the plurality
of control units. By this arrangement, the marine vessel pro-
pulsion device can be controlled from any of the marine
vessel maneuvering compartments because the first and sec-
ond communication buses are connected to the control units
provided in the plurality of marine vessel maneuvering com-
partments.

Preferably, the control unit of the main marine vessel
maneuvering compartment is arranged to output the backup
information to the second communication bus, and the con-
trol unit of each sub marine vessel maneuvering compartment
is arranged so as not to output the backup information.

By this arrangement, the communication load of the
backup information can be lightened because the control unit
of the sub marine vessel maneuvering compartment does not
output the backup information. The backup information is
output from the control unit ofthe main marine vessel maneu-
vering compartnient, and marine vessel maneuvering can
thus be performed from the main marine vessel maneuvering
compartment even when a fault occurs in the first communi-
cation bus. The marine vessel can thereby be made to travel.

Preferably, the marine vessel control system further
includes a switching unit that is arranged such that if marine
vessel maneuvering is being performed at the sub marine
vessel maneuvering compartment when a fault occurs in the
first communication bus, the marine vessel propulsion device
is controlled to stop the marine vessel and the compartment at
which marine vessel maneuvering is performed is switched
from the sub marine vessel maneuvering compartment to the
main marine vessel maneuvering compartment.

The control unit of the sub marine vessel maneuvering
compartment does not send the backup information and thus
when a fault occurs in the first communication bus while
marine vessel maneuvering is performed at the sub marine
vessel maneuvering compartment, the marine vessel maneu-
vering cannot be continued. The marine vessel is thus stopped
and the compartment at which the marine vessel maneuvering
is performed is switched to the main marine vessel maneu-
vering compartment. At least one of the marine vessel pro-
pulsion devices can thereby be actuated based on the backup
information output by the control unit of the main marine
vessel maneuvering compartment, and the marine vessel can
thus be made to travel.

A preferred embodiment of the present invention provides
a marine vessel propulsion system that includes, a marine
vessel propulsion device, a control unit, a first communica-
tion bus, a second communication bus, and an auxiliary
device. The control unit includes a main output section
arranged to output marine vessel maneuvering control infor-
mation including starting information of the marine vessel
propulsion device, and a sub output section arranged to output
backup information including the starting information of the
marine vessel propulsion device. The first communication
bus is connected to the marine vessel propulsion device and
the control unit, and is arranged to transmit the marine vessel
maneuvering control information, output from the main out-
put section, to the marine vessel propulsion device. The sec-
ond communication bus is connected to the marine vessel
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propulsion device and the control unit, and is arranged to
transmit the backup information, output from the sub output
section, to the marine vessel propulsion device. The auxiliary
device is connected to the second communication bus, and is
arranged to execute communication, related to auxiliary
information other than the marine vessel maneuvering con-
trol information, with at least one of the marine vessel pro-
pulsion device and the control unit via the second communi-
cation bus.

Also, a preferred embodiment of the present invention
provides a marine vessel that includes a hull, a marine vessel
propulsion device attached to the hull, a control unit, a first
communication bus, a second communication bus, and an
auxiliary device. The control unit includes a main output
section arranged to output marine vessel maneuvering control
information including starting information of the marine ves-
sel propulsion device, and a sub output section arranged to
output backup information including the starting information
of the marine vessel propulsion device. The first communi-
cation bus is connected to the marine vessel propulsion device
and the control unit, and is arranged to transmit the marine
vessel maneuvering control information, output from the
main output section, to the marine vessel propulsion device.
The second communication bus is connected to the marine
vessel propulsion device and the control unit, and is arranged
to transmit the backup information, output from the sub out-
put section, to the marine vessel propulsion device. The aux-
iliary device is connected to the second comnunication bus,
and is arranged to execute communication, related to auxil-
iary information other than the marine vessel maneuvering
control information, with at least one of the marine vessel
propulsion device and the control unit via the second com-
munication bus.

The same modifications as those of preferred embodiments
of the present invention related to the marine vessel control
system are possible in regard to preferred embodiments of the
present invention of the marine vessel propulsion system and
the marine vessel.

The marine vessel propulsion device may be in the form of
an outhoard motor, an inboard/outboard motor (a stern drive
or an inboard motor/outboard drive), an inboard motor, a
water jet drive, or other suitable motor or drive. The outboard
motor includes a propulsion unit, provided outboard of the
vessel and having a motor (engine or electric motor) and a
propulsive force generating member (propeller), and a steer-
ing mechanism, which horizontally turns the entire propul-
sion unit with respect to the hull. The inboard/outboard motor
includes a motor, disposed inboard of the vessel, and a drive
unit, disposed outboard of the vessel and having a propulsive
force generating member and a steering mechanism. The
inboard motor includes a motor and a drive unit, both dis-
posed inboard of the vessel, and a propeller shaft extending
outboard from the drive unit. In this case. a steering mecha-
nism is separately provided. The water jet drive is arranged
such that water sucked from the hull bottom is accelerated by
a pump and ejected from an ejection nozzle provided at the
stern to provide a propulsive force. In this case, the steering
mechanism is arranged from the ejection nozzle and a mecha-
nism for rotating, in a horizontal plane, the direction of the
water flow ejected from the ejection nozzle.

Other elements, features steps, characteristics and advan-
tages of the present invention will become more apparent
from the following detailed description of the preferred
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11is a perspective view for explaining an arrangement
of a marine vessel according to a first preferred embodiment
of the present invention.
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FIG. 2 is adiagram for explaining an arrangement example
of an outboard motor.

FIG. 3 is a diagram for explaining an electrical arrange-
ment of a marine vessel control system.

FIG. 4 is a schematic block diagram for explaining a first
control example applicable to the first preferred embodiment
of the present invention.

FIG. 5 is a schematic block diagram for explaining a sec-
ond control example applicable to the first preferred embodi-
ment of the present invention.

FIG. 6 is a flowchart for explaining a third control example
applicable to the first preferred embodiment of the present
invention.

FIG. 7 is a schematic block diagram for explaining a fourth
control example applicable to the first preferred embodiment
of the present invention.

FIG. 8 is a schematic plan view for explaining an arrange-
ment of a marine vessel according to a second preferred
embodiment of the present invention.

FIG. 9 is a schematic block diagram for explaining a con-
trol example applicable to the second preferred embodiment
of the present invention.

FIG. 10 is a flowchart of a process executed in each out-
board motor in the control example of FIG. 9.

FIG. 11 is a schematic block diagram for explaining
another control example applicable to the second preferred
embodiment of the present invention.

FIG. 12 is a schematic plan view for explaining an arrange-
ment of a marine vessel according to a third preferred
embodiment of the present invention.

FIG. 13 is a schematic block diagram for explaining a
control example applicable to the third preferred embodiment
of the present invention.

FIG. 14 is a flowchart of a process executed in each out-
board motor in the control example of FIG. 13.

FIG. 15 is a schematic block diagram for explaining
another control example applicable to the third preferred
embodiment of the present invention.

FIG. 16 is a perspective view for explaining an arrange-
ment of a marine vessel according to a fourth preferred
embodiment of the present invention.

FIG. 17 is a block diagram for explaining an electrical
arrangement of the marine vessel according to the fourth
preferred embodiment of the present invention.

FIG. 18 is a flowchart for explaining a process executed by
a remote controller ECU in the fourth preferred embodiment
of the present invention.

FIG. 19 is a schematic block diagram for explaining a fifth
preferred embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Preferred Embodiment

FIG. 1 is a perspective view for explaining an arrangement
of a marine vessel to which a marine vessel control system
according to a first preferred embodiment of the present
invention is applied. The marine vessel 1 includes a hull 2 and
outboard motors 3 as marine vessel propulsion devices. A
plurality (for example, three, in the preferred embodiment) of
the outboard motors 3 are included. The outboard motors 3
are attached in alignment in a single row along a stern of the
hull 2 (that is, along a right/left direction of the hull 2). When
the three outboard motors are to be distinguished, that dis-
posed at a starboard side shall be referred to as the “starboard-
side outboard motor 3R,” that disposed at a center shall be
referred to as the “central outboard motor 3C,” and that dis-
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posed at a port side shall be referred to as the “port-side
outboard motor 3L.” Each of the outboard motors 3 includes
an engine (internal combustion engine) and generates a pro-
pulsive force by a propeller that is rotated by a driving force
of the engine.

A marine vessel maneuvering compartment 5 is provided
at a front section (stem side) of the hull 2. The marine vessel
maneuvering compartment 5 includes a steering apparatus 6,
a remote controller 7, an operation panel 8, and a gauge 9.

The steering apparatus 6 includes a steering handle 6a
arranged to be rotatingly operated by a marine vessel opera-
tor. The operation of the steering handle 6a is detected by an
operation angle sensor (not shown in FIG. 1) to be described
below.

The remote controller 7 includes two levers, 1.e., right and
left levers 7R and 7L. Each of these levers 7R and 7L can be
inclined forward and in reverse. Operation positions of the
levers TR and 7L arerespectively detected by position sensors
(not shown in FIG. 1) to be described below. The operation of
the outboard motor 3 is controlled according to the detected
operation positions. By inclining the levers 7R and 7L for-
ward by not less than predetermined amounts from predeter-
mined neutral positions, shift positions of the outboard
motors 3 are set to forward drive positions and propulsive
forces in forward drive directions are generated from the
outboard motors 3. By inclining the levers 7R and 7L in
reverse by not less than predetermined amounts from the
predetermined neutral positions, the shift positions of the
outboard motors 3 are set to reverse drive positions and pro-
pulsive forces in reverse drive directions are generated from
the outboard motors 3. When the levers 7R and 7L are at the
neutral positions, the shift positions of the outboard motors 3
are at neutral positions and the outboard motors 3 do not
generate a propulsive force. Also, outputs of the outboard
motors 3, that is, target engine rotational speeds (correspond-
ing to target throttle opening degrees) of the engines included
in the outboard motors 3, can be changed according to incli-
nation amounts of the levers 7R and 7L.

The target engine rotational speed is set to an idling rota-
tional speed up to the forward inclination position of the
predetermined amount (forward drive shift-in position).
When each ofthe levers 7R and 7L is inclined forward beyond
the forward drive shift-in position, the target engine rotational
speed is set higher as the lever inclination amount is greater.
Also, the target engine rotational speed is set to an idling
rotational speed up to the reverse inclination position of the
predetermined amount (reverse drive shift-in position). When
each of the levers 7R and 7L is inclined in reverse beyond the
reverse drive shift-in position, the target engine rotational
speed is set higher as the lever inclination amount is greater.

The shift position and the engine rotational speed of the
starboard-side outboard motor 3R are in accordance with the
operation position of the right lever 7R. The shift position and
the engine rotational speed of the port-side outboard motor
3L are in accordance with the operation position of the left
lever 7L. The shift position and the engine rotational speed of
the central outboard motor 3C are in accordance with the
operation positions of the right and left levers 7R and 7L.
Specifically, when the shift positions corresponding to the
operation positions of the right and left lever 7R and 7L are
matched, the corresponding shift position is set as the target
shift position of the central outboard motor 3C. In this case,
the target engine rotational speed of the central outboard
motor 3C may be set to an average value of the target engine
rotational speeds of the starboard-side and port-side outboard
motors 3R and 3L. When the shift positions corresponding to
the operation positions of the right and left levers 7R and 71
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are unmatched, the target shift position of the central out-
board motor 3C is set to the neutral position. In this case, the
target engine rotational speed of the central outboard motor
3C is set to the idling rotational speed.

The operation panel 8 includes three key switches 4R, 4C,
and 4L (“key switch 4,” when referred to collectively below)
respectively corresponding to the three outboard motors 3R,
3C, and 3L.

The key switches 4R, 4C, and 4L are arranged to be oper-
ated to turn on and off power supplies to the outboard motors
3R, 3C, and 3L, respectively. Each of the key switches 4R,
4C, and 41 can be operated among an on position, an off
position, and a starting position by insertion of a correspond-
ing key in a key cylinder. The off position is an operation
position at which the supply of power to the corresponding
outboard motor 3 is interrupted. The on position is an opera-
tion position for turning on the power supply to the corre-
sponding outboard motor 3. The starting position is an opera-
tion position for starting the engine of the corresponding
outboard motor 3.

Three gauges 9 are included in correspondence to the three
outboard motors 3. When these three gauges are to be distin-
guished, that corresponding to the starboard-side outboard
motor 3R shall be referred to as the “starboard-side gauge
9R,” that corresponding to the central outhoard motor 3¢ shall
be referred to as the “central gauge 9C,” and that correspond-
ing to the port-side outboard motor 3L shall be referred to as
the “port-side gauge 91..” These gauges 9 display states of the
corresponding outboard motors 3. Specifically, the on/off
state of the power supply, the engine rotational speed, and
other previously determined information of the correspond-
ing outboard motor 3 are displayed.

The marine vessel maneuvering compartment 5 also
includes an immobilizer 10 (receiver). The immobilizer 10
receives signals from a key unit 11 carried by a user of the
marine vessel 1 and is a device that allows ordinary use of the
marine vessel 1 only to a legitimate user. The key unit 11
includes a lock button 12 and an unlock button 13. The lock
button 12 is a button that is operated to set the immobilizer 10
in a locked state. By operation of the lock button 12, a lock
signal is sent from the key unit 11. When the immobilizer 10
is set in the locked state, the marine vessel 11is putin a statein
which ordinary use is prohibited. The unlock button 13 is a
button that is operated to release the locked state and set the
immobilizer 10 in an unlocked state to start ordinary use of
the marine vessel 1. By operation of the unlock button 13, an
unlock signal is sent from the key unit 11. The key unit 11
sends a user authentication code along with the lock signal
and the unlock signal.

The immobilizer 10 receives the user authentication code
from the key unit 11 and executes a user authentication pro-
cess. That is, the immobilizer 10 checks matching or non-
matching with collation source data that are registered in
advance. If the user authentication process succeeds, the
immobilizer 10 accepts the lock signal and the unlock signal
from the key unit 11. If the user authentication process fails,
the immobilizer 10 becomes unresponsive to the lock signal
and the unlock signal from the key unit 11.

FIG. 2 is a diagram for explaining an arrangement example
in common to the three outboard motors 3. Each outboard
motor 3 includes a propulsion unit 30 and an attachment
mechanism 31 for attaching the propulsion unit 30 to the hull
2. The attachment mechanism 31 includes a clamp bracket 32
detachably fixed to a tail plate of the hull 2, and a swivel
bracket 34 coupled to the clamp bracket 32 in a manner
enabling rotation about a tilt shaft 33 as a horizontal rotational
axis. The propulsion unit 30 is attached to the swivel bracket
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34 in a manner enabling rotation about a steering shaft 35. A
steering angle (azimuth angle defined by the direction of the
propulsive force with respect to a center line of the hull 2) can
thus be changed by rotating the propulsion unit 30 about the
steering shaft 35. Also, a trim angle of the propulsion unit 30
can be changed by rotating the swivel bracket 34 about the tilt
shaft33. The trim angle corresponds to an angle of attachment
of the outboard motor 3 with respect to the hull 2.

A housing of the propulsion unit 30 includes an engine
cover (top cowling) 36, an upper case 37, and a lower case 38.
Inside the engine cover 36, the engine 39, which is to be a
drive source, is installed with an axis of a crankshaft thereof
extending vertically. A driveshaft 41 for power transmission
is coupled to a lower end of the crankshaft of the engine 39
and extends vertically through the upper case 37 into the
lower case 38.

A propeller 40 is rotatably attached as a propulsive force
generating member to a lower rear portion of the lower case
38. A propeller shaft 42, which is a rotation shaft of the
propeller 40, extends horizontally in the lower case 38. The
rotation of the driveshaft 41 is transmitted to the propeller
shaft 42 via a shift mechanism 43 as a clutch mechanism.

The shift mechanism 43 includes a drive gear 434, arranged
from a beveled gear fixed to a lower end of the drive shaft 41,
a forward drive gear 435, arranged from a beveled gear rotat-
ably disposed on the propeller shaft 42, a reverse drive gear
43¢, arranged from a beveled gear likewise rotatably disposed
on the propeller shaft 42, and a dog clutch 434, disposed
between the forward drive gear 435 and the reverse drive gear
43c.

The forward drive gear 435 is meshed with the drive gear
43a from a forward side, and the reverse drive gear 43¢ is
meshed with the drive gear 43¢ from a reverse side. The
forward drive gear 435 and the reverse drive gear 43¢ thus
rotate in mutually opposite directions.

The dog clutch 434 is in spline engagement with the pro-
peller shaft 42. That is, the dog clutch 434 can slide with
respect to the propeller shaft 42 in the axial direction of the
shaft but is not rotatable relative to the propeller shaft 42 and
rotates together with the propeller shaft 42.

The dog clutch 434 is caused to slide on the propeller shaft
42 by axial rotation of a shift rod 44 that extends vertically and
in parallel to the drive shaft 41. The dog clutch 434 is thereby
controlled to be set at a shift position among a forward drive
position of engagement with the forward drive gear 435, a
reverse drive position of engagement with the reverse drive
gear 43¢, and a neutral position of not being engaged with
either the forward drive gear 435 or the reverse drive gear 43¢.

When the dog clutch 434 is at the forward drive position,
the rotation of the forward drive gear 435 is transmitted to the
propeller shaft 42 via the dog clutch 434. The propeller 40 is
thereby rotated in one direction (forward drive direction) to
generate a propulsive force in a direction for moving the hull
2 forward. On the other hand, when the dog clutch 43dis at the
reverse drive position, the rotation of the reverse drive gear
43¢ is transmitted to the propeller shaft 42 via the dog clutch
43d. The reverse drive gear 43¢ is rotated in a direction
opposite that of the forward drive gear 435, and the propeller
40 is thus rotated in an opposite direction (reverse drive
direction) to generate a propulsive force in a direction for
moving the hull 2 in reverse. When the dog clutch 43d isinthe
neutral position, the rotation of the drive shaft 41 is not
transmitted to the propeller shaft 42. That is, a driving force
transmission path between the engine 39 and the propeller 40
is interrupted, so that a propulsive force is not generated in
any direction.
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In relation to the engine 39, a starter motor 45 arranged to
start the engine 39 is disposed. The starter motor 45 is con-
trolled by an outboard motor ECU (electronic control unit)
20. A throttle actuator 51 is also arranged to actuate a throttle
valve 46 of the engine 39 in order to change a throttle opening
degree to change an intake air amount of the engine 39. The
throttle actuator 51 may include an electric motor. Operation
of the throttle actuator 51 is controlled by the outboard motor
ECU 20. The engine 39 further includes an engine rotational
speed detecting section 48 arranged to detect a rotational
speed of the engine 39 by detecting the rotation of the crank-
shaft.

Also, in relation to the shift rod 44, a shift actuator 52
(clutch actuator) arranged to change the shift position of the
dog clutch 43d is provided. The shift actuator 52 includes, for
example, an electric motor, and its operation is controlled by
the outboard motor ECU 20. In relation to the shift actuator
52, a shift position sensor 49 arranged to detect the shift
position of the shift mechanism 43 is provided.

Further, a steering mechanism 53, which is driven in accor-
dance with operation of the steering apparatus 6 (see FIG. 1),
is coupled to a steering rod 47 fixed to the propulsion unit 30.
By the steering mechanism 53, the propulsion unit 30 is
rotated about the steering shaft 35 and the steering operation
can be performed thereby. The steering mechanism 53
includes a steering actuator 53 A. The steering actuator 53A is
controlled by the outboard motor ECU 20. The steering actua-
tor 53A may include an electric motor or a hydraulic actuator,
for example.

Also, a tilt/trim actuator 54, which includes, for example, a
hydraulic cylinder and is controlled by the outboard motor
ECU 20, is provided between the clamp bracket 32 and the
swivel bracket 34. The tilt/trim actuator 54 rotates the pro-
pulsion unit 30 about the tilt shaft 33 by rotating the swivel
bracket 34 about the tilt shaft 33.

FIG. 3 is a diagram for explaining an electrical arrange-
ment of the marine vessel control system included in the
marine vessel 1.

The remote controller 7 is connected via an analog signal
line 61 to a remote controller ECU (electronic control unit)
60. More specifically, the remote controller 7 includes posi-
tion sensors 62R and 62L that detect operation positions of
the right and left remote control levers 7R and 7L. Output
signals of the position sensors 62R and 621, are input into the
remote controller ECU 60. Also, signals from the operation
panel 8 are input into the remote controller ECU 60. Further,
the steering apparatus 6 is connected to the remote controller
ECU 60. Specifically, an output signal of the operation angle
sensor 63 that detects the operation angle of the steering
handle 64 is input into the remote controller ECU 60. Further,
other operation apparatuses, such as a joystick 64, a power
tilt/trim switch (PTTSW) 65, etc., may be connected as nec-
essary to the remote controller ECU 60. The remote controller
ECU 60 has a microcomputer incorporated therein and gen-
erates control commands for controlling the outboard motors
3R, 3C, and 3L according to the input signals.

Each of the outboard motors 3R, 3C, and 3L includes the
outboard motor ECU 20. An engine unit 50 (more specifi-
cally, an injector 55 and an ignition coil 56), the shift actuator
52, the throttle actuator 51, the tilt/trim actuator 54, the starter
motor 45, and the steering actuator 53A are connected to the
outboard motor ECU 20 as controlled objects. These con-
trolled objects may be referred to hereinafter as “actuators.”

The outboard motor ECU 20 has a microcomputer incor-
porated therein and controls the actuators in accordance with
commands provided from the remote controller ECU 60.
Only the actuators (controlled objects), which are controlled
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by the outboard motor ECU 20 corresponding to the central
outboard motor 3C, are shown in FIG. 3. The same actuators
included in the starboard-side outboard motor 3R and the
port-side outhoard motor 3L are respectively controlled by
the corresponding outboard motor ECUs 20.

The remote controller ECU 60 and the outboard motor
ECUs 20 of the outboard motors 3R, 3C, and 3L communi-
cate via a CAN (control area network) 70 constructed inside
the marine vessel 1. The CAN 70 includes a first communi-
cation bus 71 and a second communication bus 72 that
include CAN cables. The first communication bus 71 is pref-
erably used exclusively for communication of the remote
controller ECU 60 and the outboard motor ECU 20. The
second communication bus 72 is preferably used for commu-
nication of the remote controller ECU 60 and the outboard
motor ECU 20 and is also preferably used for communication
of information (hereinafter referred to as “auxiliary informa-
tion”) for an auxiliary device for extending functions of the
marine vessel 1.

The remote controller ECU 60 is connected to the first
communication bus 71 and the second communication bus
72. More specifically, the remote controller ECU 60 has a first
port P1 (input/output section) as a main output section and a
second port P2 (input/output section) as a sub output section.
The first communication bus 71 is connected to the first port
P1, and the second communication bus 72 is connected to the
second port P2.

The first and second communication buses 71 and 72 are
connected to all of the outboard motors 3R, 3C, and 3L. That
is, the first and second communication buses 71 and 72 are
connected to the respective outboard motor ECUs 20 of all of
the outboard motors 3R, 3C, and 3L. The outboard motor
ECUs 20 of the respective outboard motors 3R, 3C, and 3L
can thus perform communication with the remote controller
ECU 60 via the first communication bus 71 and the second
communication bus 72.

The remote controller ECU 60 outputs control commands
upon designating an outboard motor ECU 20 that is to be a
communication destination. The designated outboard motor
ECU 20 receives the control commands and controls the
actuators in accordance with the control commands. How-
ever, the outboard motor ECU 20 can also take in control
commands, sent with the outboard motor ECU 20 of another
outboard motor as a destination, and use the commands for
control of the actuators.

The remote controller ECU 60 sends the control com-
mands for control of the outboard motor 3 to the first port P1
and the second port P2. In the following, the control com-
mands that the remote controller ECU 60 sends out from the
first port P1 shall be referred to as “marine vessel maneuver-
ing control information,” and the control commands that the
remote controller ECU 60 sends out from the second port P2
shall be referred to as “backup information”” The marine
vessel maneuvering control information includes starting
information, the target engine rotational speed, the target shift
position, and the target steering angle. In addition, the marine
vessel maneuvering control information may include a tilt
command and a trim command. The backup information
includes the starting information, the target engine rotational
speed, the target shift position, and the target steering angle.
In addition, the backup information may include a tilt com-
mand and a trim command. The starting information includes
a starting command for starting the engine of the outboard
motor 3.

The starting command is output when the key switch 4 is
operated to the starting position. In response to the starting
command, the outboard motor ECU 20 drives the starter
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motor 45 and starts control (fuel injection control) of the
injector 55 and control (ignition control) of the ignition coil
56. The target engine rotational speed is a target value of the
rotational speed of the engine 39 of the outboard motor 3. The
outboard motor ECU 20 controls the throttle actuator 51
according to the target engine rotational speed. The target
shift position is a command value related to the shift position
of the shift mechanism 43. The outboard motor ECU 20
controls the shift actuator 52 in accordance with the target
shift position. The target steering angle is a target value of the
azimuth angle of the outboard motor 3 with respect to the hull
2. Ordinarily, a target steering angle that is in accordance with
the operation angle ofthe steering handle 6a is generated. The
outboard motor ECU 20 controls the steering actuator 53A in
accordance with the target steering angle. The tilt command
and the trim command are generated in response to the opera-
tion of the power tilt/trim switch 65. The tilt command is a
command for raising the propeller 40 of the outboard motor 3
onto a water surface or immersing the propeller in water. The
trim command is a command for changing a depression/
elevation angle of the outboard motor 3 with respect to the
hull 2. The outboard motor ECU 20 controls the tilt/trim
actuator 54 according to the tilt command and the trim com-
mand.

One or more auxiliary device connection sections 72a,
each connectable to an auxiliary device, are included in the
second communication bus 72. Each auxiliary device connec-
tion section 72a may be an auxiliary communication bus that
is branched from the second communication bus 72. In the
example of FIG. 3, a plurality of auxiliary devices 80 are
connected to the second communication bus 72. The auxiliary
devices 80 can perform sending and receiving of auxiliary
information with either or both of the remote controller ECU
60 and the outboard motor ECU 20 via the second commu-
nication bus 72. A high-performance gauge 81, an obstacle
sensor 82, the immobilizer (receiver) 10, a triducer (marine
vessel speed/water depth/water temperature sensor) 83, a
direction sensor 84, a vane anemometer 85, a trim tab/bow
thruster controller 86, a service tool 87, a bow thruster 88, and
the single-function gauges 9R, 9C, and 9L can be cited as
examples of the auxiliary devices 80. The bow thruster 88 is
controlled by the trim tab/bow thruster controller 86. The bow
thruster is an auxiliary propulsion device that generates a
propulsive force in the right/left direction of the hull. Such an
auxiliary propulsion device is also an example of an auxiliary
device.

Also, auxiliary devices (third-party equipments) 90 that
differ in communication protocol can be connected to the
second communication bus 72 via a gateway (G/W) 95. That
is, the auxiliary devices 90 can perform sending and receiving
of auxiliary information with either or both of the remote
controller ECU 60 and the outboard motor ECU 20 via the
gateway 95 and the second communication bus 72. A fish
finder 91, a GPS receiver 92, and a gauge 93 can be cited as
examples of such auxiliary devices 90.

For example, the gauges 9R, 9C, 91, and 93 may receive
engine rotational speed information from the outboard motor
ECUs 20 and display the information. The service tool 87
may be a personal computer with a predetermined tool (com-
puter program) for maintenance installed therein. The auxil-
iary devices 80 and 90 include those that only transmit infor-
mation, those that only receive information, and those that
transmit and receive information. Selection of the auxiliary
devices to be connected is left up to the user. A boat builder
connects the necessary auxiliary devices to the second com-
munication bus 72 in accordance with the selection of the
user.
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The outboard motor ECU 20 may have a fault detection
function for detecting a fault (mainly, disconnection) of the
first communication bus 71. The outboard motor ECU 20 may
be programmed in advance to execute different operations
according to a normal state in which a fault is not occurring in
the first communication bus 71 and a fault state in which a
fault occurs in the first communication bus 71.

1-1. First Control Example

FIG. 4 is a schematic block diagram for explaining a first
control example applicable to the present preferred embodi-
ment. The remote controller ECU 60 sends out the marine
vessel maneuvering control information to the first port P1 at
a predetermined first cycle, and sends out the backup infor-
mation to the second port P2 at a predetermined second cycle.
The second cycle is set longer than the first cycle. The marine
vessel maneuvering control information is thus sent to the
first communication bus 71 at the first cycle, and the backup
information is sent to the second communication bus 72 at the
second cycle that is longer than the first cycle. An information
volume per unit time of the backup information sent to the
second communication bus 72 is thus less than the informa-
tion volume per unit time of the marine vessel maneuvering
control information sent to the first communication bus 71.
The communication load of the second communication bus
72 is lightened accordingly. However, the auxiliary devices
80 and 90 are connected 1o the second communication bus 72,
and the auxiliary information related to the auxiliary devices
80 and 90 are transmitted via the second communication bus
72.

The outboard motor ECUs 20 of the respective outboard
motors 3 monitor the occurrence/non-occurrence of a fault of
the first communication bus 71. In the normal state in which
a fault is not occurring in the first communication bus 71, the
respective outboard motor ECUs 20 control the actuators
(controlled objects) based on the marine vessel maneuvering
control information sent via the first communication bus 71.
On the other hand, if it is determined that a fault is occurring
in the first communication bus 71, the outboard motor ECUs
20 control the actuators in accordance with the backup infor-
mation sent via the second communication bus 72. The out-
board motor ECUs 20 can thus receive the control commands
from the remote controller ECU 60 via the second commu-
nication bus 72 even when a fault occurs in the first commu-
nication bus 71.

The control commands provided via the second communi-
cation bus 72 are renewed at each second cycle, and respon-
siveness of control thus becomes poor in comparison to the
normal state. However, control of the outboard motors 3 by
the remote controller ECU 60 is enabled in this state and the
marine vessel 1 can be made to travel by operation of the
outboard motors 3.

The first communication bus 71 is used exclusively for the
transmission of the marine vessel maneuvering control infor-
mation. It thus suffices to design a bus capacity that can
accommodate a maximum communication volume assumed
on a maximum number of remote controller ECUs 60 (num-
ber of marine vessel maneuvering compartments) and a maxi-
mum number of outboard motor ECUs 20 (number of out-
board motors 3) that can be connected. That is, there is no
need to design the bus capacity assuming the transmission of
the auxiliary information for the auxiliary devices 80 and 90.

On the other hand, the second communication bus 72 is
preferably used for the transmission of the backup informa-
tion and the transmission of the auxiliary information for the
auxiliary devices 80 and 90. However, the sending cycle of
the backup information is long and the communication load
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for the transmission of the backup information is suppressed.
There is thus no need to perform design assuming communi-
cation of high capacity.

The communication data volumes of the first and second
communication buses 71 and 72 can thus be used efficiently,
and both the first and second communication buses 71 and 72
can be made to have the minimum necessary bus capacities.
Also, the information volume of the backup information
transmitted via the second communication bus 72 is sup-
pressed, and there is thus no need to provide dedicated com-
munication buses for the auxiliary devices 80 and 90. Instead,
the second communication bus can be used in common for the
transmission of the auxiliary information. The CAN 70 can
thus be made simple in arrangement and the trouble and time
required for outfitting or rigging the marine vessel with the
marine vessel control system can be reduced.

Inthe first control example, the outboard motor ECUs 20 of
the respective outboard motors 3 may be arranged not to
monitor the occurrence/non-occurrence of a fault of the first
communication bus 71. The normal state in which a fault is
not occurring in the first communication bus 71 is a state
where the respective outboard motors ECUs 20 can receive
information from either of the communication buses of the
first communication bus and the second communication bus.
In this state, the respective outboard motor ECUs 20 control
the actuators (controlled objects) based on the marine vessel
maneuvering control information, which is sent via the first
communication bus 71 and is practically short in transmission
cycle. On the other hand, a state in which a fault is occurring
in the first communication bus 71 is a state in which the
respective outboard motor ECUs 20 can acquire information
from only the second communication bus. In this state, the
outboard motor ECUs 20 control the actuators according to
the backup information sent via the second communication
bus 72. Thus, even if fault detection is not performed. the
outboard motors ECU 20 can receive the control commands
from the remote controller ECU 60 via the second commu-
nication bus 72 when a fault occurs in the first communication
bus 71.

1-2. Second Control Example

FIG. 5 is a schematic block diagram for explaining a sec-
ond control example applicable to the present preferred
embodiment. The remote controller ECU 60 sends out the
marine vessel maneuvering control information to the first
port P1 and sends out the backup information to the second
port P2. The sending cycles of the marine vessel maneuvering
control information and the backup information may be equal
or the sending cycle of the backup information may be longer
than the sending cycle of the marine vessel maneuvering
control information.

The outboard motor ECUs 20 of the respective outboard
motors 3 monitor the occurrence/non-occurrence of a fault of
the first communication bus 71. In the normal state in which
a fault is not occurring in the first communication bus 71, the
respective outboard motor ECUs 20 control the actuators
based on the marine vessel maneuvering control information
sent via the first communication bus 71. On the other hand, if
it is determined that a fault is occurring in the first commu-
nication bus 71, the outboard motor ECUs 20 control the
actuators in accordance with the backup information sent via
the second communication bus 72.

The marine vessel maneuvering control information
includes the control commands for all of the outboard motors
3R, 3C, and 3L. In contrast, the backup information includes
only the control commands for a portion of the outboard
motors 3. The information volume per unit time of the backup
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information is thus less than the information volume per unit
time of the marine vessel maneuvering control information.

More specifically, the backup information may include
only the control commands for the central outboard motor 3C.
Thus, when a fault occurs in the first communication bus 71,
operations of the port-side outboard motor 3L and the star-
board-side outboard motor 3R are stopped and only the cen-
tral outboard motor 3C is operable. The marine vessel 1 can
thus be made to travel, albeit in a mode that is more restricted
than the ordinary state.

Alternatively, the backup information may include only the
control commands for the port-side outboard motor 3L and
the starboard-side outboard motor 3R and not include the
control commands for the central outboard motor 3C. In this
case, when a fault occurs in the first communication bus 71,
the operation of the central outboard motor 3C is stopped and
only the port-side outboard motor 31 and the starboard-side
outboard motor 3R are operable. The marine vessel 1 can thus
be made to travel, albeit in a mode that is more restricted than
the ordinary state.

The same effects as the first control example can thus be
realized.

When a fault occurs in the first communication bus 71,
operation of the engine at the idling rotational speed may be
performed instead of stopping of operation at the outboard
motor for which the control commands are not included in the
backup information. In this case, the shift position is prefer-
ably controlled to be the neutral position.

1-3. Third Control Example

FIG. 6 is a flowchart for explaining a third control example
applicable to the first preferred embodiment and shows a
process executed in the outboard motor ECU 20 of each
outboard motor 3. FIG. 5 shall be referred to again in the
description of the present control example. In the present
control example, the remote controller ECU 60 sends out the
marine vessel maneuvering control information to the first
port P1 and sends out the backup information to the second
port P2. The sending cycles of the marine vessel maneuvering
control information and the backup information may be equal
or the sending cycle of the backup information may be longer
than the sending cycle of the marine vessel maneuvering
control information. In the present control example, the
backup information includes the control commands for the
starboard-side outboard motor 3R and the control commands
for the port-side outboard motor 3L and does not include the
control commands for the central outboard motor 3C. The
outboard motor ECUs 20 of the respective outboard motors 3
monitor the occurrence/non-occurrence of a fault of the first
communication bus 71 (step S1). In the normal state in which
a fault is not occurring in the first communication bus 71 (step
S1: NO), the respective outboard motor ECUs 20 control the
actuators based on the marine vessel maneuvering control
information sent via the first communication bus 71 (step S2).
On the other hand, if it is determined that a fault is occurring
in the first communication bus 71 (step S1: YES), each out-
board motor ECU 20 determines the position of the corre-
sponding outboard motor 3 (step S3). That is, the outboard
motor ECU 20 holds, in an internal memory (not shown),
outboard motor identification data indicating which of the
starboard-side outboard motor 3R, the central motor 3C, and
the port-side outboard motor 3L is corresponding to the out-
board ECU 20. The outboard motor ECU 20 reads the out-
board motor identification data to determine the position of
the corresponding outboard motor. If the corresponding out-
board motor is the starboard-side outboard motor 3R, the
outboard motor ECU 20 controls the actuators of the star-
board-side outboard motor 3R based on starboard-side out-
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board motor control commands (starboard-side commands)
included in the backup information sent via the second com-
munication bus 72 (step S4). Also, if the corresponding out-
board motor is the port-side outboard motor 3L, the outboard
motor ECU 20 controls the actuators of the port-side outboard
motor 3L based on port-side outboard motor control com-
mands (port-side commands) included in the backup infor-
mation sent via the second communication bus 72 (step S5).

Ifthe corresponding outboard motor is the central outboard
motor 3C, the outboard motor ECU 20 controls the actuators
of the central outboard motor 3C based on the starboard-side
commands and the port-side commands included in the
backup information sent via the second communication bus
72 (step S6).

An example of control of the central outboard motor 3C
based on the starboard-side commands and the port-side com-
mands shall now be described. In a case where the target shift
positions included in the starboard-side commands and the
port-side commands are both the forward drive position, the
target shift position of the central outboard motor 3C is set to
the forward drive position. In a case where the target shift
positions included in the starboard-side commands and the
port-side commands are both the reverse drive position, the
target shift position of the central outboard motor 3C is set to
the reverse drive position. In a case where the target shift
positions included in the starboard-side commands and the
port-side commands are both the neutral position, the target
shift position of the central outboard motor 3C is set to the
neutral position. If the target shift positions included in the
starboard-side commands and the port-side commands are
unmatched, the target shift position of the central outboard
motor 3C is set to the neutral position. In the case where the
target shift position of the central outboard motor 3C is set to
the neutral position, the target engine rotational speed of the
central outboard motor 3C s set to the idling rotational speed.
If the target shift position of the central outboard motor 3C is
set to the forward drive position or the reverse drive position,
the target engine rotational speed of the central outboard
motor 3C is set to an average value of the target engine
rotational speeds included in the starboard-side commands
and the port-side commands. The target steering angle of the
central outboard motor 3C is set to zero degrees. That is, the
central outboard motor 3C is maintained in a neutral orienta-
tion without declination to the right or the left.

The central outboard motor 3C can thus be controlled
based onthe starboard-side commands and the port-side com-
mands. The marine vessel 1 can thereby be made to travel
while continuing operations of all of the outboard motors 3
even when a fault occurs in the first communication bus 71.
1-4. Fourth Control Example

FIG. 7 is a schematic block diagram for explaining a fourth
control example applicable to the present preferred embodi-
ment. The remote controller ECU 60 sends out the marine
vessel maneuvering control information to the first port P1
and sends out the backup information to the second port P2.
The sending cycles of the marine vessel maneuvering control
information and the backup information may differ but are
preferably equal.

In the present control example, the marine vessel maneu-
vering control information includes the control commands
(starboard-side commands) for the starboard-side outboard
motor 3R and the control commands (port-side commands)
for the port-side outboard motor 3L but does not include the
control commands (central commands) for the central out-
board motor 3C. The backup information includes the control
commands (central commands) for the central outboard
motor 3C but does not include either the starboard-side com-



US 8,682,515 B2

23

mands or the port-side commands. The information volume
per unit time of the backup information is thus less than the
information volume per unit time of the marine vessel maneu-
vering control information.

The outboard motor ECUs 20 of the starboard-side out-
board motor 3R and the port-side outboard motor 3L respec-
tively monitor the occurrence/non-occurrence of a fault of the
first communication bus 71. In the normal state in which a
fault is not occurring in the first communication bus 71, the
outboard motor ECUs 20 of the starboard-side outboard
motor 3R and the port-side outboard motor 3L control the
actuators based respectively on the starboard-side commands
and the port-side commands included in the marine vessel
maneuvering control information. Also, at the central out-
board motor 3C, the actuators are controlled according to the
central commands included in the backup information sent
via the second communication bus 72.

On the other hand, if it is determined that a fault is occur-
ring in the first communication bus 71, the outboard motor
ECUs 20 of the starboard-side outboard motor 3R and the
port-side outboard motor 3L stop the control of the actuators.
In this case, the engines of the starboard-side outboard motor
3R and the port-side outboard motor 3L may be put in a
stopped state or in an idling rotation state. The shift position
is controlled to be the neutral position and the steering angle
is controlled to be zero. Even in this case, traveling of the
marine vessel 1 is enabled because the central outboard motor
3C is controlled in accordance with the central commands
included in the backup information.

All of the outboard motors 3 can thus be controlled by the
first communication bus 71 and the second communication
bus 72 complementing each other in the ordinary state. When
a fault occurs in the first communication bus 71, the central
outboard motor 3C can be operated by the central commands
in the backup information transmitted via the second com-
munication bus 72.

When a fault occurs in the second communication bus 72,
the starboard-side and the port-side outboard motors 3R and
3L can be operated by the starboard-side commands and the
port-side commands transmitted via the first communication
bus 71, and the marine vessel 1 can thus be made to travel in
this state as well. In this case, the engine of the central out-
board motor 3C may be set to the stopped state or the idling
rotation state. The shift position is controlled to be the neutral
position and the steering angle is controlled to be zero.

2. Second Preferred Embodiment

FIG. 8 is a schematic plan view for explaining an arrange-
ment of a marine vessel according to a second preferred
embodiment of the present invention. In this preferred
embodiment, four outboard motors 3 are preferably aligned in
a single row along the right/left direction of the hull 2 at the
stern of the hull 2. To distinguish the four outboard motors 3,
the outboard motor 3 disposed at a starboard-most side shall
be referred to as the “starboard-most-side outboard motor
3R,” and the outboard motor 3 disposed at a port-most side
shall be referred to as the “port-most-side outboard motor
3L Further, of the two outboard motors 3 at the center, the
outboard motor 3 at the starboard side shall be referred to as
the “central starboard-side outboard motor 3CR,” and the
outboard motor 3 at the port side shall be referred to as the
“central port-side outboard motor 3CL.”

Each of the outboard motors 3 includes an outboard motor
ECU 20. A single remote controller ECU 60 is included in the
marine vessel maneuvering compartment 5. The remote con-
troller ECU 60 and the four outboard motor ECUs 20 are
connected by the first communication bus 71 and the second
communication bus 72. The remote controller ECU 60 sends
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out the marine vessel maneuvering control information to the
first communication bus 71 and sends out the backup infor-
mation to the second communication bus 72. These can be
received in each of the four outboard motor ECUs 20. As in
the above described first preferred embodiment, the auxiliary
devices 80 and 90 are connectable to the second communica-
tion bus 72.

2-1. First Control Example

A first control example applicable to the present preferred
embodiment is substantially the same as the first control
example in the first preferred embodiment (see FIG. 4). That
is, the remote controller ECU 60 sends the marine vessel
maneuvering control information to the first port P1 at the
predetermined first cycle, and sends the backup information
to the second port P2 at the predetermined second cycle. The
second cycle is set longer than the first cycle.

The outboard motor ECUs 20 of the respective outboard
motors 3 monitor the occurrence/non-occurrence of a fault of
the first communication bus 71. In the normal state in which
a fault is not occurring in the first communication bus 71, the
respective outboard motor ECUs 20 control the actuators
based on the marine vessel maneuvering control information
sent via the first communication bus 71. On the other hand, if
it is determined that a fault is occurring in the first commu-
nication bus 71, the outboard motor ECUs 20 control the
actuators in accordance with the backup information sent via
the second communication bus 72.

Inthe first control example, the outboard motor ECUs 20 of
the respective outboard motors 3 may be arranged not to
monitor the occurrence/non-occurrence of a fault of the first
communication bus 71. The normal state in which a fault is
not occurring in the first communication bus 71 is a state
where the respective outboard motors ECUs 20 can receive
information from either of the communication buses of the
first communication bus and the second communication bus.
In this state, the respective outboard motor ECUs 20 control
the actuators (controlled objects) based on the marine vessel
maneuvering control information, which is sent via the first
communication bus 71 and is practically short in transmission
cycle. On the other hand, a state in which a fault is occurring
in the first communication bus 71 is a state in which the
respective outboard motor ECUs 20 can acquire information
from only the second communication bus. In this state, the
outboard motor ECUs 20 control the actuators according to
the backup information sent via the second communication
bus 72. Thus, even if fault detection is not performed, the
outboard motors ECU 20 can receive the control commands
from the remote controller ECU 60 via the second commu-
nication bus 72 when a fault occurs in the first communication
bus 71.

2-2. Second Control Example

A second control example applicable to the present pre-
ferred embodiment is substantially the same as the second
control example in the above described first preferred
embodiment (see FIG. 5). That is, the remote controller ECU
60 sends out the marine vessel maneuvering control informa-
tion to the first port P1 and sends out the backup information
to the second port P2. The sending cycles of the marine vessel
maneuvering control information and the backup information
may be equal or the sending cycle of the backup information
may be longer than the sending cycle of the marine vessel
maneuvering control information.

The marine vessel maneuvering control information
includes the control commands for all of the outboard motors
3. In contrast, the backup information includes only the con-
trol commands for a portion of the outboard motors 3. The
information volume per unit time of the backup information is



US 8,682,515 B2

25

thus less than the information volume per unit time of the
marine vessel maneuvering control information.

More specifically, the backup information may include
only the control commands for the central starboard-side
outboard motor 3CR and the central port-side outboard motor
3CL. Thus, when a fault occurs in the first communication bus
71, operations of the port-most-side outboard motor 3L and
the starboard-most-side outboard motor 3R are stopped and
only the two outboard motors 3CR and 3CL at the center are
operable. The marine vessel 1 can thus be made to travel,
albeit in a mode that is more restricted than the ordinary state.
Preferably, the steering angle is controlled to be zero at the
port-most-side outboard motor 3L and the starboard-most-
side outboard motor 3R.

The backup information may instead include only the con-
trol commands of the port-most-side outboard motor 3L and
the starboard-most-side outboard motor 3R and not include
the control commands for the two outboard motors 3CR and
3CL at the center. In this case, when a fault occurs in the first
communication bus 71, the operations of the two outboard
motors 3CR and 3CL at the center are stopped and only the
port-most-side outboard motor 3L and the starboard-most-
side outboard motor 3R are operable. The marine vessel 1 can
thus be made to travel, albeitin a mode that is more restricted
than the ordinary state. Preferably, the steering angle is con-
trolled to be zero at the two outboard motors 3CR and 3CL at
the center.

In addition, when a fault occurs in the first communication
bus 71, operation of the engine at the idling rotational speed
may be performed instead of stopping of operation at the
outboard motor for which the control commands are not
included in the backup information. In this case, the shift
position is preferably controlled to be the neutral position.
2-3. Third Control Example

FIG. 9 is a schematic block diagram for explaining a third
control example applicable to the present preferred embodi-
ment. FIG. 10 is a flowchart of a process executed in the
outboard motor ECU 20 of each outboard motor 3. In the
present control example, the remote controller ECU 60 sends
out the marine vessel maneuvering control information to the
first port P1 and sends out the backup information to the
second port P2. The sending cycles of the marine vessel
maneuvering control information and the backup information
may be equal or the sending cycle of the backup information
may be longer than the sending cycle of the marine vessel
maneuvering control information. In the present control
example, the marine vessel maneuvering control information
includes the control commands for all of the outboard motors
3. On the other hand, the backup information includes the
control commands (starboard-side commands) for the star-
board-most-side outboard motor 3R and the control com-
mands (port-side commands) for the port-most-side outboard
motor 3L but does not include the control commands for the
two outboard motors 3CR and 3CL at the center.

The outboard motor ECUs 20 of the respective outboard
motors 3 monitor the occurrence/non-occurrence of a fault of
the first communication bus 71 (step S11). In the normal state
in which a fault is not occurring in the first communication
bus 71 (step S11: NO), the respective outboard motor ECUs
20 control the actuators based on the marine vessel maneu-
vering control information sent via the first communication
bus 71 (step S12). On the other hand, if it is determined that a
faultis occurring in the first communication bus 71 (step S11:
YES), each outhoard motor ECU 20 determines the position
of the corresponding outboard motor 3 (step S13). That is, the
outboard motor ECU 20 holds, outboard motor identification
data indicating which of the starboard-most-side outboard
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motor 3R, the port-most-side outboard motor 3L, the central
starboard-side motor 3CR, and the central port-side motor
3CL is corresponding to the outboard motor ECU 20. The
outboard motor ECU 20 determines the position of the cor-
responding outboard motor based on the outboard motor
identification data. Specifically, it is determined whether the
corresponding outboard motor is the outboard motor 3CR or
3R at the starboard side relative to the center or is the outboard
motor 3CL or 3L at the port side relative to the center. If the
corresponding outboard motor is the outboard motor 3CR or
3R at the starboard side, the outboard motor ECU 20 controls
the actuators of the corresponding outboard motor 3CR or 3R
based on the starboard-side outboard motor control com-
mands (starboard-side commands) included in the backup
information sent via the second communication bus 72 (step
S14). If the corresponding outboard motor is the outboard
motor 3CL or 3L at the port side, the outboard motor ECU 20
controls the actuators ofthe corresponding port-side outboard
motor 3CL or 3L based on the port-side outboard motor
control commands (port-side commands) included in the
backup information sent via the second communication bus
72 (step S15).

All of the outboard motors 3 can thus be controlled based
on the starboard-side commands and the port-side commands
included in the backup information. The marine vessel 1 can
thereby be made to travel by operating all of the outboard
motors 3 even when a fault occurs in the first communication
bus 71.

2-4. Fourth Control Example

FIG. 11 is a schematic block diagram for explaining a
fourth control example applicable to the present preferred
embodiment. The remote controller ECU 60 sends out the
marine vessel maneuvering control information to the first
port P1 and sends out the backup information to the second
port P2. The sending cycles of the marine vessel maneuvering
control information and the backup information may differ
but are preferably equal.

In the present control example, the marine vessel maneu-
vering control information includes control commands (star-
board-most-side commands) for the starboard-most-side out-
board motor 3R and control commands (port-most-side
commands) for the port-most-side outboard motor 3L but
does not include control commands (central port-side com-
mands and central starboard-side commands) for the two
outboard motors 3CL and 3CR at the center. The backup
information includes the control commands (central port-side
commands) for the central port-side outboard motor 3CL and
the control commands (central starboard-side commands) for
the central starboard-side outboard motor 3CR but does not
include either the starboard-most-side commands or the port-
most-side commands.

The outboard motor ECUs 20 of the starboard-most-side
outboard motor 3R and the port-most-side outboard motor 31,
respectively monitor the occurrence/non-occurrence of a
fault of the first communication bus 71. In the normal state in
which a fault is not occurring in the first communication bus
71, the outboard motor ECUs 20 of the starboard-most-side
outboard motor 3R and the port-most-side outboard motor 31,
control the actuators based respectively on the starboard-
most-side commands and the port-most-side commands. The
outboard motor ECU 20 of the central starboard-side out-
board motor 3CR controls the actuators according to the
central starboard-side commands included in the backup
information sent via the second communication bus 72. Like-
wise, the outboard motor ECU 20 of the central port-side
outboard motor 3CL controls the actuators according to the
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central port-side commands included in the backup informa-
tion sent via the second communication bus 72.

On the other hand, if it is determined that a fault is occur-
ring in the first communication bus 71, the outboard motor
ECUs 20 of the starboard-most-side outboard motor 3R and
the port-most-side outboard motor 3L stop the control of the
actuators. In this case, the engines of the starboard-most-side
outboard motor 3R and the port-most-side outboard motor 3L,
may beput ina stopped state or in an idling rotation state. The
shift position is controlled to be the neutral position and the
steering angle is controlled to be zero. Even in this case,
traveling of the marine vessel 1 is enabled because the central
starboard-side outboard motor 3CR and the central port-side
outboard motor 3CL are respectively controlled in accor-
dance with the central starboard-side commands and the cen-
tral port-side commands included in the backup information.

All of the outboard motors 3 can thus be controlled by the
first communication bus 71 and the second communication
bus 72 complementing each other in the ordinary state. When
a fault occurs in the first communication bus 71, the two
outboard motors 3CR and 3CL at the center can be operated
by the central starboard-side commands and central port-side
commands in the backup information transmitted via the
second communication bus 72. In this case, the second com-
munication bus 72 is used for the transmission of not only the
backup information but also the auxiliary information for the
auxiliary devices 80 and 90, and the control response may be
delayed somewhat. The operation state is thus restricted in
comparison to the normal state. Even then, it is possible to
make the marine vessel 1 travel.

When a fault occurs in the second communication bus 72,
the starboard-side and the port-side outboard motors 3R and
3L can be operated by the starboard-most-side commands
and the port-most-side commands transmitted via the first
communication bus 71 and the marine vessel 1 can thus be
made to travel in this state as well. In this case, the engines of
the two outboard motors 3CR and 3CL at the center may be
set to the stopped state or the idling rotation state. The shift
position is controlled to be the neutral position and the steer-
ing angle is controlled to be zero.

When a fault occurs in the first communication bus 71,
instead of stopping the operations of the starboard-most-side
outboard motor 3R and the port-most-side outboard motor 3L,
(or putting these motors in the idling state), these motors may
be operated using the control commands included in the
backup information. Specifically, when a fault occurs in the
first communication bus 71, the outboard motor ECU 20 of
the starboard-most-side outboard motor 3R may perform
control of the actuators according to the central starboard-
side commands. Likewise, when a fault occurs in the first
communication bus 71, the outboard motor ECU 20 of the
port-most-side outboard motor 3L may perform control of the
actuators according to the central port-side commands.

Likewise, when a fault occurs in the second communica-
tion bus 72, instead of stopping the operations of the central
starboard-side outboard motor 3CR and the central port-side
outboard motor 3CL (or putting these motors in the idling
state), these motors may be operated using the control com-
mands included in the marine vessel maneuvering control
information. Specifically, when a fault occurs in the second
communication bus 72, the outboard motor ECU 20 of the
central starboard-side outboard motor 3CR may perform con-
trol of the actuators according to the starboard-most-side
commands. Likewise, when a fault occurs in the second com-
munication bus 72, the outboard motor ECU 20 of the central
port-side outboard motor 3CL may perform control of the
actuators according to the port-most side commands.
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The marine vessel maneuvering control information trans-
mitted through the first communication bus 71 may be allo-
cated to the two outboard motors 3CR and 3CL at the center,
and the backup information transmitted through the second
communication bus 72 may be allocated to the port-most-side
and starboard-most-side outboard motors 3L and 3R.

3. Third Preferred Embodiment

FIG. 12 is a schematic plan view for explaining an arrange-
ment of a marine vessel according to a third preferred
embodiment of the present invention. In this preferred
embodiment, five outboard motors 3 preferably are aligned in
a single row along the right/left direction of the hull 2 at the
stern of the hull 2. To distinguish the five outboard motors 3,
the outboard motor 3 disposed at a starboard-most side shall
be referred to as the “starboard-most-side outboard motor
3R,” the outboard motor 3 disposed at a port-most side shall
be referred to as the “port-most-side outhoard motor 3L,” and
the outboard motor 3 at the center shall be referred to as the
“central outboard motor 3C.” Further, the outboard motor 3
between the central outboard motor 3C and the starboard-
most-side outboard motor 3R shall be referred to as the “cen-
tral starboard-side outboard motor 3CR,” and the outboard
motor 3 between the central outboard motor 3C and the port-
most-side outboard motor 3L shall be referred to as the “cen-
tral port-side outboard motor 3CL.”

Each of the outboard motors 3 includes an outboard motor
ECU 20. A single remote controller ECU 60 is included in the
marine vessel maneuvering compartment 5. The remote con-
troller ECU 60 and the five outboard motor ECUs 20 are
connected by the first communication bus 71 and the second
communication bus 72. The remote controller ECU 60 sends
out the marine vessel maneuvering control information to the
first communication bus 71 and sends out the backup infor-
mation to the second communication bus 72. This informa-
tion can be received in each of the five outboard motor ECUs
20. As in the above described first preferred embodiment, the
auxiliary devices 80 and 90 are connectable to the second
communication bus 72.

3-1. First Control Example

A first control example applicable to the present preferred
embodiment is substantially the same as the first control
example in the first preferred embodiment (see FIG. 4). That
is, the remote controller ECU 60 sends out the marine vessel
maneuvering control information to the first port P1 at the
predetermined first cycle, and sends out the backup informa-
tion to the second port P2 at the predetermined second cycle.
The second cycle is set longer than the first cycle.

The outboard motor ECUs 20 of the respective outboard
motors 3 monitor the occurrence/non-occurrence of a fault of
the first communication bus 71. In the normal state in which
a fault is not occurring in the first communication bus 71, the
respective outboard motor ECUs 20 control the actuators
based on the marine vessel maneuvering control information
sent via the first communication bus 71. On the other hand, if
it is determined that a fault is occurring in the first commu-
nication bus 71, the outboard motor ECUs 20 control the
actuators in accordance with the backup information sent via
the second communication bus 72.

Inthe first control example, the outboard motor ECUs 20 of
the respective outboard motors 3 may be arranged not to
monitor the occurrence/non-occurrence of a fault of the first
communication bus 71. The normal state in which a fault is
not occurring in the first communication bus 71 is a state
where the respective outboard motors ECUs 20 can receive
information from either of the communication buses of the
first communication bus and the second communication bus.
In this state, the respective outboard motor ECUs 20 control
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the actuators (controlled objects) based on the marine vessel
maneuvering control information, which is sent via the first
communication bus 71 and is practically short in transmission
cycle. On the other hand, a state in which a fault is occurring
in the first communication bus 71 is a state in which the
respective outboard motor ECUs 20 can acquire information
from only the second communication bus. In this state, the
outboard motor ECUs 20 control the actuators according to
the backup information sent via the second communication
bus 72. Thus, even if fault detection is not performed, the
outboard motors ECU 20 can receive the control commands
from the remote controller ECU 60 via the second commu-
nication bus 72 when a fault occurs in the first communication
bus 71.

3-2. Second Control Example

A second control example applicable to the present pre-
ferred embodiment is substantially the same as the second
control example in the above described first preferred
embodiment (see FIG. 5). That is, the remote controller ECU
60 sends out the marine vessel maneuvering control informa-
tion to the first port P1 and sends out the backup information
to the second port P2. The sending cycles of the marine vessel
maneuvering control information and the backup information
may be equal or the sending cycle of the backup information
may be longer than the sending cycle of the marine vessel
maneuvering control information.

The marine vessel maneuvering control information
includes the control commands for all of the outboard motors
3. In contrast, the backup information includes only the con-
trol commands for a portion of the outboard motors 3. The
information volume per unit time of the backup information is
thus less than the information volume per unit time of the
marine vessel maneuvering control information.

More specifically, the backup information may include
only the control commands for the central outboard motor 3C,
the starboard-most-side outboard motor 3R, and the port-
most-side outhoard motor 3L. Thus, when a fault occurs in the
first communication bus 71, operations of the central star-
board-side outboard motor 3CR and the central port-side
outboard motor 3CL are stopped and only the central out-
board motor 3C, the starboard-most-side outboard motor 3R,
and the port-most-side outboard motor 3L are operable. The
marine vessel 1 can thus be made to travel, albeit in a mode
that is more restricted than the ordinary state. Preferably, the
steering angle is controlled to be zero at the central starboard-
side outboard motor 3CR and the central port-side outboard
motor 3CL.

The backup information may instead include only the con-
trol commands for the central starboard-side outboard motor
3CR and the central port-side outboard motor 3CL and not
include the control commands for the central outboard motor
3C, the starboard-most-side outboard motor 3R, and the port-
most-side outboard motor 3L. In this case, when a fault occurs
in the first communication bus 71, the operations of the cen-
tral outboard motor 3C, the starboard-most-side outboard
motor 3R, and the port-most-side outboard motor 3L are
stopped and only the central starboard-side outboard motor
3CR and the central port-side outboard motor 3CL are oper-
able. The marine vessel 1 can thus be made to travel, albeit in
a mode that is more restricted than the ordinary state. Prefer-
ably, the steering angle is controlled to be zero at the star-
board-most-side outboard motor 3R, the port-most-side out-
board motor 3L, and the central outboard motor 3C.

In addition, when a fault occurs in the first communication
bus 71, operation of the engine at the idling rotational speed
may be performed instead of stopping of operation at the
outboard motor for which the control commands are not
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included in the backup information. In this case, the shift
position is preferably controlled to be the neutral position.
3-3. Third Control Example

FIG. 13 is a schematic block diagram for explaining a third
control example applicable to the present preferred embodi-
ment. In addition, FIG. 14 is a flowchart of a process executed
in the outboard motor ECU 20 of each outboard motor 3. In
the present control example, the remote controller ECU 60
sends out the marine vessel maneuvering control information
to the first port P1 and sends out the backup information to the
second port P2. The sending cycles of the marine vessel
maneuvering control information and the backup information
may be equal or the sending cycle of the backup information
may be longer than the sending cycle of the marine vessel
maneuvering control information. In the present control
example, the marine vessel maneuvering control information
includes the control commands for all of the outboard motors
3. The backup information includes the control commands
(central commands) for the central outboard motor 3C, the
control commands (starboard-most-side commands) for the
starboard-most-side outboard motor 3R, and the control com-
mands (port-most-side commands) for the port-most-side
outboard motor 3L. The backup information does not include
the control commands (central starboard-side commands) for
the central starboard-side outboard motor 3CR and the con-
trol commands (central port-side commands) for the central
port-side outboard motor 3CL.

The outboard motor ECUs 20 of the respective outboard
motors 3 monitor the occurrence/non-occurrence of a fault of
the first communication bus 71 (step S21). In the normal state
in which a fault is not occurring in the first communication
bus 71 (step S21: NO), the respective outboard motor ECUs
20 control the actuators based on the marine vessel maneu-
vering control information sent via the first communication
bus 71 (step S22). On the other hand, ifit is determined that a
faultis occurring in the first communication bus 71 (step S21:
YES), each outboard motor ECU 20 determines the position
ofthe corresponding outboard motor 3 (step S23). That is, the
outboard motor ECU 20 holds, outboard motor identification
data indicating which of the starboard-most-side outboard
motor 3R, the port-most-side outboard motor 3L, the central
outboard motor 3C, the central starboard-side motor 3CR,
and the central port-side motor 3CL is corresponding to the
outboard motor ECU 20. The outboard motor ECU 20 deter-
mines the position of the corresponding outboard motor
based on the outboard motor identification data. Specifically,
it is determined whether the corresponding outboard motor is
the central outboard motor 3C, the outboard motor 3CR or 3R
at the starboard side relative to the center, or the outboard
motor 3CL or 3L at the port side relative to the center. If the
corresponding outboard motor is the outboard motor 3CR or
3R at the starboard side, the outboard motor ECU 20 controls
the actuators of the corresponding outboard motor 3CR or 3R
based on the starboard-most-side outboard motor control
commands (starboard-most-side commands) included in the
backup information sent via the second communication bus
72 (step S24). Also, if the corresponding outboard motor is
the outboard motor 3CL or 3L at the port side, the outboard
motor ECU 20 controls the actuators of the corresponding
port-side outboard motor 3CL or 3L based on the port-most-
side outhoard motor control commands (port-most-side com-
mands) included in the backup information sent via the sec-
ond communication bus 72 (step S25). Further, if the
corresponding outboard motor is the central outboard motor
3C, the outboard motor ECU 20 controls the actuators of the
corresponding central outboard motor 3C based on the central
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outboard motor control commands (central commands)
included in the backup information sent via the second com-
munication bus 72 (step S26).

All of the outboard motors 3 can thus be controlled based
on the starboard-most-side commands, the port-most-side
commands, and the central commands included in the backup
information. The marine vessel 1 can thereby be made to
travel by operating all of the outboard motors 3 even when a
fault occurs in the first communication bus 71.

3-4. Fourth Control Example

FIG. 15 is a schematic block diagram for explaining a
fourth control example applicable to the present preferred
embodiment. The remote controller ECU 60 sends out the
marine vessel maneuvering control information to the first
port P1 and sends out the backup information to the second
port P2. The sending cycles of the marine vessel maneuvering
control information and the backup information may differ
but are preferably equal.

In the present control example, the marine vessel maneu-
vering control information includes the control commands
(starboard-most-side commands) for the starboard-most-side
outboard motor 3R, the control commands (port-most-side
commands) for the port-most-side outboard motor 3L, and
the control commands (central commands) for the central
outboard motor 3C. The marine vessel maneuvering control
information does not include the control commands (central
port-side commands and central starboard-side commands)
for the central starboard-side outboard motor 3CR and the
central port-side outboard motor 3CL. Meanwhile, the
backup information includes the control commands (central
port-side commands) for the central port-side outboard motor
3CL and the control commands (central starboard-side com-
mands) for the central starboard-side outboard motor 3CR but
does not include any of the port-most-side commands, the
starboard-most-side commands, and the central commands.

The outboard motor ECUs 20 of the starboard-most-side
outboard motor 3R, the port-most-side outboard motor 3L,
and the central outboard motor 3C respectively monitor the
occurrence/non-occurrence of a fault of the first communica-
tion bus 71. In the normal state in which a fault is not occur-
ring in the first communication bus 71, the outboard motor
ECUs 20 of the starboard-most-side outboard motor 3R, the
port-most-side outboard motor 3L, and the central outboard
motor 3C control the actuators based respectively on the
starboard-most-side commands, the port-most-side com-
mands, and the central commands included in the marine
vessel maneuvering control information. Also, the outboard
motor ECU 20 of the central starboard-side outboard motor
3CR controls the actuators according to the central starboard-
side commands included in the backup information sent via
the second communication bus 72. Likewise, the outboard
motor ECU 20 of the central port-side outboard motor 3CL
controls the actuators according to the central port-side com-
mands included in the backup information sent via the second
communication bus 72.

On the other hand, if it is determined that a fault is occur-
ring in the first communication bus 71, the outboard motor
ECUs 20 of the starboard-most-side outboard motor 3R, the
port-most-side outboard motor 3L, and the central outboard
motor 3C stop the control of the actuators. In this case, the
engines of the starboard-most-side outboard motor 3L, the
port-side outhoard motor 3R, and the central outboard motor
3C may be put in a stopped state or in an idling rotation state.
The shift position is controlled to be the neutral position and
the steering angle is controlled to be zero. Even in this case,
traveling of the marine vessel 1 is enabled because the central
starboard-side outboard motor 3CR and the central port-side
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outboard motor 3CL are respectively controlled in accor-
dance with the central starboard-side commands and the cen-
tral port-side commands included in the backup information.

All of the outboard motors 3 can thus be controlled by the
first communication bus 71 and the second communication
bus 72 complementing each other in the ordinary state. When
a fault occurs in the first communication bus 71, the two
outboard motors 3CR and 3CL can be operated by the central
starboard-side commands and central port-side commands in
the backup information transmitted via the second commu-
nication bus 72. In this case, the second communication bus
72 is used for transmission of not only the backup information
but also the auxiliary information for the auxiliary devices 80
and 90, and the control response may be delayed somewhat.
The operation state is thus restricted in comparison to the
normal state. Even then, it is possible to make the marine
vessel 1 travel. Also, the second communication bus 72 suf-
fices to be used for the transmission of the control commands
oftwo of the outboard motors 3, and the communication load
related to the control commands is thus lower than that of the
first communication bus 71.

When a fault occurs in the second communication bus 72,
the starboard-most-side and the port-most-side outboard
motors 3R and 3L and the central outboard motor 3C can be
operated by the starboard-most-side commands, the port-
most-side commands, and the central commands transmitted
via the first communication bus 71, and the marine vessel 1
can thus be made to travel in this state as well. In this case, the
engines of the other two outboard motors 3CL and 3CR may
be set to the stopped state or the idling rotation state. The shift
position is controlled to be the neutral position and the steer-
ing angle is controlled to be zero.

When a fault occurs in the first communication bus 71,
instead of stopping the operations of the starboard-most-side
outboard motor 3R and the port-most-side outboard motor 3L,
(or putting these motors in the idling state), these motors may
be operated using the control commands included in the
backup information. Specifically, when a fault occurs in the
first communication bus 71, the outboard motor ECU 20 of
the starboard-most-side outboard motor 3R may perform
control of the actuators according to the central starboard-
side commands. Likewise, when a fault occurs in the first
communication bus 71, the outboard motor ECU 20 of the
port-most-side outboard motor 3L may perform control of the
actuators according to the central port-side commands. Also,
when a fault occurs in the first communication bus 71, instead
of stopping the operation of the central outboard motor 3C (or
putting this motor in the idling state), the control of the
actuators may be performed according to the central star-
board-side commands and the central port-side commands
included in the backup information. In this case, the control of
the central outboard motor 3C is performed in accordance
with the third control example of the first preferred embodi-
ment.

Also, when afault occurs in the second communication bus
72, instead of stopping the operations of the central starboard-
side outboard motor 3CR and the central port-side outboard
motor 3CL (or putting these motors in the idling state), these
motors may be operated using the control commands
included in the marine vessel maneuvering control informa-
tion. Specifically, when a fault occurs in the second commu-
nication bus 72, the outboard motor ECU 20 of the central
starboard-side outboard motor 3CR may perform control of
the actuators according to the starboard-most-side com-
mands. Likewise, when a fault occurs in the second commu-
nication bus 72, the outboard motor ECU 20 of the central



US 8,682,515 B2

33

port-side outboard motor 3CL. may perform control of the
actuators according to the port-most side commands.

The marine vessel maneuvering control information trans-
mitted through the first communication bus 71 may be allo-
cated to the central starboard-side outboard motor 3CR and
the central port-side outboard motor 3CL, and the backup
information transmitted through the second communication
bus 72 may be allocated to the port-most-side, starboard-
most-side, and central outboard motors 3L, 3R, and 3C.

4. Fourth Preferred Embodiment

FIG. 16 is a perspective view for explaining an arrange-
ment of a marine vessel to which a marine vessel control
system according to a fourth preferred embodiment of the
present invention is applied. In FIG. 16, portions correspond-
ing to the respective portions indicated in FIG. 1 described
above shall be provided with the same reference symbols.

The present marine vessel 101 includes a hull 102 and two
outboard motors 3. The two outboard motors 3 are attached to
a tail (stern) of the hull 102, and the attachment structure is
substantially the same as that in the first preferred embodi-
ment. The two outboard motors 3 include the starboard-side
outboard motor 3R, disposed at the right side facing the
heading direction of the marine vessel 101, and the port-side
outboard motor 3L disposed at the left side.

Two marine vessel maneuvering stations 5M and 5S (ma-
rine vessel maneuvering compartments) are installed on the
hull 102. Specifically, the main station 5M (main marine
vessel maneuvering compartment) is disposed at a center of
the hull 102, and the sub station 5S (sub marine vessel maneu-
vering compartment) is disposed above the main station 5M.
The marine vessel operator can perform operations for
marine vessel maneuvering at either of the marine vessel
maneuvering stations SM and 5S.

A main steering apparatus 6M, a main remote controller
7M, amainoperation panel 8M, a main gauge 9M, and a main
station changeover switch 15M are disposed at the main
station 5M. Likewise, a sub steering apparatus 6S, a sub
remote controller 7S, a sub operation panel 8S, a sub gauge
9S, and a sub station changeover switch 15S are disposed at
the sub station 5S. The immobilizer 10 (receiver) is disposed,
for example, at the main station SM.

The arrangement and function of each of the main steering
apparatus 6M and the sub steering apparatus 6S are substan-
tially the same as those of the steering apparatus 6 described
for the first preferred embodiment. The arrangement and
function of each of the main remote controller 7M and the sub
remote controller 7S are substantially the same as those of the
remote controller 7 described for the first preferred embodi-
ment. The arrangement and function of each of the main
operation panel 8M and the sub operation panel 8S are sub-
stantially the same as those of the operation panel 8 described
in the first preferred embodiment and each includes the
below-described two key switches 4R and 4L (see FIG. 17)
corresponding to the starboard-side and port-side outboard
motors 3R and 3L. Further, the function of each of the main
gauge 9M and the sub gauge 9S is substantially the same as
that of the gauge 9 described for the first preferred embodi-
ment.

The main station changeover switch 15M and the sub sta-
tion changeover switch 15S are arranged to be operated for
switching the marine vessel maneuvering station between the
main station 5M and the station 5S. More specifically, the
main station changeover switch 15M is arranged to be oper-
ated by the user to prioritize the control commands from the
main station SM and make ineffective the control commands
from the sub station 5S. Likewise, the sub station changeover
switch 15S is arranged to be operated by the user to prioritize
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the control commands from the sub station 5S and make
ineffective the control commands from the main station SM.

FIG. 17 is a block diagram for explaining an electrical
arrangement of the marine vessel 101. In FIG. 17, portions
corresponding to respective portions in FIG. 3 described
above are provided with the same reference symbols. A main
remote controller ECU 60M is provided in correspondence to
the main station 5M and a sub remote controller ECU 60S is
provided in correspondence to the sub station 5S. Fach of
these has substantially the same arrangement as the remote
controller ECU 60 described for the above described first
preferred embodiment. That is, the main remote controller
7M and the sub remote controller 7S are respectively con-
nected via analog signal lines 61M and 61S to the main
remote controller ECU 60M and the sub remote controller
ECU 60S. Also, signals from the main operation panel $M
and the sub operation panel 8S are respectively input into the
main remote controller ECU 60M and the sub remote con-
troller ECU 608S. Further, the main steering apparatus 6M and
the sub steering apparatus 6S are respectively connected to
the main remote controller ECU 60M and the sub remote
controller ECU 60S. Although not shown, ajoystick, a power
tilt/trim switch, and other operation apparatuses may further-
more be connected as necessary to the main remote controller
ECU 60M. These operation apparatuses may also be con-
nected to the sub remote controller ECU 60S. Each of the
main remote controller ECU 60M and the sub remote con-
troller ECU 608 has a microcomputer incorporated therein
and generates control commands for controlling the outboard
motors 3L and 3R according to the input signals.

Both the main remote controller ECU 60M and the sub
remote controller ECU 60S communicate with the respective
outboard motor ECUs 20 of the outboard motors 3L and 3R
via the CAN 70. The first communication bus 71 of the CAN
70 is used for communication between the remote controller
ECUs 60M and 60S with the outboard motor ECUs 20. In the
present preferred embodiment, the first communication bus
71 is also used for communication between the main remote
controller ECU 60M and the sub remote controller ECU 60S.
The second communication bus 72 is used for communica-
tion between the remote controller ECUs 60S and 60M and
the outboard motor ECUs 20 and for communication of infor-
mation (auxiliary information) for the auxiliary devices 80
and 90 for extending the functions of the marine vessel 1.
Thus, via the second communication bus 72, communication
of the remote controller ECUs 60M and 60S with all of the
outboard motor ECUs 20 and the auxiliary devices and
mutual communication between the remote controller ECUs
60M and 60S is enabled.

Both the main remote controller ECU 60M and the sub
remote controller ECU 608 are connected to the first commu-
nication bus 71 and the second communication bus 72,
respectively. More specifically, the main remote controller
ECU 60M has a first port P1 (input/output section) as a main
output section and a second port P2 (input/output section) as
asub output section. Likewise, the sub remote controller ECU
608 has a first port P1 (input/output section) as a main output
section and a second port P2 (input/output section) as a sub
output section. The first communication bus 71 is connected
to the respective first ports P1, and the second communication
bus 72 is connected to the respective second ports P2. The first
and second communication buses 71 and 72 are connected to
the outboard motor ECUs 20 of all of the outboard motors 3L
and 3R. The outboard motor ECUs 20 of the respective out-
board motors 3L and 3R can thus perform communication
with the main remote controller ECU 60M and the sub remote
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controller ECU 60S via the first communication bus 71 and
the second communication bus 72.

Each of the main remote controller ECU 60M and the sub
remote controller ECU 60S outputs control commands upon
designating an outboard motor ECU 20 that is to be a com-
munication destination. The designated outboard motor ECU
20 receives the control commands and controls the controlled
objects (actuators) in accordance with the control commands.
However, the outboard motor ECU 20 can also take in control
commands, which are sent with the outboard motor ECU 20
of another outboard motor as a destination, and use the com-
mands for control of the actuators.

The main remote controller ECU 60M sends out the con-
trol commands for control of the outboard motors 3 to the first
port P1 and the second port P2. As in the first preferred
embodiment, the control commands that the main remote
controller ECU 60M sends out to the first port P1 shall be
referred to as “marine vessel maneuvering control informa-
tion,” and the control commands that the main remote con-
troller ECU 60M sends out to the second port P2 shall be
referred to as “backup information.” On the other hand, the
sub remote controller ECU 60S sends out the control com-
mands for control of the outboard motors 3 exclusively to the
first port P1 and does not send out the control commands for
control of the outboard motors 3 to the second port P2. The
backup information is thus sent exclusively from the main
remote controller ECU 60M.

Each of the main remote controller ECU 60M and the sub
remote controller ECU 608 has a function of detecting a fault
(in particular a disconnection fault) of the first communica-
tion bus 71 and the second communication bus 72. For
example, each of the remote controller ECUs 60M and 60S
sends a pilot signal at a fixed cycle to the outboard motor
ECUs 20. Each outboard motor ECU 20 returns a response
signal in response to the pilot signal. Each of the remote
controller ECUs 60M and 60S can judge that a fault is occur-
ring when, after sending the pilot signal, there is no response
from the outboard motor ECUs 20 within a fixed time. Also,
arrangements may be made such that fault detection of the
communication buses 71 and 72 is performed at the outboard
motor ECU 20 and the detection result is notified to the
remote controller ECUs 60M and 608 via a communication
bus in which a fault is not occurring. Besides the above, a fault
detection circuit that monitors the signal levels of the com-
munication buses 71 and 72 may be provided.

Each of the main remote controller ECU 60M and the sub
remote controller ECU 608 holds data indicating which of the
remote controller ECUs 60M and 60S is associated with
which of the marine vessel maneuvering stations SM and 5S.
Further, each of the main remote controller ECU 60M and the
sub remote controller ECU 60S holds effective station data
indicating which of the marine vessel maneuvering stations
5M and 5S is made effective. Based on the effective station
data, the remote controller ECUs 60M and 60S determines
whether or not to respond to inputs from the steering appara-
tuses 6M and 6S, the remote controllers 7M and 7S, and other
operation apparatuses. The remote controller ECU 60M or
605 responds to the inputs from the operation apparatuses and
outputs the control commands when the effective station data
indicate that a corresponding station is effective.

4-1. Control Example

When the main station SM is made effective, operations are
performed, for example, in accordance with the first control
example in the above described first preferred embodiment.
That is, the main remote controller ECU 60M sends out the
marine vessel maneuvering control information at the prede-
termined first cycle to the first port P1 and sends out the
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backup information at the predetermined second cycle to the
second port P2. The second cycle is set longer than the first
cycle. The marine vessel maneuvering control information is
thus sent to the first communication bus 71 at the first cycle,
and the backup information is sent to the second communi-
cation bus 72 at the second cycle that is longer than the first
cycle.

On the other hand, when the sub station 5S is made effec-
tive, the sub remote controller ECU 60S sends out the marine
vessel maneuvering control information (control commands)
to the first port P1 at the first cycle. As mentioned above, the
sub remote controller ECU 60S does not send out the control
commands to the second port P2. When a fault occurs in the
first communication bus 71, the effective station data are
rewritten such that the sub station 5S 1s made ineffective, and
that the main station 5M is made effective.

The outboard motor ECUs 20 of the respective outboard
motors 3 monitor the occurrence/non-occurrence of a fault of
the first communication bus 71. In the normal state in which
a fault is not occurring in the first communication bus 71, the
respective outboard motor ECUs 20 control the actuators
(controlled objects) based on the marine vessel maneuvering
control information sent via the first communication bus 71.
On the other hand, if it is determined that a fault is occurring
in the first communication bus 71, the outboard motor ECUs
20 control the actuators in accordance with the backup infor-
mation sent via the second communication bus 72. The out-
board motor ECUs 20 can thus receive the control commands
from the remote controller ECU 60 via the second commu-
nication bus 72 even when a fault occurs in the first commu-
nication bus 71. The control commands provided via the
second communication bus 72 are renewed at each second
cycle, and responsiveness of control thus becomes poor in
comparison to the normal state. However, control of the out-
board motors 3 by the remote controller ECU 60 is enabled in
this state and the marine vessel 1 can be made to travel by
operation of the outboard motors 3.

In the present control example, the outboard motor ECUs
20 of the respective outboard motors 3 may be arranged not to
monitor the occurrence/non-occurrence of a fault of the first
communication bus 71. The normal state in which a fault is
not occurring in the first communication bus 71 is a state
where the respective outboard motors ECUs 20 can receive
information from either of the communication buses of the
first communication bus and the second communication bus.
In this state, the respective outboard motor ECUs 20 control
the actuators (controlled objects) based on the marine vessel
maneuvering control information, which is sent via the first
communication bus 71 and is practically short in transmission
cycle. On the other hand, a state in which a fault is occurring
in the first communication bus 71 is a state in which the
respective outboard motor ECUs 20 can acquire information
from only the second communication bus. In this state, the
outboard motor ECUs 20 control the actuators according to
the backup information sent via the second communication
bus 72. Thus, even if fault detection is not performed, the
outboard motors ECU 20 can receive the control commands
from the remote controller ECU 60 via the second commu-
nication bus 72 when a fault occurs in the first communication
bus 71.

4-2. Operation of the Remote Controller ECUs

FIG. 18 is a flowchart for explaining a process executed in
each of the main remote controller ECU 60M and the sub
remote controller ECU 60S. Each of the remote controller
ECUs 60S and 60M monitors the occurrence/non-occurrence
of a fault of the first communication bus 71 (step S31). If a
fault is not occurring in the first communication bus 71, the
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effective station data are referenced to determine whether or
not the corresponding station is effective (step S32). If the
corresponding station is effective (step S32: YES), the remote
controller ECU outputs the control commands (marine vessel
maneuvering control information) to the first communication
bus 71 via the first port P1 (step S33). Further, it is determined
whether the corresponding station is the main station 5M or
the sub station 58 (step S34). If the corresponding station is
the main station 5M, the remote controller ECU sends out the
backup information to the second communication bus 72
(step S35). However, as mentioned above, the cycle at which
the backup information is sent is set longer than the sending
cycle of the marine vessel maneuvering control information.
The backup information is thus not sent if the time of the
present cycle has not elapsed since the previous sending of the
backup information. If the corresponding station is ineffec-
tive (step S32: NO), the remote controller ECU 60 outputs
neither the marine vessel maneuvering control information
nor the backup information.

If a fault is occurring in the first communication bus 71
(step S31: YES), the respective remote controller ECUs 60M
and 60S notify the fault (step S36). For example, fault dis-
plays may be performed on the gauges 9M and 9S. Also, an
indicator, buzzer, or other notifying apparatus for notifying
the fault may be provided and such a notifying apparatus may
be actuated.

Further, each of the remote controller ECUs 60M and 60S
determines whether the corresponding station is the main
station SM or the sub station 58 (step S37). If the correspond-
ing station is the main station 5M, the process of the main
remote controller ECU 60M enters a process of restricting a
maximum output (step S38). Specifically, an upper limit
value of the target engine rotational speed is reduced from an
ordinary value to a restricted value. For example, the main
remote controller ECU 60M reduces the upper limit value of
the target engine rotational speed from about 6,000 rpm (ordi-
nary value) to about 2,000 rpm to about 3,000 rpm (restricted
value). The backup information is output at a comparatively
long cycle and the responsiveness of control becomes lower
than that during the ordinary state. Thus, in this preferred
embodiment, the lowering of responsiveness is accommo-
dated by restricting the outputs of the outboard motors 3.

When the corresponding station is the sub station 5S (step
S37), the sub remote controller ECU 60S outputs a decelera-
tion command (stop command) to the first port P1 (step S39).
Specifically, the sub remote controller ECU 60S generates a
control command with which the target engine rotational
speed is set to the idling rotational speed and the target shift
position is set to the neutral position. The output of this
control command is continued until deceleration of the
marine vessel 101 is completed and the marine vessel 101
stops (step S40). The completion of deceleration can be deter-
mined, for example, based on the marine vessel speed signal
from the triducer 83.

When the deceleration is completed (step S40: YES), the
sub remote controller ECU 60S determines whether or not the
operation positions of the two operation levers 71, and 7R of
each of the main remote controller 7M and the sub remote
controller 7S are both at the neutral positions (N) (step S41).
The operation position information of the main remote con-
troller 7S can be acquired from the main remote controller
ECU 60M via the first communication bus 71 or the second
communication bus 72. After waiting for the operation posi-
tions of all of the levers of the main remote controller 7M and
the sub remote controller 7S to be set at the neutral positions
(step S41), the sub remote controller ECU 60S switches the
effective marine vessel maneuvering station from the sub
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station 58S to the main station 5M (step S42). Specifically, the
sub remote controller ECU 60S rewrites its own effective
station data to “main station.”” Further, the sub remote con-
troller ECU 60S commands, via the second communication
bus 72, the main remote controller ECU 60M to rewrite the
effective station data to “main station.” The main station 5M
is thereby made effective.

When the control by the main remote controller ECU 60M
is made effective, the main remote controller ECU 60M
restricts the outputs of the outboard motors 3 (step S38). The
subsequent control is executed within the restricted output
range. That is, the main remote controller ECU 60M sends out
the backup information, which includes the control com-
mands for operating the outboard motors 3 within the
restricted output range, to the second communication bus 72
from the second port P2 (step S35).

Thus, by this preferred embodiment, the backup informa-
tion is exclusively sent from the main remote controller ECU
60M to the second communication bus 72 and the sub remote
controller ECU 60S does not perform sending of the backup
information to the second communication bus 72. A plurality
of marine vessel maneuvering stations can thus be set up
without having to significantly increase the communication
capacity of the second communication bus 72.

In a case where a plurality of sub stations are to be set up,
the arrangement of each of the plurality of sub stations is
preferably substantially the same as the arrangement of the
sub station 5S described above. That is, when a fault occurs in
the first communication bus 71 while one of the sub stations
is effective, switching to control by the main station 5M is
performed automatically and the outboard motors 3 are con-
trolled in accordance with the backup information generated
by the main remote controller ECU 60M.

4-3. Other Control Examples

Control in the same manner can be performed in a case
where the number of outboard motors 3 is one as well as in
cases where there are not less than three outboard motors.

Further, the respective second control examples of the first
to third preferred embodiments can be applied in cases where
a plurality of the outboard motors 3 are provided. Also, in a
case where three outboard motors 3 are provided, the third
control example in the first preferred embodiment may be
applied. Further, in a case where four outboard motors 3 are
provided, the third control example in the second preferred
embodiment may be applied. Also, in a case where five out-
board motors 3 are provided, the third control example in the
third preferred embodiment may be applied. In all cases the
backup information is output only by the main remote con-
troller ECU 60M.

5. Fifth Preferred Embodiment

FIG. 19 is a schematic block diagram for explaining a fifth
preferred embodiment of the present invention. In the
description of this preferred embodiment, the above-de-
scribed FIG. 16 and FIG. 17 are referenced again. However, a
case where three outboard motors 3R, 3C, and 3L are prefer-
ably aligned in a single row in the right/left direction at the
stern is illustrated in FIG. 19.

In the fourth preferred embodiment described above, the
sub remote controller ECU 608 of the sub station 5S does not
send the backup information. In the fifth preferred embodi-
ment, on the other hand, the sub remote controller ECU 60S
sends out the backup information to the second port P2 while
sending out the marine vessel maneuvering control informa-
tion to the first port P1. That is, in regard to the output of the
marine vessel maneuvering control information and the
backup information, the sub remote controller ECU 60S has
substantially the same function as the main remote controller
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ECU 60M. There is thus no need to automatically switch the
marine vessel maneuvering station to the main station SM
when a fault occurs in the first communication bus 71.

Thus, in the present preferred embodiment, both the main
remote controller ECU 60M and the sub remote controller
ECU 60S can be made to perform substantially the same
control operations as the remote controller ECUs 60 in the
first to third preferred embodiments. This shall be described
specifically below.

5-1. First Control Example

Ags the first control example, substantially the same control
as in the first control example (see FIG. 4) of the first preferred
embodiment is possible. That is, when the corresponding
marine vessel maneuvering station is effective, each of the
remote controller ECUs 60M and 60S sends out the marine
vessel maneuvering control information to the first port P1 at
the predetermined first cycle, and sends out the backup infor-
mation to the second port P2 at the predetermined second
cycle. The second cycle is set longer than the first cycle.

The outboard motor ECUs 20 of the respective outboard
motors 3 monitor the occurrence/non-occurrence of a fault of
the first communication bus 71. In the normal state in which
a fault is not occurring in the first communication bus 71, the
respective outboard motor ECUs 20 control the actuators
based on the marine vessel maneuvering control information
sent via the first communication bus 71. On the other hand, if
it is determined that a fault is occurring in the first commu-
nication bus 71, the outboard motor ECUs 20 control the
actuators in accordance with the backup information sent via
the second communication bus 72.

In the first control example, the outboard motor ECUs 20 of
the respective outboard motors 3 may be arranged not to
monitor the occurrence/non-occurrence of a fault of the first
communication bus 71. The normal state in which a fault is
not occurring in the first communication bus 71 is a state
where the respective outboard motors ECUs 20 can receive
information from either of the communication buses of the
first communication bus and the second communication bus.
In this state, the respective outboard motor ECUs 20 control
the actuators (controlled objects) based on the marine vessel
maneuvering control information, which is sent via the first
communication bus 71 and is practically short in transmission
cycle. On the other hand, a state in which a fault is occurring
in the first communication bus 71 is a state in which the
respective outboard motor ECUs 20 can acquire information
from only the second communication bus. In this state, the
outboard motor ECUs 20 control the actuators according to
the backup information sent via the second communication
bus 72. Thus, even if fault detection is not performed, the
outboard motors ECU 20 can receive the control commands
from the remote controller ECU 60 via the second commu-
nication bus 72 when a fault occurs in the first communication
bus 71.

5-2. Second Control Example

A second control example applicable to the present pre-
ferred embodiment is substantially the same as the second
control example in the above described first preferred
embodiment (see FIG. 5). That is, when the corresponding
marine vessel maneuvering station is effective, each of the
remote controller ECUs 60M and 60S sends out the marine
vessel maneuvering control information to the first port P1
and sends out the backup information to the second port P2.
The sending cycles of the marine vessel maneuvering control
information and the backup information may be equal or the
sending cycle of the backup information may be longer than
the sending cycle of the marine vessel maneuvering control
information.
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The marine vessel maneuvering control information
includes the control commands for all of the outboard motors
3. In contrast, the backup information includes only the con-
trol commands for a portion of the outboard motors 3. The
information volume perunit time of the backup informationis
thus less than the information volume per unit time of the
marine vessel maneuvering control information.

More specifically, the backup information may include
only the control commands for the central outboard motor 3C.
Thus, when a fault occurs in the first communication bus 71,
operations of the port-side outboard motor 3L and the star-
board-side outboard motor 3R are stopped and only the cen-
tral outboard motor 3C is operable. The marine vessel 1 can
thus be made to travel, albeit in a mode that is more restricted
than the ordinary state. Preferably, the steering angle is con-
trolled to be zero at the port-side outboard motor 3L and the
starboard-side outboard motor 3R.

The backup information may instead include only the con-
trol commands for the port-side outboard motor 3L and the
starboard-side outboard motor 3R and not include the control
commands for the central outboard motor 3C. In this case,
when a fault occurs in the first communication bus 71, the
operation of the central outboard motor 3C is stopped and
only the port-side outboard motor 3L and the starboard-side
outboard motor 3R are operable. The marine vessel 1 can thus
be made to travel, albeit in a mode that is more restricted than
the ordinary state. Preferably, the steering angle is controlled
to be zero at the central outboard motor 3C. Alternatively,
when a fault occurs in the first communication bus 71, opera-
tion of the engine at the idling rotational speed may be per-
formed instead of stopping of operation at the outhoard motor
for which the control commands are not included in the
backup information. In this case, the shift position is prefer-
ably controlled to be the neutral position.

Further, when a fault occurs in the first communication bus
71, the outboard motor ECU 20 of the central outboard motor
3C may perform control of the actuators based on the port-
side commands and the starboard-side commands. The con-
trol of the central outboard motor 3C in this case may be
substantially the same as that in the case of the second control
example of the first preferred embodiment. The marine vessel
101 can thereby be made to travel by actuating all three
outboard motors 3 even when a fault occurs in the first com-
munication bus 71.

5-3. Third Control Example

A third control example applicable to the present preferred
embodiment is the same as the third control example in the
above described first preferred embodiment (see FIG. 6). That
is, when the corresponding marine vessel maneuvering sta-
tion is effective, each ofthe remote controller ECUs 60M and
60S sends out the marine vessel maneuvering control infor-
mation to the corresponding first port P1 and sends out the
backup information to the corresponding second port P2. The
sending cycles of the marine vessel maneuvering control
information and the backup information may be equal or the
sending cycle of the backup information may be longer than
the sending cycle of the marine vessel maneuvering control
information. In the present control example, the backup infor-
mation includes the control commands for the starboard-side
outboard motor 3R and the control commands for the port-
side outboard motor 3L and does not include the control
commands for the central outboard motor 3C.

In the normal state in which a fault is not occurring in the
first communication bus 71, the outboard motor ECUs 20 of
the respective outboard motors 3 control the actuators (con-
trolled objects) based on the marine vessel maneuvering con-
trol information sent via the first communication bus 71. On
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the other hand, when a fault occurs in the first communication
bus 71, the outboard motor ECU 20 executes the control
operation that is in accordance with the position of the corre-
sponding outhboard motor 3. That is, in the case where the
corresponding outboard motor 3 is the starboard-side out-
board motor 3R, the outboard motor ECU 20 controls the
actuators of the corresponding starboard-side outboard motor
3R based on the starboard-side outboard motor control com-
mands (starboard-side commands) included in the backup
information sent via the second communication bus 72. Also,
if the corresponding outboard motor is the port-side outboard
motor 3L, the outboard motor ECU 20 controls the actuators
of the corresponding port-side outboard motor 3L based on
the port-side outboard motor control commands (port-side
commands) included in the backup information sent via the
second communication bus 72. And if the corresponding out-
board motor is the central outboard motor 3C, the outboard
motor ECU 20 controls the actuators of the corresponding
central outboard motor 3C based on the starboard-side com-
mands and the port-side commands included in the backup
information sent via the second communication bus 72. The
control of the central outboard motor 3C based on the star-
board-side commands and the port-side commands may be
performed in substantially the same manner as in the third
control example of the first preferred embodiment. The
marine vessel 1 can thereby be made to travel by operating all
of the outboard motors 3 even when a fault occurs in the first
communication bus 71.

5-4. Fourth Control Example

A fourth control example applicable to the present pre-
ferred embodiment is substantially the same as the fourth
control example in the above described first preferred
embodiment (see FIG. 7). That is, when the corresponding
marine vessel maneuvering station is effective, each of the
remote controller ECUs 60M and 60S sends out the marine
vessel maneuvering control information to the corresponding
first port P1 and sends out the backup information to the
corresponding second port P2. The sending cycles of the
marine vessel maneuvering control information and the
backup information may differ but are preferably equal.

In the present control example, the marine vessel maneu-
vering control information includes the control commands
(starboard-side commands) for the starboard-side outboard
motor 3R and the control commands (port-side commands)
for the port-side outboard motor 3L but does not include the
control commands (central commands) for the central out-
board motor 3C. The backup information includes the control
commands (central commands) for the central outboard
motor 3C but does not include either the starboard-side com-
mands or the port-side commands. The information volume
per unit time of the backup information is thus less than the
information volume per unit time of the marine vessel maneu-
vering control information.

The outboard motor ECUs 20 of the starboard-side out-
board motor 3R and the port-side outboard motor 3L respec-
tively monitor the occurrence/non-occurrence of a fault of the
first communication bus 71. In the normal state in which a
fault is not occurring in the first communication bus 71, the
outboard motor ECUs 20 of the starboard-side outboard
motor 3R and the port-side outboard motor 3L control the
actuators based respectively on the starboard-side commands
and the port-side commands. Also, at the central outboard
motor 3C, the actuators are controlled according to the central
commands included in the backup information sent via the
second communication bus 72.

On the other hand, if it is determined that a fault is occur-
ring in the first communication bus 71, the outboard motor
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ECUs 20 of the starboard-side outhoard motor 3R and the
port-side outboard motor 3L stop the control of the actuators.
In this case, the engines of the starboard-side outboard motor
3R and the port-side outboard motor 3L, may be put in a
stopped state or in an idling rotation state. The shift position
is controlled to be the neutral position and the steering angle
is controlled to be zero. Even in this case, traveling of the
marine vessel 1 is enabled because the central outboard motor
3C is controlled in accordance with the central commands
included in the backup information.

All of the outboard motors 3 can thus be controlled by the
first communication bus 71 and the second communication
bus 72 complementing each other in the ordinary state. Then,
when a fault occurs in the first communication bus 71, the
central outboard motor 3C can be operated by the central
commands in the backup information transmitted via the
second communication bus 72.

When a fault occurs in the second communication bus 72,
the starboard-side and the port-side outboard motors 3R and
3L can be operated by the starboard-side commands and the
port-side commands transmitted via the first communication
bus 71 and the marine vessel 1 can thus be made to travel in
this state as well. In this case, the engine of the central out-
board motor 3C may be set to the stopped state or the idling
rotation state. The shift position is controlled to be the neutral
position and the steering angle is controlled to be zero.

5-5. Application 1o Different Numbers of Outboard Motors

This preferred embodiment can be applied to a case where
the number of the outboard motor 3 is one, a case where the
number is two, a case where the number is four, and a case
where the number is five, for example.

When the number of the outboard motor 3 is one, the
remote controller ECUs 60M and 60S and the outboard motor
ECU 20 are arranged to operate in accordance with the first
control example described above.

In the case where the number of the outboard motors 3 is
two, in addition to being able to apply the first control
example, the second and fourth control examples can be
applied upon modification. In the case where the second
control example is applied, the marine vessel maneuvering
control information includes the control commands for the
two outboard motors 3, and the backup information includes
only the control commands for the starboard-side or the port-
side outboard motor 3. In the case where the fourth control
example is applied, the marine vessel maneuvering control
information includes the control commands for only one of
the two outboard motors 3, and the backup information
includes the control commands for only the other of the two
outboard motors 3.

In the case where the number of the outboard motors 3 is
four, the first to fourth control examples in the second pre-
ferred embodiment can be applied. Also, in the case where the
number of the outboard motors 3 is five, the first to fourth
control examples in the third preferred embodiment can be
applied.

6. Other Preferred Embodiments

Although five preferred embodiments of the present inven-
tion have been described above, the present invention can be
put into practice in many other modes as well. For example,
although in the preferred embodiments described above, each
of the remote controller ECUs 60, 60M, and 60S preferably
has a function of processing signals from the steering appa-
ratus 6, a control unit (steering ECU) for the steering appa-
ratus 6 may be provided separately from the remote controller
ECU 60. Preferably, in this case, the first communication bus
71 is connected to a first port of the steering ECU and the
second communication bus 72 is connected to a second port
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of the steering ECU. The steering ECU outputs the marine
vessel maneuvering control information to the first informa-
tion bus 71 and outputs the backup information to the second
communication bus 72. In this case, the target steering angle
is included as a control command in the marine vessel maneu-
vering control information and the backup information.

Also, one of either the output control or the steering control
may be performed by mechanical transmission of an opera-
tional force instead of by transmission of electrical signals.
Specifically, the remote control lever and the outboard motor
may be coupled by acable, so that change of the shift position
and change of the throttle opening are performed by mechani-
cal transmission of the operation of the remote control lever to
the outboard motor. Also, the steering handle and the steering
mechanism may be coupled by a cable, so that change of the
steering angle of the outboard motor is performed by
mechanical transmission of the operation of the steering
handle to the steering mechanism. In all of these cases, the
present invention can be applied in regard to the control
(output control or steering control) that is performed by the
transmission of electrical signals.

Also, although with the first to third preferred embodi-
ments described above, cases where a plurality of outboard
motors are installed have been described, as described in
relation to the fourth and fifth preferred embodiments, the
present invention is also applicable to a marine vessel having
only a single outboard motor. Also, there may be only one
marine vessel maneuvering station.

Further, although, restriction of the output of the outboard
motor 3 upon occurrence of a fault in the first communication
bus 71 has been described above in relation to the fourth
preferred embodiment, substantially the same control is pref-
erably performed in the first to third and fifth preferred
embodiments as well. Lowering of responsiveness due to
dependence on the backup information transmitted via the
second communication bus 72 can thereby be accommo-
dated.

Also, although with the preferred embodiments described
above, the starting command, the target engine rotational
speed, the target shift position, and the target steering angle
have been cited as examples of control commands, any com-
bination of these is also merely an example of a control
command. At least the starting command have to be included
among the control commands included in the marine vessel
maneuvering control information and the backup informa-
tion. By the starting command being included, the starting of
the outboard motor 3 is enabled and the marine vessel can
thus be made to travel even when a fault occurs in the first
communication bus 71.

Further, although with the preferred embodiments
described above, the outboard motor 3 having the engine
(internal combustion engine) as the drive source, has been
cited as an example, the present invention can also be applied
to an outhoard motor having an electric motor as the drive
source. Further, as mentioned above, the present invention is
not restricted to an outboard motor and can be applied to a
marine vessel that includes a marine vessel propulsion device
of another form, such as an inboard motor, an inboard/out-
board motor, a water jet drive, etc.

Besides the above, various design changes within the scope
of matters described in the claims are possible.

While preferred embodiments of the present invention
have been described above, it is to be understood that varia-
tions and modifications will be apparent to those skilled in the
art without departing the scope and spirit of the present inven-
tion. The scope of the present invention, therefore, is to be
determined solely by the following claims.
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The present application corresponds to Japanese Patent
Application No. 2009-131388 filed in the Japan Patent Office
on May 29, 2009, and the entire disclosure of the application
is incorporated by reference.

What is claimed is:

1. A marine vessel control system for a marine vessel that
includes at least one marine vessel propulsion device, the
marine vessel control system comprising;

a control unit including a main output section arranged to
output marine vessel maneuvering control information
including starting information of the at least one marine
vessel propulsion device, and a sub output section
arranged to output backup information including the
starting information of the at least one marine vessel
propulsion device;

a first communication bus connected to the at least one
marine vessel propulsion device and the control unit,
and arranged to transmit the marine vessel maneuvering
control information, output from the main output sec-
tion, to the at least one marine vessel propulsion device;

a second communication bus connected to the at least one
marine vessel propulsion device and the control unit,
and arranged to transmit the backup information, output
from the sub output section, to the at least one marine
vessel propulsion device; and

an auxiliary device connection section provided in the sec-
ond communication bus, and arranged to enable connec-
tion of an auxiliary device that executes communication,
related to auxiliary information other than the marine
vessel maneuvering control information, with at least
one of the marine vessel propulsion device and the con-
trol unit via the second communication bus; wherein

no auxiliary device connection section is provided in the
first communication bus;

the first communication bus is arranged to not transmit the
auxiliary information; and

the second communication bus is arranged to transmit the
auxiliary information.

2. The marine vessel control system according to claim 1,
wherein the sub output section is arranged to output the
backup information that is lower in information volume per
unit time than the marine vessel maneuvering control infor-
mation output by the main output section.

3. The marine vessel control system according to claim 2,
wherein the sub output section is arranged to output the
backup information in a communication cycle that is longer
than a communication cycle in which the main output section
outputs the marine vessel maneuvering control information.

4. The marine vessel control system according to claim 1,
wherein the marine vessel includes a plurality of the marine
vessel propulsion devices, and each of the plurality of marine
vessel propulsion devices is connected to the first communi-
cation bus and the second communication bus.

5. The marine vessel control system according to claim 4,
wherein the sub output section is arranged to transmit the
backup information via the second communication bus only
to some of the marine vessel propulsion devices among the
plurality of marine vessel propulsion devices.

6. The marine vessel control system according to claim 5,
wherein the marine vessel control system is provided in a
marine vessel in which an odd number, not less than three, of
the marine vessel propulsion devices are attached in align-
ment in a single row along a right/left direction of a hull, and
the sub output section is arranged to output, as the backup
information, a command for a single marine vessel propul-
sion device arranged at a center of the single row.
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7. The marine vessel control system according to claim 5,
wherein the marine vessel control system is provided in a
marine vessel in which an even number, not less than four, of
the marine vessel propulsion devices are attached in align-
ment in a single row along a right/left direction of a hull, and
the sub output section is arranged to output, as the backup
information, a command for two marine vessel propulsion
devices arranged at a center of the single row.

8. The marine vessel control system according to claim 5,
wherein the marine vessel control system is provided in a
marine vessel in which not less than three of the marine vessel
propulsion devices are attached in alignment in a single row
along aright/left direction of a hull, and the sub output section
is arranged to output, as the backup information, a port-side
command for the marine vessel propulsion device at a port-
most side of the single row and a starboard-side command for
the marine vessel propulsion device at a starboard-most side
of the single row.

9. The marine vessel control system according to claim 8,
wherein the number of the marine vessel propulsion devices
is three, and

the marine vessel propulsion device at a center is arranged

to operate based on the port-side command and the star-
board-side command when a fault occurs in the first
communication bus.

10. The marine vessel control system according to claim 8,
wherein the number of the marine vessel propulsion devices
1s four, and the marine vessel propulsion devices at a left side
relative to a center are arranged to operate based on the
port-side command and the marine vessel propulsion devices
at a right side relative to the center are arranged to operate
based on the starboard-side command when a fault occurs in
the first communication bus.

11. The marine vessel control system according to claim 5,
wherein the marine vessel control system is provided in a
marine vessel in which five of the marine vessel propulsion
devices are attached in alignment in a single row along a
right/left direction of a hull, and the sub output section is
arranged to output, as the backup information, a port-side
command for the marine vessel propulsion device at the port-
most side of the single row, a central command for the marine
vessel propulsion device at a center of the single row, and a
starboard-side command for the marine vessel propulsion
device at the starboard-most side of the single row.

12. The marine vessel control system according to claim
11, wherein when a fault occurs in the first communication
bus, the marine vessel propulsion devices at a left side relative
to the center are arranged to operate based on the port-side
command, the marine vessel propulsion devices at a right side
relative to the center are arranged to operate based on the
starboard-side command, and the marine vessel propulsion
device at the center is arranged to operate based on the central
command.

13. The marine vessel control system according to claim 5,
wherein the main output section is arranged to output marine
vessel maneuvering control information for some of the
marine vessel propulsion devices among the plurality of
marine vessel propulsion devices, and the sub output section
is arranged to output, as the backup information, commands
to the marine vessel propulsion devices other than the marine
vessel propulsion devices that are subject to the marine vessel
maneuvering control information.

14. The marine vessel control system according to claim
13, wherein the number of the plurality of marine vessel
propulsion devices is not less than three, and the main output
section is arranged to output the marine vessel maneuvering
control information that includes a port-most side command
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for the marine vessel propulsion device at the port-most side
and a starboard-most side command for the marine vessel
propulsion device at the starboard-most side.

15. The marine vessel control system according to claim 1,
wherein the marine vessel includes a single main marine
vessel maneuvering compartment and not less than one sub
marine vessel maneuvering compartment, a plurality of the
control units are provided respectively in the plurality of
marine vessel maneuvering compartments, and the first com-
munication bus and the second communication bus are con-
nected to the plurality of control units.

16. The marine vessel control system according to claim
15, wherein the control unit of the main marine vessel maneu-
vering compartment is arranged to output the backup infor-
mation to the second communication bus, and the control unit
of each sub marine vessel maneuvering compartment is
arranged so as not to output the backup information.

17. The marine vessel control system according to claim
15, further comprising a switching unit arranged to operate
such that if marine vessel maneuvering is being performed at
the sub marine vessel maneuvering compartment when a fault
occurs in the first communication bus, the marine vessel
propulsion device is controlled to stop the marine vessel and
the compartment at which marine vessel maneuvering is per-
formed is switched from the sub marine vessel maneuvering
compartment to the main marine vessel maneuvering com-
partment.

18. A marine vessel propulsion system comprising:

at least one marine vessel propulsion device;

a control unit including a main output section arranged to
output marine vessel maneuvering control information
including starting information of the at least one marine
vessel propulsion device, and a sub output section
arranged to output backup information including the
starting information of the at least one marine vessel
propulsion device;

a first communication bus connected to the at least one
marine vessel propulsion device and the control unit,
and arranged to transmit the marine vessel maneuvering
control information, output from the main output sec-
tion, to the at least one marine vessel propulsion device;

a second communication bus connected to the at least one
marine vessel propulsion device and the control unit,
and arranged to transmit the backup information, output
from the sub output section, to the at least one marine
vessel propulsion device; and

an auxiliary device connected to the second communica-
tion bus, and arranged to execute communication,
related to auxiliary information other than the marine
vessel maneuvering control information, with at least
one of the at least one marine vessel propulsion device
and the control unit via the second communication bus;
wherein

no auxiliary device is connected to the first communication
bus;

the first communication bus is arranged to not transmit the
auxiliary information; and

the second communication bus is arranged to transmit the
auxiliary information.

19. A marine vessel comprising:

a hull;

atleast one marine vessel propulsion device attached to the
hull;

a control unit including a main output section arranged to
output marine vessel maneuvering control information
including starting information of the at least one marine
vessel propulsion device, and a sub output section
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arranged to output backup information including the
starting information of the at least one marine vessel
propulsion device;

a first communication bus connected to the at least one
marine vessel propulsion device and the control unit,
and arranged to transmit the marine vessel maneuvering
control information, output from the main output sec-
tion, to the at least one marine vessel propulsion device;

a second communication bus connected to the at least one
marine vessel propulsion device and the control unit,
and arranged to transmit the backup information, output
from the sub output section, to the at least one marine
vessel propulsion device; and

an auxiliary device connected to the second communica-
tion bus, and arranged to execute communication,
related to auxiliary information other than the marine
vessel maneuvering control information, with at least
one of the at least one marine vessel propulsion device
and the control unit via the second communication bus;
wherein

no auxiliary device is connected to the first communication
bus;

the first communication bus is arranged to not transmit the
auxiliary information; and

the second communication bus is arranged to transmit the
auxiliary information.
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