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(57) Abréegée/Abstract:
A marine vessel steering system having bus (13) to which an autopilot interface unit (AlU)(17) containing an autopilot function Is

coupled. The system having at least one steering location at which autopilot function controls are positioned and coupled to a cable
(bus) Interface unit (CIU)(32) to the bus (13) for communication the AlU. A manuals steering unit, such as a helm (19), Is
positioned at the main steering location and directly coupled to the AlU, wherein a switch (25) selects between autopilot function

rudder control and helm rudder control. Miniwheels (31), which operate in a manner similar to that a helm, are positioned at
steering locations remote to the main steering location which communicated with the AlU to switch between autopilot function

control to miniwheel control. A multiplicity of AlUs (11, 11a, 11b) may be utilized to maintain operation with a minimum of disruption
should an AlU fails by switching from the failed unit to one of the other AlUs. Marine vessels may contain more than one rudder
each with an associated AlU. Through a master/slave arbitration procedure one AlU Is established as the master, wherein the

master provides all data for rudder control.

AR .
ey . RN
et '\'l'.'.
AU ¥,
e [ [ [ 4
N
A

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 02450802 2003-12-15

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
13 March 2003 (13.03.2003)

(51) International Patent Classification’: BO6F 7/00, B62F
17/00, GO5SD 3/00, 1/00, B60L. 3/00, 15/00

(21) International Application Number: PCT/US02/27135

(22) International Filing Date: 26 August 2002 (26.08.2002)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
60/316,117
10/187,731

US
US

30 August 2001 (30.08.2001)
2 July 2002 (02.07.2002)

(71) Applicant: NORTHROP GRUMMAN CORPORA-
TION [US/US]; 1070 Seminole Trail, Charlottesville, VA
22901 (US).

(72) Imventors: THOMPSON, Eldon, J.; 2028 Dunnes Road,
Ruckersville, VA 22968 (US). RICHEY, Ronald, K.;
2318 Tarleton Drive, Charlottesville, VA 22901 (US).

PCT

(10) International Publication Number

WO 03/020570 A3

HOELTING, Johann-Peter; Nordstrandweg 18, 22047
Hamburg (DE). STEIGER, Hayo; Dubberskamp 3, 21521
Dassendorf (DE). OLDEKOP, Uwe, G.; Probsteier Str.,
22049 Hamburg (DE).

(74) Agent: LEVINE, Seymour; 9B Weavers Hill, Greenwich,
CT 06831 (US).

(81) Designated States (national): AU, CA, JP, KR, NO, SG.

(84) Designated States (regional): European patent (AT, BE,
BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, IE, IT,
LU, MC, NL, PT, SE, SK, TR).

Published:
with international search report

(88) Date of publication of the international search report:
16 October 2003

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: FLEXIBLE, REDUCED CABLING, AND FAULT TOLERANT NETWORKED STEERING SYSTEM

POLT el RIN STEFRING S7FEp %1 STHEBoALD
WIi'g 1 p | I lh
I | 2 STEE E.c%q | .
AGTaPL Lol |  AUTo me;( MODE | |Avo PLL o7
DISHEAY A 1 \BBRLAYR| 5. SELECTOR| | bsiing 4
(SO R #5 | ) COMTROLS | . ISwrTeH | |[COMTROLS
L I A ACTV | T |
)L};& A ' | j <
S S A = Y T N TR
; = | s 17 -~ 23 |
g | Wdﬁ.\'ijﬁ%dﬁfifﬁﬁ,{ ’.;..?;:_z\_( P ] C.f!/ EPY
i R g O e /2 B |
STELRING | | /T I ‘W ) Lo V| LISTEEE NG
VLT | | | erisamavnss bl 3- | LT
9 7 WL o | i X HELM| R T ;«%
r:mszma. ol | Gﬁﬁﬁ:\& 4! lp l;f! I : ’ I
BTEECING | | NFY 1 STEEELA
N ODE G| MODE : MoDE.
SELECTER , WSz F o4 | SELECTOR
| r I
j !
!
|

(57) Abstract: A marine vessel steering system having bus (13) to which an autopilot interface unit (AIU)(17) containing an au-
topilot function is coupled. The system having at least one steering location at which autopilot function controls are positioned and
coupled to a cable (bus) interface unit (CIU)(32) to the bus (13) for communication the AIU. A manuals steering unit, such as a helm
(19), is positioned at the main steering location and directly coupled to the AIU, wherein a switch (25) selects between autopilot
function rudder control and helm rudder control. Miniwheels (31), which operate in a manner similar to that a helm, are positioned
at steering locations remote to the main steering location which communicated with the AIU to switch between autopilot function
control to miniwheel control. A multiplicity of AIUs (11, 11a, 11b) may be utilized to maintain operation with a minimum of dis-
ruption should an AIU fails by switching from the failed unit to one of the other AIUs. Marine vessels may contain more than one
rudder each with an associated AIU. Through a master/slave arbitration procedure one AIU is established as the master, wherein the
master provides all data for rudder control.
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FLEXIBLE, REDUCED CABLING, AND FAULT TOLERANT
NETWORKED STEERING SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention pertains to the field of ship's steering systems and more
particularly to reducing the wiring between steering control units of such
systems and the steering mechanisms.

2. Description of the Prior Art

Ship maneuvering and course control have advanced over the years
from the tiller control of the rudder to present day autopilots. Traditionally
a bridge has been the command center of the ship and control functions
have been performed at this location. Large ships of the present day,
however, may have command stations remote from the bridge which
provide better visibility for certain maneuvering situations such as harbor
navigation and ship docking. Should visibility from the bridge be impaired,
the control of the ship may be passed to the remote station best located for
the necessary maneuvers. These remote stations are hard wired to the
steering system and switching is performed with multiple deck switches and
numerous electromechanical relays.

A typical steering system includes two remote command centers, an
autopilot, helm, and tiller steering modes, and a mode selector switch.
These systems are custom built, complex, wiring intensive, and expensive

to design and build. Steering systems are a very low

volume product and
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each customer has unique requirements and constraints. Because of the
unique requirements and constraints, building complete units in advance
to provide an inventory is not cost effective. Such an approach invites
multiple handling of the same equipment to satisfy the customer
requirements, thus increasing the cost of manufacture. Prior art designs
rely on labor intensive discrete wire connections and custom wiring
diagrams to satisfy customer requirements. Such an approach provides a
system, which in addition to being expensive to design and build, lacks
modification flexibility.

SUMMARY OF THE INVENTION

In accordance with the present invention a steering system for a ship
includes a bus architecture which reduces the complexity of the system
component interconnections and provides for incorporating -new
components and additional steering command centers. The system
includes a helm wheel for follow-up steering control, a non follow-up
steering control unit (NFU), and three types of devices that may be attached
to the bus: Autopilot Display Units (ADU), Autopilot Interface Units (AlU),
and Bus Interface Units (BIU). An ADU displays the autopilot settings and
other pertinent data in addition to containing the autopilot control functions.
An AlU contains elements for bus initialization, station management, follow-
up control, and the autopilot, while a BIU contains software which can be
configured to perform a selected function. All three, ADU, AlU, and BIU
contain the necessary software and hardware for coupling to the bus.
Cable (bus) interface units (CIU) at each station allow for the coupling of a
multiplicity of units (ADU, BIU) to the bus at the respective stations.
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Because the closed loop controller function is contained entirely within the
AlU, bus latency is not a critical parameter. Only control parameters, which
are not sensitive to latency effects of the bus, are sent from the ADU to the
AlU. The helm wheel is not coupled to the bus but is directly coupled to a
follow-up function in the AlU. The helm wheel may be selected for follow-
up control and in the event of a bus failure may be selected to provide basic
closed loop rudder control. The NFU is a mechanical lever which controls
a voltage source that is coupled through a switch to directly apply control
voltages to the solenoid activating rudder movement without any processor
or bus intervention. The switch is positioned to select between autopilot
control and NFU control. Since the NFU is located outside all of the bus
and interface units, it acts as a complete backup to any catastrophic system
failure.

A multiplicity of AlUs are provide. Should an AlU fail, the AlIU
functions are switched to another AlU and the system operation continues
without further interruption.

On ships having more than one rudder, at least one AlU is employed
for each rudder. The AlUs, respectively associated with the rudders are
employed in a master/slave relationship, the master being determined
through arbitration of proprietary system messages. When the system Is
in the automatic control mode, heading order signals are received by the
master which then computes the rudder order and relays this information
to the slave units. When the system is in a non-automatic control mode,
each AlU receives its own helm order, whether from the helm on the bridge
or from elements at remote locations from which it determines the rudder
order for its associated rudder. Should the master fail, a new mastership
is established by a re-arbitration among the remaining AlUs using the
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proprietary system messages.

n accordance with an aspect of the present

invention, there is provided a steering system for a marine
vessel comprising: a communications bus; at least one

autopilot interface unit (AIU) coupled to said communication

bus, said AIU including: a transceiver coupled 1n a
communications relationship with said communications bus; an
autopilot function coupled to recelve signals from said
transceiver to maintain a set heading for said marine
vegssel; a helm switch, coupled to said autopilot function
and a follow-up function for manual operation, through which
autopilot or manual operation 1s selected; a steering unit,
which provides manual heading control, coupled to said helm
switch; a cable interface unit (CIU) constructed and
arranged to couple at least one unit to be 1n a
communication relationship with said communications bus; an

autopilot control unit coupled to said CIU to communicate

desired heading signals to said autopilot function via said
communications bus and said transceiver; and a mode selector

switch coupled to said helm switch, said helm switch

responsive to switching signals from said mode selector

switch for switching between said autopilot function and

sald steering unit.

In accordance with another aspect of the present
invention, there is provided a method for steering a marine
vessel having rudders for steering control comprising the
steps of: providing a communications bus; coupling a heading
order unit to said communilication bus; coupling a receiver to
sald communication bus; transmittling heading orders

generated by said heading order unit via sailid communication

bus for reception by said receiver; transferring said
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heading orders form said receiver to a rudder order
computation unit wherein rudder orders are computed
consistent with said heading orders; supplying said rudder
orders to a rudder control unit wherefrom rudder orders are

given for positioning said rudders.

The i1nvention will now be described 1n greater

detail with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of a preferred

embodiment of the invention.

Figure 2 1s a diagram 1ndicating mode selection

with the use of a mechanical switch.
Figure 3 1s an 1llustration utilizing two AIUs.

Figure 4 1s an 1llustration of a Data Frame that

may be used by a steering system.

Figure 5 1s an 1llustration of an arbitration
field 1n a data frame and 1s useful for explaining the

arbitration procedure.

Figure 6 1s a block diagram of a two rudder

system.

Figure 7 1s a flow chart useful for explaining the

operation of a two rudder system.

Figure 8 1s a flow chart useful for explaining the

determination of the master/slave relationship between AIUs.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

Refer now to Figure 1 wherein a flexible steering
system for a ship is shown. On ships having a single
command station the components shown under Main Steering

Stand comprise a complete system. An autopilot display unit
(ADU) 11, with autopilot control functions thereon, 1s

coupled to a bus system 13, which is terminated at the ends

with resistors 14, or
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other appropriate termination, through which digital command signals are
transmitted. Also coupled to the bus is an electronic mode selector switch
15 which, as will be shown, can be replaced with a mechanical switch that
communicates with an autopilot interface unit (AlU) 17 to switch the
steering function, via a helm switch 17b in the AlU 17, between an autopilot
function17a, contained within the AlU, which maintains a heading set at the
operator controls, and a follow-up function 17d which receives orders from
a helm 19 from which rudder orders are computed. Communication with
the bus is through a transceiver 17c¢ in the AlU 17 and similar transceivers
in all the bus coupled system elements. The AlU 17 may be switched to
helm control by a signal from a mode selector switch 15, which may be
mechanical or electronic. As shown in Figure 1,mode selector switch 15 is
electronic and coupled to the AlU 17, via the bus 13.

In the event of a bus failure switching from autopilot operation to
helm operation would not be possible through the bus. To guard against
such a situation, a mechanical switch 33 directly coupled to the AlU 17 may
replace the electronic switch as shown in Figure 2.

Referring now to Figure 2 with continued reference to Figure 1. In
the figures like elements bear the same numerical designation. Also
included in the system is a non follow-up (NFU) control function 23. Control
of the NFU function 23 may be a mechanical lever, such as a tiller,
connected to a NFU mode selector switch 25 which, when positioned for
NFU operation, directly applies rudder control signals from the NFU to the
steering gear 27 without any processor or bus intervention. When
positioned for NFU operation the NFU mode selector switch 25 also sends
a status signal, via line 24, to the AlU 17. This signal informs the AlU of the
NFU takeover and disables the automatic pilot function 17a and the follow-
up function 17d, preferably by placing these functions in stand-by. Since
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the NFU 1s located outside all of the bus and interface

units, it acts as a complete backup to the system should a

catastrophic failure occur to the system.

Refer now to Figure 2 wherein the utilization of a

mechanical mode selector switch 1s i1llustrated. A

mechanical mode selector switch 33 located at the Main
Steering Stand, typically includes three positions: auto,
helm, and remote. When mode selector switch 33 i1is 1in the
auto position the autopilot function 17a in the AIU 17 1s
the selected steering mode, when 1n the helm position the
autopilot function 17a 1s by-passed 1in favour of the follow-
up function 17d for helm steering, and when 1n the remote
position, operation of the steering system 1s passed to a

remote location, as will be explained.

Referring again to Figure 1 with continued
reference to Figure 2, should the ship require command
centers at locations remote to the main steering stand
located on the bridge, such as at the port and starboard
wings, the bus may be extended to the selected locations and
system elements coupled thereto to provide the desired
steering functions. Since only one of the command centers
may be in control at a time, a selection system, yet to be
described, must be provided. These remote stations may have
ADUs 1lla and 11lb, respectively, that provide the same
display and controls as the ADU at the main steering stand.
Steering mode selectors 29 and steering units 31 may also be
coupled to the bus at the port and starboard remote
locations. Steering units 31 may be miniwheels which
operate 1n a manner similar to the helm operation and
provide orders that are the same as the orders provided by
the helm from which rudder positioning orders are computed.

The steering mode selectors may be set to establish the
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autopilot or a miniwheel as the ships control device. It
should be understood that additional elements, such as a
steering alarm display and a dual rudder sync selector, for
ships with dual rudders, may also be coupled to the bus at

5 any location. Coupling to the bus may be through cable

(bus) i1interface units (CIU) 32 located at each location.
These units are directly coupled to the bus and provide a
multiplicity of terminals through which a multiplicity of

elements may be coupled to the bus at any location.

10 Should more than the three steering locations as
shown 1n Figure 1 be required, the bus 13 may be extended to
all additional selected locations. The controls at these
additional locations may duplicate the controls shown at the
port and starboard wings in Figure 1. These additional

15 locations may also have other elements coupled to the bus

thereat, including the alarm display and dual rudder sync

gelector mentioned above.

When a failure of the automatic pilot function

occurs 1t 1s not always desirable to place the steering

20 system 1n the helm or NFU modes. The effects of such a
failure are minimized with the addition of a second AIU 17,
as shown 1n Figure 3. Two AIUs 17, each containing an
autopilot function 17a are coupled to the bus 13. The helm
19 1s coupled to both AIUs, as previously described. A

25 steering system selector switch 35 provides for the
selection of one of the AIUs 17. After the AIU has been

chosen, the steering system operates 1n a normal manner.

The bus may be 1n one of two states; dominant
state, when driven by a transmitter, or recessive state,
30 when no transmitter has driven 1t to the dominant state. If

two or more transmitters try to access the bus
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simultaneously, a bit-wise non-destructive arbitration procedure resolves
the potential conflict with no loss of data or bandwidth. This feature allows
resolution of transmission collisions without loss of throughput or resending
of data by the higher priority mode. All units coupled to the bus 13 have
transmitters which transmit Data Frames, yet to be described, and contain
software to assess access priority to the bus. All receivers on the bus
synchronize to the transition from recessive to dominant represented by the
transmission of a Start of Frame bit. An identifier and at least one
arbitration bit, together, form an Arbitration Field. The Arbitration Field is
used to facilitate bus access. When a unit transmits, it also monitors what
it sends to ascertain that the data on the bus is the same as that from the
transmitter. If a unit, in the process of transmitting a recessive bit, receives
a dominant bit, it stops transmitting. When two transmitters are transmitting
dominant bits, the arbitration field in the Data Frames are compared by the
software in each unit and the one with the higher priority indicated in the
arbitration field of the Data Frame prevails and the other ceases to transmit.

Figure 4 is an illustration of a Data Frame 40 that may be employed.
A Start of Frame field 37 signifies that data is about to be sent and if the
bus mode is in the recessive state it is switched to dominant state to allow
transmission of data. An Arbitration field 39 following the Start of Frame
field identifies the sender and contains the priority bit for the determination
of priority, should data from another transmitter be simultaneously on the
bus. A Control field 41 contains a fixed number of bits preceding a Length
field 43 which specifies the number of bytes contained in the Data field 45.
At the conclusion of the data field, a CRC field 47 contains a cyclic
redundancy check word which is used to detect frame errors. This word is
computed from the bits that precede it and are used to prevent a faulty
transmission from disrupting the bus. Following the CRC field 47 is an
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Acknowledgement field 49 which 1s utilized to determine

whether at least one receiver heard the transmission.

Finally, the Data Frame 40 concludes with an End of Frame

field 51, signifying that the frame has concluded.

Priority between two transmissions on the bus 1s
resolved by bitwise arbitration in the arbitration field.

An Arbitration Field 50 in a Data Frame may be as shown 1in

Figure 5. 1In performing this arbitration a "“0” may be
chosen as dominant over “1”, though a “1” as dominant over a
“0” may also be chosen. In the example shown 1n Figure 5a
“0” is dominant over “1”. 1In the example the Arbitration

Field 50 is compared with the Arbitration Field 52 1n the
Data Frames of two simultaneous transmissions. The first
seven bits in the two Arbitration Fields are the same and
the comparison continues to the eighth bit, whereat the
Arbitration Field 50 contains a “0” while the Arbitration
Field 52 contains a “1”. Since the “0” 1s dominant, the
unit transmitting the Arbitration Field 52 stops
transmitting and the unit transmitting the Arbitration Field

50, indicated in the figure as Arbitration Field 54, 1s the

dominant unit and continues to transmit.

In ships having more than one rudder at least one
AIU is coupled to each rudder. These AlIUs are employed 1n a

master/slave relationship, as will be explained.

In Figure 6 a configuration is shown which may be
utilized on a ship having two rudders. AIU 53 and AIU 55
are regpectively coupled to steering gear 57 and 59 via NFU
mode switch 61 and NFU mode switch 63. When 1in the

automatic mode, one of the AIUs, through arbitration of

proprietary messages, claims mastership. The master then

recelves heading order signals, computes the rudder orders,
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and relays these orders to the slave station. Both AIUs are
directly coupled to the helm 65 and i1ndependently compute
the rudder orders when in the helm mode. As previously
mentioned, should a catastrophic failure occur the system 1s
placed in the NFU mode by actuating the NFU switch 69,
thereby coupling the NFU to the steering gears 57 and 59,
respectively. Though only one AIU 1s shown 1n Figure 6 to
be associated with a rudder, it should be recognized that a

multiplicity of AIUs may be associlated with each rudder.

Should an operating AIU fail, one of the redundant units may

then be activated and system operation can continue

unabated.

A flow chart for the operation discussed above 1s
shown in Figure 7. When a determination that the system 1is
in the automatic mode 71, the AIUs arbitrate the mastership
73. The AIU which claims to be master receives the heading
order 75, computes the rudder order 77, 1ssues the order to
its associliated steering gear 79, and relays the order to the
slave units 81. If mastership 1s not claimed, the AIU
ceases to transmit and enters the slave mode 83. It 1s then
ready to receive rudder orders from the master 85 and relay
such orders to the steering gear 79 after entering the slave
mode. If the system 1s not in the automatic mode, helm
orders are receilived 78 from the helm or steering unit from

which rudder orders are determined 80 and provided to the

steering gear 79.

Figure 8 1llustrates the process of claiming
mastership in decision block 73. With an automatic mode
selection 91, each AIU transmits a priority code 95 from
another AIU. The two priority codes are arbitrated 97, 1in a

manner previously described, to determine that which 1is
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dominate 99. The one which is dominate continues full
operation 101, receiving heading order signals, computing
rudder orders, and transmits rudder order signals to the
slave. The loser of the arbitration ceases to transmit,
ceases rudder order computation, and couples rudder order

signals received from the master to the steering gear 103.
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While the invention has been described in its preferred embodiments,
it is to understood that the words that have been used are words of

description rather than limitation and that changes may be made within the
purview of the appended claims without departing from the true scope and

5 spirit of the invention in its broader aspects.
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CLAIMS:
1. A steering system for a marine vessel comprising:

a communications bus;

at least one autopilot interface unit (AIU)

coupled to saild communication bus, said AIU including:

a transceiver coupled in a communications

relationship with said communications bus;

an autopilot function coupled to receive signals
from said transceiver to maintain a set heading for said

marine vessel;

a helm switch, coupled to said autopilot function

and a follow-up function for manual operation, through which

autopilot or manual operation is selected;

a steering unit, which provides manual heading

control, coupled to said helm switch;

a cable interface unit (CIU) constructed and
arranged to couple at least one unit to be in a

communication relatlionship with said communications bus;

an autopilot control unit coupled to said CIU to
communicate desired heading signals to said autopilot
function via said communications bus and said transceiver;

and

a mode selector switch coupled to said helm
switch, said helm switch responsive to switching signals
from said mode selector switch for switching between said

autopilot function and said steering unit.
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2. A steering system in accordance with claim 1 further including an AlU
selector coupled to each of said at least one AlU to select one of said at
least one AlU for system operation.

3. A steering system in accordance with claim 1 further including:

a non-follow-up steering control unit (NFU); and

a NFU mode switch coupled to said NFU and said AlU to switch
between NFU heading control and other heading controls contained within
said AlU.

4. A steering system in accordance with claim 3 wherein said NFU
heading control includes a tiller to control rudder positioning.

5. A steering system in accordance with claim 1 wherein said steering
system includes a multiplicity of control locations, each location having at
least one CIU for coupling elements to said communication bus.

6. A steering system in accordance with claim 1 wherein said steering
system includes a main steering location and at least two steering locations
remote to said main steering location, said at least two steering locations
including a starboard steering location and a port steering location, said
main steering location and said remote steering locations each including
said autopilot control unit coupled via said ClU and said communication bus
to said at least one AlU, said steering unit, and said mode selector switch.

7. A steering system in accordance with claim 6 wherein said steering
unit at said main location is a helm.
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8. A steering system in accordance with claim 6 wherein said steering
unit at said remote steering locations is a miniwheel.

9. A steering system in accordance with claim 1wherein said mode
selector switch is coupled to said helm switch via said communication bus.

10. A steering system in accordance with claim 1 wherein said mode

selector switch is a mechanical switch directly coupled to said helm switch.

11. A steering system in accordance with claim 6 wherein a unit at a
location communicates via said bus utilizing a data frame including an
arbitration field, said arbitration field containing sender priority data bits,
said priority data bits being compared at a data frame sending location
when transmissions from more than one location are on said bus to

determine sender priority.

12. A steering system in accordance with claim 1 wherein said vessel has
at least two rudders and said at least one AlU is at least two AlUs, each
rudder being respectively associated with an AlU, said transceiver in said
associated AlUs transmitting and receiving arbitration data frames for
determination of a master-siave relationship between said associated AlUs,
upon determination of master and slave said slave ceases rudder order
computations and said master computes and provides rudder orders to said
at least two rudders.
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13. A method for steering a marine vessel having rudders for steering

control comprising the steps of:

providing a communications bus;

coupling a heading order unit to said communication bus;

coupling a receiver to said communication bus;

transmitting heading orders generated by said heading 6rder unit via
said communication bus for reception by said receiver;

transferring said heading orders from said receiver to a rudder order
computation unit wherein rudder orders are computed consistent with said
heading orders;

supplying said rudder orders to a rudder control unit wherefrom
rudder orders are given for positioning said rudders. '

}

14. A method for steering a marine vessel in accordance with claim 13
wherein said rudder order computation unit includes an'autOpilot function
which computes rudder orders for maintaining headings in accordance with

said heading orders.

- 15. A method for steering a marine vessel in accordance with claim 14

further including the steps of:

providing another autopilot function, thereby providing first and
second autopilot functions;

selecting one of said first and second autopilot functions for rudder
order computations to provide a selected autopilot function; and

coupling rudder orders from said selected autopilot function to said

rudder order control unit
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16. A method for steering a marine vessel in accordance with claim 13
further including the steps of:

providing a unit for manual control of a heading of said vessel,;

providing a selector switch coupled to said communication bus;

supplying a switching unit in communication relationship with said
selector switch via said communication bus, said selector switch responsive
to signals from said switching unit for switching between said rudder order
computation unit and said manual control unit ;

determining rudder orders from signals received from said manual
unit when said selector switch is in said manual control unit position; and

computing rudder orders in said rudder order computation unit when
said selector switch is in said rudder order computation unit position.
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17. A method of steering a marine vessel in accordance with claim 16
wherein said vessel has a multiplicity of rudders, each rudder respectively
coupled to a computation unit, and further including the steps of: '

providing an associated transmitter and receiver for each rudder order
computation unit coupled to said communication bus;

determining that said selector switch is In said rudder order
computation position;

transmitting a priority message by each transmitter;

receiving transmitted priority messages and arbitrating between own
priority message and received priority messages to determine master-
slave relationship;

continuing rudder order computations by rudder order computation
unit established as master;

ceasing rudder order computations and transmissions by rudder order
computation unit established as a slave; and

providing rudder orders computed by saild master to rudders
associated with said slave.
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