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(54) Hierarchical signalling system

(57) A signal system 10 for a vessel such as an air-
craft, incorporates nodes 16A,B,C arranged in a hierar-
chy. Low level nodes 16C are associated with plant 14
of the aircraft. Mid-level nodes 16B can communicate
with groups of low level nodes 16C, grouped by proxim-

ity. A top level node 16A can communicate with all mid-
level nodes 16B.

Decision making capability is built into nodes 16, to
allow decisions to be taken at the lowest hierarchical lev-
el at which all of the necessary information is available.
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Description

[0001] The present invention relates to signal sys-
tems for transmitting signals within aircraft.
[0002] Many types of signal are required within an air-
craft, during normal operation. For instance, control sig-
nals are required for instructing appropriate operation of
plant of many kinds. Responses to control signals may
be required, to allow for monitoring of correct operation,
for instance. Diagnostic and fault finding or fault report-
ing signals may also be required. It is conventional in
aircraft design to provide direct links between the source
of any signal and its destination, often duplicated to pro-
vide redundancy for safety reasons. The provision of a
direct link for each required signal route allows the for-
mat of signal to be optimised for that route, by choice of
transmission technique, design and choice of technolo-
gy for the transmission path, and the like. However, the
result is a complex loom of wiring which incorporates
many possible fault locations, adding significant mass
to the aircraft and making fault finding difficult.
[0003] The present invention provides a signalling
system for an aircraft which incorporates a plurality of
items of plant, the system comprising a plurality of nodes
arranged into a hierarchy of at least three levels, the
nodes of each level above the lowest level being con-
nected by signal transmission means to a plurality of
nodes lower in the hierarchy.
[0004] Preferably each node at the lowest level is as-
sociated with an item of plant, for communication there-
with. Nodes are preferably selected for connection to a
higher level node by reference to their proximity to that
higher level node. Preferably, at least those nodes
above the lowest level include at least some decision-
making capability, and are operable to transmit in re-
sponse to a signal received from a lower level node.
Each node with decision-making capability may be au-
thorised to make decisions to a level set in accordance
with the level of the node in the hierarchy, and to pass
a signal to a higher node in the event that a decision
above the authorised level is required. Each node is
preferably operable to pass signals from a lower level
node to which the node is connected, to another lower
level node to which the node is connected, without re-
quiring communication with a higher level node.
[0005] Preferably, signals passed between nodes in-
clude plant control signals, and/or signals indicating the
status or performance of plant, and/or diagnostic sig-
nals, and/or signals indicating power requirements of
plant.
[0006] Preferably at least one node is capable of re-
sponding to power requirement signals to produce con-
trol signals for power generators of the aircraft. Prefer-
ably at least one node is capable of recording diagnostic
signals for subsequent analysis. Preferably at least one
node is capable of responding to plant status or perform-
ance signals and to produce modified plant control sig-
nals in response thereto and to the required plant status

and performance.
[0007] The signal transmission means may include a
plurality of links between nodes and operating according
to different transmission formats. The transmission for-
mats may include electrical, and/or electromagnetic,
and/or hydraulic, and/or pneumatic transmission for-
mats. At least some nodes are preferably connected to
links of different transmission formats and are provided
with conversion means operable to provide conversion
between formats.
[0008] Preferably at least one node is operable to con-
trol operation of a power delivery system of the aircraft.
Items of plant are preferably grouped within the aircraft,
the items of a group being provided with power by a dis-
tribution arrangement from a common point in the power
delivery network of the aircraft, there being a node cor-
responding to the common point and connected with
lower level nodes corresponding only with members of
the group. Preferably the node corresponding with the
common point is operable to control the operation of
power distribution means which distribute power to the
group members from the common point.
[0009] Preferably the signal transmission means in-
cludes at least one link which connects two nodes and
provides a plurality of independent communication
paths between the nodes.
[0010] Examples of the present invention will now be
described in more detail, by way of example only, and
with reference to the accompanying drawings, in which:

Fig. 1 is a highly schematic diagram, illustrating the
hierarchy of a signal system according to the
present invention; and

Fig. 2 illustrates, highly schematically, the manner
of installation of a system of the type shown in Fig.
1, in an aircraft.

[0011] Fig. 1 illustrates a signal system 10 for an air-
craft 12 (Fig. 2). The system 10 incorporates a plurality
of items of plant 14 of many types, such as avionics sys-
tems, safety systems, cabin services (such as galleys,
lighting, toilet equipment etc.) and the like. Other items
of plant would include plant which receives signals, such
as a display receiving information relating to the opera-
tion of the aircraft, or a control which creates signals to
control the aircraft, such as a joystick.
[0012] The system 10 also includes a plurality of
nodes 16A,B,C arranged into a hierarchy of at least
three levels. In the accompanying drawings, the nodes
of a common level of the hierarchy are all indicated by
a common suffix letter. The nodes 16A,16B of each level
above the lowest level are connected by signal trans-
mission links 18 to a plurality of nodes 16B,16C lower
in the hierarchy. Only one group of low level nodes 16C,
connected to a single node 16B, is shown in Fig. 1, for
simplicity.
[0013] The plant 14, as indicated above, all have
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some requirement to send and/or receive signals, such
as plant which receive control signals in order to control
their operation, or plant which create control signals for
use in controlling other plant, or plant which display or
otherwise respond to information provided by signals re-
ceived from elsewhere within the aircraft.
[0014] Each plant 14 is connected to a node 16C at
the lowest level of the hierarchy, by a dedicated link 18C.
The link 18C may be implemented in any appropriate
technology and use any appropriate transmission for-
mat. These choices may be made individually for each
link 18C. Thus, it is envisaged that in an aircraft, there
will be a mixture of links of an electrical or electromag-
netic (radio or fibre optic) nature, or hydraulic or pneu-
matic nature, and making use of a variety of signal en-
coding techniques. Electrical and electromagnetic sig-
nals could, for instance, be transmitted by two-wire
lines, twisted pairs, coaxial cables, optical fibres, radio
waves, wave guides, or carrier wave injection onto pow-
er cables or buses.
[0015] The link 18C provides communication be-
tween the node 16C and the plant 14, to allow the node
16C to control the plant 14. The complexity of the control
and of the signals passing between the node 16C and
the plant 14 will depend on the nature of the plant 14.
For instance, the plant 14 may be a simple switch or
relay, requiring the node 16C simply to instruct the plant
to be on or off. Alternatively, the plant 14 could be more
complex, such as a pump, requiring the node 16C to
instruct pump speed, pressures etc. Again, if the plant
14 was a display, the node 16C would be required to
communicate the information to be displayed. In any of
these or other alternatives, communication along the
link 18C may be in only one direction, such as from the
node 16C to control the state of the switch, or from plant
such as a joystick, sending a signal representing the po-
sition of the joystick. Alternatively, signals could pass in
both directions, such as a signal to control the plant 14,
and a feedback signal to report the status of the plant
14, to allow monitoring.
[0016] The node 16C will preferably include some
processing power in order to make decisions in the light
of signals passing between the node 16C and the plant
14. For example, the node 16C may be providing a con-
trol signal to control the setting (speed, output voltage
or the like) of the plant 14, and be receiving a feedback
signal indicating the setting achieved, allowing the con-
trol signal to be modified to maintain the plant 14 stably
at the status required. The provision of this decision
making capability within the node 16C allows low level
decision making to take place locally, without communi-
cation being necessary between the node 16C and any
node higher in the hierarchy.
[0017] It is to be realised that the illustration in Fig. 1
is schematic. In particular, the node 16C could be inte-
grated into the plant 14 to a greater or lesser extent,
according to the complexity required of the node 16C,
the processing power available at the node and within

the plant, and the like.
[0018] Communication between each node 16C and
the corresponding plant 14 can be chosen to be ana-
logue, digital or a combination of the two, with data rates,
protocols, transmission mediums (cables, fibre optics
etc.) being chosen appropriately for the nature of the
plant 14.
[0019] The nodes 16C and associated plant 14 are
formed into notional groups, indicated by the broken line
20. A similar group 20 will be associated with each node
16B. Each group 20 includes a node 16B at the hierar-
chical level above the nodes 16C. The node 16B is con-
nected to the nodes 16C of the group 20 by links 18B,
by which the node 16B may communicate with each
node 16C, for instance to report the current operating
status or condition of plant 14, or to pass instructions to
or from the plant 14.
[0020] The nodes 16B will incorporate some decision-
making capability at a level higher than the capability of
the nodes 16C. Thus, for instance, in the event that a
joystick 14 reports a change in its position, representing
a change in the required settings of avionics systems,
this will be reported to the node 16B by the appropriate
node 16C. The node 16B can then make a decision to
pass a revised instruction to a node 16C within the same
group 20, if the appropriate plant 14 is within the group
20.
[0021] If the destination plant 14 is not within the
group 20, the node 16B must send an appropriate signal
to the next higher level of the hierarchy. This is repre-
sented by the node 16A, which is the highest level in the
illustrated example. The node 16A is connected to the
node 16B of each group 20. Thus a signal received from
any group 20 can be passed on to any other group, as
appropriate, i.e. the group containing the plant 14 for
which the signal is intended.
[0022] Thus, it can be seen that a signal passing be-
tween two plant 14 need not propagate unnecessarily
through the system 10, but need only propagate up the
hierarchy to a point at which a node 16 can send the
signal back down a different route through the hierarchy,
to the intended destination plant 14.
[0023] The links 18B and 18A between nodes 16C,
16B and 16A can be individually chosen as regards their
transmission format and implementation technology,
and a different choice may be made for each link. How-
ever, in the event that a mixture of different types of link
is provided, nodes 16 will need to incorporate conver-
sion circuits in order that signals can be sent and re-
ceived in the appropriate format for each link to which a
particular node is connected.
[0024] An example of a control signal propagating
through the system 10 can now be described, after brief-
ly describing the schematic representation of an imple-
mentation shown in Fig. 2. Fig. 2 shows an aircraft 12
within which a top level node 16A is located, shown
schematically as being central in the aircraft 12. Links
18A connect the node 16A to nodes 16B located in the
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vicinity of the cockpit 22, tail 24 and wings 26 of the air-
craft 12. Links 18B fan out from each node 16B to con-
nect the nodes 16B to the corresponding nodes 16C of
the four groups 20, but the nodes 16C and the plant 14
to which the nodes 16C are connected, are not shown
in Fig. 2, in the interests of clarity.
[0025] In order to describe a control signal propagat-
ing through the system 10, the situation may be consid-
ered in which the pilot moves the joystick in order to in-
struct a change in the settings of the avionics systems.
This change will be detected by the joystick sensors,
and reported to the node 16C associated with the joy-
stick. If the result of the change requires a change in
wing flap position, for example, this will be noted by the
node 16C and reported to the node 16B. The node 16B
will recognise that the plant which controls flap position
is not within its group, and thus report to the node 16A
that a change in flap position has been requested. The
node 16A then dispatches instructions to the group or
groups containing plant controlling the flap positions,
where those signals will be received by the nodes 16B
of the groups 20. They in turn will pass revised instruc-
tions to the nodes 16C controlling the flap position plant,
which will cause that plant to change the flap position.
This will cause changes in feedback signals to allow the
flap position change to be monitored, and will cause sta-
tus signals to begin to propagate through the system 10,
to allow cockpit displays to be updated.
[0026] In this example, decision-making will be re-
quired in order to determine the required change in flap
position corresponding with the change in joystick posi-
tion. This decision-making can be provided in a number
of ways. At one extreme, the node 16C which serves
the joystick sensors could be used to make the decision,
so that the signal propagating through the system will
be representing the new position required. At another
extreme, the new joystick position could be reported up
the hierarchy, for instance to the top level node 16A,
where decision-making can take place with the benefit
of other information, such as engine conditions or the
like.
[0027] The nodes of each level of the hierarchy have
more information available than nodes of lower levels,
and are therefore better able to make decisions. How-
ever, decision-making preferably takes place at the low-
est hierarchy level at which the necessary information
is available, in order to minimise the information flow
through the system.
[0028] The above description has related to the hier-
archical flow of control instructions and feedback infor-
mation through the system 10. In addition to these func-
tions, the system 10 provides control functions relating
to power generation and delivery within the aircraft 12.
In particular, it is desirable for the system 10 to be used
for control of a power supply system of the type de-
scribed in our co-pending application, entitled "Power
Supply System for an Aircraft" and claiming priority from
British Patent Application No. 9926354.3, filed on 8th

November 1999. In that power supply system, power
generators provide power to a transmission system
which transmits the power through the aircraft. Power
distribution systems are provided at various locations
around the aircraft, drawing power from the transmis-
sion system, for distribution to groups of power consum-
ers, preferably grouped by their proximity. Part of this
arrangement is shown simply and schematically in Fig.
1, which illustrates a distribution circuit 28 which incor-
porates a conversion circuit 30 drawing power from the
transmission circuit 32 and converting this power, as
necessary, to supply power in an appropriate format
(electrical, hydraulic or pneumatic) for the plant 14. A
link 34 is provided between the node 16B and the con-
version circuit 30. This link 34 allows the node 16B to
perform control and diagnostic functions in addition to
the functions described above, as follows.
[0029] First, the node 16B makes use of information
gathered from the nodes 16C and from additional sen-
sors such as voltage and current sensors, if appropriate,
to determine the power requirement of the group 20 and
to monitor the power being received by the group 20.
The node 16B can make decisions about adjusting the
performance of the conversion circuit 30 in order to en-
sure that a stable power supply is maintained to the plant
14 within the corresponding group 20. Thus, the oper-
ating characteristics of the circuit 30 can be adjusted as
demand increases or decreases. The decision-making
capability of the node 16B allows some control of the
power supply to the plant 14 to be taking place within
the group 20.
[0030] In addition, the node 16B will report to the node
16A in relation to the power demand of the correspond-
ing group 20 and in relation to the status of the power
being provided to the group 20. This allows the node
16A to make calculations concerning the overall power
requirement for the aircraft 12 and to issue appropriate
instructions for control of power generators (engines
and auxiliary power units) in order to ensure that the
power available over the transmission circuit 32 remains
matched with the power required by all of the plant 14
in the aircraft 12. However, lower level decisions con-
cerning performance of individual circuits 30, for in-
stance, take place locally, within the group.
[0031] The signal system 10 can also be used to col-
lect diagnostic information, particularly diagnostic infor-
mation for subsequent downloading from the aircraft, for
consideration and analysis off-line. Diagnostic informa-
tion concerning operating status, faults and the like can
be recorded at each level of the hierarchy of nodes 16,
and stored at that level until operational signal traffic on
the system 10 is sufficiently low to allow the diagnostic
information to be passed up to the next higher level node
until reaching the highest node 16A, for collation and
storage until retrieved for downloading.
[0032] Many variations and modifications can be
made to the apparatus described above, without depart-
ing from the scope of the present invention. In particular,
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many different technologies can be used for signal
transmission within the system 10. The number of levels
of the hierarchy can be changed, but three is considered
sufficient for many applications. Any one or more of the
communication links within the system 10 may be pro-
vided by a plurality of independent parallel links, to in-
troduce redundancy into the system for reliability and
resistance to faults.
[0033] Whilst endeavouring in the foregoing specifi-
cation to draw attention to those features of the invention
believed to be of particular importance it should be un-
derstood that the Applicant claims protection in respect
of any patentable feature or combination of features
hereinbefore referred to and/or shown in the drawings
whether or not particular emphasis has been placed
thereon.

Claims

1. A signalling system (10) for an aircraft (12) which
incorporates a plurality of items of plant (14), the
system comprising a plurality of nodes (16) and be-
ing characterised in that the nodes are arranged in-
to a hierarchy of at least three levels (16A,16B,
16C), the nodes of each level above the lowest level
being connected by signal transmission means (18)
to a plurality of nodes lower in the hierarchy.

2. A system (10) according to claim 1, characterised
inthat each node (16) at the lowest level is associ-
ated with an item of plant (14), for communication
therewith.

3. A system (10) according to claim 1 or 2, character-
ised in that nodes (16) are selected for connection
to a higher level node by reference to their proximity
to that higher level node.

4. A system (10) according to any preceding claim,
characterised in that at least those nodes (16A,16B)
above the lowest level include at least some deci-
sion-making capability, and are operable to transmit
in response to a signal received from a lower level
node (16B,16C).

5. A system (10) according to claim 4, characterised
in that each node with decision-making capability is
authorised to make decisions to a level set in ac-
cordance with the level of the node in the hierarchy,
and to pass a signal to a higher node (16A,16B) in
the event that a decision above the authorised level
is required.

6. A system (10) according to any preceding claim,
characterised in that each node (16) is operable to
pass signals from a lower level node to which the
node is connected, to another lower level node to

which the node is connected, without requiring com-
munication with a higher level node.

7. A system (10) according to any preceding claim,
characterised in that signals passed between
nodes (16) include plant control signals, and/or sig-
nals indicating the status or performance of plant
(14), and/or diagnostic signals, and/or signals indi-
cating power requirements of plant (14).

8. A system (10) according to any preceding claim,
characterised in that at least one node (16) is capa-
ble of responding to power requirement signals to
produce control signals for power generators of the
aircraft (12).

9. A system (10) according to any preceding claim,
characterised in that at least one node (16) is capa-
ble of recording diagnostic signals for subsequent
analysis.

10. A system (10) according to any preceding claim,
characterised in that at least one node (16) is capa-
ble of responding to plant status or performance sig-
nals and to produce modified plant control signals
in response thereto and to the required plant status
and performance.

11. A system (10) according to any preceding claim,
characterised in that the signal transmission means
(18) include a plurality of links between nodes (16)
and operating according to different transmission
formats.

12. A system (10) according to claim 11, characterised
in that the transmission formats include electrical,
and/or electromagnetic, and/or hydraulic, and/or
pneumatic transmission formats.

13. A system (10) according to claim 11 or 12, charac-
terised in that at least some nodes (16) are connect-
ed to links (18) of different transmission formats and
are provided with conversion means operable to
provide conversion between formats.

14. A system (10) according to any preceding claim,
characterised in that at least one node (12) is oper-
able to control operation of a power delivery system
(28) of the aircraft (12).

15. A system (10) according to claim 14, characterised
in that items of plant (14) are grouped within the air-
craft (12), the items of a group (20) being provided
with power by a distribution arrangement (28) from
a common point (30) in the power delivery network
(32) of the aircraft (12), there being a node (16B)
corresponding to the common point and connected
with lower level nodes (16C) corresponding only
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with members of the group.

16. A system (10) according to claim 15, characterised
in that the node (16B) corresponding with the com-
mon point (30) is operable to control the operation
of power distribution means (28,30) which distribute
power to the group members (14) from the common
point.

17. A system (10) according to any preceding claim,
characterised in that the signal transmission means
(18) includes at least one link which connects two
nodes and provides a plurality of independent com-
munication paths between the nodes.

18. An aircraft (12) characterised by incorporating a
system (10) according to any preceding claim.
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