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(57) ABSTRACT

A seat actuation control system includes at least one seat
having a plurality of seat devices and a plurality of control
modules interconnected over a communication bus. Each
module is associated with a corresponding seat control
device and is configured to control its corresponding seat
device. Each module includes a processor and a memory
coupled to the processor and storing program instructions
therein which include receiving a status packet from each of
the other control modules over the communication bus,
processing the status packet for updating the overall system
status, and actuating the seat device based on the overall
system status. The program instructions further include

Int. CL determining status of the corresponding seat device, gener-
HO4L 29/08 (2006.01) ating a status packet including the status information, and
B64D 11/06 (2006.01) broadcasting the status packet to the other modules over the
B60ON 2/02 (2006.01) communication bus.
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MODULAR SEAT ACTUATION CONTROL
SYSTEM AND COMMUNICATION METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This is a divisional application of U.S. patent
application Ser. No. 12/780,810, filed on May 14, 2010, the
entire content of which is incorporated herein by reference.

BACKGROUND

[0002] The present application generally relates to actu-
ated seats, and more particularly, to a seat actuation control
system for aircraft seats and a communication protocol used
in such control system.

[0003] Modern airplane seats, and in particular, seats in
the premium sections of passenger airplane are powered and
adjustable between a number of seating positions. Some
seats may be adjustable from an upright position to a
reclined position, while others can recline to a substantially
flat position in order to function as a bed. Additionally, some
airplane seats have a head rest and a foot rest that can be
adjusted to provide a comfortable seating position. The
various adjustable features of the seat are accessible and
controllable with a passenger control unit, which may be a
keyboard with a display. The passenger control unit may
also provide the passenger with the ability to adjust the
environmental conditions around the seat, such as lighting,
temperature and the like. Furthermore, the passenger control
unit can allow the passenger to operate various entertain-
ment devices and features associated with the seat, such as
a display screen for viewing movies.

[0004] FIG. 1 illustrates a powered seat with a typical seat
operating system including a passenger control unit such as
a keypad 104, a controller 106 and several actuators or other
devices 108A-H. A passenger (not shown) sitting in the seat
uses the keypad to adjust the seat position and associated
devices. The keypad communicates with the controller
which, in turn, controls the actuators. The seat controller
drives the actuators which control various aspects of the
seat. For example, an actuator 108D moves leg rest 110 that
moves from a substantially vertical retracted position to a
substantially horizontal, extended position. An actuator
108E moves a foot rest 112, that moves from a substantially
extended to a substantially retracted position. An actuator
108A moves the reclining back rest 114 that moves from a
substantially vertical position to a substantially horizontal
position. An actuator 108C moves the seat pan 116. An
actuator 108H moves the privacy screen 118. A lumbar
controller 108B drives/controls the lumbar bladder 120. In
addition, each actuator may include one or more position
determining components such as a transducer or sensor (not
shown).

[0005] A variety of devices may be associated with a seat.
For example, by using the passenger control unit, a passen-
ger may control cabin lighting 108F, video systems 108G,
audio systems (not shown) or other devices. For conve-
nience, a device associated with a seat such as an actuator or
another device or component mentioned herein may be
referred to in the discussion that follows as a “seat device.”
[0006] In a conventional seat control system, all process-
ing is performed in a main controller, such as the controller
106 of FIG. 1. The controller thus directly controls the
operation of each actuator or other devices. For example, the
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controller generates control signals for each actuator and
other devices and sends these signals to each actuator/device
via separate connection leads. In addition, any signals from
sensors in the actuators are sent directly back to the con-
troller. A relatively substantial amount of wiring is used to
connect the components.

[0007] In other conventional seat control systems (not
shown), an actuator controller is incorporated into each
actuator assembly. A main controller may coordinate the
operation and position of all of the actuators. To this end, the
main controller sends commands to each actuator controller
over a common serial bus to accomplish the desired actua-
tion. Through the use of a common serial bus, the amount of
wiring associated with the seat controller may be reduced.
Each actuator controller controls the position of an associ-
ated actuator based on commands from the main controller.
In response to a command for a given actuator, a corre-
sponding actuator controller generates, within the actuator
assembly, actuation signals for that actuator. Signals from
sensors in an actuator are sent to the associated actuator
controller in the actuator assembly. The actuator controller
may use these sensor signals to verify the movement or
position of the actuator.

[0008] The main controller may perform various functions
in addition to the motion control functions described above.
For example, the main controller may include a user inter-
face (HMI), communication management, power manage-
ment and test (e.g., built-in test equipment) functionality.
The actuator controller may perform various functions relat-
ing to the motion control functions described above. For
example, the actuator controller may include a motor driver,
actuator jam and short circuit control functionality and
electronic clutch abuse control functionality. In addition, the
actuator controller may include communication and test
(e.g., built-in test equipment) functionality.

[0009] In both of the above-described systems, because
the location of the main controller may be far from some or
all the actuators, the amount of wire used to connect the
controller to the actuators may be excessive. The entire
system fails to function if the main controller malfunctions
or becomes inoperative. System response depends on gen-
eration of commands from the master controller to the
actuators and receipt of feedback from the actuators by the
master controller. Accordingly, for systems with a large
number of seat devices, system response may be slow.
[0010] Based on the above, there is a need for an operating
or control system for a vehicle seat that provides improved
wiring, speed, efficiency, modularity and upgradeability.

SUMMARY

[0011] According to aspects of the disclosure, a seat
actuation control system includes at least one seat having a
plurality of seat devices and a plurality of control modules
interconnected over a communication bus. Each module is
associated with a corresponding seat control device and is
configured to control its corresponding seat device. Each
module includes a processor and a memory coupled to the
processor and storing program instructions therein. The
processor is operable to execute the program instructions
that include receiving a status packet from each of the other
control modules over the communication bus, processing the
status packets for determining overall status of the system,
and actuating the seat device based on the overall status of
the system.
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[0012] According to aspects of the disclosure, a seat
actuation control system includes a plurality of seats, each
seat having a plurality of seat devices, a communication bus,
and a plurality of control modules interconnected with the
communication bus. Each module is associated with a
corresponding seat control device and is configured to
control its corresponding seat device. Each module includes
a computer-usable medium having computer readable
instructions stored thereon for execution by a processor. The
computer readable instructions include generating data
packets including status information of the corresponding
seat device, each data packet including priority information
for the data packet relative to the priority information of
other data packets, and broadcasting the data packets over
the communication bus at least partially based on the
priority information of the data packets.

[0013] According to aspects of the disclosure, a method of
actuating a control system having at least one seat having a
plurality of seat devices, a communication bus, and a
plurality of control modules interconnected with the com-
munication bus, includes broadcasting by one of the mod-
ules a status packet over the communication bus for receipt
by the other modules, the status packet including status
information of a corresponding seat control device of the
module, determining the overall status of the system based
on the received status packets, and based on the overall
status of the system, operating the seat device from the
current state to the target state.

[0014] According to aspects of the disclosure, a method
for peer-to-peer communication between a plurality of mod-
ules of a vehicle seat network, where each module is
configured to control a corresponding seat device, includes
monitoring by each of the plurality of modules a transmit
sequence for determining whether the module is a next
module in the sequence, in response to determining by one
of the modules that the module is the next module in the
transmit sequence, generating by the module a status packet
including status information of the corresponding seat
device, monitoring by the module expiration of a rest period,
and in response to expiration of the rest period, broadcasting
by the module the generated status packet over the vehicle
seat network for receipt by other ones of the plurality of
modules for actuating one or more seat devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 shows a conventional aircraft passenger seat
and control system.

[0016] FIG. 2 is a schematic functional diagram of a seat
actuation control system according to the disclosure.
[0017] FIG. 3 is a schematic diagram of a plurality of
aircraft seats with each seat including a plurality of control
modules according to the disclosure.

[0018] FIG. 4 is a schematic diagram of a control module
according to the disclosure.

[0019] FIG. 5 is a schematic diagram illustrating a heart-
beat cycle for transmitting data from modules according to
the disclosure.

[0020] FIG. 6 is another schematic diagram illustrating a
heartbeat cycle for transmitting data from modules accord-
ing to the disclosure.

[0021] FIG. 7 is a flowchart illustrating operation of an
exemplary module according to the disclosure when trans-
mitting data to the other modules.
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[0022] FIG. 8 is a flowchart illustrating operation of an
exemplary module according to the disclosure when receiv-
ing data from the other modules.

DETAILED DESCRIPTION

[0023] Referring to FIG. 2, a functional block diagram of
a modular seat actuation control system 220 according to the
present disclosure is shown. The seat actuation control
system 220 is an electromechanical control system that uses
a peer-to-peer network (also referred to herein as “the
network™) to control seat devices associated with one or
more seats 221. The control system 220 includes a plurality
of modules 222a-222¢g (collectively referenced as 222) that
are interconnected via a communication bus 224 for broad-
casting status messages from one seat module associated
with a seat 221, to all other seat modules on the same
network. Each module 222 is a line replaceable unit (i.e., a
unit having common input/output interfaces for quick
replacement on site with another unit) that is connected to an
associated seat device, and includes hardware and software
to autonomously and independently control its associated
seat device. A particular seat device might include one or
more moveable parts of the seat such as, for example, a back
rest, foot rest, and/or head rest. According to one embodi-
ment, the modules 222 broadcast their status information at
configurable time intervals on the bus 224 without sending
any commands to the other modules. Upon receiving the
broadcast status information, each module determines
whether the status information is relevant to it, and if so,
whether an action should be taken based on the overall seat
status. Each module then internally generates commands to
take required action based on the status information. Thus,
as described in detail below, each module is autonomous and
independently controls the function of its seat device with
only the status information broadcast on the network by the
other modules, without sending and/or receiving any com-
mands to the other modules and without receiving com-
mands from a central controller. Instead, all processing and
computations relevant to actuating a seat device are distrib-
uted among all the seat modules and performed internally by
the modules themselves. The modular seat actuation control
system 220 and communication method described herein
can be used for aircraft seats, automobile seats, massage
chairs, or any other seat that uses electrical power to operate
and/or control one or more functions of the seat. In the
following, the seat actuation control system 220 is described
for use in passenger aircraft.

[0024] The modules 222 communicate with one another
via the communication bus 224 and receive power from a
power bus (not shown). In the disclosed embodiments, the
communication bus 224 is a serial digital communication
bus that uses the Controller Area Network (CAN) standard.
Accordingly, the communication bus 224 is referred to
herein as the CAN bus 224. However, the network can be
implemented based on various communications mechanisms
such as “Ethernet”, RS-485, infrared, or radio frequency
communications system, as long as sufficient bandwidth and
interconnection of multiple modules can be provided for
operation of the control system 220 as described herein. The
power may be originally supplied from an external power
source 226 and down-converted for propagation from mod-
ule to module through a power harness.

[0025] According to one embodiment, the modules may
include one or more actuator modules 222a, lumbar modules
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222b, auxiliary interface/lighting modules 222¢, diagnostic
modules 222d, power supply/management modules 222e,
in-flight entertainment (IFE) (or serial communication)
modules 222f, passenger control unit (PCU) modules 222g,
and the like. Each module interfaces with an associated seat
device. The actuator modules 222a are configured to control
and operate surfaces or movable seat parts such as a back
rest, a seat cushion, a leg rest, an arm rest(s) and/or a foot
rest. Hach actuator module is electrically powered and
includes integrated electronics for power management,
motion control, and position feedback. Each actuator mod-
ule may be a full-size rotary, a compact rotary, a full-size
thru-shaft linear, a full-size extension-shaft linear, or a
compact extension-shaft linear, depending on the applica-
tion for which the actuator is used. For example, a rotary-
type actuator can be used to recline the backrest, while a
linear-type actuator can be used for extending and retracting
the leg rest.

[0026] In the disclosed embodiments, the power supply
module 222e receives an input power from an external
source, such as the aircraft power supply, and propagates a
down-converted external power to the other modules in the
network. The power supply module 222¢ can turn on and off
the power to the network. Allocation of power to the
modules 222 is controlled by the modules themselves based
on a configurable power allocation priority list, which
defines how the modules react when excessive power con-
sumption levels are reached. The power allocation priority
list is stored in each module and can be retrieved in order to
determine whether power consumption should be reduced.
Each module determines whether it should reduce or
increase its own power consumption based on the priority of
its function(s) relative to functions of the other modules. For
example, an actuator module may determine that it must
reduce the speed by which it is driving the actuator motor to
save power. If power consumption in the system is still
excessive, the lumbar module may decide to shut off the
pump used to run a massage sequence so that more power
can be used by the actuator module or other modules that
have a higher priority.

[0027] The PCU module 222g can interface with one or
more passenger control units 240 that may include keypad
switches for receiving passenger input. The lighting module
222¢ can operate one or more lights 242 such as reading
lights, auxiliary/mood lights, foot well light, dome light,
floor light, desk light, mini bar light, and taxi, takeoff and
landing (TTL) indicator light, or other auxiliary devices. The
lumbar module 2225 provides back support to an occupant
and may include a lumbar pump, pneumatic manifolds,
solenoid valves, and electronics, which inflate and deflate
lumbar bags 244. The in-flight entertainment module 222f
may include a display screen 246 with touch-screen capa-
bility for displaying movies, games or other visual and/or
interactive entertainment to a passenger. The diagnostic
module (not shown) provides service personnel access to
diagnostic information for the entire system. Each seat may
include more than one of the above-noted modules. The
diagnostic module 2224 monitors the network traffic, and
displays real time information about current status of the
seat (which can be used to diagnose problems on the seat).
The diagnostic module also displays a list (with timestamps)
of error conditions that have occurred recently as well as a
detailed history of critical errors that have occurred over the
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lifetime of the seat. Additional modules can be added to the
network to support additional functionality.

[0028] The modular control system 220 may control more
than one seat, with each seat having more than one module.
The modules of the control system 220 independently and
autonomously provide actuation and control of their asso-
ciated movable seat parts; synchronize transitions from a
current position to any preset position defined by the occu-
pant, such as TTL, Dine, Lounge, or Sleep/Bed position; fix
obstruction avoidance through continuous monitoring of
present actuator positions and comparison of these positions
with predefined forbidden zones; control power delivery to
IFE equipment such as occupant provided devices (e.g.
portable audio/video devices), and other occupant related
accessories; and also provide built-in test capability by, for
example, continuous monitoring of hardware and software
used for the seat. Each module may control more than one
seat device. For example, a PCU module may support two
PCU’s, such that each PCU functions in the network as
unique module and may broadcast separate status informa-
tion. In another example, an actuator for a privacy screen can
be controlled by two different seats.

[0029] Referring to FIG. 3, a schematic diagram of the
seat control system 220 is shown having multiple seats. In
the example of FIG. 3, the control system 220 includes six
seats 221-1 through 221-6 and each seat includes four
modules (each modules represented with a circle). However,
any number of seats 221 having any number of modules can
be included in the control system 220. Each seat 221 and its
modules define a sub-network 250. Each sub-network
includes modules that control different functions of the seat
as described above. As described in detail below, the control
system 220 uses seat identifiers in order to identify a
particular sub-network 250 or seat 221 and uses module
identifiers in order to identify a particular module. For
example, each seat may be assigned a numerical identifier.
In FIG. 3, seats 221 or sub-networks 250 ranging from 221-1
through 221-6 are shown. Each module may also be
assigned a numerical identifier. In FIG. 3, modules 1-24 are
shown. The numerical identifier of a module can be unique
according to the function of the module and may not change
from seat to seat. For example, the lumber module may be
represented by module 1D 5. Accordingly, every lumbar
module of every seat can be represented by module ID 5.
Therefore, the modules are uniquely identified based on
combination of seat ID and module ID.

[0030] Referring to FIG. 4, a schematic diagram of an
exemplary module 222 is shown. The module 222 includes
a CAN interface 260 that facilitates communication between
the module 222 and the CAN bus 224. A micro controller
unit (MCU) 262 is connected to the interface 260 in order to
process the status information received from the other
modules 20, perform various computations that may be
required in order to control the module’s corresponding seat
device, manage the operations of the other components of
the module, and prepare status information to be broadcast
to the other modules with the CAN interface 260 through the
CAN bus 224. The MCU 262 may be any type of controller/
processor that can provide the functions described herein. In
the disclosed embodiments, the MCU 262 is a micro ARM
processor.

[0031] The MCU 262 communicates with external
memory 264, which may be flash-type memory, in order to
load into its main memory, software that may be stored in the
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external memory and that is required for various operations
and computations of the MCU 262. The loaded software
may be executable program code and data with configura-
tion parameters that are specific to the particular module,
and which are then invoked to perform computations rel-
evant to the module in response to status packets from the
other modules. The software downloaded to memory
includes computer program instructions to execute the vari-
ous functionalities of the module as disclosed herein. Such
computer program instructions may include executing a
mathematical algorithm for operating a corresponding seat
device based on the overall system status. For example, the
status information may include the last position of certain
seat devices controlled by the other modules. The position of
one or more of the modules may be an input parameter to the
mathematical algorithm of a current module for computing
an output (e.g., a target state). The MCU may then operate
and control the corresponding seat device from a current
state to the target state based on the computed output. The
MCU may further store and retrieve additional data gener-
ated by the MCU to and from the memory 264. Power is
provided to the module 222 and the MCU 262 via a power
unit 266.

[0032] The MCU 262 also controls a function board 268,
which is operated by the MCU 262 and operates the corre-
sponding seat device of the module 222. For example, the
PCU module’s MCU 262 will sample signals from the
function board 268 and determine which key is pressed.
Each module may additionally include LED indicators (not
shown) for status and diagnostic purposes.
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nous packets. The format of the header is the same regard-
less of the type of communication packet, but the format of
the message body varies depending on the packet type.
Additional packet types may also be defined for other types
of priorities. Accordingly, the control system 220 can
accommodate any number of packet types with different
priorities should such a need arise as a result of system
modification or expansion. For example, as shown in
TABLE 1, up to eight different types of packets can be
defined having different levels of priority.

TABLE 1
Priority Intended Use

0 Reserved for Future Use
1 Asynchronous Packet
2 Reserved for Future Use
3 Heartbeat
4 Reserved for Future Use
5 Staggered Packets
6 Reserved for Future Use
7 Reserved for Future Use

[0035] The format of the data in the data packets and the
priority of the packets is defined by the header. Referring to
TABLE 2, the header includes a message priority field,
which indicates the priority of the message for broadcast
through the CAN bus 224. Messages with a lower message
priority number will have a higher priority if there is a
message collision on the CAN bus.

TABLE 2
Message Message Message Message
Message  Acknowledge  To Seat  Message To From From Message
Priority Request D Module ID Seat ID  Module ID D
3 bits 1 bit 4 bits 5 bits 4 bits 5 bits 7 bits
[0033] According to one embodiment, the modular control [0036] The header includes a message acknowledge

system 220 uses a communication protocol to provide
peer-to-peer communication between the modules within
each sub-network and the modules of different sub-net-
works. Although the present embodiments describe the
communication protocol in the context of a peer-to-peer
vehicle seat network, a person of skill in the art should
recognize that the communication protocol may also be used
to support additional automation and control tasks. Com-
munication messages on the CAN bus 224 are in the form of
data packets, which may have any predetermined format. In
the disclosed embodiments, each packet includes a message
header and message data portion. Both the header and the
message portion can have any bit length in order to provide
the functionality described without sacrificing computing
speed, data storage requirements, and data transmission
speed. In the disclosed embodiments, the header is 29 bits
and the message portion is 64 bits.

[0034] Different types of packets can be defined based on
a priority of the data packets. In the disclosed embodiments,
the priority of each packet represents the urgency for broad-
casting the data packet through the network relative to other
types of packets. According to one embodiment, the com-
munication protocol is defined by three types of packets,
namely, heartbeat packets, staggered packets, and asynchro-

request field, by which acknowledgement can be requested
from the recipient module. This field includes a one bit flag
that indicates whether the sender of the message requested
an acknowledgement packet specifically from the recipient
packet. If the message is broadcast to multiple or all modules
and the acknowledgement bit is 1, then all recipient modules
will respond with their acknowledgement. The acknowl-
edgement bit can be used to monitor the health of the
network and operational status of the other modules.

[0037] The “message to seat ID” field indicates for which
seat the message is intended. As described below, certain
data packets broadcast on the CAN bus may be global
packets and others may be intended for specific seats and/or
modules. As described above, each seat or sub-network can
be identified by a numerical identifier. For example, in the
embodiment of FIG. 3, the number 3 in the message to seat
ID field would indicate that the message is intended for seat
no. 3. If a message is intended for all of the seats or
sub-networks (i.e., a global packet), then the number in the
field could be set to one number higher than the total number
of seats. For example, in the embodiment of FIG. 3, the
number 7 in this field would become a global message and
indicate that the message is for all of the seats.
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[0038] The “message to module ID” field indicates for
which module the message is intended. As described below,
certain data packets broadcast on the CAN bus may be
global packets and others may be intended for specific seats
and/or modules. As described above, each module can be
identified by a numerical identifier. For example, in the
embodiment of FIG. 3, a number 10 in the message to
module ID field would indicate that the message is intended
for module no. 10. If a message is intended for all of the
modules, then the number in the field could be set to one
number higher than the total number of modules. For
example, in the embodiment of FIG. 3, the number 25 in the
message to module ID field would become a global message
and indicate that the message is for all of the modules. The
message from seat ID indicates from which seat the message
originated, and the message from module ID indicates from
which module the message originated. The message 1D field
identifies the type of message being broadcast, which may
be predefined based on the types of messages communicated
in the control system.

[0039] As discussed above, the message portion of the
packet can include any number of packet types. In the
disclosed embodiments, the packet types include heartbeat
packets, staggered packets and asynchronous packets.
Heartbeat packets are the main source of status information
for each module and are broadcast at discrete time intervals
after an initialization of the network as described in detail
below. The data message part of each module’s heartbeat
packet contains status information about that module. The
status information is received by the other modules and used
to determine whether an action is necessary by each recipi-
ent module. The message data fields of the heartbeat packets
for the modules may be similar or vary depending on the
function of the module. The message data fields of each
heartbeat packet may include data regarding the seat device
controlled by the module. For example, for the modules that
control the seat actuators, the message data fields of the
heartbeat packet may include status information such as
position of the associated actuator, current operational status
(i.e., on or off), initial and target positions, information
regarding whether the target position has been reached,
and/or estimated time for an action to complete. TABLE 3
shows an example of the contents of heartbeat message data
for an actuator module. In the example shown in TABLE 3,
the message data fields include actuator module status,
actuator position, actuator motor current, pulse width modu-
lation status, actuator brake status, status of H-Bridges 1 and
2 for controlling motor direction, motor inverted status,
virtual track motion active status (i.e., calculation of seat
motion waypoints between initial position and target posi-
tion by a seat motion algorithm), and actuator status. TABLE
3 is an example of the heartbeat message data for an actuator
module. The heartbeat message data is not limited to the
example shown in TABLE 3 and can include any number of
parameters, parameter ranges, bit lengths and additional
information. In another example, for the module that con-
trols the PCU, the message date fields of the heartbeat packet
may include information regarding status of different keys
on the PCU.

TABLE 3
Parameter Range Total Bits  Additional Info
Module Status 0-7 3 bits
Position 0-999 10 bits
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TABLE 3-continued

Parameter Range Total Bits  Additional Info

Current 0-8192 13 bits

Pulse width 0-100 7 bits

modulation

Brake Status 0-1 1 bit 0 = Off
1=0n

H-Bridge #2 0-1 1 bit 0 = Off

Enabled 1=0n

H-Bridge #1 0-1 1 bit 0 = Off

Enabled 1=0n

Motor Inverted 0-1 1 bit 0 = Not Inverted
1 = Inverted

Virtual Track 0-1 1 bit 0 = False

Motion Active 1 = True

Waypoint Position 0-1 1 bit 0 = False

Achieved 1 = True

Actuator Status 0-1023 10 bits

[0040] Each module on the network broadcasts a heartbeat
packet. According to one embodiment, the heartbeat packets
are broadcast in a round robin, sequential order. The
sequence may be in any order. In the disclosed embodi-
ments, the lowest module identifier has priority to report
first. If multiple seats are defined on the network containing
the same module identification, then the seat with the lowest
seat identifier reports its heartbeat first. Thus, for a system
such as the one shown in FIG. 3, the heartbeat reporting
sequence is 1, 2, 3, 4, 5, 6. Each heartbeat packet is broadcast
at discrete time intervals such that a configurable minimum
“resting period” is provided between the broadcast of heart-
beat packets. This rest period prevents the network from
becoming saturated with handling heartbeat packets. Fur-
thermore, the rest period allows the modules on the network
to handle higher or lower priority messages than the heart-
beat packets to be broadcast throughout the network.

[0041] Referring to FIG. 5, a heartbeat cycle is shown,
which can be defined as a complete sequence of heartbeat
packets on the network. Accordingly, the heartbeat cycle
repeats after all of the modules have broadcast heartbeat
packets. Between each heartbeat packet broadcast, the rest
period is provided which as described in more detail below
provides a window for broadcasting the other types of data
packets. A configurable period can be defined for each
heartbeat so as to allow for a delay in a module broadcasting
a heartbeat packet. The network includes a configurable
defined heartbeat timeout period. If the current module does
not report its heartbeat within the timeout period, the other
modules will consider the current module as not communi-
cating and will move to the next module. The network also
includes a configurable heartbeat cycle timeout period, dur-
ing which the network monitors whether each module had
an opportunity to broadcast its heartbeat packet. If all of the
modules do not report their heartbeat packets within the
configurable heartbeat cycle timeout period, then each mod-
ule monitors and flags this as an error condition. The
handling of this error condition is configurable in order to
correct the error. Upon receiving the heartbeat packet of the
last module in the heartbeat cycle, a timer measuring the
cycle timeout period resets.

[0042] In order to communicate large amounts of data,
such as software upgrades or diagnostic interrogations, the
modules communicate with the staggered packets. The data
communicated with the staggered packets is not time sen-
sitive such that it is not defined as a part of the heartbeat
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packets. Due to the low priority of the staggered packets,
these packets can be broadcast before a heartbeat packet for
each module is broadcast. However, if more staggered
packets are to be communicated, the network gives priority
to the heartbeat packet and resumes sending the additional
staggered packets at the next cycle.

[0043] In order to communicate critical, i.e., high priority,
information, the modules communicate with the asynchro-
nous packets. An example of high priority or critical infor-
mation is an error condition due to one or more seat
components failing. For example, if an actuator jams during
operation, the module for the actuator broadcasts an asyn-
chronous packet reporting the failure of the actuator.
Accordingly, one or more of the seat devices may stop their
operation upon receiving the asynchronous packet instead of
waiting to receive the next heartbeat packet from the module
with the jammed actuator in order to obtain system status.
Thus, messages broadcast with asynchronous packets may
be time sensitive messages. Asynchronous packets can be
reported at any time. However, in order to reduce packet
collisions, the asynchronous packets can be reported during
the heartbeat rest period.

[0044] Heartbeat packets and asynchronous packet are
typically global messages that are intended for all of the
modules. Each module receives and stores in memory the
heartbeat packets broadcast from the other modules in order
to determine an updated overall status of the system. Asyn-
chronous packets are also typically intended for all of the
modules in order for all of the modules to determine whether
action should to be taken based on the high priority or time
sensitive message included in the asynchronous packets.
Staggered packets may include global messages or may
include messages directed to particular modules. For
example, when a common software stored in all of the
modules is to be updated, a global staggered packet, i.e.,
intended for all of the modules, can be broadcast so that each
module can update its own software. In certain situations,
the software for a particular module may need to be updated.
Accordingly, the module providing the update may broad-
cast the update with a staggered packet intended for the
module that requires the update. Thus, data packets can be
global and intended for all of the modules, intended for one
or more particular seats including all of the modules for
those seats, or intended for one or more particular modules
in the network depending on the type of packet being
broadcast and the function to be carried out by the module(s)
receiving the packet.

[0045] Referring to FIG. 6, the heartbeat cycle is shown,
which compared to FIG. 5, it additionally shows broadcast
of staggered packets and asynchronous packets. After a
module broadcasts a heartbeat packet, the heartbeat rest
period begins. This rest period provides an idle time for the
network so as to allow this module or other modules to
broadcast asynchronous packets. After the rest period, stag-
gered packets for the next module are transmitted followed
by the broadcast of heartbeat packets for the next module.
This process is described in more detail below with refer-
ence to FIG. 7.

[0046] During startup or initialization, the modules syn-
chronize their clocks. During initialization, the software and
configuration tables of the modules are validated and the
software is updated if necessary. The configuration tables
contain all of the parameters that define system operation.
For example, the configuration tables may include seat
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kinematics parameters that define the range of seat motion in
order for the seat to avoid obstacles during operation. Such
parameters may include ranges for linear and angular motion
of various seat parts, permissible speed and acceleration
ranges for the motion of such seat parts, and the order by
which each seat part is actuated to move the entire seat
between different positions. The configuration tables may
also include parameters that specify whether various seat
preset motions (e.g. TTL, Bed or Taxi position) are enabled.
The configuration tables and the software are stored in
memory during initialization. The software includes math-
ematical models of the seat parts. The MCU of each module
determines the overall status of the network based on the
heartbeat packets received from the network. The MCU then
loads the parameters of the configuration tables and relevant
data provided by the heartbeat packets (e.g., positions of
other seat devices) into the mathematical model and com-
putes seat motion to determine whether the corresponding
seat device should be operated to a target state. The updated
software and configuration tables for all of the modules may
be provided to one or more of the modules and then
propagated over the CAN bus to the other modules. For
receiving updated information from an external device such
as a mobile computer, each module may include a data input
device, such as a USB port, a secure digital memory card
reader (i.e., micro SD card reader), or other input devices
that are used for data transfer to and from an external device.
The updated information may also be transferred wirelessly
to one or more of the modules. After the initialization step,
the modules assume a normal mode and are ready for
operation as described herein.

[0047] FIG. 7 is a flow diagram of a process of transmit-
ting the above-described packets by a module. The MCU of
each module takes each of the steps described below based
on program instructions stored in the memory of the module.
Due to information retrieved from the configuration table,
the MCU of each module knows its order in the heartbeat
cycle relative to the other modules. Furthermore, each
module is time-stamp synchronized so as to be able to
determine whether the rest period between itself and the last
module in the heartbeat cycle is ending or has ended.
Accordingly, based the heartbeat cycle order of the modules
and the amount of time elapsed after the last module
transmitted its status information, the MCU in the module
determines at step 300 whether the previous heartbeat was
received or whether the heartbeat rest period has ended. At
step 310, the MCU determines whether there are asynchro-
nous packets to transmit. If there are no asynchronous
packets to transmit, the MCU goes to step 330. However, if
there are asynchronous packets to transmit, the MCU broad-
casts asynchronous packets at step 320 and then goes to step
330. At step 330, the MCU determines whether the heartbeat
rest period has elapsed. If the heartbeat rest period has not
elapsed, the MCU returns to step 310. If the heartbeat rest
period has elapsed, the MCU determines whether it is time
to send a heartbeat packet. If it is time to send a heartbeat
packet, the MCU broadcasts a heartbeat packet over the
CAN bus at step 370. The process then moves to the next
module at step 380. If at step 340 the MCU determines that
it is not yet time to send a heartbeat packet, then at step 350
the MCU determines whether there are any staggered pack-
ets to broadcast. The staggered packets are broadcast at step
360. If there are no staggered packets to broadcast at step
350 or after broadcasting of a staggered packet at step 360,
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the MCU returns to step 340. Only the module pending the
transmission of a heartbeat packet can broadcast staggered
packets. However, any module in the system can broadcast
an asynchronous packet at any time. After transmission of a
heartbeat packet, the module’s turn to broadcast ends and the
process moves to the next module in the heartbeat cycle.

[0048] In the above description, three types of packets are
described having different priorities for transmission
through the CAN bus 224. However, the types of packets
used for communication within the network is not limited to
those described above and may include a large number of
packets having different priorities. For example, the control
system 220 can include 8 types of packets as shown in
TABLE 1 having priority values from 0-7, with the lowest
priority number having a highest priority. The control sys-
tem 220 may include data packets having a higher priority
than the asynchronous packets described above. Such very
high priority packets may require that all data packet trans-
missions including heartbeat packet transmissions to be
interrupted in order for the very high priority packets to be
transmitted. The control system 220 may also include pack-
ets having a lower priority than the staggered packets
described above. Such very low priority packets can be
transmitted, for example, during periods when the activity in
the control system 220 is very low. Accordingly, regardless
of the number of packet types with differing levels of
priority, the transmission of any number of packets can be
prioritized and performed while considering the transmis-
sion of heartbeat packets for each module based on the
heartbeat cycle as described in the exemplary embodiment
of FIG. 7.

[0049] FIG. 8 is a flow diagram of operation of a module
upon receiving a packet. At step 400, the MCU in the
module receives a packet broadcast through the CAN bus
224 by another module in the same seat or some other seat.
Based on data in an acknowledgment field of the header, the
MCU determines at step 402 whether an acknowledgement
request should be broadcast. If an acknowledgement is
required, the MCU sends an acknowledgement receipt at
step 404. The MCU further processes the header data to
determine, at step 406, whether the message portion of the
packet is intended for the module. In this regard, the MCU
retrieves the intended recipient’s seat and module ID num-
bers in the header portions to determine if it matches its own
seat and module ID numbers, or whether the seat and
module number combination indicates that the packet is a
global packet and intended for all seats and/or modules. If
the module is not the intended recipient of the packet, the
MCU ignores the received packet and the operation of the
module with respect to the packet ends. However, if the
packet is a global packet or the module is the intended
recipient of the message in the packet, then the MCU
retrieves the message’s content at step 408 and saves the
contents in memory. If the data packet is a heartbeat packet,
the heartbeat data of the transmitting module from the
previous heartbeat cycle is discarded (i.e., overwritten in
memory by the new heartbeat data). Accordingly, the mod-
ule receives and stores in memory the updated heartbeat data
from all of the modules.

[0050] At step 410, the MCU will use the message’s
contents to update it’s internal system status. The updated
internal system status of the module provides the module
with an update of the overall system status. In other words,
the module will know the updated status of all of the
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modules in the system. Based on the updated system status,
the MCU determines whether it should operate its corre-
sponding seat device from the current state to a target state
based on the updated system status. Utilizing the configu-
ration tables and the software stored in memory, the MCU
can retrieve from memory the updated system data it needs
to perform computations regarding operating its seat device
from the current state to a target state. For example, the
heartbeat data broadcast from the PCU module may indicate
that the status of a key on the PCU related to moving the
footrest has changed (e.g., passenger wishes to move the
footrest). In addition to operating the footrest to a target state
based on the updated status of the PCU, the footrest module
may also retrieve from memory the updated status of the seat
located in front of the foot rest to compute whether a
collision may occur during movement of the footrest to the
target state. Although FIG. 8 shows that data packets are
stored in memory only at step 408, the data packets received
by each module can be stored in memory and retrieved from
memory by the MCU during and between steps 400-410 in
order to perform the operations described above. For
example, any data packet received through the CAIN bus
can be saved in memory between step 400 and 402. Then, for
example at step 406, the MCU can retrieve the data packet
from memory to determine whether the packet is intended
for the module. If the packet is not intended for the module,
the data packet can be deleted from memory.

[0051] Inthe following, two specific operational examples
are described in detail with reference to FIG. 3. The first
example is related to a scenario where movements of a seat
may cause contact to the floor or back shell of the seat in
front. The second example is related to obstruction of a seat
part by a person and avoiding injury to the person.

[0052] When a seat is in a flat configuration such that all
of'the seating/support surface of the seat have been extended
to their limits, the space occupied by the seat may encroach
into the space that may be occupied by the back shell of the
seat located in the front. For example, if a seat is reclined to
its limit, the back shell of the seat in front may interfere with
the foot rest of the seat behind it if the foot rest is extended
to its limit. Accordingly, the back shell and the footrest may
collide. As described in the following example, the modules
of the present application communicate their status infor-
mation to each other and autonomously and independently
take action to avoid the noted interference and collision. For
example, a passenger seated in seat no. 4 (see FIG. 3), may
wish to extend the foot rest. Upon initiating the movement
of the foot rest, the module associated with the foot rest,
which will be referred to as module no. 15, broadcasts a
heartbeat packet to the other modules. The heartbeat packet
may include the position of the footrest at the time the
heartbeat packet was transmitted. Thus, with every subse-
quent heartbeat packet transmitted by module no. 15, a new
and farther extended position of the footrest is broadcast
through the CAN bus 224.

[0053] In this example, the intended recipient of the mes-
sage in the heartbeat packet may be all of the modules. Using
the stored configurable data in its memory, module no. 15
will compute whether the footrest actuator will collide with
the back shell of the seat in front, using the positions of
modules 13 through 16 retrieved from its memory. The
computations of module no. 15 are based on mathematical
algorithms stored in its memory for operating a seat device
corresponding to module no. 15 based on received status
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information of one or more of the other modules. Therefore,
each module may receive status information from the other
module and independently determine whether any action
should be taken. If the passenger of seat no. 4 stops the
footrest before such a possible collision, no special action
may be taken by any module. However, if the passenger of
seat no. 4 continues to extend the footrest, by which the
current status of the footrest is broadcast through the CAN
bus, and based on its computations that the footrest will
collide with the back shell, any module may independently
take action to avoid such a collision. For example, module
no. 15 may stop the footrest from extending beyond a certain
limit to prevent collision with the back shell. Alternatively,
module no. 13, which in this example is the recliner module,
can recline up while the footrest extends, so that the footrest
can move to its limit without contact with the back shell.

[0054] In another example, the modules communicate
with each other in order to prevent injury to a passenger. The
actuators used for moving the seat parts may include force
sensors to determine the force exerted on a seat part by an
external object. For example, if a passenger initiates a
position change for the entire seat with the PCU module,
such as a bed or sleep position, all of the seat parts may move
together to move the seat from the initial position to the bed
position. During such a movement, the modules of the seat
broadcast heartbeat packets through the CAN bus in order to
keep the other modules apprised of their status. Assuming
that the passenger’s leg is obstructing the space in which the
footrest is to be extended, the foot rest will make contact
with the passenger’s leg. The foot rest then sends feedback
through its actuator to the module which controls the foot-
rest to indicate an obstruction force. If the force is above a
certain predefined limit for preventing injury, the module of
the footrest may stop the motion of the footrest in order to
prevent injury to the passenger. Additionally, the module of
the footrest may broadcast a heartbeat packet to the other
modules of the seat with its status. The other modules may
then take action independently to either stop the reposition-
ing of the seat or modify the repositioning motion of the seat
due to the passenger’s leg obstructing the footrest. For
example, the PCU module can notify the passenger with
visual or audio signals regarding the passenger foot obstruct-
ing the repositioning of the seat.

[0055] The above examples describe a simple interaction
and operation between modules. However, in a seat control
system with a large number of seats and with each seat
having a large number of modules, the operation of each seat
device may be influenced by the operation of another seat
device with respect to power distribution, power allocation,
range of movements of various seating surfaces, interaction
between in-flight entertainment devices (e.g., two screens
used by different passengers for interactive gaming), privacy
screens, lighting interference (e.g., lighting at one seat
adjusted so as to not disturb adjacent sleeping passenger),
seat positions during TTL, and various other seat operations.
Each module includes data and software stored in memory
to autonomously and independently compute and accord-
ingly decide a course of action based on the status of other
modules regarding the above-noted operational situations.

[0056] The disclosed seat actuation control system pro-
vides distributed processing and peer-to-peer communica-
tion between seat modules. Each module receives status
information from the other modules without receiving any
commands, such as commands generated by a master or
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main controller, and independently and autonomously con-
trols its corresponding seat device. Accordingly, because
computations and decision making processes for each mod-
ule are performed in the module by the MCU, the control
system provides rapid responses to passenger requests under
all operational conditions because the computations are not
performed by a single master controller. Additionally, the
control system allows modification of the system by upgrad-
ing the hardware and software of one or more modules when
necessary. The control system also provides easy expansion
of the system by adding modules that communicate with the
network with the same communication protocol. Failure of
one or more modules affects only the failed modules without
affecting the operation of the entire system as compared to
master-slave control systems where failure of the master
controller causes complete system failure.

[0057] Although the disclosed control system and the
peer-to-peer communication network is discussed with
respect to actuated seats, the control system and the peer-
to-peer communication network including the network con-
figurations and communication methods and protocols dis-
cussed herein can be applied to any type of modular system.
For example, any system that includes a number of modules
that operate various devices to perform certain functions,
and where the functions may be dependent upon the status
of the other modules in the system, can use the disclosed
communication system to provide system control based on
independent and autonomous control by each module.
[0058] While a particular form of the disclosure has been
illustrated and described, it will be apparent that various
modifications can be made without departing from the spirit
and scope of the disclosure. Accordingly, it is not intended
that the disclosure be limited, except as by the appended
claims.

What is claimed is:

1. A method for peer-to-peer communication between a
plurality of modules of a vehicle seat network, each module
being configured to control a corresponding seat device, the
method comprising:

monitoring by each of the plurality of modules a transmit

sequence for determining whether the module is a next
module in the sequence;

in response to determining by one of the modules that the

module is the next module in the transmit sequence,

generating by the module a status packet including

status information of the corresponding seat device;
monitoring by the module expiration of a rest period; and

in response to expiration of the rest period, broadcasting
by the module the generated status packet over the
vehicle seat network for receipt by other ones of the
plurality of modules for actuating one or more seat
devices.

2. The method of claim 1, further comprising:

generating by the broadcasting module an asynchronous
packet;
determining whether the rest period has expired; and
in response to determining that the rest period has not
expired, broadcasting the asynchronous packet during
the rest period.
3. The method of claim 2, wherein a priority assigned to
the asynchronous packet is higher than a priority assigned to
the heartbeat packet.
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4. The method of claim 1, further comprising:

generating by the broadcasting module a plurality of
staggered packets, wherein a priority assigned to a
staggered packet is lower than a priority assigned to the
heartbeat packet;

transmitting one or more of the staggered packets over the
vehicle network;

monitoring a timeout period; and

suspending transmission of the one or more staggered
packets in response to reaching a portion of the timeout
period.



