WO 2004/091978 A1 |0 |00 000 000 O A

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

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
28 October 2004 (28.10.2004)

PCT

AT Y00 O

(10) International Publication Number

WO 2004/091978 Al

B60R 21/01,

(51) International Patent Classification’:
GO1G 19/414, B60N 2/00

(21) International Application Number:

PCT/CA2004/000567
(22) International Filing Date: 15 April 2004 (15.04.2004)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:

10/249,527 16 April 2003 (16.04.2003) US

(71) Applicants and

(72) Inventors: SAUNDERS, Darrel [CA/CA]; 11341-122
Street, Edmonton, Alberta TSM 0B6 (CA). JOHNER,
Lynn [CA/CA]; 12411 Japser Avenue, Edmonton, Alberta
T5M 3K9 (CA). MUSILEK, Petr [CA/CA]; 3339 118
Street N.W., Edmonton, Alberta T6J 3J5 (CA).

(74) Agent: STEWART, Michael, L.; Sim & McBurney, 6th
Floor, 330 University Avenue, Toronto, Ontario M5G 1R7
(CA).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP,KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Euro-

pean (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR,

[Continued on next page]

(54) Title: METHOD AND APPARATUS FOR SENSING SEAT OCCUPANCY

OCCUPANT

(57) Abstract: The application
relates to a vehicle seat occupancy
detection system and method. It
comprises a sensor device having
first and second relatively movable
parts (120, 122) being aligned for
relative ~ movement  substantially
perpendicular to upper and lower
surface of a seat bun (104). Both
parts (120, 122) are mounted within
the seat bun (104) below its upper

SEAT BUN

SENSDR/
EITTER
PAIR

FLEXIBLE CIRCUIT

|
]

r.lrm____.__

114
/ 116

T
FISTER 43
PROCESSOR
our

surface, the second part (122) being
spaced below the first part (120).
The sensor device is operative to
produce signals indicative of the
distance between the parts (120, 122),
which are forwarded to a processor to
indicate presence of an occupant. An
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METHOD AND APPARATUS FOR SENSING SEAT OCCUPANCY

[0001] This Application claims the benefit of U.S. Provisional Application No.
60/373,312, filed April 17, 2002.

[0002] Background of the Invention

h[0.003] This iﬁvention generally relates to the field of automatic occupancy sensing
systems for use in vehicle seats. More specifically, it relates to methods and apparatus
employed to produce data corresponding to the weight and the weight distribution or
compression pattern of the seat occupant and to gather and interpret the data by a

computerized system.

[0004] The automotive airbag was designed to provide protection to passengers during
vehicle collisions. Traditionally, the passenger-side airbag has been permanently ready to
deploy in case of a collision involving front or side impact. However concerns about the
impact on children and small adults have led to developments that may allow the driver or
passenger to diséngage the airbag by way of an on/off toggle or key switch. Because of its
nature, i.e. operator/manual control, there is a chance of operator error by forgetting or
neglecting to actuate the switch to the setting appropriate to the type of person occupying the
passenger seat. The US National Vehicle Transportation and Safety Administration (NVHS)

issued a Federal Motor Vehicle Safety Standard FMVSS-208, to combat the danger due to ‘
operator error and for other reasons. FMVSS-208 requires that 25% of all passenger vehicles
( produced in the United States, during and after 2004, have an automatic airbag deployment
suppression system. The automatic airbag deployment suppression system must determine
the mode of airbag deployment to be either fully enabled or fully suppressed based on the
current occupant of the seat. By 2008, the automatic airbag deployment suppression system
must also control the rate and percentage of airbag deployment depending on the current
occupant of the passenger seat and be present in 100% of all new vehicles produced or sold in

the United States.

[0005] Several patents cited with this application illustrate attempts by others to sense

whether the occupant in the passenger seat is an adult above a certain weight or not and
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provide a deactivation signal to the air bag deployment control if not. Many of the prior
patents show the use of multiple sensors in multiple locations to determine such things as
whether the occupant is a human being, the location of the face and more elaborate
determinations. Many systems found in the pr'iorrart are complex and expensive to fabricate,

calibrate and to maintain.
Summary of Invention

[0006] The present application addresses the aforementioned problems of determining the
appropriate deploying of airbags during vehicle collisions and the aforementioned
requirements of FMVSS-208 by providing a novel method and apparatus for automatically

sensing occupancy in a vehicle seat.

[0007] The system of the present invention is capable of distinguishing between the
different patterns created by different occupants and their various seating positions on the
seat, such as weight distribution patterns. The system's preferred purpose, but not its sole
purpose, is to read sensor signals, interpret the signals, and relay data via the system
processor to other vehicle management systems. For instance, another vehicle management
system, that is not part of this invention, will determine the mode of the passenger-side airbag.
deployment system based on measured characteristics of the current seat occupant made by

the system of the present invention.

[0008] In the present invention, a method and apparatus is provided for identifying and
categorizing the weight and weight distribution characteristics (e.g., distribution or
compression pattern) of the occupant occupying a seat in a vehicle. The method and
apparatus of the present invention is embodied in a system that identifies and categorizes the
occupant load placed on the seating surface or cushion of a seat - commonly referred to in the
seating industry as a "seat bun". This is done, whether the occup;mt load is human or
otherwise and returns information that is useful for the management of various vehicle sub-

systems.

[0009] The method for identifying and categorizing the occupant comprises measuring
the deflection of the upper surface of the seat bun at multiple points due to compression as -

caused by the occupant. In its simplest embodiment, a single sensor made up of a
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sensor/emitter pair (e.g., a Hall-effect sensor) can be used to measure the load Weight.
However, in order to iﬁclude the ability to measure the weight distribution pattern, the system
utilizes multiple sensor/emitter pairs for detecting this deflection. In one embodiment, the
unique sensor/emitter pairs detect the change in the distance between the upper and lower
sections or surfaces of the seat bun at multiple.points when the load of an occupant is applied.
In another embodiment, a two dimensional array of deflection sensors are used. The
deflection sensors include magnetic field emitters and field sensor pairs. The sensors are
physically connected to a flat substrate beneath the seat cushion. The sensors are responsive
to a Weight load placed on the seat cushion as the dﬁstance _between the emitters and the
sensors varies due to load compression of the cushion against the substrate. The use of
multiple sensors in a predetermined array causes sensors to provide signals that can be
analyzed in the form of a three-dimensional topographical map indicative of the load. A
processor receives the sensor output signals, to determine the occupant's weight and its
weight distribution pattern and to provide data useful in the control of other vehicle sub-

systems.

[0010] The processor may use a neural network simulation method to analyze the data
gathered through the sensors and for generating and outputting data useful to the control of
other vehicle sub-systems. Alternatively, a neural network or other predictive learning or
training method may be used to generate tables of variable factors unique to the particular
seat configuration and construction. The on-board system processor can then utilize the tables
in applying its analysis algorithm to the sensor readings in order to generate meaningful

output data to the vehicle control sub-systems.

[0011] The invention may also include an ambient air temperature sensor to measure the
temperature within the vehicle. The information from the temperature sensor is used to
compensate for the effect that a severe temperature may have on the response characteristics

of the sensors and the compression characteristics of the seat cushion material.

[0012] It is a preferred object of the present invention to supply a vehicle sub-system with
information that can be used to control the enablement or disablement of the airbag

deployment sub-system for associated airbags.
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[0013] It is a preferred object of the present invention to supply a vehicle sub-system with
information that can be used to control the airbag deployment sub-system for full
deployment, full suppression, or to any predetermined percentage of deployment between the

two extremes.

[0014] It is another preferred object of the present invention to determine occupant
weight, which is useful information for controlling vehicle sub-systems including, but not

- limited to, brake biasing, suspension valving, or abandoned occupants warning.

[0015] It is yet another preferred object of the present invention to determine seat status,
that is, whether it is empty or occupied by a human or by non-human objects, which is useful
information for controlling vehicle sub-systems including, but not limited to, seat belt

indicators and related or ancillary warning systems.

' [0016] Broadly stated, one aspect of the apparatus of the present invention includes a
sensor means mounted in a seat bun, and a processor. The seat bun forms a portion of the
seating cushion for a vehicle occupant's seat and has a substantially horizontal upper surface
portion and a lower portion. The sensor means has first and second relatively movable parts
aligned for relative movement along a path that is substantially perpendicular or transverse to
the seat bun surface. The first part is mounted within the seat bun and spaced below the upper
surface, while the second part is mounted so as to be spaced below the first part. The sensor
means is operative to produce signals indicative of the distance between the first and second
parts and the processor receives the sensor signals and interprets the signals to produce an

output that indicates the presence of a properly classified occupant in the seat.

[0017] Further objects, features, and advantages of the invention will become apparent
from a consideration of the following detailed description, when taken in connection with the
accompanying drawings.

Brief Description of Drawings

[0018] FIGURE 1 .is a block diagram  characteristic of the system and the connections

between its components.
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[0019] FIGURE 2 is a perspective cutaway view of the emitter portion of one

embodiment of a single sensor/emitter pair assembled in the seat bun.

[0020] FIGURE 3 is a perspective cutaway view showing the sensor portion of the

embodiment of a single sensor/emitter pair shown in Figure 1.

[0021] FIGURE 4A is a cross-sectional view showing another embodiment of a single

sensor/emitter pair within a collapsible housing.

[0022]  FIGURE 4B is a perspective view of a plurality of sensor/emitter pairs, such as
shown in FIGURE 4A, mounted on a substrate.

[0023]  FIGURE 5 is a flowchart comprising of a sequence of steps associated with the
process used to identify and categorize the occupant sensed to be on the seat bun and indicate

that information to a sensing and diagnostic module.

[0024] - FIGURE 6 is a flowchart showing a sequence of steps associated with a process

for gathering data from the sensor/emitter pairs assembled in the seat bun.

[0025] FIGURE 7 is a flowchart showing a sequence of steps associated with initial

system calibration, after assembly and preferably before installation in a vehicle.

[0026] FIGURE 8 is a flowchart showing a sequence of steps associated with the re-
calibration procedure for automatic re-calibration of the sensor outputs at predetermined

intervals.

[0027] FIGURE 9 is a block diagram of a neural network simulation.
Detailed Description

[0028] In Figure 1, an occupancy detection system (100) is shown as one embodiment of -
the present invention. As shown, the system (100) includes a seat cushion or bun (104),
which has at least one set of sensor/emitter pairs (108) mounted in it. With the presence of an

occupant (102) on the seat bun (104), the distance (106) between the emitter and sensor
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elements changes due to compression of the seat bun (104). The sensor/emitter pairs (108)
transmit the data reflective of the distance (106), through a flexible circuit layer (112) and to
a system processor (114). A temperature sensor (1 110) is connected to the system proéessor
(114) through the same flexible circuit (112) and is used to ascertain the ambient temperature
in which the system (100) is operating for the purpose of temperature compensating the data
(106) in non-standard or extreme ambient temperatures. Once the system processor (114) has
énalyzed the temperature-compensated data and produced the desiréd outputs, the output
signal (116) is sent to external sub-systems. For instance, for an output signal (116) having a
"1" value, an airbag deployment control system can use the information to enable deployment
of an associated airbag in the event of a collision. Conversely, if the output (116) i:c, "0" value,
an airbag deployment control system can use the information to suppress deployment of or
disable an associated airbag in the event of a collision. Other variations of the output (116),
i.e. output of "0.5", could be used to provide 50% or some other fractional deployment power

applied to an associated airbag.

[0029] Referring to Figures 2 and 3, separate cutaway views are provided of a single
sensor/emitter pair (108). The seat bun (104) is provided with a hole (118) having its
longitudinal axis extending transverse to the upper surface of the seat bun (104). The hole
(118) is provided to allow for assembly of the sensor/emitter pair (108) into the seat bun. The
hole (118) is preferably tapered along its axis with the upper opening smaller than the lower

opening.

[0030] The sensor/emitter pair (108) includes a magnetic field emitter (120) and a
magnetic field sensor (122). The emitter (120) comprises a molded rubber probe (120a)
containing a magnet (124). The emitter probe (120a) functions to support and align the
magnet (124) with the center of the hole (118) and thus with the center of the sensor (122)
that is mounted directly below the emitter (120). The emitter probe (120a) being secured and
extending from the top of the hole ensures that the magnet (124) remains at a fixed distance

from the top of the hole (118) when no load is applied to the surface of the seat.

[0031] In Figure 3, sensor element (122) is a ratio-metric or linear Hall effect sensor.
That is, as the magnet (124) is moved towards the sensor (122), a stronger magnetic field is
applied to the sensor (122), which responsively outputs a signal indicative of it sensing the’

increase in flux density. Likewise, as the magnet (124) is moved away from the sensor (122),
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the sensor outputs a signal indicative of it sensing the corresponding decrease in flux density.

[0032] In the event that a large weight or force were applied to a single seﬁsor/emittér
pair (108), it is likely that the emitter (120), without protection, would directly contact the
sensor (122). Over the lifetime of a vehicle, repeated mechanical contact befween the sensor
(122) and the emitter (120) could damage either component. In Figure 2, a molded rubber
sensor guérd element (126) is shown and employed to ensure that emitter (120) is prevented
from directly contacting the sensor (122). In addition, the sensor guard (126) is shown as
being formed to correspond to the surface of the magnet (124) in order to serve as an
alignment ring that centers the emitter (120) over the sensor (122) during extreme

compression of the seat bun (104).

[0033] During assembly, the emitter (120) is adhesively attached to a substrate or
protective sheet (130) and inserted into the hole (118) in the seat bun (104). A double-sided
adhesive layer (128) ensures the emitter (120) will not move from the upper surface of the
seat bun (104). A protective sheet (130), for example a 0.005" Polyester film, also seals the
system from any fluids that may spill onto the seat. The protective sheet (130) also serves to
provide a smooth upper surface for the seat, over which a fabric or other outer material can be
applied, to ensure that the level of comfort remains constant between similarly configured

seats that are equipped with the system and those that are not so equipped.

[0034] In Figure 3, the sensor (122) is shown mounted on a flexible circuit layer.(132),
preferably composed of silver or other conductive material traces printed onto or embedded
in a sheet of insulated film, such as Polyamide. The flexible circuit layer (132) is attached to
the lower surface of the seat bun (104) with a double-sided adhesive sheet or adhesive layer
(134). A substrate (136) is adhered to the flexible circuit (132) with a double-sided adhesive
sheet or adhesive layer (138). The substrate (136) provides a stable reference position for the
seﬁsor and seals the iower surface of the system, thereby protecting the circuit from being cut
or punctured by éharp objects that may bc; present under the seat.-Although adhesives are
used in this deséription, it is recognized and anticipated that others may chose to use other -

mechanisms to attach the sensor elements to the seat cushion and have results similar to ours.
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[0035] In Figure 4A, a second embodiment of a single sensor/emitter pair assembly (262)
is shown in an alternative mounting in the seat bun (104). In this embodiment, the seat bun
(104) is formed with a hole or cylindrical cavity (269) having its longitudinal axis aﬁgned
transverse or substantially perpendicular to the upper surface of the seat bun (104). A pre-
assembléd, one-piece cylinder shaped sensor/emitter pair assembly (262) is inserted as a
single unit into the cavity (269). The sensor/emitter pair assembly (262) includes an emitter
f)ortion (263) and a sensor (261). The emitter portion (263) is a rubber-like support that
contains and aligns a permanent magnet (263a) in a predetermined position with respect to
the axis of the cavity (269). The emitter portion (263) also aligns the magnet (263a) with the
center of the sensor (261). A molded rubber sensor guard (264) is located at the bottom of the
assembly (262), adjacent té the sensor (261) in order to prevent damage to the sensor by
direct contact with the magnet (263a) when a severe load is placed on the seat bun (104). The
emitter portion (263) and the sensor guard (264) are joined by way of a substantially
cylindrical housing wall (262a) that is formed of a compressible, rubber-like material, that
has spring-like properties sufficient to restore the emitter to full height when no load is
applied to the upper surface of the seat bun (104). The cylindrical housing wall (262a)
therefore ensures that the magnet (263a) remains at the predetermined distance (265) from
the sensor (261) under no load conditions. The predetermined distance (265) is selected such
that the optimum performance of the sensor (261) is achieved over the range of movement
between the elements along the defined linear path. The cylindrical housing wall (262a) is
designed to compress as the seat bun (104) compresses, while maintaining a substantially
cylindrical shape and not interfering with the movement of the emitter along its axial travel
path. The equal compression allows for predictable movement of the magnet under known
loads and the spring-like property allows for restoration of the magnet to a base or "zero"
position under no load condition and thereby allows for true, accurate and predictable output
from the sensor (261). The sensor (261) is a ratio-metric or linear Hall effect sensor. That is,
as the maignet (263a) moves towards the sensor (261), it causes a stronger magnetic field flux

that is sensed by the sensor (261).

[0036] The sensor/emitter assembly (262) is inserted into cavity (269) in the seat bun
(104) from the bottom of the seat bun (104). The emitter/sensor assembly (262) has an
outwardly extending retention lip (271) formed about the upper perimeter. The retention lip
(271) allows for the sensor/emitter pair assembly (262) to be inserted into the cavity (269) but

will prevent the accidental removal or movement once the insertion is complete and during
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the life-of the seat bun (104). This configuration of the sensor/emitter pair assembly .(262)
will not interfere with the comfort level of the seat considering that the sensor/emitter pair

assembly (262) does not extend to the upper surface of the seat bun (104).

[0037] The sensor (261) is directly mounted on and electrically connected to flexible
circuit (267). The flexible circuit (267) can be further overlaid or laminated to a protective
substrate (268), by way of a double-sided adhesive, an adhesive layer or other attachment
mechanism that achieves results similar to our use of adhesives. The surface of the flexible
circuit (267) that is in contact ;vith the seat bun (104) also may be laminated with an adhesive
layer (266) that will function as an additional way to affix the complete array to the seat bun
(104).:

[0038&] The sensor/emitter pair assembly (262) may be mounted individually as shown in
Figure 4A or, in an array (262") corresponding to a predetermined sensing pattern for a given
seat bun (104), as shown in Figure 4B. In Figure 4B, the entire array (262') is attached

mechanically to flexible circuit (267).

[0039] In Figure 5, a flowchart shows a process (140) that is used to identify and
categorize the occupant on the seat bun and indicate its category status to a vehicle sub-
system, upon request. In this example, the vehicle sub-system making the request is sensing
and diagnostic module for a vehicle airbag deployment system, referred to herein as an SDM.
When the request for status is received at (142), the system processor (114) initiates its data
gathering protocol step (144) by taking readings from the sensor/emitter pairs (108). Step
(144) is further detailed below in reference to Figure 6. If required, due to the expected
physical property changes in the seat cushion material at extreme hot or cold temperatures -
and the resultant effects to the sensor readings, an ambient temperature reading is made at
step (146). The sensor readings acquired in step (144) and ambient temperature reading
acquired in step (146) are applied to an algorithm in step (148) that simulates a neural
network protocol. Once the algorithm step (148) finishes processing the input data from the
sensor readings and provides an output value, the output value is compared with a
predetermined value at step (150) to determine if it is greater than the predetermined value. In
this example, a "0.9" value is used as the predetermined value. However, depending on how
~ one wishes to categorize the resultant output of the algorithm run in step 150, other values

may be used. If the comparison at step (152) is determined to be in the affirmative, the
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system informs the SDM that the airbag deployment is to be enabled (154) by setting the
output '(1 16) at a "1" logic level. The "previous state" variable PREV_STATE 4is then set to a
value of "1" (156), which indicates to the next request for statﬁs procedure (140) that the
system's previous state was "1" or "ON", If the domparison at step (150) is in the negative
(158), the system informs the SDM that the airbag deployment is to be suppressed at step
(164). The variable PREV_STATE is then set to a value bf "0" (166), which indicates to the

next request for status procedure (140) that the system's previous state was "0" or "OFF".

[0040] In Figure 6, a flowchart shows a process (172) associated with step (144) shown
- in Figure 5 for the gathering of data from the sensor/emitter pairs (108)..In step (174), a
single reading is gathered from each sensor/emitter pair (108) employed. An internal counter
is then incremented by one at step (176) to track the number of readings made. In step (178),
an average is calculated for each sensor based on all the readings gathered thus far, according
to the count number stored in the internal counter. A comparison is made at step (180) to
determine if the internal counter has reached a predetermined number. The predetermined
number "5" is used, in this example, to indicate the number of sensor readings that need to be
taken and used to provide an average reading for each sensor. If the number of readings is
determined to be less than the predetermined number at (182), the process is repeated and
additional readings are taken starting at step (174) and progressing through step (180). When
the comparison at step (180) indicates that the predetermined number of readings have been
taken, the averaged readings for each sensor are provided to the processor at step (186). Then,
step (148) in Figure 5 is performed. Finally, in process (172) the internal counter is reset to
zero at step (188) in anticipation of the next cycle of the procedure to gather sensor readings.
This procedure of averaging the data over a predetermined number of cycles serves to
minimize the effects of electromagnetic or other background interference that may impact the

readings from the sensors/emitter pairs (108).

[0041] In Figure 7, the flowchart illustrates the initial power-up procedure (190) that is
used to set the "zero" reference point for the signal readings from each sensor pair, after the
sensors are installed in a seat cushion and preferably before the seat is installed in a vehicle.
This is done with no load present on the seat cushion, in order to calculate the corresponding
"zero" reading by each sensor pair. When initial power activates the system after installation
and during the seat assembly procedure, the processor detects this as the first power-up at

step (192). The processor responsively initiates the data gathering protocol at step (194), as
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described above in procedure (172). In addition, a reading is 'taken from the associated
ambient temperature sensor NTC at step (196). At step (198) a check is made to determine if
temperature compensation is required. If the ambient temperature is sensed as being above or
below predetermined high and low values, compensation is. called for in at (200). The
processor compensates the averaged sensor readings gathered in (194) for temperature at step
(202) according to a predetermined algorithm. The compensated sensor readings are then
stored, as the corresponding "zero" points (204). If temperature compensation is not required
at (206), and the averaged sensor readings gathered in step (194) are stored as the
corresponding "zero" points (204). With the zero points stored during assembly, future
readings of the signal outputs from the sensor pairs will be repeatable for the sensors installed

in each seat.

[0042] Over the life of the system, it is anticipated that aging of the seat materials and
sensors may require re-calibration of the zero points for one or more of the sensor pairs. In
Figure 8, a flow chart is used to show a re-calibration procedure (208), which is performed as
a result of some timed event. In the present example, a predetermined number of vehicle
ignition cycles is counted as the timed event. Alternatively, other events could be monitored,
such as the number of sensed seat loads or a clock. In this example, the procedure (208)
begins when a counter (210), within the system processor, reaches a predetermined number
of ignition cycles as determined at step (211). The processor then determines if the seat is
occupied or unoccupied at step (212). If the seat is determined to be empty at (218), an
automatic re-calibration of all emitter/sensor pairs occurs (228). The re-calibration process is
identical to the pfocedure (190) shown in Figure 7. However, if the seat is determined to be
occupied at (214), the processor ends the re-calibration immediately at step (216). The
determination provided at (214) is used by the processor to remember that re-calibration did
not occur and to try re-calibration again at the next ignition on cycle. This will repeatedly
occur as many times as required until the processor determines that the seat is empty at an

ignition cycle event.

[0043] Since people come in a wide range of shapes and sizes, the processor must be
capable of recognizing patterns and generalizing them to yield correct output for any
occupant. A learning system, such as a neural network system, is utilized to provide such
functionality in the form of tables that are then referenced by the on-board system processor

(114). The tables of values generated from the neural network in the learning system are
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thereby requires less memory and processing power than an actual neural network processor

would require.

[0044] A neural network simulation consists of two basic elements: nodes and
connections. Nodes are additive, summing all values from connections entering the node and
sending that value to the conmections leaving the node. Connections are multiplicative,
multiplying a value passing through a connection by the weight associated with it. The-
signals outputting the node are usually condiﬁoned using a transfer function assisting the
neural network in achieving desired nonlinear characteristics. To create the basic architecture
for a neural network simulation, nodes and connections are usually arranged into conceptual
"layers" of different sizes. The input layer receives the input from the source. Conversely, the
output layer creates the output for the user. The size of the input layer and the output layer are
determined by the desired amount of inputs and outputs. The hidden layers, so named
because they are conceptually hidden from the outside of the network, determine the non-
linearity and generalization capabilities of the network. By changing the size of the layers
(i.e., their number), higher resolution and more detail of the pattern may be obtained, thereby

allowing a wider variety of patterns/classes to be recognized.

[0045] Referring to Figure 9, a block diagram (232) of a neural network is conceptually
represented. In this example, the architecture of the network (232) contains sixteen individual
nodes (234) in the input layer (236); twenty-eight individual nodes (237) in the hidden layer
(238); and "N" nodes (239) in the output layer (242). Each node (234) in the input layer (236)
receives a value at a corresponding input (244) from a respective one of an array of 16
sensor/emitter pairs (108). Each node (234) in the input layer (236) is connected to each node
(237) in the hidden layer (238) with multiplicative connections (246) each being assigned a
weight factor (248). Every node (237) in the hidden layer (236) is further connected to each
node (239) in the output layer (242). Tables are prepared during the learning process and
contain values that respectively correspond to the individual sensors and their respective
readings. The tables are referenced by the processor in order to simulate the network (232) by
multiplying and summing”the readings according to its algorithm in order to provide an
output that is indicative of predetermined classifications and categories of seat occupants, and
according to the sensed weight distribution over the sensor array. The outputs (254) of the

output layer (242) may then be used by the SDM to control the airbag deployment system. It
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is noted that this architecture is not the only available architecture for the simulated network
(232). As seat buns become more complex and as a wider of variety of patterns is to be

recognized, the size of the network (232) may grow and change.

[0046] It should be understood that the foregoing description of the embodiments is
merely illustrative of manyApossible implementations of the present invention and is not

intended to be exhaustive.
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Claims

[c1] 1.A vehicle seat occupancy detection system comprisiné: a seat bun forming a portion -
of the seating cushion for an occupant's seat, wherejn said seat bun has substantially
 horizontal upper surface portion and a lower portioh; a sensor device having first and second
relatively movable parts being aligned for relative movement substantially perpendicular to
said seat bun surfaces, said first part being mounted within said seat bun and spaced below
said upper surface, said second part also being mounted within said seat bun and being
spaced below said first part; said sensor device being operative to produce signals indicative
of the distance between said first and second parts; and a processor for receiving said sensor
signals and interpreting the signals to produce an output to indicate the presence of an

occupant in said seat.

[e2] 2.A vehicle seat occupancy detection system as in Claim 1, wherein said seat bun
contains a cavity in which said sensor device is mounted and said second part is mounted on

a supﬁort layer abutting said lower portion of said seat bun. .

[c3] 3. A vehicle seat occupancy detection system as in Claim 1, wherein said seat bun
contains a plurality of cavities arrayed in a predetermined pattern and a plurality of sensor
device mounted withiﬁ said cavities for producing signals and said processor receives and
interprets the signals from each sensor device to produce an output corresponding with the

weight and pattern of a load applied to the upper surface portion of said seat bun.

[c4] 4.A vehicle seat occupancy detection system as in Claim 1, wherein said sensor

device is a Hall-effect sensor cdmprising a magnetic field emitter and a magnetic field sensor.
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[c5] 5.A vehicle seat occupancy detection system as in Claim 4, wherein said first part
comprises said magnetic field emitter and said second part comprises said magnetic field

Sensor.

[c6] 6. A vehicle seat occupancy detection system as in Claim 3, wherein said sensor
device comprises Hall-effect sensors which each include a magnetic field emitter and a

magnetic field sensor.

[c7] 7.A vehicle seat occupancy detection system as in Claim 1, wherein said sensor
device includes a compressible housing that encloses first and second parts of said sensor

device and said housing is adapted for mounting into said cavity.

[c8] 8.A vehicle seat occupancy detection system as in Claim 7, wherein said sensor
device includes a guard device located between said first and second parts to prevent said

first and second parts from coming in direct contact with each other.

[c9] 9.A vehicle seat occupancy detection system as in Claim 8, wherein said guard device
includes an alignment portion which guides said first part into a predetermined alignment

with said second part.

[c10] 10. A vehicle seat occupancy detection system as in Claim 7, wherein said
compressible housing is formed to limit the amount of relative movement between the first
and second parts and prevent said first and second parts from coming in direct contact with

each other.

[c11] 11. A vehicle seat occupancy detection system as in Claim 10, wherein said
compressible housing includes an alignment portion which guides said first part along a

predetermined linear path with respect to said second part.

[c12] 12.A wvehicle seat occupancy detection system as in Claim 7, wherein said
compressible housing is formed of a material that restores said first and second parts to a

separated distance when no load is applied to said seat bun.



WO 2004/091978 PCT/CA2004/000567
16

[c13] 13.In a vehicle seat occupancy detection system that includes a seat for an occupant:
a seating cushion for an occupant's seat, having a substantially horizontal upper surface
portion and a lower portion; a sensor device having first and second relatively movablé parts
being aligned for relative movement substantially perpendicuiar to said seat cushion surfaces,
said first part being mounted within said seat cushion and spaced below said uppéf surface,
said second part also being mounted within said seat cushion and being spacéd below said
first part; said sensor device being operative to produce signals indicative of the distance
- between said first and second parts; and a processor for receiving said sensor signals and-
interpreting the signals to produce an output to indicate the pfesence of an occupant in said

seat.

[c14] 14.A vehicle seat occupancy detection system as in Claim 13, wherein said seat
cushion contains a cavity in ‘which said sensor device is mounted and said second part is

mounted on a support layer abutting said lower portion of said seat cushion.

[c15] 15. A vehicle seat occupancy detection system as in Claim 13, wherein said seat
cushion contains a plurality of cavities arrayed in a predetermined pattern and a plurality of
sensor device mounted within said cavities for producing signals and said processor receives
and interprets the signals from each sensor device to produce an output corresponding with

the weight and pattern.of a load applied to the upper surface portion of said seat cushion.

[c16] 16.A vehicle seat occupancy detection system as in Claim 13, wherein said sensor

device is a Hall-effect sensor comprising a magnetic field emitter and a magnetic field sensor.

[c17] 17.A vehicle seat occupancy detection system as in Claim 16, wherein said first part
comprises said magnetic field emitter and said second part comprises said magnetic field

SEnsor.

[c18] 18. A vehicle seat occupancy detection system as in Claim 15, wherein said sensor
device comprise Hall-effect sensors which each include a magnetic field emitter and a

magnetic field sensor.
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[c19] 19.A vehicle seat occupancy detection system as in Claim13, wherein said sensor
device includes a compressible housing that encloses first and second parts of said sensor
device and said housing is adapted for mounting into said cavity.

|
[c20] 20.A vehicle seat occupancy detection system as in Claim 19, wherein said sensor
device includes a guard device located between said first and second parts to prevent said

first and second parts from coming in direct contact with each other.

[c21] 21.A vehicle seat occupancy detection system as in Claim 20, wherein said guard
device includes an alignment portion which guides said first part into a predetermined

alignment with said second part.

[c22] 22. A vehicle seat occupancy detection system as in Claim 19, wherein said
compressible housing is formed to limit the amount of relative movement between the first
and second parts and prevent said first and second parts from coming in direct contact with

each other.

[c23] 23. A vehicle seat occupancy detection system as in Claim 22, wherein said
compreésible housing includes an alignment portion which guides said first part along a

predetermined linear path with respect to said second part.

[c24] 24.A vehicle seat occupancy detection system as in Claim 19, wherein said
compressible housing is formed of a material that restores said first and second parts to a

separated distance when no load is applied to said seat cushion.

[c25] 25. A method of detecting an occupant in a seat comprising the steps of: providing a
seating cushion having a substantially horizontal upper surface portion function as an
occupant's seating surface and a lower pértion with an outer surface in substantial opposition
to said upper surface; providing a weight sensor device having first and second relatively
movable parts aligned for relative movement substantially perpendicular to said seat cushion
surfaces, wherein said sensor device is operative to produce signals indicative of the distance
between said first and second parts; mounting said first part of said sensing device internal to
said seat cushion spaced below said upper surface; mounting said second part of said sensing

device below said first part; and providing a means for receiving said sensor signals and
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interpreting said signals to produce an output to indicate the presence of an occupant in said

seat.

[c26] 26.A method as in Claim 25, wherein said step of providing a weight sensor device
includes the steps of providing a plurality of cylindrical cavities in said seat that extend from
the lower surface towards the upper surface in sufficient size to accommodate and accept a
corresponding plurality of weight sensor devices; inserting said weight sensing devices into
said cavities; providing a substrate to suppdrt said weight sensing devices and attaching said-

substrate to the lower surface of said seat cushion.

[c27] 27.A method as in Claim 26, wherein said step of providing a means for receiving and
interpreting said sensor signals, includes the steps of determining the "zero" position of each

sensor when no load is present on said seat cushion.

[c28] 28.A method as in Claim 27, wherein said step of providing a means for receiving and
interpreting said sensor signals, includes the steps of initially determining the "zero" position
of each sensor when no load is present on said seat cushion and periodically determining the

"zero" position of each sensor thereafier.

[c29] 29.A method as in Claim 25, further including the step of sensing ambient
temperature in the area of the seat location and wherein said steps of reading and interpreting
said sensor signals includes averaging the output signals from each of the sensors and
compensating such averaged values for extreme ambient temperatures when such extreme

temperatures are sensed.

[c30] 30.A vehicle seat occupancy detection system as in Claim 15, wherein said processor.
receives the signals from each sensor device a plurality of times, averages the received signal
values from each sensor over said plurality of times, and analyzes said averaged signal values
with an algorithm simulating a neural network to produce an output corresponding with the

Weight and pattern of a load applied to the upper surface portion of said seat cushion.

[c31] 31. A vehicle seat occupancy detection system as in Claim 30, wherein said processor
also compensates said received signal values for ambient temperature conditions according to

predetermined compensation values for each value of temperature, and analyzes said
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averaged and compensated signal values with an algorithm simulating a neural network to
produce an output corresponding with the weight and pattern of a load applied to the upper

surface portion of said seat cushion.

[c32] 32. A method of analyzing the oﬁtput of a predetermined array of linear displacement
sensors that produce output signal values corresponding to known applied load values,
comprising the steps of: substantially simultaneously reading the signals output from each
sensor a predetermined number of times over a predetermined time period; averaging said
read signal values over said number of times said sensors were read; analyzing said averaged
signal values by applying an algorithm simulating a neural network to produce an output

corresponding with the weight and pattern of a load applied to said sensor array.

[c33] 33.A method as in Claim 32, wherein said signal values are compensated for the
ambient temperature of the environment in which the sensors are located; and said averaged

and compensated signal values are used in said step of analyzing.

[c34] 34.A method as in Claim 32, wherein said read signal values are periodically
compensated for age of use, by sensing when no load is applied to said sensors and providing
compensation to each read signal value in an amount sufficient for said signal values from

each sensor to indicate a zero load condition.



WO 2004/091978 PCT/CA2004/000567

1/9

FIGURE 1°




WO 2004/091978 PCT/CA2004/000567

FIGURE 2 —




- WO 2004/091978 PCT/CA2004/000567




WO 2004/091978 ‘ PCT/CA2004/000567

4/9

GRID ASSEMBLY

'Figure LB



WO 2004/091978

PCT/CA2004/000567

- 5/9
140
SDM REQUEST 142 /
FOR OGCUPANT |_—
STATUS IS
RECEIVED
144
146
Y
INITIATE DATA TAKE READING
GATHERING EROM NTG
PROTOCOL A
148
Y
INITIATE
NEURAL
NETWORK
PROTOCOL
15 015 ) 154 ' - 156
oUTPUT INFORM SDM SET VARIABLE
GREATER OCCUPANT | PREV_STATE TO
THAN 0.97 STATE IS 1 (ON) 1 (ON)
158
St
INFORM SDM SET VARIABLE L
»  OCCUPANT » PREV_STATE TO
0 (OFF)

STATE IS 0 (OFF)

FIGURE

5




WO 2004/091978

6/9

GATHER
READINGS FROM
"ALL SENSORS
ONCE

174
—

;

INCREASE
COUNTER
BY ONE

176

;

CREATE
. AVERAGES.
OF ALL DATA
COLLECTED

AVERAGES
ARE SENT T0O
PROCESSOR

SET
COUNTER
TO ZERO

PCT/CA2004/000567

| .: 172
—

188

FIGURE ¢



WO 2004/091978 ) ) PCT/CA2004/000567

719
/ 190
////192
FIRST TAKE
POWER-UP | - READING 196
IS DETECTED |  FROM NTC
INITIATE
DATA
GATHERING
PROTOCHL

ADJUST 202
READINGS
FOR
TEMPERATURE

%

STORE
READINGS
AS

ZERD POINTS H\\\\‘a’
04

|z e

FIGURE 7/



WO 2004/091978

210\

INTERNAL
COUNTER

8/9

PCT/CA2004/000567

/ 208

211

IS
. RE-CALIBRATION
REQUIRED

212\

IS SEAT EMPTY?

./214

NO

/216

END
RE-CALIBRATION

ir YES

CALIBRATE
ZERO SET POINT

8 RESET
COUNTER

218

228

FIGURE 8



WO 2004/091978 PCT/CA2004/000567

9/9

\ 246 i233

Fl G U R E 9 ,/ 8 for 8 Classification System

N = 3 for 3 Classification System




INTERNATIONAL SEARCH REPORT

Int ional Application No

PCT/CA2004/000567

A. CLASSIFICATION OF SUBJECT MATTER
IPC 7 B60R21/01 G01G19/414  B60N2/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7 B60R GOl1G B6ON GO1L

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data, PAJ

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category © | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
P,X US 2003/196495 Al (JOHNER LYNN ET AL) 1-34
23 October 2003 (2003-10-23)
the whole document
P, X US 2003/220766 Al (JOHNER LYNN ET AL) 1-34
27 November 2003 (2003-11-27)
the whole document
X EP 0 728 636 A (ECHLIN INC) 1,2,4-6,
28 August 1996 (19926-08-28) 13,14,
16-18
Y column 5, Tine 54 - column 6, line 25; 29-31
figures 5-7
A US 6 129 168 A (LOTITO JAMES C ET AL) 1,13,25,
10 October 2000 (2000-10-10) 32
Y column 2, line 28 — column 5, line 4 29,31,
33,34
- /__
Further documents are listed in the continuation of box C. Patent family members are listed in annex.

° Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or afterthe international
filing date

invention

which is cited to establish the publication date of another
citation or other special reason (as specified)

*T* later document published after the International filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

"X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
"L* document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Fax: (+31-70) 340-3016

*O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu—
other means ments, such combination being obvious to a person skilled
*P* document published prior to the international filing date but Inthe an.
later than the priority date claimed *&* document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
29 July 2004 10/08/2004
Name and mailing address of the ISA Authorized officer

Tel. (+31-70) 340-2040, Tx. 31 651 epo n, Plenk. R
’

Form PCT/ISA/210 (second sheet) (January 2004)




INTERNATIONAL SEARCH REPORT

Int ional Application No

PCT/CA2004/000567

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category °©

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

WO 01/85497 A (WALLACE MICHAEL W)

15 November 2001 (2001-11-15)

page 11, line 23 - page 14, line 7

page 1718, 1ine 1 - 1ine 29

page 57, lines 3-8

page 64, line 23 - page 68, 1ine 9

DE 199 47 733 A (BAYERISCHE MOTOREN WERKE
AG ; DEUTSCH ZENTR LUFT & RAUMFAHRT (DE))
9 August 2001 (2001-08-09)

the whole document

US 5 541 591 A (BUSH GARY L)

30 July 1996 (1996-07-30)

column 6, Tines 45-50; figure 7

US 5 232 243 A (BLACKBURN BRIAN K ET AL)
3 August 1993 (1993-08-03)

column 3, Tine 30 - column 5, line 9;
figures 2-4

column 10, Tine 21 - column 11, Tine 3b;
figures 10-12

US 6 138 067 A (ROE PAMELA ANN ET AL)

24 October 2000 (2000-10-24)

column 3, lines 4-12

US 5 971 432 A (HUSBY HARALD SNORRE ET
AL) 26 October 1999 (1999-10-26)

column 8, lines 9-59; figures 16-18

30-34

1,13,25
32

32

1,13,25,
32

1,13,25,
32

1,13,25,
32

Form PCT/ISA/210 (continuation of second sheet) {(January 2004)




INTERNATIONAL SEARCH REPORT |,

Information on patent family members

tional Application No

PCT/CA2004/000567
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2003196495 Al 23-10-2003 US 2003220766 Al 27-11-2003
US 2003220766 Al 27-11-2003 US 2003196495 Al 23-10-2003
EP 0728636 A 28-08-1996 US 5570903 A 05-11-1996
CA 2169868 Al 22-08-1996
EP 0728636 Al 28-08-1996
us 5678854 A 21-10-1997
US 6129168 A 10-10-2000  NONE
WO 0185497 A 15-11-2001 AU 5976301 A 20-11-2001
WO 0185497 Al 15-11-2001
US 2003040858 Al 27-02-2003
DE 19947733 A 09-08-2001 DE 19947733 Al 09-08-2001
US 5541591 A 30-07-1996  NONE
US 5232243 A 03-08-1993 DE 4212018 Al 15-10-1992
JP 2535120 B2 18-09-1996
JP 5139233 A 08-06-1993
us 5494311 A 27-02-1996
us 5624132 A 29-04-1997
uS 6138067 A 24-10-2000 US 5987370 A 16-11-199¢
DE 69819265 D1 04-12-2003
DE 69819265 T2 13-05-2004
EP 0200705 A2 10-03-19299
JP 3040379 B2 15-05-2000
JP 11148855 A 02-06-1999
us 6101436 A 08-08-2000
us 6058341 A 02-05-2000
us 6490236 Bl 10-12-2002
US 5971432 A 26-10-1999 US 5810392 A 22-09-1998
DE 69810445 D1 06-02-2003
DE 69810445 T2 02-10-2003
EP 0960032 Al 01-12-1999
JP 2001512573 T 21-08-2001
WO 9835861 Al 20-08-1998
us 5865463 A 02-02-1999

Form PCT/ISA/210 (patent family annex) (January 2004)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

