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(57) Abstract

A first electric field sensor (12) in a seat bottom (30) identifies whether there is normally seated, forward facing occupant (14) on a
vehicle seat (16) by generating an electric field (40) and sensing the effect of proximate objects thereupon. A second electric field sensor
(20) determines if an object is within an at-risk zone (22) proximate to a safety restraint system (26) by sensing from a proximate location
the electric field (40) generated by the first electric field sensor (12), and is responsive to the degree to which an object detected in the at—risk
zone (22) is electrostatically coupled to the vehicle seat (16). A range/proximity sensor (70) may be provided to measure the proximity of
an occupant to the seat back, so as to accommodate occupant movement prior to the deployment of the safety restraint system (26), and to
improve occupant discrimination.




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG
CH
CI
CM
CN
CuU
CZ
DE
DK
EE

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cdte d’Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES

FI

FR
GA
GB
GE
GH
GN
GR

KR
KZ
LC
LI

LK
LR

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Ireland

Israel

Iceland

Italy

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
Nz
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
Sz
D
TG
T
™
TR
TT
UA
UG
US
vz
VN
YU
w

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




10

15

20

25

30

WO 00/68044 PCT/US00/12879

Occupant Detection System
The instant invention generally relates to occupant detection systems and more

particularly to occupant detection systems for influencing the deployment of a safety
restraint system responsive to a crash and responsive to the occupant.

In the accompanying drawings:

FIG. 1 illustrates an embodiment of the instant invention;

FIG.2 illustrates the operation of first and second electric field sensors in accordance
with the instant invention;

FIG. 3 illustrates a child in a typical rear facing infant seat placed on a vehicle seat
incorporating an electric field sensor in accordance with the instant invention;

FIG. 4 illustrates a cross section of one embodiment of an electric field sensor in
accordance with the instant invention;

FIG. 5 illustrates a block diagram of an embodiment of the instant invention;

FIG. 6 illustrates a flow chart of an embodiment of the instant invention;

FIG. 7 illustrates a sensing circuit in accordance with the instant invention;

FIG. 8 illustrates the operation of various elements of the sensing circuit of FIG. §8;
and

FIGS. 9a-j illustrates examples of various seat occupancy scenarios.

Referring to Fig. 1, an occupant detection system 10 comprises a first electric field
sensor 12 for identifying whether there is normally seated, forward facing occupant 14 on
the vehicle seat 16 of a vehicle 18, and a second electric field sensor 20 for determining if
a part of the occupant 14, or another occupant 14°, is within a region 22’ -- also known as
an at-risk zone 22 -- proximate to a restraint actuator 24 of an associated safety
restraint system 26. Occupants within the at-risk zone 22 of the associated safety
restraint system 26 may be susceptible to injury by the restraint actuator 24 of a safety
restraint system 26, which in Fig. 1 is illustrated comprising an air bag inflator 28.

An example of the first electric field sensor 12 is illustrated in Fig. 1 in the seat
bottom 30 under the seat cover 32 and close to the top of the foam cushion 34. The first
electric field sensor 12 comprises at least one first electrode 36 operatively coupled to at
least one first applied signal 38 so as to generate an electric field 40 proximate to the at
least one first electrode 36 responsive to the first applied signal 38. The first applied

signal 38 for example comprises either an oscillating or pulsed signal. At least one first
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electrode 36 is operatively coupled to a first receiver 42 which outputs at least one first
received signal 44 responsive to the electric field 40 at the corresponding first electrode
36, wherein the first received signal 44 is responsive to at least one electric-field-
influencing property — for example dielectric constant, conductivity, size, mass or distance
-- of an object proximate to the first electric field sensor 12. For example, for the first
electric field sensor 12 as a capacitance sensor, the first receiver 42 measures the
capacitance of at least one first electrode 36 with respect to either another first electrode
36 or with respect to a surrounding ground, for example a seat frame 46 of the vehicle
seat 16, connected to circuit ground 48.

The at least one first electrode 36 may shaped and located so as to be able to
distinguish seating conditions for which the restraint actuator 24 should be deployed
from seating conditions for which the restraint actuator 24 should not be deployed so as
to avoid causing more injury to an occupant 14 than the occupant 14 would otherwise
incur without the deployment of the restraint actuator 24. For example, the first
electrode 36 is shaped and located so that a capacitance of the at least one first electrode
36 with respect to a circuit ground 48 is substantially greater for a seating conditions for
which the restraint actuator 24 should be deployed, for example an occupant 14 seated
in substantially normal seating position on the vehicle seat 16 or a large body immediately
above the seat bottom 30; than for a seating condition for which the restraint actuator 24
should not be deployed, for example an empty vehicle seat 16, an infant, child, or booster
seat on the vehicle seat 16 with or without an infant or child seated therein, or an occupant
14 on the vehicle seat 16 in a position that is substantially different from a normal seating
position. The at least one first electrode 36 is, for example, substantially the same size as
aregion to be sensed on the vehicle seat 16, and sections of the at least one first electrode
36 may be removed to selectively reduce the sensitivity thereof proximate to regions where
an infant or child, in an infant, child, or booster seat, is closest to the vehicle seat 16.

The second electric field sensor 20 comprises at least one second electrode 50
proximate to the restraint actuator 24 of a safety restraint system 26. The second
electrode 50 is operatively coupled to a second receiver 52 which outputs at least one
second received signal 54 responsive to the electric field 40 influencing the second
electrode 50, as generated by the first electric field sensor 12, responsive to both the

proximity of an object to the second electrode 50, and to the electrostatic coupling of the
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object to the first electric field sensor 12. The second receiver 52 monitors the
oscillating or pulsed signal generated by the first electric field sensor 12. For example,
when a pulse is sent out from the first electric field sensor 12 in the seat bottom 30, the
occupant’s body effectively becomes part of a “transmission antenna”. These pulses
become weaker as the separation between the occupant’s body and the second electrode
50 increases, and this relationship can be used to determine if the body part in the at-risk
zone 22 is part of the occupant 14 seated directly on the seat bottom 30 so as to be
strongly coupled to the first applied signal 38 applied to first electric field sensor 12.

Referring to Figs. 2a and 2b, the second electric field sensor 20 identifies if a body
part detected in the at-risk zone 22 is well coupled to the first electric field sensor 12 in
the seat bottom 30 using a “transmission through the occupant” phenomenon, whereby a
variation in voltage applied to the first electric field sensor 12 in the seat bottom 30 is
coupled through the occupant 14 seated on the vehicle seat 16. Currents in the occupant’s
body effectively make the occupant’s body an extension of the at least one first electrode
36 of the first electric field sensor 12. If the occupant’s hand is in the at-risk zone 22, the
voltage variation at the first electric field sensor 12 can be sensed by the second receiver
52 of the second electric field sensor 20, illustrated in the instrument panel. Accordingly,
as illustrated in Fig. 2a, the second received signal 54 is detected by the second receiver
52 when the occupant 14 is electrostatically well coupled to the seat bottom 30.
Moreover, as illustrated in Fig. 2b, the second received signal 54 is not detected by the
second receiver 52 when the occupant 14 is not electrostatically coupled to the seat
bottom 30.

If there is a body part in the at-risk zone 22, the second receiver 52 of the second
electric field sensor 20 senses a strong signal from the first electric field sensor 12, if
there is strong “transmissive” coupling between the seat bottom 30 and the at least one
second electrode 50 of the second electric field sensor 20. Typically, this occurs when
the body part in the at-risk zone 22 is part of the occupant 14 seated directly on the
vehicle seat 16, so that a strong second received signal 54 is indicative of the body part in
the at-risk zone 22 belonging to an occupant 14 seated directly on the vehicle seat 16.
Otherwise, if there is a body part in the at-risk zone 22, a second received signal 54 that

is not strong is indicative of the body part in the at-risk zone 22 belonging to an occupant
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14’ not seated directly on the vehicle seat 16, for example as would result from a “child-
on-lap” condition.

The situations of an adult on the vehicle seat 16 and either a child on the lap of the
adult or a child standing between the air bag and the seated adult are generally designated
as “child-on-lap” conditions, for which the restraint actuator 24, for example an air bag
inflator 28, is disabled whenever a child is detected within the at-risk zone 22 the air bag
inflator 28. Stated in another way, the second electric field sensor 20 uses a transmitted
signal from the first electric field sensor 12 to identify whether the occupant 14 in the at-
risk zone 22 is an occupant 14 on the vehicle seat 16. If the second received signal 54 of
the second electric field sensor 20 by the second electrode 50 proximate to the air bag
inflator 28 is not strong, then the occupant 14 detected by the second electric field sensor
20 in the at-risk zone 22 could be a “child-on-lap” condition, so the air bag inflator 28 is
disabled.

Accordingly, the first electric field sensor 12 generates an electric field 40 with a
first applied signal 38 applied to at least one first electrode 36, and senses the influence
of an electric-field-influencing object the electric field 40 with a first receiver 42
operatively connected to at least one first electrode 36. The electric field 40 generated by
the first electric field sensor 12 is sensed by the second electric field sensor 20 with a
second receiver 52 operatively connected to at least one second electrode 50, at a location
proximate to a restraint actuator 24 of a safety restraint system 26, whereby the strength
of the second received signal 54 from the second electric field sensor 20 is dependent
upon the proximity of an occupant 14 thereto, and to the degree of coupling by the
occupant 14 from the first electric field sensor 12 to the second electric field sensor 20.

As used herein, the term “electric field sensor” refers to a sensor that generates a signal
responsive to the influence of that being sensed upon an electric field. Generally, and
electric field sensor comprises at least one electrode to which is applied at least one applied
signal and at least one electrode — which could be the same electrode or electrodes to which
the applied signal is applied — at which a received signal (or response) is measured. The
applied signal generates an electric field from the at least one electrode to a ground in the
environment of the at least one electrode, or to another at least one electrode. The applied
and received signals can be associated with the same electrode or electrodes, or with

different electrodes. The particular electric field associated with a given electrode or set of
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electrodes is dependent upon the nature and geometry of the electrode or set of electrodes
and upon the nature of the surroundings thereto, for example the dielectric properties of the
surroundings. For a fixed electrode geometry, the received signal or signals of an electric
field sensor are responsive to the applied signal or signals and to the nature of the
environment influencing the resulting electric field, for example to the presence and
location of an object with a permittivity or conductivity different to that of its
surroundings.

One form of electric field sensor is a capacitive sensor, wherein the capacitance of one
or more electrodes is measured — from the relationship between received an applied signals
— for a given electrode configuration. The technical paper “Field mice: Extracting hand
geometry from electric field measurements” by J. R. Smith, published in IBM Systems
Journal, Vol. 35, Nos. 3 &4, 1996, pp. 587-608, incorporated herein by reference, describes
the concept of electric field sensing as used for making non-contact three-dimensional
position measurements, and more particularly for sensing the position of a human hand for
purposes of providing three dimensional positional inputs to a computer. What has
commonly been referred to as capacitive sensing actually comprises the distinct
mechanisms of what the author refers to as “loading mode”, “shunt mode”, and “transmit
mode” which correspond to various possible electric current pathways. In the shunt mode,
a voltage oscillating at low frequency is applied to a transmit electrode, and the
displacement current induced at a receive electrode is measured with a current amplifier,
whereby the displacement current may be modified by the body being sensed. In the
“loading mode”, the object to be sensed modifies the capacitance of a transmit electrode
relative to ground. In the transmit mode, the transmit electrode is put in contact with the
user’s body, which then becomes a transmitter relative to a receiver, either by direct
electrical connection or via capacitive coupling.

Accordingly, the first electric field sensor 12 is either what is commonly known as a
capacitive sensor, or more generally an electric field sensor operating in any of the above
described modes, wherein the first electric field sensor 12 generates an electric field 40
from the first applied signal 38 applied to at least one first electrode 36 and senses
objects proximate to the associated at least one first electrode 36, for example in the seat
bottom 30 of a vehicle seat 16, from the influence of the electric field 40 on the first

received signal 44. The at least one first electrode 36 of the first electric field sensor
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12, the first applied signal 38 applied thereto, and the sensitivity of the first receiver 42
are all adapted so that the first electric field sensor 12 is substantially non-responsive to
objects that are more than 50 mm above the seat bottom 30, but is responsive to occupants
that are normally seated directly on the vehicle seat 16.

An electrode of the first 12 and second 20 electric field sensors may be constructed in
a variety of ways, and the method of construction is not considered limiting. For example,
an electrode may be constructed using rigid circuit board or a flexible circuit using known
printed circuit board techniques such as etching or deposition of conductive materials
applied to a dielectric substrate. Alternately, an electrode may comprise a discrete
conductor, such as a conductive film, sheet or mesh that is distinct from or an integral part
of the vehicle seat 16 or components thereof. The assembly of one or more electrodes
together with the associated substrate is referred to herein as a sensing pad.

The occupant detection system 10 can be used to sense infants or children in rear
facing infant seats, child seats or booster seats, on the basis that the child 300 therein does
not have a large surface of its body very near to the seat bottom 30 and the at least one
first electrode 36 contained therein. For example, referring to Fig. 3 illustrating a child
300 in a typical rear facing infant seat 302, the seating contour 304 inside the rear
facing infant seat 302 is such that the buttocks of the child 300 are closest to the seat
bottom 30 of the vehicle seat 16. Usually there is a significant gap 306, up to several
inches, between the child 300 and the seat bottom 30 of the vehicle seat 16. Since rear
facing infant seats 302 are generally made of plastic, the seats themselves are not sensed
directly by the first electric field sensor 12. Even for a rear facing infant seat 302 for
which the gap 306 between the child 300 and the seat bottom 30 of the vehicle seat 16 is
relatively small, the inside seating contour 304 still creates a significant gap between the
at least one first electrode 36 and all parts of the child 300 except the buttocks. Since
only a small portion of the surface of the child 300 is near to the at least one first

electrode 36, the associated capacitance thereof is relatively low, and more particularly,
less than a threshold capacitance, Cporm for detecting a normally seated occupant 14.

The first electric field sensor 12 may be adapted to reduce the effect that liquids
proximate to a first electrode 36 can have on the capacitance thereof with respect to a
circuit ground 48, or with respect to another first electrode 36. For example, liquids

spilled on and absorbed by the foam cushion 34 can increase the capacitance of the first
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electrode 36 with respect to the circuit ground 48. Referring to Fig. 4, the first electric
field sensor 12 can be adapted to reduce the effect of a wetting of the foam cushion 34 by
incorporating a third electrode 400, known as a driven shield 400’°, and/or a fourth
electrode 402, known as a ground plane 402’, under the at least one first electrode 36,
known as a sensing electrode 36’, wherein the first 36, third 400 and fourth 402
electrodes are insulated from one another, for example by at least one dielectric substrate.
For example, the first 36, third 400 and fourth 402 electrodes may be integrated so as to
form a single capacitive sensing pad 404’. The driven shield 400’ is a second conductor
under the conductor of the sensing electrode 36’ that is driven at the same potential as the
sensing electrode 36°, resulting in a cancellation of the electric field between the sensing
electrode 36’ and the driven shield 400°. The driven shield 400’ eliminates the sensing
capability of the capacitive sensing pad 404’ on the side of the sensing electrode 36’
where the driven shield 400’ is located. The capacitive sensing pad 404’ is further
improved with a ground plane 402’ under the driven shield 400’ so that the circuit
driving the driven shield 400’ drives a consistent load.

Accordingly, as so adapted, the first electric field sensor 12 further comprises at least
one third electrode 400 and at least one fourth electrode 402, wherein the at least one
third electrode 400 is located between the at least one first electrode 36 and the at least
one fourth electrode 402, and the at least one third electrode 400 is operatively coupled
to a second applied signal 406. For example, the at least one third electrode 400 is
substantially the same size as the at least one first electrode 36; the second applied signal
406 is substantially the same as the first applied signal 38; the at least one fourth
electrode 402 is located between the at least one first electrode 36 and a foam cushion 34
of the vehicle seat 16; the at least one fourth electrode 402 is substantially the same size
as the at least one first electrode 36; and the at least one fourth electrode 402 is
operatively connected to a circuit ground 48, or to a third applied signal 408, wherein
the third applied signal 408 is a circuit ground 48 potential.

The driven shield 400’ and/or ground plane 402’ are for example near to or slightly
larger than the sensing electrode 36, and are provided to minimize the effects of liquid in
the foam cushion 34 below the driven shield 400’ and/or ground plane 402’ on the
capacitance of the sensing electrode 36, rather than to extend the range and sensitivity of

the electric field sensor. The driven shield 400’ and the sensing electrode 36’ essentially
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covers the entire area to be sensed on the vehicle seat 16. Alternately, a plurality of first
electrodes 36 are distributed sparsely across the vehicle seat 16, thereby covering a
smaller area than the entire area to be sensed on the vehicle seat 16. Each first electrode
36 can be embodied in a variety of sizes and shapes, and for a plurality of first electrodes
36, the arrangement thereof can be embodied in a variety of patterns.

In one embodiment, the at least one first electrode 36 comprises a plurality of first
electrodes 36 operatively coupled to the first receiver 42 so that different signals from
different first electrodes 36 provide information associated with the distribution of an
object on the vehicle seat 16, for example the seating location of an occupant 14 or the
size of an occupant 14.

The first 12 and second 20 electric field sensors are operatively connected to a
controller 56, which is operatively coupled to the restraint actuator 24 of a safety
restraint system 26. The controller 56 discriminates the type and location of an object or
occupant 14 located on the vehicle seat 16, or generally between the vehicle seat 16 and
the safety restraint system 26, and controls the actuation of a safety restraint system 26
responsive thereto in the event of a crash. The controller 56 distinguishes, from the
second received signal 54 -- for example from the magnitude thereof -- a body part of an
occupant 14 seated on the vehicle seat 16 from a body part of an eccupant 14 not seated
directly on the vehicle 18, and controls the actuation of a safety restraint system 26
responsive thereto. For example, the controller 56 disables the safety restraint system 26
if a body part is detected from an occupant 14 not seated directly on the vehicle seat 16.
For example if the magnitude of the second received signal 54, representing a current
transmitted from the first electric field sensor 12 to at least one second electrode 50 or a
capacitance of at least one second electrode 50, is less than a first threshold, then the
safety restraint system 26 is disabled. The first threshold corresponds to the worst case
“child-on-lap” condition, or stated another way, the highest capacitance or transmitted
current that can be expected from a child proximate to the restraint system. Furthermore,
for example, the controller 56 enables the safety restraint system 26 if the first electric
field sensor 12 senses an occupant 14 seated on the vehicle seat 16 and the magnitude of
the second received signal 54 is greater than a second threshold, indicating that the body
part within the at-risk zone 22 belongs to an occupant 14 seated on the vehicle seat 16.

However, if the second received signal 54 remains greater than a second threshold for a
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period of time greater than a third threshold, for example as a result of an occupant 14 in
the seat with their feet or legs placed proximate to the safety restraint system 26, then the
safety restraint system 26 is disabled.

In operation, an occupant 14 seated on the seat bottom 30 of a vehicle seat 16
sufficiently increases the capacitance of the first electric field sensor 12 so as to indicate to
the controller 56 from the first receiver 42 that an occupant 14 is seated against the vehicle
seat 16. The second electric field sensor 20 determines if a portion of the occupant 14 is
located within the at-risk zone 22 of the air bag inflator 28. The signals from the first 12
and second 20 electric field sensors are operatively coupled to a controller 56 which
operates in accordance with known analog, digital, or microprocessor circuitry and software.
A crash sensor 58 is also operatively coupled to the controller 56. Responsive to a crash
detected by the crash sensor 58, if an occupant 14 is seated on the seat 3 and is not located
within the at-risk zone 22 of the air bag inflator 28, the controller 56 generates a signal 60
which is operatively coupled to one or more initiators 62 of one or more gas generators 64
mounted in an air bag inflator 28, thereby controlling the actuation of the air bag inflator 28
so as to inflate the air bag 66 as necessary to protect the occupant 14 from injury which
might otherwise be caused by the crash. The electrical power necessary to carry out these
operations is provided by a source of power 68, for example the vehicle battery.

Referring to Fig. 1, in accordance with another, alternate but not essential, embodiment
further comprises a range/proximity sensor 70 mountable within the seat back 72 of a
vehicle seat 16, wherein the range/proximity sensor 70 when mounted in the seat back
72 of the vehicle seat 16 is for example responsive to a torso of an occupant 14 proximate
to the seat back 72, and provides a measure of distance from the seat back 72 to the torso
of the occupant 14. The range/proximity sensor 70 operates in accordance with any
sensing technology that can provide a measure of the proximity or distance of an occupant
14 to the seat back 72, for example, including but not limited to a third electric field
sensor 74 comprising at least one fifth electrode 76, a capacitive sensor, a radar sensor, an
optical range sensor, an active infrared sensor, a passive infrared sensor, a vision sensor, an
ultrasonic range sensor, and an inductive sensor. The range/proximity semsor 70 is
operatively connected to the controller 56, which discriminates the type of object on the
vehicle seat 16 from the at least one first received signal 44, alone or in combination with

the at least one second received signal 54, and controls the actuation of a safety restraint
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system 26 responsive thereto, whereby if the second electric field sensor 20 detects an
object within an at-risk zone 22 proximate to the safety restraint system 26 then the
controller 56 controls the actuation of a safety restraint system 26 responsive to the
range/proximity sensor 70. The range/proximity sensor 70, for example a a third
electric field sensor 74 comprising at least one fifth electrode 76, is adapted to be
responsive to objects within about 50 mm of the seat back 72 within a region from about
250 mm to 500 mm from the seat bottom 30 of the vehicle seat 16.

For an occupant detection system 10 comprising a third electric field sensor 74 as a
range/proximity sensor 70 in the seat back 72, both the first 12 and third electric field
sensor 74s can share a common electronics module 78 that contains respective first 42
and third 80 receivers that are operatively connected to the respective at least one first
electrode 36 and at least one fifth electrode 76. Alternately, the first 42 and third 80
receivers can be located proximate to the associated first and fifth 76 electrodes. The
first applied signal 38 of the first electric field sensor 12 is generated by an associated
first signal generator 82, and can also be operatively coupled to at least one fifth
electrode 76 of the third electric field sensor 74. In one alternative, a second applied
signal 406 from a second signal generator 84 can be operatively connected to at least one
fifth electrode 76 of the third electric field sensor 74. In another alternative, the third
electric field sensor 74 can be operated in the “transmit mode” relative to the first electric
field sensor 12, as is the second electric field sensor 20, wherein the first electric field
sensor 12 from at least one first electrode 36 of the first electric field sensor 12 is
detected by the third receiver from the at least one fifth electrode 76 of the third electric
field sensor 74. As with the first 42 and third 80 receivers, the first signal generator 82
or the first 82 and second 84 signal generators can also be located in the common
electronics module 78, or located proximate to the associated first 36 and fifth 76
electrodes.

The range/proximity sensor 70 in the seat back 72 of the vehicle seat 16 enables the
controller 56 to respond to the movement of the occupant 14 after the crash has begun. In
frontal crashes of sufficient severity that the occupant 14 starts moving forward relatively
quickly after the initial impact, the range/proximity sensor 70 in the seat back 72 can
determine if the occupant 14 has moved away from the seat back 72 soon after the crash

begins, so as to possibly disable the air bag inflator 28 if the occupant’s limbs are in the
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at-risk zone 22. However, even in relatively severe crashes, it takes approximately 50
milliseconds for the occupant 14 to move 20 centimeters. Furthermore, there is usually a
gap of at least 20 centimeters between the at-risk zone 22 and the occupant’s head or torso
when the occupant 14 is seated against the seat back 72. Accordingly, whenever an
occupant 14 is sensed near to the seat back 72, it is relatively unlikely for that occupant’s
head or torso to be within the at-risk zone 22 for at least 50 milliseconds, so that the air
bag inflator 28 can safely remain enabled until 50 milliseconds after the occupant 14
moves forward of the seat back 72. Because air bag inflators typically deploy in nearly all
crashes within that 50 milliseconds, it is relatively unlikely that there would be an
inadvertent non-deployment when a limb is in the at-risk zone 22 and the occupant 14
moves forward of the seat back 72 responsive to the crash.

Referring to Fig. 5, a first electric field sensor 12 senses if an occupant 14 is seated
on the vehicle seat 16 and outputs a first signal 500 representative thereof to the
controller 56, wherein the associated identification process can be performed either by the
first electric field sensor 12 or by the controller 56. A second electric field sensor 20
senses whether an object is located within the at-risk zone 22 of the safety restraint
system 26, senses the degree to which that object is electrostatically coupled to the vehicle
seat 16, so as to for example distinguish a part of a normally seated occupant 14 from a
“child-on-lap” condition, and outputs a second signal 502 representative thereof to a
controller 56, wherein the associated identification process can be performed either by the
second electric field sensor 20 or by the controller 56. The range/proximity sensor 70
in the seat back 72 senses the distance of the occupant 14 from seat back 72 and outputs
a third signal 504 representative thereof to the controller 56, wherein the associated
identification process can be performed either by the range/proximity sensor 70 or by the
controller 56. The controller 56 determines from respective first 500, second 502, and
third 504 signals whether or not to disable the safety restraint system 26, or whether or
not to activate the safety restraint system 26 responsive to a crash sensed by a crash
sensor 58, wherein the crash sensor 58 may be either distinct from or incorporated in the
controller 56.

The operation of an embodiment is further illustrated with reference to the flow
diagram of an algorithm illustrated in Fig. 6. At the beginning, in step (602), a presence

flag is reset, wherein the presence flag indicates the presence of an occupant 14 on the
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seat. Then in step (604), a measurement is made by the first electric field sensor 12 so as
to detect the presence of an occupant 14 on the seat. If in step (606) an occupant 14 is
detected as being seated directly on the seat, for example as would be the case for a
normally seated occupant 14, then in step (608) if the presence flag is not set, then in step

(610) the presence flag is set and in step (612) the first time of a continuous interval of
presence is saved as tg. Otherwise, in step (614) the presence flag is reset, indicating that

an occupant 14 is not present on the seat, and if in step (616) there has not been an
occupant 14 seated directly on the seat for a predetermined period of time i.e.
THRESHOLD1 (for example, 3 seconds) then the restraint actuator 24 is disabled in
step (618); otherwise the process is repeated beginning with step (604). If in step (620),

there has been an occupant 14 seated directly for a predetermined period of time i.e.
THRESHOLD?2 (for example, 3 seconds) then in step (622) the distance Dg(t) of the

occupant 14, for example the distance of the torso of the occupant 14 from the seat back
72, is measured by the range/proximity sensor 70; and in step (624) a measurement of the
second electric field sensor 20 is made to detect whether a body part is located within the
at-risk zone 22 of the restraint actuator 24. If in step (626) a body part is not located
within the at-risk zone 22 of the restraint actuator 24, then the restraint actuator 24 is
enabled in step (628). Otherwise, if in step (630) the second received signal 54 (M2) is
less than a threshold, i.e. THRESHOLD3, for example because of a “child-on-lap”
condition of a child either seated on the lap of an adult, or standing proximate to the
restraint actuator 24 — then the restraint actuator 24 is disabled in step (618).
Otherwise, from step (630), if in step (632) there has been an occupant 14 near to the seat
back 72 within a time period that is consistent with the ability of the occupant’s head/torso
to move to the at-risk zone 22 (for example within approximately 50 milliseconds), or
more particularly, if the distance Dg from the range/proximity sensor 70, at a previous
time, i.e. THRESHOLDY4, is less than a distance threshold, i.e. THRESHOLDS, then if
in steps (634) and (636) the second received signal 54 (M2) is greater than a threshold, i.e.
THRESHOLDG, for a maximum continuous period of time less than a time period
threshold, i.e. THRESHOLD?7, for example indicating that an occupant 14 is not resting
their feet or legs against or proximate to the restraint actuator 24, then the restraint

actuator 24 is enabled in step (628). Otherwise, from steps (634) or (636) in step (618)
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the restraint actuator 24 is disabled. Moreover, otherwise from step (632), for example if
there has not been an occupant 14 near to the seat back 72 within a time period that is

consistent with the ability of the occupant’s head/torso to move to the at-risk zone 22 (for
example within approximately 50 milliseconds), or more particularly, if the distance Dg

from the range/proximity sensor 70, at a previous time, i.e. THRESHOLDA4, is not less
than the distance threshold, i.e. THRESHOLDS; then in step (618) the restraint actuator
24 is disabled. For example, a 30 mph rigid barrier impact in a fairly stiff platform, for
which the time-to-fire for an air bag inflator 28 would be about 15 milliseconds, the
unbelted adult occupant 14 moves approximately 20 centimeters in 50 milliseconds.
Following either steps (628) or (618) the process is repeated beginning with step (604).

The crash sensor 58 in step (650) detects the occurrence of a crash, and if in step (652)
a crash is detected, of sufficient magnitude to possibly require activation of the safety
restraint system 26, then, in step (654), if the restraint actuator 24 has been enabled in
step (628), the restraint actuator is actuated in step (656), wherein the actuation of the
restraint actuator 24 may be controlled responsive to the measurements in steps (604),
(622) or (624).

The capacitance of the at least one first electrode 36 relative to circuit ground 48 is
relatively small, for example less than about 300 picofarads. The temperature range that is
possible in an automotive environment can significantly affect the components of the
associated sensing circuit 700 — an example of which is illustrated in Fig. 7 -- causing drift
that can be erroneously interpreted as a measurement that could enable the safety restraint
system 26 to be erroneously enabled by the controller 56. The effects of this drift can be
mitigated by incorporating a temperature stable reference capacitor in the sensing circuit
700 that is switched in place of the sensing circuit 700 so as to provide a means for
making comparative capacitive measurements. Since the reference capacitor can be
selected such that its value is stable over a range of temperatures, drifts thereof can be
identified and quantified, and this information can be used to alter a decision threshold, for
example responsive to a drift in circuit elements of the sensing circuit 700 with respect to
temperature or time.

Referring to Fig. 7, illustrating an exemplary sensing circuit 700, an oscillator 702
generates an oscillating signal, for example a sinusoidal signal, that is filtered by a first

bandpass filter 704 so as to create a first oscillating signal 706. The first oscillating
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signal 706 is applied to a capacitive voltage divider 708 comprising capacitor C1,
resistors R1 and R2, and one or more capacitive elements to be measured, selected from
the group consisting of a capacitive sensing pad 404, comprising at least one first
electrode 36, a first reference capacitor CR1, and a second reference capacitor CR2,
wherein the capacitive elements to be measured are included or excluded responsive to the
states of respective FET switches Qla, Q1b, Q2a, Q2b, Q3a, and Q3b. Capacitor C1,
resistors R1 and R2, and the FET switches Qla, Q2a, and Q3a -- that when active
switch in the respective capacitive elements to be measured, -- are all connected to one
another at a first node 710, which is connected to the input 712 of a voltage follower Ul.
The output 714 of the voltage follower Ul is connected to FET switches Q1b, Q2b, and
Q3b that when active, switch out the respective capacitive elements so as to not be
measured. The activation of the FET switch elements of FET switch pairs Qla and Q1b,
Q2a and Q2b, and Q3a and Q3b are respectively mutually exclusive. For example if FET
switch Qla is activated or closed, then FET switch Q1b is deactivated or open. A
capacitive element being measured adds to the capacitance at the first node, thereby
affecting the strength of the signal at the input 712 to the voltage follower Ul. A
capacitive element not being measured is disconnected from the first node by its respective
first FET switch element, and connected to the output 714 of the voltage follower Ul by
its respective second FET switch element, wherein, in accordance with the characteristics
of the associated operational amplifier of the voltage follower U1, the output 714 of the
voltage follower U1 follows the signal of the first node without that respective capacitive
element connected, and voltage follower Ul provides a current through the associated
capacitive element through the second respective FET switch element. Moreover, when
the respective second FET switch element is activated, the source and drain of the
respective first FET switch element are separately coupled to the respective operational
amplifier inputs, so that to each is applied the same potential, thereby eliminating the effect
of the capacitance of the respective first FET switch on the capacitance measurement.

The output 714 of the voltage follower Ul is then coupled to a second bandpass
filter 716 of the same pass band as the first bandpass filter 704, the output of which is
detected by a detector 718 comprising diode D1, resistor R3 and capacitor C2, and
filtered by a first low pass filter 720. The output 722 of the first low pass filter 720 has

a DC component corresponding to the capacitance at the first node 710. This DC
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component is optionally filtered by an optional blocking capacitor C3, and the resulting
signal is filtered by a second low pass filter 724 to provide the amplitude 726 of the
oscillating signal at the first node 710, which is related to the total capacitance at that
location. The blocking capaciter C3 is adapted so as to provide for a transitory
measurement of the amplitude 726.

In operation, a microprocessor U2 controls the activation of FET switches Qla, Q1b,
Q2a, Q2b, Q3a, and Q3b, for example in accordance with the control logic illustrated in
Fig. 8. With the first reference capacitor CR1 switched in by microprocessor U2, i.e.
with Q2a activated and Q2b deactivated, the controller 56 measures a first amplitude.
Then with the second reference capacitor CR2 also switched in by microprocessor U2,
the controller 56 measures a second amplitude corresponding to an incremental increase of
capacitance at the first node by the capacitance of capacitor CR2. Then the controller 56
computes a sensitivity factor in Volts/picofarad given the known values of capacitance of
capacitors CR1 and CR2. Then, the microprocessor U2 switches out the first CR1 and
second reference capacitor CR2, switches in the capacitive sensing pad 404, measures a
third amplitude, and calculates the capacitance of the capacitive sensing pad 404 using the
calculated sensitivity factor. The controller 56 compares this capacitance with a threshold
so as to discriminate a normally seated occupant 14 from other seat occupancy conditions.
If a normally seated occupant 14 is present, and if the second electric field sensor 20 does
not disable the safety restraint system 26, the restraint actuator 24 is actuated
responsive to the detection of a crash by the crash sensor 58. Whereas Fig. 7 illustrates
the microprocessor U2 and controller 56 as separate elements that communicate with one
another, alternate arrangements are possible. For example, both may be combined in one
controller 56, or the microprocessor may be adapted to sense the amplitude measurements,
calculate the capacitance of the capacitive sensing pad 404, and then output only this
capacitance value to the controller 56.

The capacitive sensing pad 404 comprising the at least one first electrode 36,
mounted in the vehicle seat 16, is modeled as a first capacitance CS1 in parallel with a
series combination of a second capacitance CS2 and a resistance RS, wherein the
resistance RS is inversely related to the wetness of the seat. The capacitance of the
capacitive sensor is dominated by CS1 for a dry seat, but becomes affected by CS2 and RS

as the wetness of the seat increases. The values of capacitance for capacitors C1, CR1,
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and CR2 are adapted to maximize the dynamic range of the capacitance measurement over
the range of expected capacitances of the capacitive sensing pad 404.

The cépacitance of the capacitive sensing pad 404 can be also measured by other
means of measuring capacitance, as for example given in the Standard Handbook for
Electrical Engineers 1 2™ edition, D.G. Fink and H. W. Beaty editors, McGraw Hill, 1987,
pp. 3-57 through 3-65 or in Reference Data for Engineers: Radio, Electronics, Computer,
and Communications 7" edition, E.C. Jordon editor in chief, Howard W. Sams, 1985, pp.
12-3 through 12-12, both included herein by reference.

Referring to Figs. 9a-j, the occupant detection system 10 of the instant invention
provides the appropriate enable decision for nearly all typical situations. For example, in
Fig. 9a illustrating an empty seat and in Fig. 9b illustrating a rear facing infant seat on the
vehicle seat 16, the first electric field sensor 12 would disable the restraint actuator 24.
In Fig. 9c, illustrating a normally seated adult, and in Fig. 9h, illustrating an adult seated in
a reclined position, the restraint actuator 24 would be enabled because the first electric
field sensor 12 would detect an occupant 14 seated on the seat bottom 30 and the second
electric field sensor 20 would not detect the presence of an object within the at-risk zone
22. In Fig. 9d, illustrating a normally seated adult reading a newspaper, the restraint
actuator 24 would be enabled because the first electric field sensor 12 would detect an
occupant 14 seated on the seat bottom 30 and the second electric field sensor 20 —for
example a capacitive, electric field, or radar sensor -- would not detect the presence of an
object of sufficient density within the at-risk zone 22. However, if the second electric
field sensor 20 were an active infrared or ultrasonic ranging sensor, the restraint actuator
24 could become disabled by this sensor in this situation, depending upon the sensor’s
ability to discriminate such objects. In Fig. 9e, illustrating a normally seated adult with a
hand in the at-risk zone 22, the restraint actuator 24 would be enabled if the second
electric field sensor 20 were preferably calibrated so as to not be responsive to an object
the size of a human hand. In Fig. 9f, illustrating a small occupant 14 standing proximate
to the restraint actuator 24, the restraint actuator 24 would be disabled by both the first
electric field sensor 12, sensing an empty seat, and by the second electric field sensor 20,
sensing an object in the at-risk zone 22. In Fig. 9g, illustrating a normally seated adult
and a standing child; and in Fig. 9j, illustrating an adult leaning and seated forward, the

restraint actuator 24 would be disabled by the second electric field sensor 20. Finally,
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in Fig. 9i, illustrated a seated adult leaning forward, the restraint actuator 24 would be
enabled by the first electric field sensor 12, but possibly with reduced power if the second
electric field sensor 20 is adapted to quantify distances outside the at-risk zone 22.

If it is mandatory that the air bag be suppressed for a small occupant 14, the at-risk
zone sensing can prevent injuries when there is an out-of-position child between the air bag
and an adult occupant 14 (“child-on-lap™ condition) or when an adult is out-of-position. If
it is acceptable to deploy the air bag when children are seated far from air bag module, then
the electric field sensor in the seat bottom 30 could be used along with the at-risk zone
sensor to form a complete dynamic suppression system.

While specific embodiments have been described in detail in the foregoing detailed
description and illustrated in the accompanying drawings, those with ordinary skill in the
art will appreciate that various modifications and alternatives to those details could be
developed in light of the overall teachings of the disclosure. Accordingly, the particular
arrangements disclosed are meant to be illustrative only and not limiting as to the scope of
the invention, , which is to be given the full breadth of the appended claims and any and all

equivalents thereof.
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WE CLAIM:

1. A system for detecting an occupant in a vehicle, comprising:

a.

a first electric field sensor comprising at least one first electrode mountable in a
seat bottom of a vehicle seat, wherein at least one first electrode is operatively
coupled to at least one first applied signal so as to generate an electric field
responsive to said at least one first applied signal, at least one said first
electrode is operatively coupled to a first receiver, said first receiver outputs at
least one first received signal responsive to said electric field at said at least one
first electrode operatively coupled to said first receiver, and said at least one
first received signal is responsive to at least one electric-field-influencing

property of an object proximate to said first electric field sensor; and

a second electric field sensor comprising at least one second electrode
proximate to a safety restraint system, wherein said at least one second
electrode is operatively coupled to a second receiver, said second receiver
outputs at least one second received signal, said at least one second received
signal is responsive to an electric field influencing at least one of said at least
one second electrode whereby said electric field is generated by said first
electric field sensor, said at least one second received signal is responsive to a
proximity of an object to said at least one second electrode, and said at least one
second received signal is responsive to an electrostatic coupling of said object

to said first electric field sensor.

2. A system for detecting an occupant in a vehicle as recited in claim 1, wherein said at

least one first electrode is shaped so that a capacitance of said at least one first

electrode with respect to a circuit ground is substantially greater for a seating condition

selected from an occupant seated in substantially normal seating position on the vehicle

seat and a large body immediately above said seat bottom; than for a seating condition

selected from an empty said vehicle seat, an infant seat on said vehicle seat, a child seat

on said vehicle seat, a booster seat on said vehicle seat, an infant seated in an infant

seat on said vehicle seat, a child seated in a child seat on said vehicle seat, a child

seated in a booster seat on said vehicle seat, and an occupant on said vehicle seat in a

position that is substantially different from a normal seating position.
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10.

11.

12.

A system for detecting an occupant in a vehicle as recited in claim 1, wherein said at
least one first electrode is substantially the same size as a region to be sensed on said

vehicle seat.

A system for detecting an occupant in a vehicle as recited in claim 1, wherein said at

least one first electrode is mounted under a seat cover of said vehicle seat.

A system for detecting an occupant in a vehicle as recited in claim 1, wherein said at

least one first electrode is mounted above a foam cushion in said vehicle seat.

A system for detecting an occupant in a vehicle as recited in claim 1, wherein said at
least one first electrode is mounted proximate to the location of an object selected from
an infant seat on said vehicle seat, a child seat on said vehicle seat, a booster seat on

said vehicle seat, and an occupant seated on said vehicle seat.

A system for detecting an occupant in a vehicle as recited in claim 1, wherein said
vehicle seat comprises a seat frame, and said seat frame is connected to said circuit

ground.

A system for detecting an occupant in a vehicle as recited in claim 1, wherein said first
applied signal is selected from at least one oscillating signal and at least one pulsed

signal.

A system for detecting an occupant in a vehicle as recited in claim 1, wherein said at
least one first electrode comprises a plurality of first electrodes, said plurality of first
electrodes are operatively coupled to said first receiver, and said at least one first

received signal is responsive to the distribution of an object on said vehicle seat.

A system for detecting an occupant in a vehicle as recited in claim 9, wherein said at
least one first received signal comprises a plurality of first received signals from

different first electrodes.

A system for detecting an occupant in a vehicle as recited in claim 1, wherein said at

least one electric-field-influencing property comprises a dielectric characteristic.

A system for detecting an occupant in a vehicle as recited in claim 1, wherein said at
least one first received signal is responsive to a capacitance of at least one of said at

least one first electrode with respect to at least another said first electrode.
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13. A system for detecting an occupant in a vehicle as recited in claim 1, wherein said at
least one first received signal is responsive to a capacitance of at least one of said at

least one first electrode with respect to a circuit ground.

14. A system for detecting an occupant in a vehicle as recited in claim 1, wherein said first

receiver further comprises:

a. a reference capacitor wherein a capacitance of said reference capacitor is stable

over a range of temperatures; and

b. a switch for switching said reference capacitor in place of at least one of said at
least one first electrode operatively coupled to said first receiver, wherein a
measurement of said reference capacitor is compared with a measurement of
said first electric field sensor and said first received signal is calibrated

responsive to said comparison.

15. A system for detecting an occupant in a vehicle as recited in claim 1, wherein a

decision threshold is adapted responsive to said comparison.

16. A system for detecting an occupant in a vehicle as recited in claim 1, wherein said first
electric field sensor further comprises at least one third electrode and at least one fourth
electrode, wherein said at least one third electrode is located between said at least one
first electrode and said at least one fourth electrode, and said at least one third electrode

is operatively coupled to a second applied signal.

17. A system for detecting an occupant in a vehicle as recited in claim 16, wherein said at

least one third electrode is substantially the same size as said at least one first electrode.

18. A system for detecting an occupant in a vehicle as recited in claim 16, wherein said

second applied signal is substantially the same as said first applied signal.

19. A system for detecting an occupant in a vehicle as recited in claim 16, wherein said at
least one fourth electrode is located between said at least one first electrode and a foam

cushion of said vehicle seat.

20. A system for detecting an occupant in a vehicle as recited in claim 16, wherein said at
least one fourth electrode is substantially the same size as said at least one first

electrode.
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21. A system for detecting an occupant in a vehicle as recited in claim 16, wherein said at

least one fourth electrode is operatively connected to a circuit ground.

22. A system for detecting an occupant in a vehicle as recited in claim 16, wherein said at
least one fourth electrode is operatively connected to a third applied signal, and said

third applied signal is a circuit ground potential.

23. A system for detecting an occupant in a vehicle as recited in claim 1, further
comprising a controller operatively coupled to said first electric field sensor and to said
second electric field sensor, wherein said controller discriminates responsive to said
first received signal the type of object on said vehicle seat and controls the actuation of

a safety restraint system responsive thereto.

24. A system for detecting an occupant in a vehicle as recited in claim 23, wherein said
controller distinguishes a body part of an occupant seated on said vehicle seat from a
body part of an occupant not seated directly on said vehicle from said second received

signal, and controls the actuation of a safety restraint system responsive thereto.

25. A system for detecting an occupant in a vehicle as recited in claim 24, wherein said
controller disables said safety restraint system if a body part is detected from an

occupant not seated directly on said vehicle seat.

26. A system for detecting an occupant in a vehicle as recited in claim 23, wherein said
controller disables said safety restraint system if said first electric field sensor senses an
occupant seated on said vehicle seat and said second received signal is less than a first

threshold.

27. A system for detecting an occupant in a vehicle as recited in claim 23, wherein said
controller enables said safety restraint system if said first electric field sensor senses an
occupant seated on said vehicle seat and said second received signal is greater than a

second threshold.

28. A system for detecting an occupant in a vehicle as recited in claim 23, wherein said
controller disables said safety restraint system if said first electric field sensor senses an
occupant seated on said vehicle seat and said second received signal is greater than a

second threshold for a period of time greater than a third threshold.
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29. A system for detecting an occupant in a vehicle as recited in claim 1, further

30

31

32

33

comprising a range/proximity sensor mountable within the seat back of a vehicle seat,
wherein said range/proximity sensor when mounted in the seat back of said vehicle seat

is responsive to a torso of an occupant proximate to said seat back.

A system for detecting an occupant in a vehicle as recited in claim 29, wherein said
range/proximity sensor is selected from a third electric field sensor comprising at least
one fifth electrode, a capacitive sensor, a radar sensor, an optical range sensor, an
active infrared sensor, a passive infrared sensor, a vision sensor, an ultrasonic range

sensor, and an inductive sensor.

A system for detecting an occupant in a vehicle as recited in claim 29, wherein said
range/proximity sensor provides a measure of distance from said seat back to a torso of

an occupant.

A system for detecting an occupant in a vehicle as recited in claim 29, further
comprising a controller operatively coupled to said first electric field sensor and to said
second electric field sensor, wherein responsive to said first received signal said
controller discriminates the type of object on said vehicle seat and controls the
actuation of a safety restraint system responsive thereto and if said second electric field
sensor detects an object within an at-risk zone proximate to said safety restraint system
then said controller controls the actuation of a safety restraint system responsive to said

range/proximity sensor.

A system for detecting an occupant in a vehicle, comprising:

a. a means for generating an electric field proximate to a seat bottom of a vehicle
seat;
b. a means for'sensing an object on said seat bottom of said vehicle seat from the

influence of said object on said electric field;
c. a means for sensing said electric field proximate to a safety restraint system;

d. a means for detecting whether an object proximate to a safety restraint system is
seated on said vehicle seat from said means for sensing said electric field

proximate to a safety restraint system; and
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e. a means for controlling the actuation of said safety restraint system responsive
to said means for sensing an object and responsive to said means for sensing

said electric field.
34. A method of detecting an occupant in a vehicle, comprising:
a. generating an electric field proximate to a seat bottom of a vehicle seat;

b. sensing an object on said seat bottom of said vehicle seat from the influence of

said object on said electric field,;
c. sensing said electric field proximate to a safety restraint system;

d. detecting whether an object proximate to a safety restraint system is seated on
said vehicle seat from the sensed electric field proximate to a safety restraint

system; and

€. controlling the actuation of said safety restraint system responsive to the sensed

object and responsive to the sensed electric field.
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