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(57) ABSTRACT 

A compressible variable capacitance sensor for determining 
the presence, siZe, position, and type of an object such as a 
human body part includes tWo ?exible conductor elements 
separated by a non-conductive compressible element. The 
capacitance of the capacitance sensor changes as a function 
of force applied by an object on the capacitance sensor. A 
controller senses the capacitance of the capacitance sensor 
and controls a device accordingly. The device may be a 
movable closed opening such as a WindoW in Which the 
controller controls the WindoW as a function of the moni 
tored capacitance to prevent pinching of the object. The 
device may also be a seat in Which the controller determines 
the characteristics of the seat occupant based on the moni 
tored capacitance. 
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COMPRESSIBLE CAPACITANCE SENSOR FOR 
DETERMINING THE PRESENCE OF AN OBJECT 

TECHNICAL FIELD 

[0001] The present invention is generally related to 
capacitance sensors for determining the presence of an 
object and, more particularly, to a capacitance sensor having 
a non-conductive compressible element betWeen ?exible 
conductors for determining the presence of an object. 

BACKGROUND ART 

[0002] Various types of sensors are used to determine the 
presence, siZe, and/or position of an object such as a human 
body part. For example, in the automotive industry, sensors 
are used for pinch sensing at electrically operated doors, 
WindoWs, hatches, decks, hoods, lids, and the like and for 
seat occupant sensing. 

[0003] A pinch sensor detects the presence of an object 
such as a ?nger, hand, and the like being pinched by a closed 
opening such as a WindoW. In operation, the pinch sensor 
generates a pinch signal in response to an object being 
pinched by the WindoW. In response to the pinch signal, a 
controller controls the WindoW to reverse direction to pre 
vent further pinching and alloW the object to be removed 
from the opening. A seat occupant sensor generates an 
occupant signal indicative of characteristics of an object 
such as a human occupant sitting on a seat. A controller uses 
the occupant signal to control various systems such as an air 
bag system as a function of the occupant’s characteristics 
(adult or child) sitting on the seat. 

[0004] Motor current sensors, infrared beam sensors, and 
continuous sWitch sensors have been used for pinch sensing. 
A problem With motor current sensors and infrared beam 
sensors is that they can be fooled into causing an electrically 
closed opening to remain open due to changing mechanical 
and environmental conditions. A problem With continuous 
sWitch sensors is that they do not provide any lag time 
betWeen sWitch activation and a pinch of an object. Thus, 
What is needed is a pinch sensor that is reliable in vieW of 
changing mechanical and environmental conditions and that 
provides a lag time to prevent a pinch of the object. 

[0005] Fiber-optic sensors, ultrasonic sensors, electromag 
netic sensors, pieZometric sensors, and sWitch matrix sen 
sors have been used for seat occupant sensing. A problem 
With these types of seat occupant sensors is that they are 
complex and costly. Thus, What is needed is a seat occupant 
sensor that is simple and cost ef?cient. 

DISCLOSURE OF INVENTION 

[0006] Accordingly, it is an object of the present invention 
to provide a capacitance sensor having a non-conductive 
compressible element betWeen ?exible conductors for deter 
mining the presence of an object. 

[0007] It is another object of the present invention to 
provide a pinch capacitance sensor having a non-conductive 
compressible element betWeen ?exible conductors for deter 
mining the presence of an object about to be pinched by a 
closed opening. 

[0008] It is a further object of the present invention to 
provide a seat occupant capacitance sensor having a non 
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conductive compressible element betWeen ?exible conduc 
tors for determining seat occupant characteristics such as 
presence, siZe, position, and type of the seat occupant. 

[0009] It is still another object of the present invention to 
provide a seat occupant capacitance sensor having a non 
conductive compressible element betWeen ?exible conduc 
tors for determining Whether a seat object is an animate or 
inanimate object. 

[0010] In carrying out the above objects and other objects, 
the present invention provides a sensor for determining the 
presence of an object. The sensor includes ?rst and second 
?exible conductor elements separated by a separation dis 
tance and having a capacitance dependent on the separation 
distance. A non-conductive compressible element is inter 
posed betWeen the ?rst and second ?exible conductor ele 
ments. The non-conductive compressible element com 
presses in response to an object applying a force to at least 
one of the ?rst and second ?exible conductor elements such 
that the separation distance betWeen the ?rst and second 
?exible conductor elements decreases. The capacitance of 
the ?rst and second ?exible conductor elements changes in 
response to the separation distance betWeen the ?rst and 
second ?exible conductor elements decreasing. 

[0011] The sensor may include a controller for monitoring 
the capacitance of the ?rst and second ?exible conductor 
elements. The controller determines the presence of an 
object applying a force to at least one of the ?rst and second 
?exible conductor elements in response to the capacitance of 
the ?rst and second ?exible conductor elements changing. 

[0012] The controller, Which may include a microproces 
sor, may be operable for generating an offset signal to bias 
the capacitance betWeen the ?rst and second ?exible con 
ductor elements. The controller may be operable for execut 
ing ?ltering softWare to monitor the capacitance betWeen the 
?rst and second ?exible conductor elements. The controller 
may be operable for executing an adaptive threshold detec 
tion algorithm to monitor the capacitance betWeen the ?rst 
and second ?exible conductor elements. 

[0013] The ?rst ?exible conductor element may be a 
center core With the second ?exible conductor element 
coaxially surrounding the non-conductive compressible ele 
ment and the ?rst ?exible conductor element. The second 
?exible conductor element is preferably electrically 
grounded. An elastomeric overcoat may coaxially surround 
the second ?exible conductor element. 

[0014] The sensor may further include a non-conductive 
compressible core. 

[0015] In this case, the ?rst ?exible conductor element 
coaxially surrounds the non-conductive compressible core, 
the non-conductive compressible element coaxially sur 
rounds the ?rst ?exible conductor element, and the second 
?exible conductor element coaxially surrounds the non 
conductive compressible element. 

[0016] The sensor may further include a third ?exible 
conductor element. In this case, the second and third ?exible 
conductor elements are electrically grounded and surround 
at least a portion of the ?rst ?exible conductor element. The 
non-conductive compressible element is interposed betWeen 
the ?rst, second, and third ?exible conductor elements such 
that the ?rst and second ?exible conductor elements are 
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separated by a ?rst separation distance and have a ?rst 
capacitance dependent on the ?rst separation distance, and 
the ?rst and third ?exible conductor elements are separated 
by a second separation distance and have a second capaci 
tance dependent on the second separation distance. The ?rst 
and second capacitances change in response to the ?rst and 
second separation distances decreasing When an object 
applies a force to at least one of the second and third ?exible 
conductor elements. 

[0017] The non-conductive compressible element may 
include a cell foam, at least one of the ?rst and second 
?exible conductors elements may include a braided electri 
cally conductive Wire or an electrically conductive plate. 

[0018] Further, in carrying out the above objects and other 
objects, the present invention provides a pinch sensor sys 
tem for determining the presence of an object Within an 
opening de?ned by a closed opening device. The pinch 
sensor system includes a compressible capacitance pinch 
sensor ?xedly positioned adjacent a closed opening device. 
The compressible capacitance pinch sensor has ?rst and 
second ?exible conductor elements separated by a separa 
tion distance. The ?rst and second ?exible conductor ele 
ments have a capacitance dependent on the separation 
distance. The compressible capacitance pinch sensor further 
has a non-conductive compressible element interposed 
betWeen the ?rst and second ?exible conductor elements. 
The non-conductive compressible element compresses in 
response to an object Within the opening touching the 
compressible capacitance pinch sensor such that the sepa 
ration distance betWeen the ?rst and second ?exible con 
ductor elements decreases. The capacitance of the ?rst and 
second ?exible conductor elements changes in response to 
the separation distance betWeen the ?rst and second ?exible 
conductor elements decreasing. 

[0019] The pinch sensor system further includes a con 
troller for monitoring the capacitance of the ?rst and second 
?exible conductor elements. The controller determines the 
presence of the object Within the opening in response to the 
capacitance of the ?rst and second ?exible conductor ele 
ments changing. The controller controls the closed opening 
device as a function of the change in capacitance. 

[0020] Also, in carrying out the above objects and other 
objects, the present invention provides a seat occupant 
sensor system. The seat occupant sensor system includes at 
least one seat occupant sensor disposed Within a seat. The at 
least one seat occupant sensor includes ?rst, second, and 
third ?exible conductor plates. The ?rst ?exible conductor 
plate is interposed betWeen the second and third ?exible 
conductor plates such that the ?rst and third ?exible con 
ductor plates are separated by a separation distance. The 
second and third ?exible conductor plates are electrically 
grounded and the ?rst, second, and third ?exible conductor 
plates have a capacitance dependent on the separation dis 
tance. The at least one seat occupant sensor further includes 
a ?rst non-conductive compressible element interposed 
betWeen the ?rst and second ?exible conductor plates and a 
second non-conductive compressible element interposed 
betWeen the ?rst and third ?exible conductor plates. The ?rst 
and second non-conductive compressible elements com 
press in response to a seat occupant applying force to the at 
least one seat occupant sensor such that the separation 
distance betWeen the second and third ?exible conductor 
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plates decreases. The capacitance changes in response to the 
separation distance decreasing. 

[0021] The seat occupant sensor system further includes a 
controller for determining characteristics of the seat occu 
pant as a function of the capacitance of the at least one seat 
occupant sensor. 

[0022] The at least one seat occupant sensor may include 
a seat back sensor disposed Within a seat back of the seat. 
The controller determines Whether the seat occupant is 
sitting back on the seat back as a function of the capacitance 
of the seat back sensor. 

[0023] The at least one seat occupant sensor may include 
a seat bottom front sensor disposed Within a front portion of 
a seat bottom of the seat. The controller determines Whether 
the seat occupant is sitting short or forWard on the seat 
bottom as a function of the capacitance of the seat bottom 
front sensor. 

[0024] The at least one seat occupant sensor may include 
a seat bottom left sensor disposed Within a left portion of a 
seat bottom of the seat and a seat bottom right sensor 
disposed Within a right portion of the seat bottom. The 
controller determines Whether the seat occupant is sitting left 
or right on the seat bottom as a function of the capacitances 
of the seat bottom left and right sensors. 

[0025] The at least one seat occupant sensor may include 
at least one seat bottom sensor disposed Within a seat bottom 
of the seat. The controller determines the Weight of the seat 
occupant as a function of the capacitance of the at least one 
seat bottom sensor. 

[0026] The controller may be operable to reverse the 
polarity betWeen the ?rst, second, and third ?exible conduc 
tor plates such that the ?rst conductor plate is electrically 
grounded. The controller monitors the capacitance of the at 
least one seat occupant sensor after reversing the polarity to 
determine Whether the seat occupant is an animate or 
inanimate object. 

[0027] The above objects and other objects, features, and 
advantages of the present invention are readily apparent 
from the folloWing detailed description of the best mode for 
carrying out the present invention When taken in connection 
With the accompanying draWings. 

BRIEF DESCRIPTION OF DRAWINGS 

[0028] FIG. 1 illustrates a pinch sensor system in accor 
dance With a ?rst embodiment of the present invention; 

[0029] FIG. 2 illustrates a ?rst embodiment of the pinch 
sensor of the pinch sensor system shoWn in FIG. 1; 

[0030] FIG. 3 illustrates a cross-sectional vieW of the 
pinch sensor shoWn in FIG. 2 taken along the line 3-3; 

[0031] FIGS. 4A and 4B illustrate the operation of the 
pinch sensor of the pinch sensor system shoWn in FIG. 1; 

[0032] FIG. 5 illustrates a second embodiment of the 
pinch sensor of the pinch sensor system shoWn in FIG. 1; 

[0033] FIG. 6 illustrates a third embodiment of the pinch 
sensor of the pinch sensor system shoWn in FIG. 1; 

[0034] FIG. 7 illustrates a fourth embodiment of the pinch 
sensor of the pinch sensor system shoWn in FIG. 1; 
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[0035] FIG. 8 illustrates a seat occupant sensor system in 
accordance With a second embodiment of the present inven 
tion; 
[0036] FIG. 9 illustrates the position of the seat sensors of 
the seat occupant system shoWn in FIG. 8 Within a seat; and 

[0037] FIG. 10 illustrates a seat occupant sensor of the 
seat occupant sensor system shoWn in FIG. 8. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0038] Referring noW to FIG. 1, a pinch sensor system 10 
in accordance With a ?rst embodiment of the present inven 
tion is shoWn. Pinch sensor system 10 includes a capacitance 
pinch sensor 12 and a controller 14. Pinch sensor 12 
monitors a closed opening device 16 such as an electrically 
operated WindoW or door to determine Whether an object 
such as a human body part is about to be pinched by the 
device or is being pinched by the device. In response to an 
object starting to be pinched by device 16 While the device 
is closing pinch sensor 12 generates a pinch sensor signal 18. 
Pinch sensor 12 then provides pinch sensor signal 18 to 
controller 14. In response to receiving pinch sensor signal 
18, controller 14 transmits an open device control signal 20 
to device 16. In response to receiving open device control 
signal 20, device 16 terminates closing and reverses its 
direction to open and alloW the object to be removed from 
the closed opening thereby preventing any pinching of the 
object. 

[0039] Referring noW to FIGS. 2 and 3, a ?rst embodi 
ment of pinch sensor 12 is shoWn. Pinch sensor 12 includes 
a ?exible center conductive element or core 22 coaxially 
surrounded by a non-conductive compressible element or 
layer 26 that is in turn coaxially surrounded by a ?exible 
outer conductive element or layer 24. Non-conductive com 
pressible layer 26 separates conductive core 22 and conduc 
tive layer 24. Conductive layer 24 is electrically grounded 
and fully shields conductive core 22. An elastomeric over 
coat 28 covers conductive layer 24. 

[0040] Conductive core 22 and conductive layer 24 are 
made from conductive materials such as aluminum, copper, 
and the like. Conductive core 22 and conductive layer 24 
may each be a braided mesh Which gives the conductive core 
and the conductive layer their ?exibility. Non-conductive 
compressible layer 26 may be an EPDM closed cell foam 
having a high dielectric constant and a loW compressible 
force. The dielectric constant and/or compressibility of 
non-conductive layer 26 may be changed by using different 
types of materials. Elastomeric overcoat 28 may be made 
from elastomer, rubber, vinyl, and the like. Elastomeric 
overcoat 28 may be ?exible and/or compressible and may 
incorporate sealing elements. 

[0041] Referring noW to FIGS. 4A and 4B, With continual 
reference to FIG. 1, the operation of pinch sensor 12 and 
pinch sensor system 10 Will noW be described. In operation, 
pinch sensor 12 is mounted to a ?xed assembly such as an 
automobile WindoW body panel 32. In FIG. 4A, an object 30 
such as a human body part is placed in an opening betWeen 
pinch sensor 12 and closed opening device 16 such as an 
automobile WindoW. As shoWn, the opening betWeen pinch 
sensor 12 and WindoW 16 is sufficiently large enough such 
that object 30 can move freely in the opening Without being 
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pinched by the WindoW. In FIG. 4B, WindoW 16 starts to 
close in the direction of the arroW toWards WindoW body 
panel 32 and the opening becomes smaller such that object 
30 is adjacent to pinch sensor 12 and WindoW 16 and touches 
the pinch sensor. In response to object 30 touching pinch 
sensor 12, the pinch sensor compresses such that the dis 
tance betWeen conductive core 22 and conductive layer 24 
becomes smaller. As a result of this distance becoming 
smaller, the capacitance of pinch sensor 12 changes. 

[0042] Pinch sensor 12 then generates a pinch sensor 
signal 18 indicative of this change in capacitance to con 
troller 14. Controller 14 processes pinch sensor signal 18 to 
determine that the capacitance of pinch sensor 12 has 
changed as a result of object 30 touching the pinch sensor 
and is about to be pinched by WindoW 16. Controller 14 then 
transmits an open device control signal 20 to device 16 to 
reverse the direction of the device aWay from WindoW body 
panel 32 thereby increasing the opening and alloWing the 
object to be removed from the opening Without any pinching 
of the object. 

[0043] In a preferred embodiment, controller 14 is an 
electronic controller such as a microprocessor based con 
troller that includes a digital to analog (DAC) converter. The 
DAC converter alloWs for the subtraction (or an addition) of 
an offset voltage to alloW for greater ampli?cation of pinch 
sensor signal 18. Alternative embodiments could include 
analog Waveform generation, such as a triangle Wave, to 
accomplish the determination of the magnitude of the offset 
voltage for subsequent subtraction (or addition) thereof. The 
microprocessor of controller 14 may execute softWare for 
?ltering and may use algorithms for adaptive threshold 
detection enabling determination of compression of pinch 
sensor 12. In further alternative embodiments, the micro 
processor of controller 14 may be substituted With discrete 
electronic or a custom application speci?c integrated circuit 
that may include microprocessor core analog and digital 
circuitry. 
[0044] Referring noW to FIG. 5, a pinch sensor 34 in 
accordance With a second embodiment of the pinch sensor is 
shoWn. Pinch sensor 34 is similar to pinch sensor 12 but in 
place of conductive core 22, pinch sensor 34 includes a 
non-conductive compressible core 36 coaxially surrounded 
by a ?exible conductor element or layer 38. Non-conductive 
compressible core and layer 36 and 26 may be made from 
the same closed cell foam. Like conductive layer 24, con 
ductive layer 38 may also be a braided Wire mesh made from 
a conductive material. 

[0045] Referring noW to FIG. 6, a cross-sectional vieW of 
a pinch sensor 40 in accordance With a third embodiment of 
the pinch sensor is shoWn. Pinch sensor 40 is similar to pinch 
sensor 12 but in place of the all encompassing conductive 
layer 24, pinch sensor 40 includes ?rst and second ?exible 
conductor shielding plates 42 and 44. Conductive core 22 is 
interposed betWeen ?rst and second conductor shielding 
plates 42 and 44. First and second conductor shielding plates 
42 and 44 are electrically interconnected (not speci?cally 
shoWn). 
[0046] Referring noW to FIG. 7, a cross-sectional vieW of 
a pinch sensor 46 in accordance With a fourth embodiment 
of the pinch sensor is shoWn. Pinch sensor 46 includes tWo 
?exible conductor core plates 48 and 50 and three ?exible 
conductor shielding plates 52, 54, and 56. Conductor core 



US 2003/0005775 A1 

plates 48 and 50 are alternatively disposed betWeen conduc 
tor shielding plates 52, 54, and 56. Both pinch sensor 46 and 
pinch sensor 40 have the same Width but pinch sensor 46 has 
a higher height than pinch sensor 40 as a result of the 
additional plates. As a result, pinch sensor 46 has a higher 
capacitance than pinch sensor 40. 

[0047] Referring noW to FIG. 8, a seat occupant sensor 
system 60 in accordance With a second embodiment of the 
present invention is shoWn. Seat occupant sensor system 60 
includes four seat capacitance sensors 62, 64, 66, and 68, 
and a controller 14. Seat sensors include a seat back sensor 

62, a seat bottom left sensor 64, a seat bottom right sensor 

66, and a seat bottom front sensor 68. Seat sensor 62, 64, 66, 
and 68 monitor a seat 70 to determine the characteristics 

such as presence, siZe, position, and type of an occupant of 
the seat. 

[0048] FIG. 9 illustrates the placement seat sensors 62, 
64, 66, and 68 Within seat 70. As shoWn, seat back sensor 62 
is placed Within a seat back 72 of seat 70. Seat bottom left 
and right sensors 64 and 66 are placed Within the main 
sitting portion of a seat bottom 74 of seat 70. Seat bottom 
front sensor 68 is placed Within the front sitting portion of 
seat bottom 74. 

[0049] Each seat sensor 62, 64, 66, and 68 monitors seat 
70 and generates a respective seat sensor signal 76, 78, 80, 
and 82. Controller 14 receives seat sensor signals 76, 78, 80, 
and 82 and processes them to determine the characteristics 
of an occupant of seat 70. Controller 14 processes seat 
sensor signal 76 from seat back sensor 62 to determine if the 

occupant is sitting back on seat back 72. Controller 14 
processes seat sensor signals 78, 80, and 82 from seat bottom 
left sensor 64, seat bottom right sensor 66, and seat bottom 
front sensor 68 to determine the Weight of the occupant of 
seat 70. Controller 14 processes seat sensor signals 78 and 
80 from seat bottom left and right sensors 64 and 66 to 
determine Whether the seat occupant is sitting left or right in 
seat 70. Controller 14 processes seat sensor signal 82 from 
seat bottom front sensor 68 to determine Whether the occu 

pant of seat 70 is sitting short of forWard in the seat. 
Controller 14 also processes seat sensor signal 76, 78, 80, 
and 82 to determine the siZe of the occupant of seat 70 as a 

short occupant puts relatively more Weight on seat bottom 
front sensor 68 than a taller occupant. 

[0050] Controller 14 generates a seat control signal 84 as 
a function of the characteristics of the seat occupant as a 

result of processing seat sensor signals 62, 64, 66, and 68. 
Controller 14 then provides seat control signal 84 to seat 70 
to control various systems associated With the seat. For 
instance, controller 14 may generate a seat control signal 84 
causing an air bag system to deploy With a minimal force if 
the controller determines that the seat occupant is a child as 

a result of processing seat sensor signals 62, 64, 66, and 68. 

[0051] Referring noW to FIG. 10, a seat occupant sensor 
such as seat back sensor 62 of seat occupant system 60 is 
shoWn in greater detail. Seat occupant sensor 62 includes a 
?exible conductor center plate 86 and tWo ?exible conductor 
shielding plates 88 and 90. A non-conductive compressible 
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element or layer 92 separates conductor core plate 86 and 
shielding plate 88. A non-conductive compressible element 
or layer 94 separates conductor center plate 86 and shielding 
plate 90. Plates 88 and 90 are electrically interconnected by 
fusion or electrically conductive tape and are both electri 
cally grounded. Non-conductive compressible layers 92 and 
94 may be an EPDM closed cell foam like non-conductive 
compressible layer 26. Each of seat occupant sensors 62, 64, 
66, and 68 is able to be con?gured into different shapes for 
placement into seat 70 as conductor plates 86, 88, and 90 are 
?exible and non-conductive layers 92 and 94 are compress 
ible. 

[0052] Each of plates 86, 88, and 90 may be made from a 
lamination process although extrusion techniques may be 
used. For instance, plates 86, 88, and 90 may be super ?ex 
conductive Wire Weaved together or a mylar ?lm With etched 
conductive devices. During the lamination process, pressure 
sensitive adhesive is applied to the mating surfaces of 
non-conductive compressible layers 92 and 94. A release 
tape is applied to one edge of one of non-conductive 
compressible layers 92 or 94 to provide access to conductor 
core plate 86 for attachment of an electrical Wire. The release 
tape is removed after the Wire is attached to conductor core 
plate 86 and then the edge is bonded. 

[0053] Each of seat occupant sensors 62, 64, 66, and 68 
operate like pinch sensor 12. That is, When a force is applied 
to a seat occupant sensor, the distance betWeen shielding 
plates 88 and 90 With respect to center plate 86 changes as 
a function of the force applied to the seat occupant sensor. 
The capacitance of the seat occupant sensor likeWise 
changes as a result of the distance betWeen shielding plates 
88 and 90 With respect to center plate 86 changing. Seat 
occupant sensor then provides a respective seat occupant 
sensor signal to controller 14 indicative of the change in 
capacitance as a result of the force applied to the seat 
occupant sensor. As described above, controller 14 processes 
the respective seat occupant sensor signals to determine the 
characteristics of the seat occupant such as Weight, position, 
siZe, and the like. 

[0054] In addition to determining the above noted char 
acteristics of the seat occupant, seat occupant system 60 may 
determine Whether the occupant is a biological occupant 
such as a human or an animal occupant or an inanimate 

object. To do this, controller 14 reverses the polarity 
betWeen center plate 86 and shielding plates 88 and 90 in 
order to monitor the capacitance characteristics of the occu 
pant. A very high monitored capacitance of the occupant is 
indicative of a metallic object, a loWer monitored capaci 
tance is indicative of a biological occupant, and no moni 
tored capacitance is indicative of an inanimate object. 

[0055] Thus it is apparent that there has been provided, in 
accordance With the present invention, a capacitance sensor 
having a non-conductive compressible element betWeen 
?exible conductors for determining the presence of an object 
that fully satis?es the objects, aims, and advantages set forth 
above. While the present invention has been described in 
conjunction With speci?c embodiments thereof, it is evident 
that many alternatives, modi?cations, and variations Will be 
apparent to those skilled in the art in light of the foregoing 
description. Accordingly, it is intended to embrace all such 
alternatives. 
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What is claimed is: 
1. A sensor for determining the presence of an object, the 

sensor comprising: 

?rst and second ?exible conductor elements separated by 
a separation distance and having a capacitance depen 
dent on the separation distance; and 

a non-conductive compressible element interposed 
betWeen the ?rst and second ?exible conductor ele 
ments, Wherein the non-conductive compressible ele 
ment compresses in response to an object applying a 
force to at least one of the ?rst and second ?exible 
conductor elements such that the separation distance 
betWeen the ?rst and second ?exible conductor ele 
ments decreases, Wherein the capacitance of the ?rst 
and second ?exible conductor elements changes in 
response to the separation distance betWeen the ?rst 
and second ?exible conductor elements decreasing. 

2. The sensor of claim 1 further comprising: 

a controller for monitoring the capacitance of the ?rst and 
second ?exible conductor elements, Wherein the con 
troller determines the presence of an object applying a 
force to at least one of the ?rst and second ?exible 
conductor elements in response to the capacitance of 
the ?rst and second ?exible conductor elements chang 
ing. 

3. The sensor of claim 1 Wherein: 

the ?rst ?exible conductor element is a center core and the 
second ?exible conductor element coaxially surrounds 
the non-conductive compressible element and the ?rst 
?exible conductor element. 

4. The sensor of claim 3 Wherein: 

the second ?exible conductor element is electrically 
grounded. 

5. The sensor of claim 3 further comprising: 

an elastomeric overcoat coaxially surrounding the second 
?exible conductor element. 

6. The sensor of claim 1 further comprising: 

a non-conductive compressible core, Wherein the ?rst 
?exible conductor element coaxially surrounds the 
non-conductive compressible core, the non-conductive 
compressible element coaxially surrounds the ?rst ?ex 
ible conductor element, and the second ?exible con 
ductor element coaxially surrounds the non-conductive 
compressible element. 

7. The sensor of claim 1 further comprising: 

a third ?exible conductor element, Wherein the second 
and third ?exible conductor elements are electrically 
grounded and surround at least a portion of the ?rst 
?exible conductor element and the non-conductive 
compressible element is interposed betWeen the ?rst, 
second, and third ?exible conductor elements such that 
the ?rst and second ?exible conductor elements are 
separated by a ?rst separation distance and have a ?rst 
capacitance dependent on the ?rst separation distance, 
and the ?rst and third ?exible conductor elements are 
separated by a second separation distance and have a 
second capacitance dependent on the second separation 
distance, Wherein the ?rst and second capacitances 
change in response to the ?rst and second separation 
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distances decreasing When an object applies a force to 
at least one of the second and third ?exible conductor 
elements. 

8. The sensor of claim 1 Wherein: 

the non-conductive compressible element includes a cell 
foam. 

9. The sensor of claim 1 Wherein: 

at least one of the ?rst and second ?exible conductors 
elements includes a braided electrically conductive 
Wire. 

10. The sensor of claim 1 Wherein: 

at least one of the ?rst and second ?exible conductor 
elements includes a laminated electrically conductive 
plate. 

11. The sensor of claim 2 Wherein: 

the controller is operable for generating an offset signal to 
bias the capacitance betWeen the ?rst and second 
?exible conductor elements. 

12. The sensor of claim 2 Wherein: 

the controller includes a microprocessor. 

13. The sensor of claim 2 Wherein: 

the controller is operable for executing ?ltering softWare 
to monitor the capacitance betWeen the ?rst and second 
?exible conductor elements. 

14. The sensor of claim 2 Wherein: 

the controller is operable for executing an adaptive thresh 
old detection algorithm to monitor the capacitance 
betWeen the ?rst and second ?exible conductor ele 
ments. 

15. Apinch sensor system for determining the presence of 
an object Within an opening de?ned by a closed opening 
device, the pinch sensor system comprising: 

a compressible capacitance pinch sensor ?xedly posi 
tioned adjacent a closed opening device, the compress 
ible capacitance pinch sensor having ?rst and second 
?exible conductor elements separated by a separation 
distance, the ?rst and second ?exible conductor ele 
ments having a capacitance dependent on the separa 
tion distance, the compressible capacitance pinch sen 
sor further having a non-conductive compressible 
element interposed betWeen the ?rst and second ?ex 
ible conductor elements, Wherein the non-conductive 
compressible element compresses in response to an 
object Within the opening touching the compressible 
capacitance pinch sensor such that the separation dis 
tance betWeen the ?rst and second ?exible conductor 
elements decreases, Wherein the capacitance of the ?rst 
and second ?exible conductor elements changes in 
response to the separation distance betWeen the ?rst 
and second ?exible conductor elements decreasing; and 

a controller for monitoring the capacitance of the ?rst and 
second ?exible conductor elements, Wherein the con 
troller determines the presence of the object Within the 
opening in response to the capacitance of the ?rst and 
second ?exible conductor elements changing, Wherein 
the controller controls the closed opening device as a 
function of the change in capacitance. 
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16. The pinch sensor system of claim 15 wherein: 

the closed opening device is an electrically operated 
WindoW. 

17. The pinch sensor system of claim 15 Wherein: 

the closed opening device is an electrically operated door. 
18. The pinch sensor system of claim 15 Wherein: 

the ?rst ?exible conductor element is a center core and the 
second ?exible conductor element is electrically 
grounded and coaxially surrounds the non-conductive 
cornpressible element and the ?rst ?exible conductor 
element. 

19. The pinch sensor system of claim 18 further cornpris 
ing: 

an elastorneric overcoat coaxially surrounding the second 
?exible conductor element. 

20. The pinch sensor system of claim 15 Wherein: 

the non-conductive cornpressible element includes a cell 
foam. 

21. A seat occupant sensor system comprising: 

at least one seat occupant sensor disposed Within a seat, 
the at least one seat occupant sensor including ?rst, 
second, and third ?exible conductor plates, Wherein the 
?rst ?exible conductor plate is interposed betWeen the 
second and third ?exible conductor plates such that the 
?rst and third ?exible conductor plates are separated by 
a separation distance, Wherein the second and third 
?exible conductor plates are electrically grounded and 
the ?rst, second, and third ?exible conductor plates 
have a capacitance dependent on the separation dis 
tance, the at least one seat occupant sensor further 
including a ?rst non-conductive cornpressible elernent 
interposed betWeen the ?rst and second ?exible con 
ductor plates and a second non-conductive cornpress 
ible elernent interposed betWeen the ?rst and third 
?exible conductor plates, Wherein the ?rst and second 
non-conductive cornpressible elernents cornpress in 
response to a seat occupant applying force to the at least 
one seat occupant sensor such that the separation 
distance betWeen the second and third ?exible conduc 
tor plates decreases, Wherein the capacitance changes 
in response to the separation distance decreasing; and 
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a controller for determining characteristics of the seat 
occupant as a function of the capacitance of the at least 
one seat occupant sensor. 

22. The seat occupant sensor system of claim 21 Wherein: 

the at least one seat occupant sensor includes a seat back 
sensor disposed Within a seat back of the seat, Wherein 
the controller determines whether the seat occupant is 
sitting back on the seat back as a function of the 
capacitance of the seat back sensor. 

23. The seat occupant sensor system of claim 21 Wherein: 

the at least one seat occupant sensor includes a seat 
bottom front sensor disposed Within a front portion of 
a seat bottom of the seat, Wherein the controller deter 
mines Whether the seat occupant is sitting short or 
forWard on the seat bottom as a function of the capaci 
tance of the seat bottom front sensor. 

24. The seat occupant sensor system of claim 21 Wherein: 

the at least one seat occupant sensor includes a seat 
bottom left sensor disposed Within a left portion of a 
seat bottom of the seat and a seat bottom right sensor 
disposed Within a right portion of the seat bottorn, 
Wherein the controller determines whether the seat 
occupant is sitting left or right on the seat bottom as a 
function of the capacitances of the seat bottom left and 
right sensors. 

25. The seat occupant sensor system of claim 21 Wherein: 

the at least one seat occupant sensor includes at least one 
seat bottorn sensor disposed Within a seat bottom of the 
seat, Wherein the controller determines the Weight of 
the seat occupant as a function of the capacitance of the 
at least one seat bottorn sensor. 

26. The seat occupant system of claim 21 Wherein: 

the controller is operable to reverse the polarity betWeen 
the ?rst, second, and third ?exible conductor plates 
such that the ?rst conductor plate is electrically 
grounded, Wherein the controller monitors the capaci 
tance of the at least one seat occupant sensor after 
reversing the polarity to determine Whether the seat 
occupant is an anirnate or inanirnate object. 


