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ABSTRACT

of a vehicle seat occupant to be used for controlling the

reaction of a safety restraint system. A plurality of spaced
Weight sensors are disposed betWeen a seating surface and

seat mounting surface to provide output signals indicative of
an applied Weight on each sensor. The sensors are spaced
such that the sensors measure the Weight applied to a seat
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back and the seating surface. A controller calculates the
Weight and/or position of the seat occupant in response to the
output signals of the sensors. The controller sends the Weight
and position of the seat occupant to the safety restraint
system to be used to tailor or suppress the reaction of the

safety restraint system.
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METHOD AND SYSTEM FOR DETERMINING
WEIGHT AND POSITION OF A VEHICLE SEAT
OCCUPANT

[0001] This application claims the bene?t of US. Provi
sional Application 60/065,115, ?led on Nov. 12, 1997. This
invention relates to vehicle safety restraint systems and more
particularly to a method and system for controlling the

reaction of safety restraint systems in response to Weight and
position of a vehicle occupant.
FIELD OF THE INVENTION
BACKGROUND OF THE INVENTION

[0002] It is knoWn in the art relating to vehicle safety
restraint systems to adjust the reaction of the restraint system
to accommodate for the Weight and position of the vehicle
occupant. It is desirable to prevent injury and unnecessary
deployment of the safety restraint system. Deployment of an
air bag associated With an unoccupied seat location during a
vehicle crash adds unnecessary expense to repair of the
vehicle. Also, it is desirable to prevent deployment of the air

[0009] Another object of the present invention is to pro

vide the seat occupant’s seating position during pre-crash
braking Where the occupant’s position changes rapidly due
to high deceleration due to braking.

[0010] A still further object of the present invention is to
provide a more accurate Weight of the seat occupant.

[0011]

The method of the present invention includes sam

pling output signals of a plurality of spaced Weight sensors
disposed betWeen a seat surface and a seat mounting surface.

The output signals of the Weight sensors are added together
to determine the total applied Weight on a vehicle seat. The

center of gravity is determined from the output signals of the
Weight sensors. An information factor is then determined.
One of the information factors determined is a seating

position of the occupant. The seating position of the seat
occupant is determined from the center of gravity of the
occupant. Another information factor determined is a cor
rection factor. The correction factor is used to determine an

actual Weight of the seat occupant. The correction factor is

multiplied by the total applied Weight to determine the actual
Weight of the seat occupant. From the Weight and position of

bag When a small child, or an infant in a rear facing car seat,

the seat occupant, the seat occupant is classi?ed into Weight

is occupying the seat.

and position classi?cations. The classi?cations are then sent
to the safety restraint system to be used to control the

[0003]

To prevent such unnecessary deployment of an air

reaction of the safety restraint system.

bag at an unoccupied seat location, sensors are provided to
detect the presence of an occupant on the vehicle seat. These
sensors include pressure sensing sWitches located in the seat
cushion or infrared or ultrasonic sensors located in the

[0012] The system of the present invention includes a
plurality of Weight sensors disposed betWeen a seat surface

vehicle dashboard or instrument panel. A problem With the

indicative of an applied Weight on the sensors. The sensors

infrared or ultrasonic sensors is that if the dashboard is
blocked or the seat is covered, accurate detection of a seat
occupant in the seat is hindered. Also, such sensors are not

are spaced such that the sensors measure the applied Weight
on the seat back and the seating surface. Each of the sensors
includes a seat surface engaging portion, a seat mounting

cost effective. Furthermore, most prior sensing systems fail
to provide an accurate Weight of the seat occupant Which can

engaging portion and a Walled portion extending betWeen
the engaging portions. Each Walled portion includes at least

be used to determine and adjust the reaction of safety
restraint systems.

one strain gage mounted thereon for measuring Wall de?ec

[0004] Another device for controlling a safety restraint
system is a manual override sWitch that may be installed to

alloW a driver to disable the passenger-side air bag manually.
Such devices, hoWever, become ineffective in instances

and a seat mounting surface for providing output signals

tion Which is proportional to applied Weight. A controller is
in communication With the Weight sensors for calculating at
least one information factor such as Weight or position of the

seat occupant. The Weight and/or position information is
sent to the safety restraint system to be used to control the

Where the driver or operator simply forgets to turn the sWitch

reaction of the safety restraint system.

on or off depending upon the existence of a passenger or a

[0013] These and other features and advantages of the
invention Will be more fully understood from the folloWing
detailed description of the invention taken together With the

child in the vehicle seat.
SUMMARY OF THE INVENTION

[0005] The present invention provides a method and sys
tem for determining Weight and/or position of a vehicle seat
occupant to control the reaction of safety restraint systems,
such as air bag modules and constant force retractors.

[0006] An object of the present invention is to provide a
system that controls the reaction of the safety restraint
system in response to the Weight of the seat occupant and
their position. For example, if the seat occupant is a child
having a loW Weight, the air bag module Will not be

deployed.
[0007] Another object of the present invention is to
modify the air bag deployment if the seat occupant is

accompanying draWings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0014] In the draWings:
[0015] FIG. 1 is a block diagram of a system for deter
mining the Weight and position of a vehicle seat occupant in
accordance to the present invention;
[0016] FIG. 2 is a side vieW of a vehicle seat -having
Weight sensors disposed betWeen a seating surface and seat

mounting surface;
[0017] FIG. 3 is a schematic plan vieW of the vehicle seat
having four sensors spaced according to one embodiment of

improperly seated or too close to the dashboard.

the present invention;

[0008] A further object of the present invention is to
modify the in?ation force of the air bag module in response
to the Weight of the seat occupant.

[0019] FIG. 5 is a cross-sectional vieW of the Weight
sensor taken along line 5-5 in FIG. 4;

[0018]

FIG. 4 is a perspective vieW of a Weight sensor;

Sep. 15, 2005

US 2005/0203688 A1

[0020]

FIG. 6 is a block diagram of a sensor interface

circuit for providing a signal indicative of the applied Weight
to the vehicle seat;

[0021] FIG. 7a is a graph of a reference signal from an
integrator Within the sensor interface circuit and of a strain

gage output signal;
[0022] FIG. 7b is a graph of a pulse Width modulation
signal from the sensor interface circuit indicative of the
applied Weight on the seat;
[0023]

FIG. 8 is a schematic vieW of a seat occupant

seated in a normal seating position illustrating the relation
ship betWeen the occupant’s distance from the dashboard
and the forces applied to the seat;

28,30,32,34 alloWs for all seat pan 20 and seat back 22
forces
to be transferred through the sensors to the
controller 18.

[0030] Referring to FIGS. 4 and 5, each sensor 14
includes a seat surface engaging portion 38, a seat mounting
surface engaging portion 40 and a Walled portion 42 extend

ing betWeen the engaging portions 38,40. As shoWn in FIG.
1, each sensor 14 includes at least one strain gage 44
mounted thereon. When a force is applied to the sensor 14

the Walled portion 42 de?ects and the resulting Wall de?ec
tion is proportional to the applied Weight. Also, the Walled
portion 42 may include a sensor interface circuit 46 Which
alloWs the controller 18 to analyZe a strain gage output

signal 48 to calculate the Weight and position of the seat

occupant.
[0024]

FIG. 9 is a schematic vieW of a seat occupant

seated in a forWard seating position illustrating the relation
ship betWeen the occupant’s distance from the dashboard
and the forces applied to the seat;
[0025] FIG. 10 is a How diagram of the operation of the
system; and
[0026]

FIG. 11 is a graph of vehicle acceleration vs. time

illustrating the seat occupant’s position displacement during
pre-braking and crash.
DETAILED DESCRIPTION OF THE
INVENTION

[0027] Referring noW to the draWings, numeral 10 gener
ally indicates a system for determining the Weight and/or
position of a vehicle occupant to control the reaction of a

vehicle safety restraint system 12. The system 10 includes
Weight sensors 14 located beneath a vehicle seat 16 and a

controller 18 to determine the Weight and position of the
vehicle occupant in response to the output signals of the
Weight sensors. For adaptive restraint systems, the Weight
and position of the seat occupant is an important parameter
to adjust the reaction of safety devices such as air bags and
constant force retractors in a crash situation.

[0028]

The Weight and position of the seat occupant can be

determined by measuring the force or Weight applied by the
occupant to a seating surface, or seat pan 20, and to a seat

back 22. A plurality of Weight sensors 14 located betWeen
the seat and a designated seat mounting portion, for
eXample, underneath the seat pan 20, are used to measure the
forces applied to the seat 16. In one embodiment, the sensors
14 are disposed betWeen the seat pan 20 and a seat mounting
surface, or seat tracks 24. Alternatively, the Weight sensors
14 may be disposed betWeen the seat tracks 24 and a seat
frame 26. The spacing of the sensors 14 is such that all
forces applied to the seat back 22 and the seat pan 20 are
measured.

[0029]

In a preferred embodiment, the Weight sensors 14

are located at the main connecting points of the seat pan 20
and the seat back 22 to the seat tracks 24. Referring to FIGS.
2 and 3, sensors 28,30 are located at a ?rst connection point
near the front of the seat 16 Where the seat pan 20 and seat
tracks 24 connect. Sensors 32,34 are located at a second
connection point near the rear of the seat 16 Where the seat
pan 20, seat back brackets 36 and seat tracks 24 connect.
Essentially, a sensor 14 is located near each corner of the
seat pan 20. Such a mounting arrangement of sensors

[0031] For a high sensitivity in the vertical aXis and a loW
cross sensitivity against horiZontal forces, four strain gages
50,52,54,56 should be applied to the Walled portion 42.
Strain gages 50 and 52 are located on an inner diameter of
the Walled portion 42. Strain gages 54, 56 are located on an

outer diameter of the Walled portion 42. The strain gages
50,52 are diametrically opposite from each other and strain
gages 54,56 are diametrically opposite from each other. For
applications Where the sensitivity and accuracy of the sensor
can be decreased, only one or tWo strain gages may be used.

[0032]

Each sensor 14 may include a full bridge or Wheat

stone bridge arrangement of strain gages that converts strain
of the Walled portion 42 to Which it is attached into resis
tance changes. To obtain the strain gage output signal 48, a
dc voltage is applied across tWo of the four terminals of the

bridge. The difference betWeen the output voltages at the
other tWo terminals is the differential output voltage signal
of the strain gage 44 Which is proportional to the applied

Weight.
[0033]

Referring to FIGS. 1 and 6, each sensor 14 may

include the sensor interface circuit 46 Which develops a

pulse Width modulation (PWM) signal 62 indicative of the
applied Weight to the sensor 14 that is applied to the
controller 18. The circuit 46 includes a tWo-stage signal

ampli?er 84, pulse Width modulation circuit 66, and tem
perature sensor/Zeroing control circuit 68. Since the strain
gage output signal 48 is at such a small voltage level, the

tWo-stage signal ampli?er 84 is needed to amplify the signal
to a readable level. The tWo-stage ampli?er 84 includes tWo

operational ampli?ers 70,72.
[0034]

The pulse Width modulation circuit 66 includes a

voltage reference circuit 74, analog integrator 76 With reset
circuit 78 and comparator 80. The voltage reference circuit
74 provides a constant voltage 75 to the analog integrator 76.
The constant voltage 75 is generated from a supply voltage
(Vdc). The voltage reference circuit 74 may be a voltage
divider. The constant voltage 75 is applied to the integrator
76 to generate a reference signal 82 to be compared With an

ampli?ed strain gage output signal 84.
[0035] Referring to FIGS. 6 and 7a, the voltage reference
circuit 74, integrator 76 and reset circuit 78 are used to

produce a saW-tooth shaped signal, or the reference signal
82, at the output of the integrator 76 to be compared With the
ampli?ed strain gage output signal 84. The reset circuit 78
may include a comparator With hysteresis that controls a
sWitch, such as a metal-oXide semiconductor ?eld-effect

Sep. 15, 2005

US 2005/0203688 A1

cuit 78 is connected betWeen the output of the integrator 76

respectively are Ff and Fr. For the normal seating position,
the force at the rear, PI is higher than the front, Ff. This is due

and a capacitor (not shoWn) Within the integrator 76. When
the output signal 82 of the integrator 76 reaches a predeter
mined voltage level, the reset circuit 78 changes state,
causing the capacitor to stop charging and begin to dis

to more of the occupant’s Weight located in the upper body.
With a high percentage of the occupant’s Weight in the upper
body, the center of gravity is a good indication of the
distance of the occupant’s upper body to the dashboard 90.

charge. By charging and discharging the capacitor, the

Alternatively, a position sensor may be mounted Within the
seat tracks to determine the distance betWeen the seat and the

transistor (MOSFET) transistor (not shown). The reset cir

output signal 82 of the integrator 76 ramps from a loW to a

high voltage, producing the “saW-tooth” signal, as shoWn in
FIG. 7a.

[0036] The reference signal 82 and the ampli?ed strain
gage output signal 84 are applied to the comparator 80 to

produce the PWM signal 62 indicative of the applied Weight

dashboard 90. By combining the seat position and the
seating position of the seat occupant, a position classi?ca
tion can be determined indicative of the occupant’s position
relative to the dashboard.

to the sensor. Referring to FIGS. 7a and 7b, When the

[0041] For the forWard seating position, the occupant’s
upper body is leaning forWard, causing the center of gravity

voltage output of the strain gage 44 is loWer than the voltage
output of the integrator 76, the comparator 80 generates a

to shift forWard as indicated. Thus, the measured force at the

logic high output. Further, When the voltage output of the
strain gage 44 is higher than the voltage of the output of the
integrator 76, the comparator 80 generates a logic loW
output. The time betWeen pulses is proportional to the
Weight applied to the sensor.

[0037] To correct voltage offsets due to varying tempera
ture in the sensor interface circuit 46, the temperature/Zero
control circuit 68 is included in the circuit 46. The control
circuit 68 includes a temperature sensor and sensor Zeroing

analog sWitch 86. The output signal 88 of the temperature/
Zero control circuit 68 is applied to the controller 18 as an

analog signal. Also, multiplexed on the same output signal
88 is ability of the controller to pull the temperature sensor
output signal to +5V. This causes the sensor Zeroing analog
sWitch 86 to close, removing the strain gage output signal 48
from the ampli?er 64 so that the PWM signal 62 can be
measured When the strain gage output signal 48 of the strain
gage is Zero. By having the ability to measure the PWM
signal 62 at Zero output, the voltage offsets can be compen
sated in the controller 18.

[0038] From the PWM signal 62, the controller 18 can
determine the Weight of the seat occupant. Alternatively, the
controller 18 can determine the center of gravity of the

occupant and, then, from the center of gravity, the Weight of
the occupant. The center of gravity is centered someWhere
Within the con?nes of the sensor grouping. The center of

gravity is determined by summing the forces applied to the
sensors 28,30 near the front of the seat pan 20 and then

front, Ff is noW larger than at the rear, Fr. The change in the
position of the upper body has a signi?cant effect on the
center of gravity. This center of gravity shift forWard prop
erly indicates a forWard seated occupant, close to the dash
board 90. Thus, from the center of gravity, an accurate
Weight and position of the occupant can be determined.
[0042] From the center of gravity, a correction factor is
calculated. The correction factor is used to determine the
actual Weight of the seat occupant. The correction factor is
a correlation betWeen the center of gravity and the seating
position of the occupant. The correction factor may be

determined by, for eXample, but not limited to, using appro
priate correction factor algorithms or look up tables. The
correction factor is needed because the measured forces are

proportional to the Weight applied to the seat, but not
directly related to the Weight of the occupant.

[0043] In most seating positions only a variable part of the
occupant’s Weight is applied to the seat. The percentage of
Weight seen on the seat is in?uenced by the position of the

occupant. For eXample, in a standard seating position about
85% of the passenger’s Weight is seen on the seat. The rest

is mainly applied to the ?oor of the car through the legs. A
passenger leaning forWard applies more Weight to the ?oor
than a passenger in a reclined position. Thus, use of the
correction factor increases the accuracy of the measured

Weight.
[0044] The controller 18 calculates the Weight and/or
position of the occupant by sampling the response of each

dividing the sum by the total of all the forces applied to the
sensors 28,30,32,34. In practice, it is found that the center of

sensor to applied Weight to the seat. FIG. 10 is a How

Weight varies depending on the occupant and their seating

The algorithm is initialiZed in step 92 and each sensor is
sampled in step 94. The controller 18 samples the sensors 14
about every 30 milliseconds. Because of such a fast sample
rate, the position of the seat occupant can be measured
during pre-crash braking, as shoWn in FIG. 11. A biased
average of each sensor output signal is taken over time in
step 96, alloWing for a better understanding of the occu
pant’s Weight. The averages are summed together to obtain
a total force or Weight parameter in step 98. Then, the center

position.
[0039] In FIG. 8, the seat occupant is seated in a normal
seating position and in FIG. 9, the occupant is seated in a

forWard seating position. It is apparent by comparing FIGS.
8 and 9 that the center of gravity of the occupant seating in
the forWard position is much closer to the dashboard 90 than
the center of gravity of occupant seating in the normal
position. Furthermore, FIGS. 8 and 9 shoW the relationship
of the seat forces for normal and forWard occupant seating

positions.
[0040] The measured forces are directly related to the
occupant’s position in the seat. The occupant’s force on the
seat With position is indicated as the force vector, Foccupant.

The occupant’s center of gravity is the position of FOccupant
in the seat. The measured forces at the front and rear

diagram of the operation of the Weight and position system.

of gravity is calculated in step 100. The seating position of
the seat occupant is determined from the center of gravity in
step 102. Also, the correction factor is determined from the
center of gravity in step 104. After the correction factor is

determined, an actual Weight of the occupant is found by

multiplying the applied Weight by the correction factor in
step 106. From the Weight and position of the occupant, the
controller determines the Weight and position classi?cations
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in step 108. The controller sends the classi?cation informa
tion to the safety restraint system to be used to control the

reaction of the safety restraint system in step 110.
[0045] Alternatively, the center of gravity is not needed to
determine the Weight of the occupant. If the measured
Weight is beloW a predetermined value, the occupant is
considered a child, then the measured Weight is the real
Weight. HoWever, if the measured Weight is above a prede
termined value, the measured Weight is multiplied by a
particular correction factor for a normal seating position to
obtain the real Weight of the occupant. Then, the Weight
classi?cation is determined and the classi?cation to the

processing the sensor signal using digital signal process
ing to compensate for at least one other factor.
37. The method of claim 36, Wherein the factors include

temperature and signal strength.
38. The method of claim 37, including compensating for

temperature using the analog signal processing.
39. The method of claim 38, Wherein the sensor signal
comprises a signal from a strain gage.

40. A vehicle Weight classi?cation system, comprising:
a plurality of sensors that provide an electrical signal
indicative of the Weight of a seat occupant;

safety restraint system.
[0046] Although the invention has been described by

a controller associated With the sensors that utiliZes an

reference to a speci?c embodiment, it should be understood
that numerous changes may be made Within the spirit and
scope of the inventive concepts described. Accordingly, it is
intended that the invention not be limited to the described
embodiment, but that it includes all modi?cations encom

analog signal to compensate for at least one factor that
in?uences the sensor signal and that utiliZes a digital
signal to compensate for at least one other factor that
in?uences the sensor signal and Wherein the controller
controls a supplemental restraint device.

passed Within the spirit of the folloWing claims.

1-35. (canceled)
36. A method of compensating for various in?uences on
a sensor signal that provides an indication of a Weight of a

41. The system of claim 40, Wherein the analog signal
compensates for a temperature in?uence on the sensor

signal.
42. The system of claim 41, Wherein the digital signal

seat occupant in a vehicle supplemental restraint system,

compensates for signal strength.

comprising the steps of:
processing the sensor signal using analog signal process

a strain gage.

ing to compensate for at least one factor that in?uences
the sensor signal; and

43. The system of claim 42, Wherein the sensors comprise

