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ABSTRACT

In a process for protecting motor vehicle occupants, the
acceleration of the motor vehicle is determined and
safety means which protect the motor vehicle occupant
are activated when a speci?ed limiting acceleration
value is exceeded. To optimally release the safety
means, the sitting position of the motor vehicle occu

pant and/or the relative velocity of the occupant with
respect to the passenger cabin of the motor vehicle are

determined by position sensor using measuring tech
niques. The safety means are activated when the sitting
position of the occupant deviates from a nominal posi
tion and/or the relative velocity of the occupant ex
ceeds a speci?ed limiting value.

9 Claims, 2 Drawing Sheets
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METHOD AND APPARATUS FOR PROTECTING
MOTOR VEHICLE OCCUPANTS
FIELD OF THE INVENTION
The present invention relates to methods and appara
tus for protecting motor vehicle occupants and, in par
ticular, to methods and apparatus for determining the
acceleration of a motor vehicle and activating safety
means when a speci?ed acceleration value is exceeded.

BACKGROUND INFORMATION

2

criterion for tripping the safety means. This substan
tially prevents the false release of the safety means and,

thus, the associated high service costs thereof, particu
larly when the output signals of an existing acceleration
sensor assume high values, which point to the occur
rence of an accident, but when no accident has actually

occurred, and there is no forward displacement of the
passenger.
One advantage of the method and apparatus of the

present invention, is that it improves the operational
reliability of the safety system while increasing the like
lihood of protecting the motor vehicle occupant in the

A typical method for effectively controlling a safety
system is shown in German Published Patent Applica

event of an accident. This is achieved because the safety
means can be optimally activated when the output sig
tion No. DE-OS 38 O3 426. During an accident, the 5 nals of the acceleration sensor assume high values indi
forward displacement of a vehicle occupant is calcu
cating the occurrence of an accident, and the forward
lated using the signal from an accelerometer. If the
displacement of the occupant likewise indicates high
forward displacement of an occupant, derived through
acceleration values.
computation, exceeds a specified value, a safety device
Instead of detecting the sitting position of the vehicle
(such as an in?atable air bag) is activated. A disadvan
occupant, the relative velocity of the vehicle occupant

tage of this system is that the criterion for the tripping

action is based on a ?ctitious occupant position. The
?ctitious occupant position may not necessarily con
form to the actual sitting position of the occupant, thus

decreasing the accuracy in the control of the safety
device.
Another known system for motor vehicles, which
includes the use of an in?atable protective impact cush

ion, is disclosed in German Published Patent Applica
tion No. DE-OS 38 09 074. In accordance with this

known system, the sitting position (center of gravity) of
the driver is determined through the use of pressure
sensors arranged on the track of the motor vehicle seat.
Based on the information from the pressure sensors, the

protective impact cushion is only partially in?ated

is preferably determined indirectly by successive mea
surements of the respective sitting positions of the
motor vehicle occupant. Such measurements can be
used as a criterion for tripping the safety means. A

particularly reliable tripping criterion can be obtained
by evaluating both the sitting position and the relative
velocity of the motor vehicle occupant.
When an accident takes place, the head and the upper
body of a motor vehicle occupant are particularly en

dangered. Therefore, instead of monitoring the sitting
position, it is particularly useful to determine and use

the position and/or relative velocity of the upper body
and head of the occupant as part of the tripping crite
rion.

In addition to an acceleration sensor, a control instru
when the vehicle occupant is positioned in a location
ment for evaluating the signals from the acceleration
relatively close to the front of the motor vehicle.
sensor, and the safety means for protecting the motor
Another known method is disclosed in German Pa
vehicle occupant, one particularly advantageous em
tent Application No. DE-P 37 43 059.9 which proposes
using measurement techniques to detect the actual sit 40 bodiment of the present invention includes at least one
ting position of a motor vehicle occupant. Such mea
position sensor for determining the sitting position of
surements are obtained through the use of a‘ suitable
the motor vehicle occupant.
sensor, such as an ultrasonic transmitting receiver or a
In one embodiment of the present invention, at least
passive infrared sensor. Based on the detected sitting
one light transmitter and one light receiver are pro
position of the occupants, particularly the position of 45 vided as a position sensor. The light transmitter and
the passenger, the decision to fully or only partially
receiver are used to define at least one measuring sec
in?ate an in?atable air bag, provided for the passenger,
tion running at right angles to the direction of motion of
is made. The determination to_ activate the safety means
the motor vehicle occupant.
is based on the measured limiting acceleration value.
In another embodiment of the present invention, a
This method does not use the sitting position of the
measuring section is formed by an ultrasonic sensor and
motor vehicle occupant as part of the tripping criterion
an ultrasonic receiver, which are particularly well
for the safety means. Rather, the sitting position is used
suited for determining the sitting position of the motor
only to determine if the safety means are to be partially
vehicle occupant. The ultrasonic sensor and the ultra
or fully in?ated.
sonic receiver are arranged with respect to the motor
It is an object of the present invention, therefore, to
vehicle occupant in such a way, that the ultrasonic
overcome the problems of known methods and appara
energy
from the ultrasonic transmitter, re?ected off the
tus for protecting motor vehicle occupants.

motor vehicle occupant, reaches the ultrasonic re

ADVANTAGES OF THE INVENTION

ceiver.
A major advantage of the present invention is that it 60 In an arrangement which provides particular ease of
assembly, the position sensor is configured in the dash
detects and utilizes the dangerous forward displacement
board of the motor vehicle. Optionally, however, the
of a motor vehicle occupant, in determining when to
position sensor can also be configured in the head rest of
activate the safety means of the motor vehicle. This
the motor vehicle.
forward displacement of a vehicle occupant is the most
Other advantages of the method and apparatus of the
important indicator as to whether the safety of the oc 65
present invention will become apparent in view of the
cupant is in danger. The forward displacement of the
following detailed description and drawings taken in
motor vehicle occupant is detected using measurement
connection therewith.
techniques. The measured displacement is utilized as the
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tion is made by the position sensor S2 using measuring

BRIEF DESCRIPTION OF THE DRAWINGS

techniques.

FIG. 1 is a schematic illustration of an apparatus

If several such optical measuring sections are con?g
ured along the possible path of motion of the occupant

embodying the present invention.
FIG. 2 is a schematic illustration of several position

35, then the velocity of the occupant relative to the

sensors of the apparatus of FIG. 1.
FIG. 3 is a flow chart illustrating conceptually the

passenger cabin can also be established. This measure
ment is obtained in a relatively simple manner by taking

steps in the operation of the apparatus of FIG. 1.

a positional ?x through the use of several measuring
sections, and by making a time determination while the

DETAILED DESCRIPTION
An apparatus embodying the present invention is

motor vehicle occupant 35 moves from one measuring
section to another. Based on this information, the veloc

illustrated in FIG. 1 and comprises a control instrument
10 which has several input and output terminals. A ?rst
input terminal of the control instrument 10 is coupled to
the output terminal of an acceleration sensor S1. The
acceleration sensor S1 generates a voltage u propor
tional to the acceleration a, or emits a voltage signal at
the output only when a de?ned acceleration threshold is

ity of the motor vehicle occupant 35 is calculated.
In another exempli?ed embodiment of the present
invention, the position sensor S2 comprises one ultra
sonic transmitter 32 and one ultrasonic receiver 33. The
ultrasonic transmitter 32 'and receiver 33 are arranged
with respect to the motor vehicle occupant 35, so that

the ultrasonic energy from the ultrasonic transmitter 32
exceeded. A second input terminal of the control instru
is re?ected off of the occupant 35 and onto the ultra
ment 10 is coupled to the output terminal of a position 20 sonic receiver 33. The ultrasonic receiver 33 is coupled
sensor S2. The position sensor S2 detects the position of
to the control instrument 10. Using this arrangement, a
a motor vehicle occupant using measuring techniques,
simple determination of the position of the motor vehi~
as described further below.
cle occupant 35 is possible. The ultrasonic transmitter
A ?rst output terminal of the control instrument 10 is
32 and the ultrasonic receiver 33 are depicted in FIG. 2
coupled to a grounded connection, as shown in FIG. 1. 25 as being spatially separated. However, it is also possible
A second output terminal of the control instrument 10 is
to combine both components into a single subassembly
coupled to a ?rst terminal of a capacitor C12 and a
34 which is coupled to the control instrument 10.
voltage source 17. The capacitor C12 and the voltage
In addition to the previously described sensors S2 for
source 17 are in turn coupled to the grounded connec~
determining position, other sensors can optionally be
tion through their second terminals, as shown in FIG. 1.
installed. Such sensors S2 may be designed, for exam
The second output terminal of the control instrument
ple, as active or passive infrared sensors. In another
10 is also coupled to a ?rst pole of a circuit element 11,
embodiment of the present invention, microwave radar
whose second pole is, in turn, coupled to a ?rst terminal
sensors are used as the position sensors S2. Thus, a
of a ?ring element 14. A second terminal of the ?ring
element 14 is coupled to the grounded connection, as 35 microwave transmitter 32 transits waves toward the
occupant 35, which are reflected onto a microwave
shown in FIG. 1. The ?ring element 14 is operatively
receiver 33 which is, in turn, coupled to the control
coupled to a safety means 18 for protecting motor vehi
instrument
10. With these types of sensors, the presence,
cle occupants.
the position, and/or the velocity of motion of the motor
The safety means 18 comprises, for example, an inflat
able air bag and/or a belt tightener. In this charge (not 40 vehicle occupant 35 relative to the passenger cabin can
be quickly determined. Such quick determinations are
shown) is able to be activated by means of the ?ring
possible since only a short evaluation time is required.
element 14. The ?ring element 14 generates the quanti
In one embodiment of the apparatus of the present
ties of gas required to in?ate the air bag. Preferably,
invention,
the position sensor S2 is con?gured in the
ignition tablets, which can be heated by means of cur
rent ?ow therethrough, are used as the ?ring element 45 dashboard of the motor vehicle in front of the motor

vehicle occupant 35, as indicated by 32 and 33 in FIG.

14. The current ?ow through the ?ring element 14
occurs upon closing of the circuit element 11. The cir
cuit element 11 is coupled to a third output terminal of
the control instrument 10.

2. This con?guration has the advantage of providing
particular ease of assembly, since only short connecting
lines to the control instrument 10 are needed.

In another embodiment of the present invention, the
FIG. 2 illustrates several preferred embodiments of
position sensor S2 is located in the head rest of a motor
position sensors S2 coupled to the control instrument
vehicle seat. In this manner, it can easily be determined
10. The position sensor S2 serves to determine the posi
if the motor vehicle occupant is sitting in close contact
tion of the motor vehicle occupant 35 and/or to deter
with the back of the seat and, thus, in a position which
mine the velocity of the motor vehicle occupant 35
relative to the passenger cabin of the vehicle, when 55 is optimal for the protective function of the respective
safety means 18.
forces cause the occupant to accelerate away from the
The functional sequence of the operation of the
seat.
method and apparatus of the present invention is herein~
A ?rst exempli?ed embodiment of a position sensor
after described with reference to the flow chart of FIG.
S2 comprises at least one light transmitter 30 and one
light receiver 31. The light receiver 31 is coupled to the 60 3. As illustrated in FIG. 3, the process begins with the
process step 100. The acceleration a, which is the accel
control instrument 10. As shown in FIG. 2, the light
eration that the motor vehicle is subjected to, is ?rst
transmitter 30 and light receiver 31 de?ne at least one
measured in process step 101 by the acceleration sensor
measuring section running at right angles to the direc
$1. In process step 102, the acceleration a is checked to
tion of motion of the occupant 35. The arrangement of
at least one such measuring section enables the respec 65 determine whether it has exceeded a speci?ed limiting
acceleration value aG. In process step 104, the position
tive position of the motor vehicle occupant 35 to be
of the occupant 35 and/or the relative velocity of the
determined. Preferably, however, several such measur
occupant 35 with respect to the passenger cabin is de
ing sections are provided, and the position determina
50
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pant in the vehicle upon the ?rst signal exceeding
the ?rst threshold value, and either the second
signal deviating from the nominal value or the third
signal exceeding the second threshold value.

tected by the position sensor S2 using the measuring
techniques described above.
In step 105, the measured values detected by the
position sensor S2 are checked to determine whether

they indicate a dangerous situation for the occupant 35. 5

3. An apparatus for protecting motor vehicle occu

pants, comprising:

Indications of a dangerous situation can include a for

ward displacement of the occupant 35. Dangerous situa
tions are particularly indicated by a forward displace

?rst means for generating a ?rst signal indicative of .

ment of the head or upper body region of the occupant
35, or by exceeding a speci?ed limiting value of the 10
relative velocity of the occupant in the driving direc
tion of the motor vehicle. The position of the occupant

second means for measuring the position of an occu
pant seated in the motor vehicle and generating a

35 is detected using measuring techniques by means of

third means coupled to the ?rst and second means for

the acceleration of the motor vehicle;

the position sensors S2, as described above.
The relative velocity of the occupant 35 can likewise 15
be determined in a simple manner by means of the posi
tion sensor S2. The position sensor S2 detects several

positional values of the motor vehicle occupant 35. A
determination is made as to the time that elapses from
when a ?rst positional value is received up to the pres 20

ent positional value or, i.e., the positional value which
follows.
If the position and/or the relative velocity of the
motor vehicle occupant 35 and/or the output signal of

receiving the ?rst and second signals, respectively,
therefrom, and for comparing the value of the ?rst
signal to a ?rst threshold value indicative _of a
threshold acceleration value of the motor vehicle,
and for comparing the value of the second signal to
a nominal value indicative of a nominal seating

position of the occupant within the motor vehicle,
and for actuating a safety device for protecting the
occupant in the event of a vehicle collision upon

the ?rst signal exceeding the threshold value and
the second signal deviating from the nominal value.

the acceleration sensor S1 indicate the occurrence of an 25

4. An apparatus for protecting motor vehicle occu

pants, comprising:

accident, the circuit element 11 is triggered by the con
trol instrument 10 and the ignition circuit is closed, as
indicated in step 109. As a result, the ?ring element 14
is heated by the current flow and thus activated and, in
turn, causes the safety means 18 to be released. In pro
cess step 112, the functional sequence provided for
protecting the motor vehicle occupant 35 is concluded.
We claim:
1. A method for protecting motor vehicles occupants,

comprising the following steps:

second signal indicative of the measured position of
the occupant seated in the motor vehicle; and

?rst means for generating a second signal indicative
of acceleration of the motor vehicle;
second means for generating a second signal indica

tive of the position of an occupant seated in the
motor vehicle;

'

third means coupled to the ?rst and second means for

receiving the ?rst and second signals respectively,
35

generating a ?rst signal indicative of the acceleration
of the motor vehicle;
measuring the position of a passenger seated in the
motor vehicle and generating a second signal indic
ative of the measured position of the passenger
seated in the motor vehicle; and
comparing the value of the ?rst signal to a ?rst
threshold value indicative of a threshold accelera
tion value of the motor vehicle, and comparing the
value of the second signal to a nominal value indic 45
ative of a nominal seating position of the occupant
within the motor vehicle, and actuating a safety
device for protecting the occupant in the event of
a vehicle collision upon the ?rst signal exceeding

the threshold value and the second signal deviating
from the nominal value.
2. A method for protecting motor vehicle occupants,

comprising the following steps:

and for comparing the value of the ?rst signal to a
?rst threshold value indicative of the threshold
acceleration value of the motor vehicle, and for
comparing the value of the second signal to a nomi
nal value indicative of a nominal seating position of
the occupant within the motor vehicle; and
fourth means for transmitting a third signal to the
third means indicative of the velocity of an occu

pant relative to the passenger cabin of the vehicle,
the third means being adapted to compare the
value of the third signal to a second threshold value

and for actuating a safety device for protecting the
occupant in the vehicle upon the fist signal exceed
ing the ?rst threshold value and either the second
signal deviating from the nominal value or the third

signal exceeding the second threshold value.
5. An apparatus as de?ned in claim 4, wherein

the second means generates second signals indicative
of the position of the upper body of an occupant of
the vehicle.

6. An apparatus for protecting motor vehicle occu
generating a ?rst signal indicative of the acceleration
55 pants, comprising:
of the motor vehicle;
?rst means for generating a ?rst signal indicative of
generating a second signal indicative of the position

comparing the value of the ?rst signal to a ?rst

the acceleration of the motor vehicle;
second means for generating a second signal indica
tive of the position of an occupant seated in the
motor vehicle;
third means coupled to the ?rst and second means for

threshold value indicative of a threshold accelera

receiving the ?rst and second signals, respectively,

tion value of the motor vehicle, comparing the
value of the second signal to a nominal value indic
ative of a nominal seating position of the occupant 65
within the motor vehicle, and comparing the value
of the third signal to a second threshold value, and
actuating a safety device for protecting the occu

and for comparing the value of the ?rst signal to a
?rst threshold value indicative of a threshold accel
eration value of the motor vehicle, and for compar
ing the value of the second signal to a nominal

of a passenger seated in the motor vehicle;

generating a third signal indicative of the velocity of
the occupant relative to the passenger cabin of the

vehicle;

value indicative of a nominal seating position of the
occupant within the motor vehicle, and for actuat

7
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ing a safety device for protecting the occupant in
the event of a vehicle collision upon the ?rst signal

exceeding the threshold value and the second sig
nal deviating from the nominal value, wherein the

second means includes at least one light transmitter 5
and at least one light receiver coupled to the third

means, the light transmitter and light receiver thus
de?ning at least one measuring section therebe

tween, the measuring section being oriented sub
stantially at a right angle with respect to the direc
tion of motion of an occupant during a collision,
the light receiver thus being adapted to transmit a
second signal to the third means upon the occupant

crossing the measuring section.

8

?rst means for generating a ?rst signal indicative of
the acceleration of the motor vehicle;
second means for generating a second signal indica
tive of the position of an occupant seated in the
motor vehicle;
third means coupled to the ?rst and second means for

receiving the ?rst and second signals, respectively,
and for comparing the value of the ?rst signal to a
?rst threshold value indicative of a threshold accel
eration value of the motor vehicle, and for compar
ing the value of the second signal to a nominal
value indicative of a nominal seating position of the
occupant within the motor vehicle, and for actuat

ing a safety device for protecting the occupant in
15

the event of a vehicle collision upon the ?rst signal

exceeding the threshold value and the second sig
nal deviating from the nominal value, wherein the

7. An apparatus for protecting motor vehicle occu

pants, comprising:

second means includes at least one microwave
transmitter and at least one microwave receiver

?rst means for generating a ?rst signal indicative of
the acceleration of the motor vehicle;
second means for generating a second signal indica
tive of the position of an occupant seated in the
motor vehicle;

coupled to the third means, the microwave trans
mitter being adapted to transmit waves toward an

occupant of the vehicle, the waves being re?ected
off the occupant, and, in turn, transmitted to the

third means coupled to the ?rst and second means for

microwave receiver, the microwave receiver being

receiving the ?rst and second signals, respectively,

adapted to transmit a second signal to the third
means indicative of the position of the occupant
based thereon.
9. An apparatus for protecting motor vehicle occu

and for comparing the value of the ?rst signal to a
?rst threshold value indicative of a threshold accel
eration value of the motor vehicle, and for compar
ing the value of the second signal to a nominal

pants, comprising:

value indicative of a nominal seating position of the
occupant within the motor vehicle, and for actuat~
ing a safety device for protecting the occupant in
the event of a vehicle collision upon the ?rst signal
exceeding the threshold value and the second sig
nal deviating from the nominal value, wherein the 35
second means includes at least one ultrasonic trans

?rst means for generating a first signal indicative of
the acceleration of the motor vehicle;
second means located within the dashboard of the
motor vehicle for generating a second signal indic
ative of the position of an occupant seated in the
motor vehicle; and
third means coupled to the ?rst and second means for

receiving the ?rst and second signals, respectively,

mitter and at least one ultrasonic receiver coupled
to the third means, the ultrasonic transmitter being
adapted to transmit ultrasonic energy toward an

and for comparing the value of the ?rst signal to a
?rst threshold value indicative of a threshold accel
eration value of the motor vehicle, and for compar
ing the value of the second signal to a nominal
value indicative of a nominal seating position of the
occupant within the motor vehicle, and for actuat

occupant of the vehicle, the ultrasonic energy
being re?ected off the occupant and, in turn, trans
mitted to the ultrasonic receiver, the ultrasonic
receiver being adapted to transmit a second signal

ing a safety device for protecting the occupant in

to the third means indicative of the position of the 45
occupant based thereon.
8. An apparatus for protecting motor vehicle occu

the event of a vehicle collision upon the ?rst signal

exceeding the threshold value and the second sig
nal deviating from the nominal value.
it

pants, comprising:

55
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