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Description
Introduction

[0001] The presentinvention relates to a method for the determination of several parameters relating to an occupancy
status of a vehicle seat, such as the weight and/or the stature or build of a passenger sitting in the vehicle seat.
[0002] In order to protect the lives of passengers during a traffic accident, modern vehicles are generally fitted with a
protection system comprising several airbags and seat belt pretensioners, which are used to absorb the energy of a
passenger released during the collision due to the accident. It is clear that such systems are most effective when they
are well adapted to the specific requirements of each passenger, i.e. to the weight and/or the size of the passenger.
Thatis why microprocessor-controlled protection systems have been designed which provide several operational modes,
for example allowing an adaptation of the instant at which airbags are deployed and their volume, of the instant at which
safety belts are released after the collision, etc, as a function of the build of the passenger and the position of the
passenger on the seat.

[0003] In order to enable the control microprocessor to select the optimum operational mode for a given passenger,
it is therefore necessary to have available a method and a device for detecting the build or bodily form of the passenger
which determines the size and/or the weight and/or the position of the passenger and which indicates this to the control
circuit of the protection system.

[0004] For this purpose, the patent US-A-5,232,243 describes a device for detecting the weight of a passenger which
comprises several individual force sensors arranged in a matrix array in the vehicle seat cushion. The force sensors
have an electric resistance that varies with the applied force and are known by the abbreviation FSR (force sensing
resistor). The resistance of each sensor is measured individually and, by adding the forces corresponding to the values
of these resistances, an indication is obtained of the total force exerted, i.e. of the weight of the passenger. In other
words, the method used in US-A-5,232,243 consists of directly associating a specific weight to a specific reading of the
sensor.

[0005] US,5,890,085 describes a method for the determination of a physical property parameter of a seat passenger
by processing probability vectors

[0006] However, the total weight of a passenger does not act solely on the surface of the seat, since part of the weight
is supported by the passenger’s legs, which rest on the bottom of the vehicle, and another part rests on the back of the
seat. In addition, the ratios between the various parts vary considerably with the passenger’s position on the seat, which
causes the total force measured by the individual force sensors not to correspond to the real weight of the passenger
but to experience very large variations depending on the passenger’s posture on the seat. This means on the other
hand, that the same reading of the sensor, i.e. the same distribution of individually measured forces in the case of a
sensor comprising individual force sensors, can be caused by the presence of passengers having rather different physical
properties. Hence there is a risk of wrong classification of a specific passenger, which will cause the restraint system to
be deployed in a non-adapted mode.

Object of the invention

[0007] The object of the present invention is to provide an improved method for the determination of one or more
parameters of a seat passenger, which reduces the above-described risk.

General description of the invention

[0008] In order to overcome the above-mentioned problems, the present invention proposes a method for the deter-
mination of a physical property parameter of a seat passenger comprising the steps of:

a) getting a reading of a first parameter from an occupancy sensor;

b) plotting a probability vector, said probability vector showing, for each value of the physical property, the probability
to cause said reading of said first parameter;

c) correlating said physical property parameter to the range of values of said probability vector with the highest
probabilities.

[0009] In contrast to the known methods for determining a physical property of a passenger, the present method does
not directly associate a specific physical property to a specific reading of the sensor but correlates the reading to the
entire range of physical property values, which might cause a specific sensor reading. It follows that the present method
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does not only consider a correctly seated passenger but also a passenger having a different physical property but seated
in a non optimal position. The risk of misclassification of the occupancy status is accordingly reduced.

[0010] It should be noted that the present invention is not limited to the determination of the weight of a passenger,
but can also be used to determine the size or the build of a passenger sitting on the seat.

[0011] In order to improve the certainty of the determination of the physical property, i.e. the actual classification of
the occupancy status, the method is preferably based on the evaluation of several parameters of the occupancy sensor.
In this case, the method for the determination of a physical property parameter of a seat passenger comprises the steps of:

a) getting a reading of at least two parameters from an occupancy sensor;

b) plotting a probability vector, said probability vector showing, for each value of the physical property, the probability
to cause said readings of said at least two parameters;

c) correlating said physical property parameter to the range of values of said probability vector with the highest
probabilities.

[0012] The probability vector plotted in step b) shows the combined probabilities of each physical property value to
cause the actual readings of the different parameters. In other words, the present method superposes the probability
ranges of all the different parameters to obtain a final probability curve. It should be noted that the different parameters
which are evaluated by the method can be chosen from the following groups:

* anthropometric parameters, such as the distance between the centers of force in two adjacent seat parts (IW) or
the gradient of the force between the center of the seat and an outer border (DPVratio);

e parameters based on absolute force, e.g. the sum of all measured individual forces (SumTDPV) or the number of
activated cells (Activated Cells);

» form recognition parameters, such as the form and the size of the occupied surface (Pattern Recognition).

[0013] In a preferred embodiment of the method, the step of plotting a probability vector comprises the steps of:

a) initializing the probability vector by setting the probability for the entire range of values of said physical property
to a specific value; and

b) for each parameter, reducing the probability for each physical property value for which the respective parameter
is outside of calibration curves, said calibration curves showing the maximum and minimum parameter values for
each physical property value.

[0014] As there is a dispersion of the parameter value between different persons having the same physical property
and between different positions of one same person, the calibration curves determine the maximum and minimum
reading of a specific parameter for each physical property value. Such calibration curves can be obtained by getting the
different readings of each specific parameter for different persons having the same physical property and for different
positions on the seat. This step may be repeated for at least two different physical property values. After the data are
gathered, the calibration curves (maximum or minimum) can be plotted e.g. by interpolation between the maximum
parameter values or the minimum parameter values respectively. The two curves obtained constitute an envelope for
each given parameter, which corresponds to the total min-max spread for the range of the physical property to be
determined. A given parameter value is likely to be caused by a person having e.g. a specific weight, if the parameter
lies between the maximum and minimum calibration curve for this weight, i.e. if the parameter is inside the envelope.
[0015] Ifhowever, the parametervalue lies outside the envelope for this specific weight, the probability for this parameter
value having been caused by a person of the specific weight is small. This means that the probability in the probability
vector of this weight value has to be reduced with respect to those weight values, for which the actual parameter values
lies within the envelope. This reduction of the probability can be done either by multiplying the probability (vector value)
of the weight or size, where the actual parameter is outside the corresponding envelope by a given border (<1). Alter-
natively, the probability lowering method could consist in a subtraction. However in this case it must be ensured that the
probability doesn’t fall below 0% or below the resolution, so that the different probability steps still can be distinguished.
[0016] In a very simple embodiment of the invention, the present method feeds the determined range of physical
property values with the highest probability to the control circuit of a secondary restraint system. This control system
then switches the restraint system in a deployment mode, which is considered to be suitable for the entire determined
range of the physical property. In a morte preferred embodiment of the invention, the correlation of said physical property
parameter to said range of values with the highest probabilities comprises the steps of
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a) calculating an average physical property value from the range of values of said probability vector with the highest
probability;

b) setting said physical property parameter to be determined to equal said average physical property value.

[0017] The output of such a method consists of an average physical property value which will cause the control circuit
of the secondary restraint system to switch into a specific deployment modus.

[0018] In a method in which a plurality of parameters are considered, the ranges of physical property values adjacent
to the range with the highest probability, i.e. the ranges with the second highest probability, may also have a rather high
probability to cause the actual readings of the different parameters. This means that the probability of the actual physical
property to lie within these ranges is still rather high. In order not to discriminate these probabilities, said step of correlating
said physical property parameter to said range of values with the highest probabilities in a more preferred embodiment
of the method comprises the steps of

a) calculating a first average physical property value from the range of values of said probability vector with the
highest probability;

b) calculating a second average physical property value from range of values of said probability vector for which
the probability is equal or higher than a second highest probability;

c) setting said physical property parameter to be determined to equal a rounded average of said first and second
average physical property value.

[0019] It should be noted, that the type of sensor from which the different parameters are obtained is not relevant to
the present invention. In fact, the method can be used with any type of seat occupancy sensors, such as pressure
sensitive seat sensors and/or a capacitive sensors.

[0020] It will further be appreciated, that the present method can be combined with a temperature compensation
method, which eliminates the influence of the temperature on the readings of the specific parameters. In fact, because
of variations with temperature of the characteristics of the system, the individual readings of the different sensors depend
on the ambient temperature in the vehicle. If the method is combined with a suitable temperature compensation, such
influence of the temperature on the parameter readings and by that on the determination of the actual physical property
can be advantageously reduced.

Detailed description with respect to the figures

[0021] The present invention will be more apparent from the following description of a not limiting embodiment with
reference to the attached drawings, wherein

Fig.1:  shows a bloc diagram of a weight estimation module;

Fig.2:  shows a diagram of the envelopes of one parameter vs. weight (physical property);
Fig.3: illustrates the principle of the probability vector;

Fig.4: shows a probability vector including several parameters.

[0022] Fig. 1 shows a bloc diagram of a weight estimation module employing the method of the present invention.
While the shown method is used to determine the weight of the passenger, it will be clear to the one skilled in the art,
that an analogous method can be used to determine the size or build of the passenger. The method for determining the
weight of a seat passenger may be based one or more of the following types of parameters of a seat occupancy sensor
(OC Profiles):

* anthropometric parameters, such as the distance between the centers of force in two adjacent seat parts (IW) or
the gradient of the force between the center of the seat and an outer border (DPVratio);

e parameters based on absolute force, e.g. the sum of all measured individual forces (SumTDPV) or the number of
activated cells (Activated Cells);

» form recognition parameters, such as the form and the size of the occupied surface (Pattern Recognition).

[0023] The aim of the weight estimation module is to combine the values of all parameters to compute a final estimated
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weight.

[0024] Each parameter has an output value that should be correlated to the weight. As there is a dispersion of the
parameter value between different persons having the same weight and between different positions of one same person,
not a discrete weight value but a high probability weight range can be assigned to one output parameter value. Accordingly
a highest-probability weight range is computed for each parameter value using calibration curves (envelopes). The result
of all probability calculations is a probability curve from which the final estimated weight (EW) is deducted.

[0025] This is achieved thanks to the so called 'weight estimation envelopes’. For each parameter, two curves in
function of weight are needed: a maximum and a minimum parameter value curve as shown in fig. 2. The definition of
the envelope for a given parameter is the total min - max value spread for the weight range from 0 to 150 kg. This spread
is defined by fitting the data collected during sit-in calibration. The seat configuration: nominal foam hardness, the most
typical trim type, seat back and cushion inclination set to the manufacturer-defined nominal value.

[0026] After the data collection, the min and max parameter values have to be found. This operation will result in
definition of the envelopes. All weight-points parameter values (min, max) have to be depicted on the same chart, together
with trend lines or interpolation fit, which will define the envelopes.

[0027] Atfterthese calibration curves have been determined, the weight estimation method can be implemented. When
the weight estimation module gets the actual computed parameter values, it superposes the probability ranges of all
those parameters to obtain a final probability curve with as many different probability steps as there are parameters.
Using the weight ranges with the highest and the second highest probabilities, it calculates the final estimated weight.
[0028] The calculation of the probability vector may e.g. comprise the following steps:

1. initialize a probability vector whose index is the weight e.g. in 1kg steps (example: one probability value for each 1kg
weight range between 1 and 150 kg) to a 100% value

Ex:

Weight (index) | 1kg 2kg 3kg 150kg
Probability 100% 100% 100% 100% 100%

2. For each parameter, multiply the probability (vector value) of the weight where the actual parameter value is outside
the corresponding envelope (>max or <min) by a given border.
Ex:

Weight (index) | 1 kg 2kg 3kg 150kg
Probability 56.25% | 75% 75% e % 56.25%

3. Find and store the highest and second highest probability value in the vector.

4. Calculate the average of the weight points (index of vector) where the probability is equal to the highest probability.
5. Calculate the average of the weight points (index of vector) where the probability is equal or higher than the second
highest probability.

6. The final estimated weight is the rounded average of the two last averages.

[0029] Fig.4showsasanexample aprobability vector calculated on the basis of six different parameters. The probability
lowering method used to exclude low probability ranges could be varied as it doesn’t affect the final result. The 'multiply
by a given border could be replaced by a subtraction, for example, but it must be ensured that the probability doesn’t
fall below 0% or below the resolution, so that the different probability steps still can be distinguished.

[0030] In order to eliminate the influence of the ambient temperature in the vehicle on the parameter readings from
the sensor, a temperature compensation may further be implemented. The aim of the temperature-weight compensation
module is to correct the estimated weight in function of the temperature. Such a correction should depend on the actual
estimated weight and the temperature.

Claims

1. Method for the determination of a weight parameter (EW) of a seat passenger, comprising the steps of:

a) getting a reading of at least two parameters (IW, DPVratio) from an occupancy sensor;
b) plotting a probability vector, said probability vector showing, for each weight range, the probability for a seat
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passenger belonging to said weight range to cause said readings of said at least two parameters (IW, DPVratio);
c) correlating said weight parameter (EW) to the range of values of said probability vector with the highest
probabilities.

2. Method according to claim 1, wherein said step of plotting a probability vector comprises the steps of:

a) initializing the probability vector by setting the probability for the entire weight range to a specific value; and
b) for each parameter, reducing the probability for each weight value for which the respective parameter is
outside of calibration curves, said calibration curves showing the maximum and minimum parameter values
(min, max) for each weight value.

3. Method according to any one of claims 1 to 2, wherein said step of correlating said weight parameter to said range
of values with the highest probabilities comprises the steps of

a) calculating an average weight value from the range of values of said probability vector with the highest
probability;
b) setting said weight parameter (EW) to be determined to equal said average weight value.

4. Method according to any one of claims 1 to 2, wherein said step of correlating said weight parameter to said range
of values with the,highest probabilities comprises the steps of

a) calculating a first average weight value from the range of values of said probability vector with the highest
probability;

b) calculating a second average weight value from the range of values of said probability vector for which the
probability is equal or higher than a second highest probability;

c) setting said weight parameter (EW) to be determined to equal a rounded average of said first and second
average weight value.

5. Method according to any one of the preceding claims, wherein said occupancy sensor is a pressure sensitive seat
sensor and/or a capacitive sensor.

6. Method for controlling the deployment of a secondary restraint system, comprising the steps of:

a) determining a weight parameter (EW) of a seat passenger according to the method as claimed in any one
of claims 1 to 5;

b) switching the secondary restraint system in a deployment mode which is adapted to a passenger with said
weight parameter.

Revendications
1. Procédé pour la détermination d’'un paramétre de poids (PE) d’un passager d’un siege, comprenant les étapes:

a) obtenir une lecture d’au moins deux paramétres (PI, rapportVPD) en provenance d’un capteur d"occupation ;
b) tracer un vecteur de probabilité, ledit vecteur de probabilité montrant, pour chaque plage de poids, la probabilité
pour un passager d’un siége appartenant a ladite plage de poids d’étre a I'origine desdites lectures desdits au
moins deux parameétres (PI, rapportVPD) ;

c) corréler ledit parameétre de poids (PE) a la plage de valeurs dudit vecteur de probabilité présentant les
probabilités les plus hautes.

2. Procédé selon la revendication 1, dans lequel ladite étape consistant a tracer un vecteur de probabilité comprend
les étapes:

a)initialiser le vecteur de probabilité en fixant la probabilité pourla plage de poids totale a une valeur spécifique ; et
b) pour chaque parametre, réduire la probabilité pour chaque valeur de poids pour laquelle le paramétre respectif
est en dehors de courbes d’étalonnage, lesdites courbes d’étalonnage montrant les valeurs de parametre
maximum et minimum (min, max) pour chaque valeur de poids.



10

15

20

25

30

35

40

45

50

55

EP 1 430 277 B9

3. Procédé selon I'une quelconque des revendications 1 a 2, dans lequel ladite étape consistant a corréler ledit para-
meétre de poids a ladite plage de valeurs présentant les probabilités les plus hautes comprend les étapes:

a) calculer une valeur de poids moyenne a partir de la plage de valeurs dudit vecteur de probabilité présentant
la probabilité la plus haute ;
b) fixer ledit parametre de poids (PE) a déterminer de maniére a ce qu'il soit égal a ladite valeur de poids moyenne.

4. Procédé selon 'une quelconque des revendications 1 a 2, dans lequel ladite étape consistant a corréler ledit para-
meétre de poids a ladite plage de valeurs présentant les probabilités les plus hautes comprend les étapes:

a) calculer une premiere valeur de poids moyenne a partir de la plage de valeurs dudit vecteur de probabilité
présentant la probabilité la plus haute ;

b) calculer une deuxieme valeur de poids moyenne a partir de la plage de valeurs dudit vecteur de probabilité
pour lequel la probabilité est égale ou supérieure a une deuxiéme probabilité la plus haute ;

c) fixer ledit parametre de poids (PE) a déterminer de maniére a ce qu'il soit €gal a une moyenne arrondie de
ladite premiére et deuxiéme valeur de poids moyenne.

5. Procédé selon 'une quelconque des revendications précédentes, dans lequel ledit capteur d’occupation est un
capteur de siége sensible a la pression et/ou un capteur capacitif.

6. Procédé pour contréler le déploiement d’un systéme de retenue secondaire, comprenant les étapes:

a) déterminer un parameétre de poids (PE) d’un passager d’un siége selon le procédeé tel que revendiqué dans
'une quelconque des revendications 1 a 5 ;

b) basculer le systeme de retenue secondaire dans un mode de déploiement qui est adapté a un passager
présentant ledit parameétre de poids.

Patentanspriiche
1. Verfahren zur Bestimmung eines Gewichtsparameters (EW) eines Sitzpassagiers, das folgende Schritte umfasst:

a) Erfassen von mindestens zwei Parametern (IW, DPV-Verhaltnis) eines Belegungssensors,

b) Plotten eines Wahrscheinlichkeitsvektors, wobei der Wahrscheinlichkeitsvektor fir jeden Gewichtsbereich
die Wahrscheinlichkeit anzeigt, mit der ein Sitzpassagier, der zu diesem Gewichtsbereich gehort, diese Anzeigen
von mindestens zwei Parametern (IW, DPV-Verhaltnis) hervorruft,

c) Korrelieren der Gewichtsparameter (EW) mit dem Wertebereich des Wahrscheinlichkeitsvektors mit den
héchsten Wahrscheinlichkeiten.

2. Verfahren nach Anspruch 1, wobei der Schritt der Darstellung eines Wahrscheinlichkeitsvektors folgende Schritte
umfasst:

a) Initialisierung des Wahrscheinlichkeitsvektors durch Festsetzung der Wahrscheinlichkeit fir den gesamten
Gewichtsbereich auf einen spezifischen Wert und
b) fir jeden Parameter Reduzierung der Wahrscheinlichkeit fiir jeden Gewichtswert, fir den der jeweilige Pa-
rameter aulerhalb von Eichkurven liegt, wobei die Eichkurven die Maximal- und Minimalparameterwerte (mi-
nimal, maximal) fir jeden Gewichtswert angeben.

3. Verfahrennach Anspruch 1 oder 2, wobeider Schritt der Korrelierung des Gewichtsparameters mitdem Wertebereich
mit den hochsten Wahrscheinlichkeiten folgende Schritte umfasst:

a) Berechnung eines durchschnittlichen Gewichtswertes aus dem Wertebereich des Wahrscheinlichkeitsvektors
mit der héchsten Wahrscheinlichkeit,

b) Festsetzung des zu bestimmenden Gewichtsparameters (EW), bis er dem durchschnittlichen Gewichtswert
gleichkommt.

4. Verfahrennach Anspruch 1 oder 2, wobeider Schritt der Korrelierung des Gewichtsparameters mitdem Wertebereich
mit den héchsten Wahrscheinlichkeiten folgende Schritte umfasst:
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a) Berechnung eines ersten durchschnittlichen Gewichtswertes aus dem Wertebereich des Wahrscheinlich-
keitsvektors mit der héchsten Wahrscheinlichkeit,

b) Berechnung eines zweiten durchschnittlichen Gewichtswertes aus dem Wertebereich des Wahrscheinlich-
keitsvektors, fir den die Wahrscheinlichkeit gleich einer zweith6chsten Wahrscheinlichkeit oder héher als diese
ist,

c) Festsetzung des zu bestimmenden Gewichtsparameters (EW), bis er dem gerundeten Durchschnittswert
des ersten und zweiten durchschnittlichen Gewichtswerts gleichkommt.

5. Verfahren nach irgendeinem der vorstehenden Anspriiche, wobei der Belegungssensor ein druckempfindlicher
Sitzsensor und/oder ein kapazitiver Sensor ist.

6. Verfahren zur Kontrolle der Entfaltung eines sekundaren Riickhaltesystems, das folgende Schritte umfasst:

a) Bestimmung des Gewichtsparameters (EW) eines Sitzpassagiers nach dem Verfahren, das in einem der
Anspriche 1 bis 5 beansprucht wird,

b) Umschaltung des sekundaren Riickhaltesystems in einen Entfaltungsmodus, deran den Passagier mitdiesem
Gewichtsparameter angepasst ist.



EP 1 430 277 B9

Prepared Data

Activated
cells

? Pattern form

SumDPY w [ DPVRatioi weight

Pattem csll
weight

Estimated Weight




EP 1 430 277 B9

P
a
r
a
m
e
t
e
r
v
a
|
u
e
: | | | >
40kg 60kg 90kg
Fig. 2
Average of Average of

second highest [.....Jhighest range

o N

e Refrag

Second highest
probability range

Probability curve with 6
steps as there were 6

parameters used

Probability axis:

from 0 to 100%
(5% resolution
required for factor

0;17r ;51 antd 6) < Weight axis in 1kg steps from
parameters Estimated_weight = 39 min to max weight (1 to 150)

Fig. 4

10



EP 1 430 277 B9

Parameter 1

X
J
!
— >
; | Estimated Weight
Parameter fZ :
g |
!
!
Y ‘ L oy
i i~
b P
T 13 >
|| | Estimated Weight
I
. Pl
Probability | P
I : Final
| H probability
P ,
1 ' g
1:‘:.’3'«\35&«’
>
Estimated Weight
Probability
From parameter
1

Fig. 3

1"



EP 1 430 277 B9
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* US 5232243 A [0004] * US 5890085 A [0005]

12



	bibliography
	description
	claims
	drawings

