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(57) Abstract: In order to provide a fast and reliable classification of an impact, the present invention proposes a method for the
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criterion for deciding whether the object is a pedestrian by identifying if the determined width of the impact zone lies between
predetermined lower and upper first threshold values; determining that the object is human if said first criterion is met.
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Classification Method for Pedestrian Protection System

Introduction

The present invention generally relates to impact sensor systems for use in
triggering operation of a deployable device for protecting a pedestrian hit by the
front of a vehicle. The invention more specifically relates to an impact sensing
method for the classification of an impact in order to discriminate between

impact with a pedestrian and other types of impact.

When a pedestrian is hit by a motor vehicle, for example a car, one type of
injury can be caused by a subsequent collision between the pedestrian's head
and the hood of the vehicle. In order to minimize these injuries, vehicle manu-
facturers have started developing safety systems for automotive vehicles, which
should help to protect pedestrians in case of a car/pedestrian collision. Such
safety systems comprise one or more active systems, for example hood-
mounted airbags or energy-absorbing hood panels, which are designed to
minimize the impact violence of the pedestrian on the vehicle structure such as

the engine hood.

It is clear that an efficient control of such active systems requires reliable
sensing devices, which are able to timely sense the presence of a
car/pedestrian collision. The decision of whether to deploy or not to deploy must
be made in a very short space of time after detecting an initial impact at the
front of the vehicle.

One pedestrian impact sensor system which has been proposed is described in
International Patent Application No. WO 97/18108. This system uses a first
sensor on the front bumper (fender) and a second sensor on the front edge of
the hood of the vehicle. By measuring the time difference between triggering of
the first sensor and triggering of the second sensor, and the magnitudes of the
signals from those sensors, the system can distinguish between impacts with

pedestrians and other sorts of impacts.
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Object of the invention

The object of the present invention is to provide a different method for detecting
a pedestrian impact with a vehicle, which enables to discriminate between

impact with a pedestrian and other types of impact.

General description of the invention

This object is achieved by a method according to claim 1. In order to provide a
fast and reliable classification of an impact, the present invention proposes a
method for the classification of an impact between an object and a vehicle,
comprising the steps of

e detecting an initial contact between said object and said vehicle;

e recording a width data relating to a width of an impact zone between the
object and the vehicle;

e processing said width data for determining the width of said impact zone a
predetermined time interval after the initial contact;

e forming a first criterion for deciding whether the object is a pedestrian by
identifying if the determined width of the impact zone lies between prede-

termined lower and upper first threshold values;
e determining that the object is human if said first criterion is met.

The method of the present invention is thus based on the evaluation of the
width of the impact zone between the object and the vehicle. The width of the
impact zone, i.e. the width of the contact surface between the object and the
vehicle, may be measured by any suitable sensor, which is e.g. arranged in an
appropriate bumper portion of the vehicle. The sensor for measuring the width
of the impact zone may e.g. comprise an elongate foil-type switch comprising a
first carrier foil with a resistive layer connected between two terminals and
extending along the bumper and a second carrier foil with a conductive shunt
element arranged at a certain distance from said resistor. If the foil-type switch

is activated due to a collision force acting on the bumper, the shunt element is
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pressed against the underlying resistive layer and shunts the resistive layer
across the extension of the contact zone. The resulting decrease of the resis-
tance between the terminals is then indicative of the width of the impact zone. In
a preferred embodiment, the sensor for detecting the width data is configured
as a foil-type pressure sensor and thus further delivers an information on the
amplitude of the force i.e. the force level. Such foil-type pressure sensors may
e.g. be configured as linear potentiometers which provide simultaneously
information on the magnitude or amplitude of the force and the location of the

force acting on the sensor or the width of the activated zone.

It should be noted that the initial contact between the object and the vehicle is
preferably detected by the same sensor than the width data relating to the
impact zone. In fact, if the sensitivity of the width sensor is sufficiently high, this
sensor may be used for triggering the entire classification method. Alternatively,
the initial contact between the object and the vehicle may be detected by a

dedicated sensor.

According to the invention, the acquired width data are processed in order to
determine the width of said impact zone a predetermined time interval after the
initial contact. This means, that the relevant parameter for deciding on the
nature of the impact is the behaviour of the impact width in the early stages of
the impact. This behaviour is closely correlated to the size or mass of the object
colliding with the vehicle and further to the rigidity of the object. In case of a very
small or light object, the impact width after the predetermined time interval will
e.g. be lower than the lower threshold value and this case may be identified as
an impact with a non-human object such as a pole of a traffic sign. On the other
hand, if the impact width after the predetermined time interval is above the
upper threshold value, on can conclude that the size of the object is high
compared to a leg of a pedestrian and the impact may be classified as being a

non-human impact.

Only when the impact width after the predetermined is within the lower and
upper threshold values, the impact is classified as involving a human body and

the appropriate counter-measures may be activated.
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It will be noted that the threshold values to be used may be theoretically
determined or empirically determined and will usually be specifically adapted to
one vehicle. In fact, as the sensor is arranged in the vehicle bumper e.g. below
the bumper skin, the evolution of the measurable impact width depends among
others on parameters such as configuration of the vehicle bumper and rigidity of
the bumper skin, so that a specific adaptation of these parameters to a vehicle

is required.

The predetermined time interval after which the width of the impact zone is
determined will be chosen in the range of a few milliseconds, so that an initial
decision on the nature of the impact can be rapidly taken. It will be noted that
the determination of the impact width at a predetermined moment after the initial
contact is equivalent to measuring the variation rate of the impact width in the
early stages of the collision.

In a preferred embodiment of the invention the method further comprises the
step of

recording force data relating to the amplitude of an impact force between

the object and the vehicle;

e processing said force data and said width data for determining an parame-
ter relating to the energy released by the impact in a predetermined time

window after the initial contact;

e forming a second criterion for deciding whether the object is a pedestrian by
identifying if the energy parameter lies between predetermined lower and

upper second threshold values;

e determining that the object is human if said first criterion and said second

criterion are met.

The energy involved in the impact is directly correlated to the mass of the object
and may thus be used for confirming the decision taken based on the first
criterion. The energy related parameter may be computed by integrating the
product of force amplitude and impact zone width over the predetermined time

window.
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In a further embodiment, the width data are further processed for determining
the width of said impact zone over time and a time interval is determined during
which the width of said impact zone exceeds a specific third threshold value. A
third criterion is then formed by identifying whether the determined time interval
exceeds a specific fourth threshold value. The third criterion is thus depending
on whether at a time during the impact, the width of the impact zone exceeds
the third threshold value during a minimum time interval or not. If this criterion is
not met, one can conclude that the object has a mass below the mass of a
pedestrian and accordingly is non-human. This criterion can consequently be
used to confirm a "non-human" decision if e.g. the said first or the second

criteria are not met.

In a further embodiment of the method, a decision regarding the rigidity of the
object is taken. In this embodiment, the method further comprises the steps of

e recording force data relating to the amplitude of an impact force between

the object and the vehicle;

e processing said force data for determining a variation rate of the amplitude

of the impact force;

e forming a fourth criterion by identifying if the variation rate of the amplitude
exceeds a predetermined fifth threshold value;

e determining that the impact object is rigid if said fourth criterion is met.

This embodiment of the method is based on the evolution of the amplitude of
the force acting on the sensor in order to evaluate the rigidity of the object
colliding with the vehicle. The evolution of the amplitude may be determined by
recording the timings at which the force amplitude exceeds specific successive
threshold values. These events may be recorded by evaluating the signal of the
width sensor or by monitoring the instant of activation of dedicated threshold
sensors, which are switched once the specific threshold force is exceeded. The
rigidity of the object may be determined based on the time difference between
the instant at which a specific threshold is passed and the instant of the initial

contact or based on the time delay between the activation of two successive
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threshold values. If the time delay stays below a specific value, it can be

concluded that the object is very rigid and accordingly non-human.

A further variant of the method involves processing said width data for determin-
ing the width of said impact zone over time, determining a time interval during
which the width of said impact zone exceeds a specific sixth threshold value
and determining a duration after which the width of said impact zone falls to a
specific seventh threshold value, e.g. zero. With these data, a fifth criterion may
be formed a by identifying whether the determined duration exceeds a prede-
termined eighth threshold value and the object is determined to be human if
said fifth criterion is met.

The parameters computed in this variant give an information about the shape of
the width signal. This shape information is correlated to the type of object hitting

the car. For instance, the contact duration for a pole is shorter than for a human.

It will be noted that one or more of the different thresholds involved in the
various embodiments of the method may depend on parameters such as the
speed of the vehicle and/or the environmental temperature and should accord-
ingly be adjusted depending on these parameters. In preferred embodiments of
the invention, the method therefore further comprises the steps of determining a
vehicle speed and/or an environmental temperature, and adjusting said lower
and upper first threshold values and/or said lower and upper second threshold
values and/or said third threshold value and/or said fourth threshold value
and/or said fifth threshold value and/or said sixth threshold value and/or said
seventh threshold value and/or said eighth threshold value depending on said
vehicle speed and/or said environmental temperature. It should be noted that
the parameters as vehicle speed and environmental temperature are parame-
ters, which are readily available in the ECU of the vehicle and accordingly no

dedicated sensors are required for the compensation of these parameters.
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Detailed description with respect to the figures

The present invention will be more apparent from the following description of
several not limiting embodiments with reference to the attached drawings,

wherein

Fig.1: shows the principle of calculation of the parameters involved in an
embodiment of a method for the classification of an impact;

Fig.2: the different modules of a human classification method

The present invention provides a method for the classification of an impact
object during a collision with a vehicle. This object should be classified as a
human (vulnerable road user) or as a non-human. If the object is classified as a

human, the pedestrian protection system can be deployed.

The detection of the impact is commonly achieved by impact sensors placed in
bumper foam or thermo-plastic bumper skin in front of the vehicle. Impact
sensors may comprise one or more digital sensors (switch sensors which are
activated if the force applied to the system is above a certain threshold level)
and one or more analogue sensors (linear potentiometer sensors), which
enable to determine a width of the impact zone between the object and the
vehicle and the forces involved. Such a linear potentiometer sensor converts a
force into resistance so that the reading of the resistance values of the linear
potentiometer sensor gives an indication on the location of the impact (middle

point of the impact) and on the width of the impact.

In order to classify the impacting object, a method for collision detection takes
the signals from the sensors above described as inputs. The output class of the
algorithm gives the result of the classification (either human or misuse) and may
be fed to a control circuit for firing (activating) the hood-mounted airbags or the

energy-absorbing hood panel, etc..

In a first step the data acquisition procedure measures output voltages from the
sensors. These voltages can be converted into different measurement signals
(pre - processed data): impact width over time, impact location over time and

two switches digital signals (on/off information). If an impact with a vehicle
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occurs, the first contact between the object and the vehicle is detected at a
certain time T1. If the analogue sensor(s) is/are designed as the most sensitive
sensor(s) of the system, this detection of the initial contact is preferably

achieved by these analogue sensor(s).

Subsequent to the detection of the first impact, the parameter calculation phase
starts. The following parameters may be computed from the pre-processed

data:

- The timings tn_1, tn_2 (where n belongs to 1 ... x; if x corresponds to the
number of switch sensors used, each sensor defines a different force acti-
vation level, i.e. Fx < Fx+1). tn_1 corresponds to the time (after T1) at which
the n™ switch sensor is on. tn_2 corresponds to the time at which the n™
switch sensor is off.

- Dtnm = tm_1-tn_1 describes the time delay until two successive force

activation levels are detected

- wt1_x corresponds to the width of the impact zone measured x ms after the

detection of the impact.

- tw_th1 (respectively tw_th2) corresponds to the time interval during which
the width signal is above a certain width threshold th1 (respectively th2).

- tp2 corresponds to the time at which the analogue sensor is off.

- ltg_w corresponds to the integration of the width times force over time on a

fixed time window.

In a subsequent phase the human classification method is applied (see fig. 2).
The input parameters of the algorithm are the features computed during the
parameters calculation phase. Additional input data are taken into consideration
such as the velocity of the car (V) and the environmental temperature (T)
because these two parameters have a significant influence on the impact

dynamics.

The method may be divided in different independent modules which will allow to

make a human/non-human classification:
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- Mass classification module (estimation of the mass of the impact object
from the width of the impact object and the force by computing the evolution
of the width over time, or the integration of the width over time, or the inte-
gration of the width times force over time): the aim of this module is to dis-

criminate low and high mass objects from a human like object.

A first criterion for a human object is that the parameter wt1_x which corre-
sponds to the width of the impact zone measured by the sensor at about x
ms after the detection of the impact should be comprised in a certain range

to be human like, this range depends on the vehicle speed.

A second criterion provides the parameter Iltg_w which allows estimating
about the energy of the impact object which is correlated to the mass of the
object. The combination of these two criteria gives a certain probability for
the object to be a low mass object or high mass object. In addition, tw_th1,2
gives an additional indication of a light mass impact if both values stay be-

low a given threshold twO.

- Rigid / non rigid classification module: In the case of an activation of the
switch sensors, the time tn_1 and the time difference Ditnm gives an indica-
tion of the rigidity of the impact object. If Dinm stays below a certain thresh-
old D10, it means that the impact object is rigid, defining a large effective
impact mass. On the contrary, it indicates that the impact object is soft, de-

fining a small effective impact mass.

- Misuse discrimination module: the aim of this module is to discriminate
human from misuse objects such as traffic guiding systems or plastic/metal
poles. The parameters tw_th1, tw_th2, tp2 give an information about the
shape of the width signal. The contact duration for a pole is shorter than for
a human. The combination of all these criteria gives a certain probability for

the object to be a pole which can be estimated.

Regarding the probability for the impact object to be a high or low mass object,
to be a pole or traffic guiding system or to be a too hard or too soft object, a

fusion of all these properties makes it possible to discriminate the impact object
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and to finally classify it as a human or as a misuse with a given confidence

level.
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Claims

1. Method for the classification of an impact between an object and a vehicle,

comprising the steps of

detecting an initial contact between said object and said vehicle;

recording a width data relating to a width of an impact zone between the

object and the vehicle;

processing said width data for determining the width of said impact

zone a predetermined time interval after the initial contact;

forming a first criterion for deciding whether the object is a pedestrian
by identifying if the determined width of the impact zone lies between

predetermined lower and upper first threshold values;

determining that the object is human if said first criterion is met.

2. Method according to claim 1, comprising the step of

recording force data relating to the amplitude of an impact force be-

tween the object and the vehicle;

processing said force data and said width data for determining an pa-
rameter relating to the energy released by the impact in a predeter-

mined time window after the initial contact;

forming a second criterion for deciding whether the object is a pedes-
trian by identifying if the energy parameter lies between predetermined

lower and upper second threshold values;

determining that the object is human if said first criterion and said sec-

ond criterion are met.

3. Method according to claim 1 or 2, further comprising the step of

processing said width data for determining the width of said impact

zone over time;
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determining a time interval during which the width of said impact zone

exceeds a specific third threshold value;

forming a third criterion by identifying whether the determined time in-
terval exceeds a specific fourth threshold value;

determining that the object is non-human if both said first and third crite-

ria are not met.

4. Method according to claim 2, further comprising the step of

processing said width data for determining the width of said impact

zone over time;

determining a time interval during which the width of said impact zone
exceeds a specific third threshold value;

forming a third criteria by identifying whether the determined time inter-

val exceeds a specific fourth threshold value;

determining that the object is non-human if both said second and third

criterion are not met.

5. Method according to any one of claims 1 to 4, further comprising the steps

of

recording force data relating to the amplitude of an impact force be-

tween the object and the vehicle;

processing said force data for determining a variation rate of the ampli-
tude of the impact force;

forming a fourth criterion by identifying if the variation rate of the ampli-
tude exceeds a predetermined fifth threshold value;

determining that the impact object is rigid if said fourth criterion is met.

6. Method according to any one of claims 1 to 5, further comprising the steps

of

processing said width data for determining the width of said impact

zone over time;
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determining a time interval during which the width of said impact zone

exceeds a specific sixth threshold value;

determining a duration after which the width of said impact zone falls to

a specific seventh threshold value;

forming a fifth criterion by identifying whether the determined duration

exceeds a predetermined eighth threshold value;

determining that the object is human if said fifth criterion is met.

7. Method according to any one of the preceding claims, further comprising

the steps of

determining a vehicle speed; and

adjusting said lower and upper first threshold values and/or said lower
and upper second threshold values and/or said third threshold value
and/or said fourth threshold value and/or said fifth threshold value
and/or said sixth threshold value and/or said seventh threshold value

and/or said eighth threshold value depending on said vehicle speed.

8. Method according to any one of the preceding claims, further comprising

the steps of

determining an environmental temperature; and

adjusting said lower and upper first threshold values and/or said lower
and upper second threshold values and/or said third threshold value
and/or said fourth threshold value and/or said fifth threshold value
and/or said sixth threshold value and/or said seventh threshold value
and/or said eighth threshold value depending on said environmental

temperature.
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