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Description

Technical field

[0001] The present invention relates to an automotive
vehicle forward collision avoidance system in accord-
ance with the preamble of claim 1.
[0002] The present invention also relates to a method
in an automotive vehicle forward collision avoidance sys-
tem in accordance with the preamble of claim 9.

Background of the invention

[0003] A current trend in the automotive industry is to
introduce active safety systems for avoiding or mitigating
collisions. One type of system, with a potentially large
positive impact on accident statistics, is a Forward Col-
lision Avoidance System (FCAS). An FCAS uses sensors
based on technologies such as RADAR (RAdio Detection
And Ranging), LIDAR (Light Detection And Ranging), LA-
SER (Light Amplification by Stimulated Emission of Ra-
diation) and cameras to monitor the region in front of the
host vehicle. In the FCAS a tracking algorithm is used to
estimate the state of the objects ahead and a decision
algorithm uses the estimated states to determine any ac-
tion, e.g. warning the driver or autonomous braking.
[0004] Automotive manufacturers are today studying
collision avoidance systems providing warning and auto-
braking functionality for an imminent collision with a pe-
destrian. Such warning and auto-braking functionality is
normally based on the use of sensors, such as mentioned
above, in order to detect the position and motion of pe-
destrians. A threat assessor then estimates if the collision
avoidance system equipped vehicle and the pedestrian
is on a collision course by predicting the positions a short
time in the future, usually one to three seconds.
[0005] Forward Collision Warning (FCW) is a function
that warns the driver in case a collision with a target object
seems likely. The target object may be another vehicle
or a pedestrian. Collision Mitigation by Braking (CMbB)
is a function that automatically applies braking for avoid-
ing or mitigating a collision with a target object.
[0006] Typically, the decision of warning and auto-
braking is based on predictions of the paths of the host
vehicle and the target object. The position and motion of
the target object is, as mentioned above, measured with
a sensor such as a camera, radar or laser equipment, or
a combination thereof.
[0007] In case the predicted future paths of the host
vehicle and target objects intersect within such a short
time that the driver will have to act instantly in order to
avoid a collision, a warning is issued. In case the predict-
ed future paths intersect within such a short time that
avoidance of a collision by either steering or braking is
unlikely, auto-braking is applied in order to avoid or mit-
igate the consequences of the collision.
[0008] During road following, road users such as ve-
hicles, cars, trucks, buses, motorcycles and bicyclists

usually move in such a way that observation based pre-
diction, i.e. prediction based on an appropriate motion
model and what may be observed and measured without
assuming any change in behaviour, is sufficient for de-
cision-making in FCW systems and CMbB systems.
[0009] An automotive vehicle forward collision avoid-
ance system according to the preamble of claim 1 is
known from EP 2001003 A1.
[0010] One problem is that if observation based pre-
diction methods are applied, a pedestrian who is walking
towards the host vehicle path is predicted to continue
walking into that path. The same is true for crossing ve-
hicles. Once again, if observation based prediction meth-
ods are applied to a crossing vehicle it will be predicted
to move into the host vehicle path. Both of the above
cases are likely to lead to false warnings and false braking
interventions in FCW systems and CMbB systems since
the typical behaviour in such a case is that the crossing
vehicle or pedestrian stops before entering the host ve-
hicle path.

Summary of the invention

[0011] One object of the invention is to provide an im-
proved automotive vehicle forward collision avoidance
system.
[0012] This object is achieved by the system as
claimed in claim 1.
[0013] Thanks to the provision of: means for establish-
ing the presence of a target object in front of a vehicle
hosting said system; and means for estimating the posi-
tion, velocity and acceleration of the target object; and
means for establishing a risk zone in front of the host
vehicle; and means for predicting the future path of the
target object and the host vehicle in order to predict the
lateral position of the target object at a moment when the
host vehicle reaches the target object in a longitudinal
direction; and means for executing a collision avoidance
task arranged such that: - if the target object, based on
its current position, velocity and acceleration, is predicted
as being able to stop before entering the risk zone
through applying a certain predetermined maximum ac-
celeration in a direction opposite to its velocity, it is pre-
dicted to stop at a position just before entering the risk
zone and no collision avoidance task is executed; and -
if the target object, based on its current position, velocity
and acceleration, is predicted as not being able to stop
before entering the risk zone, then the future position of
the target object is predicted using the assumption that
the target object will continue to move according to an
observation based motion model and a collision avoid-
ance task is executed, a system is provided which
renders fewer false alarms and interventions and thereby
a higher confidence of real threat when providing for
alarms and interventions.
[0014] A further object of the invention is to provide an
improved method in an automotive vehicle forward col-
lision avoidance system.
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[0015] This object is achieved by the method as
claimed in claim 6.
[0016] Thanks to the provision of the steps of: estab-
lishing the presence of a target object in front of a vehicle
hosting said system; and estimating the position, velocity
and acceleration of the target object; and establishing a
risk zone in front of the host vehicle; and predicting the
future path of the target object and the host vehicle in
order to find its lateral position at a moment when the
host vehicle reaches the target object in a longitudinal
direction; and executing a collision avoidance task ar-
ranged such that: - if the target object, based on its current
position, velocity and acceleration, is predicted as being
able to stop before entering the risk zone, it is predicted
to stop at a position just before entering the risk zone and
no collision avoidance task is executed; and - if the target
object, based on its current position, velocity and accel-
eration, is predicted as not being able to stop before en-
tering the risk zone, then the future position of the target
object is predicted using the assumption that the target
object will continue to move according to an observation
based motion model and a collision avoidance task is
executed, a method is provided which renders fewer false
alarms and interventions and thereby a higher confi-
dence of real threat when providing for alarms and inter-
ventions.
[0017] Preferred embodiments are listed in the de-
pendent claims.

Description of drawings

[0018] In the following, the invention will be described
in greater detail by way of example only with reference
to attached drawings, in which

Fig. 1 is a schematic illustration of a forward collision
avoidance system arranged in a host vehicle,

Fig. 2 illustrates a typical prior art case where the
paths of a host vehicle and a pedestrian seem to
intersect in the near future given an assumption of
an observation based motion model,

Fig. 3 illustrates the risk zone and two hypotheses
used for realizing the present invention.

[0019] Still other objects and features of the present
invention will become apparent from the following de-
tailed description considered in conjunction with the ac-
companying drawings. It is to be understood, however,
that the drawings are designed solely for purposes of
illustration and not as a definition of the limits of the in-
vention, for which reference should be made to the ap-
pended claims. It should be further understood that the
drawings are not necessarily drawn to scale and that,
unless otherwise indicated, they are merely intended to
conceptually illustrate the structures and procedures de-
scribed herein.

Description of embodiments

[0020] Figure 1 illustrates schematically a Forward
Collision Avoidance System (FCAS) 1, arranged in a host
vehicle 2 in accordance with the present invention. The
host vehicle 2 has a breaking system 4 such as an Anti-
lock Brake System (ABS system), e.g. with brake discs
6 and appertaining calipers 7 associated with each of the
front wheels 8 and rear wheels 9 of the host vehicle 2.
The host vehicle 2 further usually has a power steering
system 5, which is arranged to control the steering angle
of the front wheels 8. A sensor 3, such as a radar, a lidar,
a laser or a camera based sensor is mounted at the front
end of the host vehicle 2 and arranged to monitor the
region in front of the host vehicle 2. The FCAS is opera-
tively connected with the braking system 4 of the host
vehicle 2. Further, the FCAS is arranged to establish the
presence of target objects in front of the host vehicle 2
and to estimate the position, velocity and acceleration of
any target objects established to be present. These es-
timations are then used by the FCAS to determine how
to avoid or mitigate collision with any target objects, e.g.
by performing collision avoidance tasks such as provid-
ing warnings, e.g. using an acoustic and/or visual alarm
actuated through an alarm actuator 12, or performing au-
tonomous braking.
[0021] The present invention especially relates to pre-
diction of future paths of pedestrians 10. It is also appli-
cable to any other type of target object 10 that typically
moves across a road rather than along it. The solution
makes use of the fact that pedestrians 10 are usually
aware of the danger of entering the road and thus are
not assumed to continue over the road according to an
observation based motion model, such as with constant
velocity, just because they temporarily have a motion to-
wards it.
[0022] The case where the pedestrian 10 stops very
late just before entering the host vehicle 2 path is thus,
using the prior art assumption of an observation based
motion model (illustrated at A in figure 2), very likely to
cause false warnings and brake interventions. This is a
very common situation in urban areas. The same is true
for crossing vehicles. Once again, if observation based
prediction methods are applied to a crossing vehicle it
will be predicted to move into the host vehicle 2 path.
However, in many situations the crossing vehicle will stop
safely before entering the host vehicle 2 path. Also this
case is likely to lead to false warnings and braking inter-
ventions.
[0023] Pedestrians 10 are usually not users of the
same road as the host vehicle 2 other than while crossing
it. In case a pedestrian 10 moves towards the road as if
it would cross it, it is likely to stop before crossing it if
there is an upcoming vehicle. Since most pedestrians 10
are aware of the danger of entering a road, they are nor-
mally not likely to enter the road just because they tem-
porarily have a motion towards it. Thus, using observa-
tion based motion prediction of the path of a pedestrian
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10 yields an unacceptably large number of false alarms
and interventions, especially in city environments where
pedestrians 10 close to the road move in random direc-
tions, usually without entering the road.
[0024] Altogether, the assumption that a target object
10 will continue to move according to an observation
based motion model is not as easily applicable to pedes-
trians 10 as it is to vehicles moving along the same road,
i.e. non crossing vehicles. Hence, for pedestrians 10,
there is a need for another approach when deciding
whether a collision is likely.
[0025] The solution in accordance with the present in-
vention is based on the use of two hypotheses. Firstly(il-
lustrated at A in figure 3), that the pedestrian 10 will con-
tinue walking in the same direction and with the same
acceleration as it currently is. Secondly (illustrated at B
in figure 3), that the pedestrian 10 will stop before entering
a risk zone in front of the host vehicle 2. When stopping,
the pedestrian 10 is assumed to apply a certain acceler-
ation in opposite direction to its velocity. The assumed
acceleration may be tuned differently depending on the
area of application. For collision warning, the assumed
acceleration may reflect the behavior of stopping in an
ordinary way, whereas that of CMbB may rather reflect
the acceleration of stopping abruptly.
[0026] The risk zone is an area representing the pre-
dicted coverage of the host vehicle 2, i.e. the area be-
tween the predicted path of the leftmost and rightmost
parts of the host vehicle 2, i.e. as defined by the host
vehicle width w, as illustrated in figure 3. The prediction
with respect to the risk zone takes curvature into account
by using the current yaw rate of the host vehicle 2 (the
host vehicle’s angular velocity around its vertical axis), i.
e. if the host vehicle 2 is inside a curve, the risk zone will
be curved accordingly. In addition to the host vehicle 2
width w an extra width d of the risk zone may be applied
on each side of the host vehicle 2. The additional width
d may depend on velocity and other factors in order to
better reflect the perceived risk of the situation.
[0027] In the case that the host vehicle 2 is equipped
with a lane marker sensor (not shown), which provides
for sufficiently good detection of lane markers 11 (see
figure 3), the area between the left hand side and right
hand side lane markers 11 may be used to define the
risk zone, rather than the host vehicle 2 width w and ad-
ditional width d. In the case that only lane markers 11 at
one side of the host vehicle 2 exist or that only lane mark-
ers at one side of the host vehicle 2 are detected suffi-
ciently well, these lane markers 11 may be used for de-
fining that side of the risk zone whilst using the host ve-
hicle 2 width w and additional width d at the other side
of the host vehicle 2.
[0028] It is not uncommon that lane marker sensors
provide a good detection also of the boundary between
the road and a sidewalk, i.e. the curb (not shown), which
in such case may be used instead of the line markers for
defining the risk zone in accordance with the present in-
vention. This could be quite useful in urban areas, where

line markers 11 are frequently replaced with curbs.
[0029] In case of using the system 1 for providing a
warning the risk zone may be defined to be wider than
the host vehicle 2, e.g. the host vehicle 2 width w and
additional width d or the width as defined by the lane
markers 11.
[0030] In the case of using the system 1 for providing
for auto-braking (or autonomous braking) the risk zone
may be defined as having the width w of the host vehicle
2.
[0031] It is obvious to the person skilled in the art that
the risk zone may be defined in a number of different
ways in order to suit different applications and require-
ments.
[0032] Using the two hypotheses, the future path of the
pedestrian 10 is predicted in order to find its lateral po-
sition y at the moment when the host vehicle 2 reaches
the pedestrian 10 in a longitudinal direction x.
[0033] If the second hypothesis (illustrated at B in fig-
ure 3), i.e. that the pedestrian 10 will stop before entering
a risk zone in front of the host vehicle 2, results in a pre-
dicted position outside the risk zone it is assumed that
the pedestrian 10 intends to stop before entering the risk
zone. The second hypothesis is then used when calcu-
lating the future path of the pedestrian 10.
[0034] If the second hypothesis (illustrated at B in fig-
ure 3), i.e. that the pedestrian 10 will stop before entering
a risk zone in front of the host vehicle 2, yields a predicted
position inside the risk zone, it is assumed that the pe-
destrian 10 does not intend to stop (based on the fact
that it is too late to stop in a reasonable manner) before
entering the risk zone. The first hypothesis (illustrated at
A in figure 3), i.e. that the pedestrian 10 will continue
walking in the same direction and with the same accel-
eration as it currently is, is then used when calculating
the future path of the pedestrian 10.
[0035] In a similar way as previously described, a third
hypothesis may be used. In accordance with this third
hypothesis it is assumed that the pedestrian 10 acceler-
ates in the other direction, i.e. that the pedestrian 10 will
accelerate to escape the risk zone, rather than stop be-
fore entering it.
[0036] Thus, the proposed solution lies in using an im-
proved motion model for pedestrians 10. This improved
motion model takes into account that a pedestrian 10 is
likely to stop before entering a host vehicle 2 future path.
A predetermined maximum acceleration for pedestrians
10 is assumed. Thus, using straightforward physical cal-
culations, it is possible to determine if a pedestrian 10
has the possibility to stop before entering a risk zone or
not. If it is determined that the pedestrian 10 has the
possibility to stop, based on its current position and ve-
locity, it is predicted to stop at a position just before en-
tering the host vehicle 2 path. In a similar manner, if it is
determined that a crossing vehicle (not shown) has the
possibility to stop before entering the host vehicle 2 path,
this crossing vehicle is predicted to stop at a position just
before entering the host vehicle 2 path. On the other
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hand, if a pedestrian 10, or a crossing vehicle, is estimat-
ed as not being able to stop before entering the host
vehicle 2 path, then the future position of this pedestrian
10, or crossing vehicle, is predicted using conventional
motion models. Conventional motion models typically
means that it is assumed that the pedestrian 10, or cross-
ing vehicle, will continue moving according to an obser-
vation based motion model, e.g. with a constant velocity
in the current direction.
[0037] An advantage with the proposed solution, com-
pared to conventional methods, is that it will lead to fewer
false alarms in pedestrian and intersection warning/in-
tervention safety systems. In the end, it could be the dif-
ference between being able to reach an acceptable level
of false alarms or not. Furthermore, when it is predicted
that a pedestrian 10, or crossing vehicle, does not have
the possibility to stop before entering the host vehicle 2
path, the confidence that there is a real threat is higher.
Thus, the positive performance may also be increased,
which in this case means earlier interventions and higher
safety benefits by the system 1.
[0038] Thus, in accordance with the present invention
is provided an automotive vehicle forward collision avoid-
ance system 1, having means, such as a radar, a lidar,
a laser or a camera based sensor 3 for establishing the
presence of a target object 10 in front of a vehicle 2 host-
ing the system 1. Means are provided for estimating the
position, velocity and acceleration of the target object 10.
Further means are provided for establishing a risk zone
in front of the host vehicle 2. Also provided are means
for predicting the future path of the target object 10 and
the host vehicle 2 in order to predict the lateral position
y of the target object 10 at a moment when the host ve-
hicle 2 reaches the target object 10 in a longitudinal di-
rection x. Means are also provided for executing a colli-
sion avoidance task, which means are arranged such
that: - if the target object 10, based on its current position,
velocity and acceleration, is predicted as being able to
stop before entering the risk zone through applying a
certain predetermined maximum acceleration in a direc-
tion opposite to its velocity, it is predicted to stop at a
position just before entering the risk zone, as illustrated
at (B) in figure 3, and no collision avoidance task is ex-
ecuted; and - if the target object 10, based on its current
position, velocity and acceleration, is predicted as not
being able to stop before entering the risk zone, then the
future position of the target object 10 is predicted using
the assumption that the target object 10 will continue to
move according to an observation based motion model,
as illustrated at (A) in figure 3, and a collision avoidance
task is executed.
[0039] In one embodiment, the means for executing a
collision avoidance task are arranged to provide at least
one of a warning to a driver of the host vehicle 2 and
autonomous braking of the host vehicle 2.
[0040] In a further embodiment, the means for estab-
lishing a risk zone in front of the host vehicle 2 are ar-
ranged to establish the risk zone as an area representing

the predicted coverage of the host vehicle 2 based on
the host vehicle 2 width w.
[0041] In a yet further embodiment, the means for es-
tablishing a risk zone in front of the host vehicle 2 are
further arranged to establish the risk zone taking curva-
ture into account by using the current yaw rate of the host
vehicle 2 and curving the risk zone accordingly.
[0042] In a still further embodiment, the means for es-
tablishing a risk zone in front of the host vehicle 2 are
further arranged to establish the risk zone through, in
addition to the host vehicle 2 width w, applying an extra
width d on each side of the host vehicle 2, as illustrated
in figure 3.
[0043] In another further embodiment, the host vehicle
2 is equipped with a lane marker sensor (not shown) for
detection of lane markers 11 and that either the area
between the detected left hand side and right hand side
lane markers 11 is used to define the risk zone or, in the
case that only lane markers 11 at one side of the host
vehicle 2 are detected, these detected lane markers 11
at one side of the host vehicle 2 are used for defining that
side of the risk zone whilst the host vehicle 2 width w and
an additional width d are used for defining the other side
of the risk zone, as illustrated in figure 3.
[0044] In a still further embodiment, the means for ex-
ecuting a collision avoidance task are further arranged
such that if the target object 10, based on its current po-
sition, velocity and acceleration, is predicted as being
able to accelerate, through applying a certain predeter-
mined maximum acceleration in the direction of its ve-
locity, and thereby escape the risk zone before the host
vehicle 2 reaches the target object in a longitudinal di-
rection x no collision avoidance task is executed.
[0045] In yet another further embodiment, the means
for estimating the position, velocity and acceleration of
the target object 10 are further arranged such that if the
estimated acceleration of the target object 10 lies within
a first range, when attempting to stop before entering the
risk zone through applying a certain predetermined max-
imum acceleration in a direction opposite to its velocity
and a collision avoidance task is executed, the collision
avoidance task of providing a warning to a driver of the
host vehicle 2 is executed, and if the estimated acceler-
ation of the target object 10 lies within a second range,
when attempting to stop before entering the risk zone
through applying a certain predetermined maximum ac-
celeration in a direction opposite to its velocity and a col-
lision avoidance task is executed, the collision avoidance
task of performing autonomous braking of the host vehi-
cle 2 is executed.
[0046] The present invention also relates to a method
in an automotive vehicle forward collision avoidance sys-
tem 1 suitable to be utilized in an automotive vehicle for-
ward collision avoidance system 1 as described above.
[0047] The present invention also relates to an auto-
motive vehicle 2 comprising an automotive vehicle for-
ward collision avoidance system 1 as described above.
[0048] The invention is not limited to the above-de-
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scribed embodiments, but may be varied within the scope
of the following claims.
[0049] Thus, while there have been shown and de-
scribed and pointed out fundamental novel features of
the invention as applied to a preferred embodiment there-
of, it will be understood that various omissions and sub-
stitutions and changes in the form and details of the de-
vices illustrated, and in their operation, may be made by
those skilled in the art. For example, it is expressly in-
tended that all combinations of those elements and/or
method steps which perform substantially the same func-
tion in substantially the same way to achieve the same
results are within the scope of the invention. Moreover,
it should be recognized that structures and/or elements
and/or method steps shown and/or described in connec-
tion with any disclosed form or embodiment of the inven-
tion may be incorporated in any other disclosed or de-
scribed or suggested form or embodiment as a general
matter of design choice. It is the intention, therefore, to
be limited only as indicated by the scope of the claims
appended hereto.

Claims

1. An automotive vehicle forward collision avoidance
system (1), comprising
means for establishing the presence of a pedestrian
(10) in front of a vehicle (2) hosting said system (1);
means for estimating the position, velocity and ac-
celeration of the pedestrian (10); means for estab-
lishing a risk zone in front of the host vehicle (2) ar-
ranged to establish the risk zone as an area repre-
senting the predicted coverage of the host vehicle
(2) based on the host vehicle (2) width (w) and an
extra width (d) on each side of the host vehicle (2)
along a predicted path of the host vehicle (2);
means for predicting the future path of the pedestrian
(10) and the host vehicle (2) in order to predict the
lateral position (y) of the pedestrian (10) at a moment
when the host vehicle (2) reaches the pedestrian in
a longitudinal direction (x);
means for executing a collision avoidance task ar-
ranged such that:

- if the pedestrian (10), based on the pedestri-
an’s (10) current position, velocity and acceler-
ation, is predicted as being able to stop before
entering the risk zone through applying a certain
predetermined maximum acceleration for pe-
destrians in a direction opposite to the pedestri-
an’s (10) velocity, the pedestrian (10) is predict-
ed to stop at a position just before entering the
risk zone and no collision avoidance task is ex-
ecuted; and;
- if the pedestrian (10), based on the pedestri-
an’s (10) current position, velocity and acceler-
ation, is predicted as not being able to stop be-

fore entering the risk zone, then the future posi-
tion of the pedestrian (10) is predicted using the
assumption that the pedestrian (10) will continue
to move according to an observation based mo-
tion model and a collision avoidance task is ex-
ecuted, characterized in that the host vehicle
(2) is equipped with a lane marker sensor for
detection of lane markers and that either the ar-
ea between the detected left hand side and right
hand side lane markers (11) is used to define
the risk zone or, in the case that only lane mark-
ers (11) at one side of the host vehicle (2) are
detected, these detected lane markers (11) at
one side of the host vehicle (2) are used for de-
fining that side of the risk zone whilst the host
vehicle (2) width (w) and said extra width (d) are
used for defining the other side of the risk zone.

2. A system (1) according to claim 1,
characterized in that the means for executing a col-
lision avoidance task are arranged to provide at least
one of a warning to a driver of the host vehicle (2)
and autonomous braking of the host vehicle (2).

3. A system (1) according to claim 1,
characterized in that the means for establishing a
risk zone in front of the host vehicle (2) are further
arranged to establish the risk zone taking curvature
into account by using the current yaw rate of the host
vehicle (2) and curving the risk zone accordingly.

4. A system (1) according to claim 1,
characterized in that the means for executing a col-
lision avoidance task further are arranged such that
if the pedestrian (10), based on the pedestrian’s (10)
current position, velocity and acceleration, is predict-
ed as being able to accelerate, through applying a
certain predetermined maximum acceleration for pe-
destrians In the direction of the pedestrian’s (10) ve-
locity, and thereby escape the risk zone before the
host vehicle (2) reaches the pedestrian (10) in a lon-
gitudinal direction (x) no collision avoidance task is
executed.

5. A system (1) according to claim 1,
characterized in that the means for estimating the
position, velocity and acceleration of the pedestrian
(10) further are arranged such that if the estimated
acceleration of the pedestrian (10) lies within a first
range when attempting to stop before entering the
risk zone through applying a certain predetermined
maximum acceleration for pedestrians in a direction
opposite to the pedestrian’s (10) velocity and a col-
lision avoidance task is executed, the collision avoid-
ance task of providing a warning to a driver of the
host vehicle (2) is executed, and if the estimated ac-
celeration of the pedestrian (10) lies within a second
range when attempting to stop before entering the
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risk zone through applying a certain predetermined
maximum acceleration for pedestrians in a direction
opposite to the pedestrian’s (10) velocity and a col-
lision avoidance task is executed, the collision avoid-
ance task of performing autonomous braking of the
host vehicle (2) is executed.

6. A method in an automotive vehicle forward collision
avoidance system, comprising the steps of:

establishing the presence of a pedestrian (10)
in front of a vehicle (2) hosting said system;
estimating the position, velocity and accelera-
tion of the pedestrian (10);
establishing a risk zone in front of the host ve-
hicle (2) as an area representing the predicted
coverage of the host vehicle (2) based on the
host vehicle (2) width (w) and
an extra width (d) on each side of the host vehicle
(2) along a predicted path of the host vehicle (2);
predicting the future path of the pedestrian (10)
and the host vehicle (2) in order to find the pe-
destrian’s (10) lateral position at a moment when
the host vehicle (2) reaches the pedestrian (10)
in a longitudinal direction;
executing a collision avoidance task such that:

- if the pedestrian (10), based on its current
position, velocity and acceleration, is pre-
dicted as being able to stop before entering
the risk zone through applying a certain pre-
determined maximum acceleration for pe-
destrians in a direction opposite to its veloc-
ity, the pedestrian (10) is predicted to stop
at a position just before entering the risk
zone and no collision avoidance task is ex-
ecuted;
- if the pedestrian (10), based on its current
position, velocity and acceleration, is pre-
dicted as not being able to stop before en-
tering the risk zone, then the future position
of the pedestrian (10) is predicted using the
assumption that the pedestrian (10) will
continue to move according to an observa-
tion based motion model and a collision
avoidance task is executed; characterized
by further comprising detection of lane
markers and using either the area between
the detected left hand side and right hand
side lane markers (11) to define the risk
zone or, in the case that only lane markers
(11) at one side of the host vehicle (2) are
detected, use these detected lane markers
(11) at one side of the host vehicle (2) for
defining that side of the risk zone whilst the
host vehicle (2) width (w) and said extra
width (d) are used for defining the other side
of the risk zone.

7. An automotive vehicle (2), characterized in that it
comprises an automotive vehicle forward collision
avoidance system (1) according to any one of claims
1 to 5.

Patentansprüche

1. Ein Kraftfahrzeugvorwärtskollisionsvermeidungs-
system (1), umfassend:

Mittel, um das Vorhandensein von einem
Fußgänger (10) vor einem Fahrzeug (2) nach-
zuweisen, beherbergend das besagte System
(1);
Mittel, um die Position, Geschwindigkeit und Be-
schleunigung von dem Fußgänger (10) abzu-
schätzen;
Mittel, um eine Risikozone vor dem beherber-
genden Fahrzeug (2) nachzuweisen, angeord-
net, um die Risikozone als eine Fläche, darstel-
lend den vorhergesagten Umfang von dem be-
herbergenden Fahrzeug (2), basierend auf eine
Bereite (w) und einer extra Breite (d) auf jeder
Seite von dem beherbergenden Fahrzeug (2)
entlang eines vorhergesagten Weg von dem be-
herbergenden Fahrzeug (2), nachzuweisen;
Mittel für das Vorhersagen von dem zukünftigen
Weg von dem Fußgänger (10) und dem beher-
bergenden Fahrzeug (2), um die seitliche Posi-
tion (y) von dem Fußgänger (10) in dem Moment
vorherzusagen, wenn das beherbergende Fahr-
zeug (2) den Fußgänger in einer länglichen
Richtung (x) erreicht;
Mittel für das Ausführen einer Kollisionsvermei-
dungshandlung derart angeordnet, dass:

- wenn der Fußgänger (10), basierend auf
der aktuellen Position, Geschwindigkeit
und Beschleunigung von dem Fußgänger
(10), vorhergesagt wird in der Lage zu sein
vor dem Eintritt in die Risikozone zu stoppen
durch das Anlegen einer gewissen vorbe-
stimmten maximalen Beschleunigung für
Fußgänger in eine Richtung entgegen der
Geschwindigkeit von dem Fußgänger (10),
wird der Fußgänger (10) vorhergesagt bei
einer Position genau vor dem Eintritt in die
Risikozone zu stoppen, und keine Kollisi-
onsvermeidungshandlung ausgeführt wird;
und;
- wenn der Fußgänger (10), basierend auf
der aktuellen Position, Geschwindigkeit
und Beschleunigung von dem Fußgänger
(10), vorhergesagt wird nicht in der Lage zu
sein, vor dem Eintritt in die Risikozone zu
stoppen, dann wird die zukünftige Position
von dem Fußgänger (10) vorhergesagt, ver-
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wendend die Annahme, das der Fußgänger
(10) sich weiter bewegen wird gemäß zu
einem bewegungsbasierendem Beobach-
tungsmodell, und eine Kollisionsvermei-
dungshandlung ausgeführt wird, dadurch
gekennzeichnet, dass

das beherbergende Fahrzeug (2) mit einem
Bahnmarkersensor für das Feststellen von
Bahnmarkern ausgestattet ist, und das entwe-
der die Fläche zwischen den festgestellten lin-
ken und rechten Bahnmarkern (11) verwendet
wird, um die Risikozone zu definieren, oder, in
dem Fall, das nur Bahnmarker (11) an einer Sei-
te von dem beherbergenden Fahrzeug (2) fest-
gestellt werden, diese festgestellten Bahnmar-
ker (11) an einer Seite von dem beherbergenden
Fahrzeug (2) verwendet werden für das Bestim-
men dieser Seite von der Risikozone, während
eine Breite (w) und besagte extra Breite (d) von
dem beherbergenden Fahrzeug (2) für das Be-
stimmen der anderen Seite von der Risikozone
verwendet werden.

2. Ein System (1) nach Anspruch 1, dadurch gekenn-
zeichnet, dass die Mittel zum Ausführen einer Kol-
lisionsvermeidungshandlung angeordnet sind, um
zumindest eines von einer Warnung zu dem Fahrer
von dem beherbergenden Fahrzeug (2) und autono-
men Bremsen von dem beherbergenden Fahrzeug
(2) bereitzustellen.

3. Ein System (1) nach Anspruch 1, dadurch gekenn-
zeichnet, dass die Mittel für das Nachweisen von
einer Risikozone vor dem beherbergenden Fahr-
zeug (2) angeordnet sind, um nachzuweisen, das
die Risikozone eine Bogenlinie unter Verwendung
der aktuellen Giergeschwindigkeit von dem beher-
bergenden Fahrzeug (2) berücksichtigt und dement-
sprechend die Risikozone zu biegen.

4. Ein System (1) nach Anspruch 1, dadurch gekenn-
zeichnet, dass die Mittel für das Ausführen von ei-
ner Kollisionsvermeidungshandlung des Weiteren
angeordnet sind, so dass, wenn der Fußgänger (10),
basierend auf der momentanen Position, Geschwin-
digkeit und Beschleunigung von dem Fußgänger
(10), vorhergesehen wird, in der Lage zu sein zu
beschleunigen, durch das Anlegen einer gewissen
vorbestimmten maximalen Beschleunigung für
Fußgänger in einer Richtung der Geschwindigkeit
von dem Fußgänger (10), und dadurch der Risiko-
zone zu entfliehen, bevor das beherbergenden Fahr-
zeug (2) den Fußgänger (10) in einer länglichen
Richtung (x) erreicht, keine Kollisionsvermeidungs-
handlung ausgeführt wird.

5. Ein System (1) nach Anspruch 1, dadurch gekenn-

zeichnet, dass die Mittel für das Abschätzen von
der Position, Geschwindigkeit und Beschleunigung
von dem Fußgänger (10) des Weiteren angeordnet
sind, so dass, wenn die abgeschätzte Beschleuni-
gung von dem Fußgänger (10) innerhalb von einem
ersten Bereich liegt, wenn versucht wird zu stoppen
bevor in die Risikozone eingetreten wird, durch das
Anlegen einer gewissen vorbestimmten maximalen
Beschleunigung für Fußgänger in einer Richtung
entgegen der Geschwindigkeit von dem Fußgänger
(10), und eine Kollisionsvermeidungshandlung aus-
geführt wird, die Kollisionsvermeidungshandlung
von Bereitstellen einer Warnung zu einem Fahrer
von dem beherbergenden Fahrzeug (2) durchge-
führt wird, und wenn die vorhergesehene Beschleu-
nigung von dem Fußgänger (10) innerhalb von ei-
nem zweiten Bereich liegt, wenn versucht wird zu
stoppen bevor in die Risikozone eingetreten wird,
durch das Anlegen einer gewissen vorbestimmten
maximalen Beschleunigung für Fußgänger in einer
Richtung entgegen der Geschwindigkeit von dem
Fußgänger (10) und eine Kollisionsvermeidungs-
handlung ausgeführt wird, die Kollisionsvermei-
dungshandlung von Bereitstellen von autonomen
Bremsen von dem beherbergenden Fahrzeug (2)
ausgeführt wird.

6. Ein Verfahren in einem Kraftfahrzeugvorwärtskolli-
sionsvermeidungssystem, umfassend die Schritte
von:

Nachweisen von dem Vorhandensein von ei-
nem Fußgänger (10) vor einem Fahrzeug (2),
besagtes System beherbergend;
Abschätzen der Position, Geschwindigkeit und
Beschleunigung von dem Fußgänger (10);
Nachweisen von einer Risikozone vor dem be-
herbergenden Fahrzeug (2) als eine Fläche,
darstellend den vorhergesagten Umfang von
dem beherbergenden Fahrzeug (2), basierend
auf einer Breite (w) und einer extra Breite (d)
von dem beherbergenden Fahrzeug (2) auf je-
der Seite von dem beherbergenden Fahrzeug
(2) entlang von einem vorhergesagten Weg von
dem beherbergenden Fahrzeug (2);
Vorhersagen von dem zukünftigen Weg von
dem Fußgänger (10) und dem beherbergenden
Fahrzeug (2), um die seitliche Position von dem
Fußgänger (10) zu einem Zeitpunkt herauszu-
finden, wenn das beherbergende Fahrzeug (2)
den Fußgänger (2) in einer länglichen Richtung
erreicht;
Ausführen von einer Kollisionsvermeidungs-
handlung, so dass:

- wenn der Fußgänger (10), basierend auf
seiner aktuellen Position, Geschwindigkeit
und Beschleunigung, vorhergesagt wird in
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der Lage zu sein vor dem Eintritt in die Ri-
sikozone zu stoppen durch Anwendung ei-
ner gewissen vorbestimmten maximalen
Beschleunigung für Fußgänger in einer
Richtung entgegen zu seiner Geschwindig-
keit, wird der Fußgänger (10) vorhergesagt
bei einer Position genau vor dem Eintreten
der Risikozone zu stoppen und keine Kolli-
sionsvermeidungshandlung ausgeführt
wird;
- wenn der Fußgänger (10), basierend auf
seiner aktuellen Position, Geschwindigkeit
und Beschleunigung vorhergesagt wird
nicht in der Lage zu sein vor dem Eintritt in
die Risikozone zu stoppen, dann wird die
zukünftige Position von dem Fußgänger
(10) vorhergesagt, verwendend die Annah-
me, dass der Fußgänger (10) sich weiter
bewegen wird gemäß einem bewegungs-
basierendem Beobachtungsmodell und ei-
ne Kollisionsvermeidungshandlung ausge-
führt wird; dadurch gekennzeichnet durch
des Weiteren umfassend

Feststellen von Bahnmarkern und verwendend
entweder die Fläche zwischen den festgestell-
ten linken und rechten Bahnmarkern (11), um
die Risikozone zu definieren, oder, in dem Fall,
das nur Bahnmarker (11) an einer Seite von dem
beherbergenden Fahrzeug (2) festgestellt wer-
den, verwenden von diesen festgestellten Bahn-
markern (11) an einer Seite von dem beherber-
genden Fahrzeug (2) für das Bestimmen der
Seite von der Risikozone, während eine Breite
(w) und besagte extra Breite (d) von dem beher-
bergenden Fahrzeug für das Bestimmen der an-
deren Seite von der Risikozone verwendet wer-
den.

7. Ein Kraftfahrzeug (2), dadurch gekennzeichnet,
dass es ein Kraftfahrzeugvorwärtskollisionsvermei-
dungssystem (1) gemäß irgendeinem von den An-
sprüchen 1 bis 5 umfasst.

Revendications

1. Système d’évitement de collision frontale de véhicu-
le automobile (1) comprenant:

des moyens pour établir la présence d’un piéton
(10) devant un véhicule (2) hébergeant ledit sys-
tème (1) ;
des moyens pour estimer la position, la vélocité
et l’accélération du piéton (10);
des moyens pour établir une zone de risque de-
vant le véhicule hôte (2) arrangés pour établir la
zone de risque comme une aire représentant la

couverture prédite du véhicule hôte (2) basée
sur la largeur (w) du véhicule hôte (2) et une
largeur supplémentaire (d) sur chaque côté du
véhicule hôte (2) le long d’un trajet prédit du vé-
hicule hôte (2) ;
des moyens pour prédire le trajet futur du piéton
(10) et du véhicule hôte (2) pour prédire la po-
sition latérale (y) du piéton (10) à un moment
lorsque le véhicule hôte (2) atteint le piéton dans
une direction longitudinale (x) ;
des moyens pour exécuter une tâche d’évite-
ment de collision arrangés de sorte que :

- si le piéton (10), sur la base de la position,
la vélocité et l’accélération actuelles du pié-
ton (10), est prédit comme étant capable de
s’arrêter avant d’entrer dans la zone de ris-
que par application d’une certaine accélé-
ration maximale prédéterminée pour des
piétons dans une direction opposée à la vé-
locité du piéton (10), il est prédit que le pié-
ton (10) s’arrêtera à une position juste avant
d’entrer dans la zone de risque et aucune
tâche d’évitement de collision n’est
exécutée ; et
- si le piéton (10), sur la base de la position,
la vélocité et l’accélération actuelles du pié-
ton (10), est prédit comme n’étant pas ca-
pable de s’arrêter avant d’entrer dans la zo-
ne de risque, alors la position future du pié-
ton (10) est prédite en utilisant l’hypothèse
que le piéton (10) continuera de se déplacer
selon une observation basée sur un modèle
de mouvement et une tâche d’évitement de
collision est exécutée, caractérisé en ce
que

le véhicule hôte (2) est équipé d’un capteur de
marqueur de voie pour la détection des mar-
queurs de voie et que soit l’aire entre les mar-
queurs de voie (11) détectés côté main gauche
et côté main droite est utilisé pour définir la zone
de risque soit, dans le cas où seulement des
marqueurs de voie (11) d’un côté du véhicule
hôte (2) sont détectés, ces marqueurs de voie
détectés (11) d’un coté du véhicule hôte (2) sont
utilisés pour définir ce côté de la zone de risque
tandis que la largeur (w) du véhicule hôte (2) et
ladite largeur supplémentaire (d) sont utilisées
pour définir l’autre côté de la zone de risque.

2. Système (1) selon la revendication 1,
caractérisé en ce que les moyens pour exécuter
une tâche d’évitement de collision sont arrangés
pour fournir au moins un d’un avertissement à un
conducteur du véhicule hôte (2) et d’un freinage
autonome du véhicule hôte (2).
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3. Système (1) selon la revendication 1,
caractérisé en ce que les moyens pour établir une
zone de risque devant le véhicule hôte (2) sont ar-
rangés en outre pour établir la zone de risque en
tenant compte d’une courbure en utilisant le taux de
lacet actuel du véhicule hôte (2) et en courbant la
zone de risque en conséquence.

4. Système (1) selon la revendication 1,
caractérisé en que les moyens pour exécuter une
tâche d’évitement de collision sont en outre arrangés
de sorte que si le piéton (10), sur la base de la po-
sition, la vélocité et l’accélération actuelle du piéton
(10), est prédit comme étant capable d’accélérer,
par application d’une certaine accélération maxima-
le prédéterminée pour des piétions dans la direction
de la vélocité du piéton (10), et ainsi échapper à la
zone de risque avant que le véhicule (2) n’atteigne
le piéton (10) dans une direction longitudinale (x)
aucune tâche d’évitement de collision n’est exécu-
tée.

5. Système (1) selon la revendication 1,
caractérisé en ce que les moyens pour estimer la
position, la vélocité et l’accélération du piéton (10)
sont en outre arrangés de sorte que si l’accélération
estimée du piéton (10) se situe dans une première
plage lors de la tentative d’arrêt avant d’entrer dans
la zone de risque par application d’une certaine ac-
célération maximale prédéterminée pour des pié-
tons dans une direction opposée à la vélocité du pié-
ton (10) et une tâche d’évitement de collision est
exécutée, la tâche d’évitement de collision de four-
niture d’un avertissement à un conducteur du véhi-
cule hôte (2) est exécutée, et si l’accélération esti-
mée du piéton (10) se situe dans une deuxième pla-
ge lors de la tentative d’arrêt avant d’entrer dans la
zone de risque par application d’une certaine accé-
lération maximale prédéterminée pour des piétons
dans une direction opposée à la vélocité du piéton
(10) et une tâche d’évitement de collision est exécu-
tée, la tâche d’évitement de collision d’effectuer un
freinage autonome du véhicule hôte (2) est exécu-
tée.

6. Procédé dans un système d’évitement de collision
frontale de véhicule automobile, comprenant les éta-
pes de :

établir la présence d’un piéton (10) devant un
véhicule (2) hébergeant ledit système ;
estimer la position, la vélocité et l’accélération
du piéton (10);
établir une zone de risque devant le véhicule
hôte (2) comme une aire représentant la cou-
verture prédite du véhicule hôte (2) basée sur
la largeur (w) du véhicule hôte (2) et une largeur
supplémentaire (d) sur chaque côté du véhicule

hôte (2) le long d’un trajet prédit du véhicule hôte
(2) ;
prédire le trajet futur du piéton (10) et du véhicule
hôte (2) pour trouver la position latérale du pié-
ton (10) à un moment lorsque le véhicule hôte
(2) atteint le piéton (10) dans une direction
longitudinale ;
exécuter une tâche d’évitement de collision de
sorte que ;

- si le piéton (10), sur la base de sa position,
de sa vélocité et de son accélération actuel-
les, est prédit comme étant capable de s’ar-
rêter avant d’entrer dans la zone de risque
par application d’une certaine accélération
maximale prédéterminée pour des piétons
dans une direction opposée à sa vélocité, il
est prédit que le piéton (10) s’arrêtera à une
position juste avant d’entrer dans la zone
de risque et aucune tâche d’évitement de
collision n’est exécutée ;
- si le piéton (10), sur la base de sa position,
de sa vélocité et de son accélération actuel-
les, est prédit comme n’étant pas capable
de s’arrêter avant d’entrer dans la zone de
risque, alors la position future du piéton (10)
est prédite en utilisant l’hypothèse que le
piéton (10) continuera de déplacer selon
une observation basée sur un modèle de
mouvement et une tâche d’évitement de
collision est exécutée ; caractérisé en ce
qu’il comprend en outre

détecter des marqueurs de voie et utiliser soit
l’aire entre des marqueurs de voie (11) détectés
côté main gauche et côté main droite pour définir
la zone de risque soit, dans le cas où seulement
des marqueurs de voie (11) d’un côté du véhi-
cule hôte (2) sont détectés, utiliser ces mar-
queurs de voie (11) détectés d’un côté du véhi-
cule hôte (2) pour définir ce côté de la zone de
risque tandis que la largeur (w) du véhicule hôte
(2) et ladite largeur supplémentaire (d) sont uti-
lisées pour définir l’autre côté de la zone de ris-
que.

7. Véhicule automobile (2), caractérisé en ce qu’il
comprend un système d’évitement de collision fron-
tale de véhicule automobile (1) selon l’une quelcon-
que des revendications 1 à 5.
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