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(67)  The invention relates to a vehicle object detec-
tion system for detecting a target object in a detection
area located behind and/or lateral of a subject vehicle,
the vehicle object detection system comprising: judging
means configured to generate a judgement on whether
a target object which has been detected in the detection
area is an alert object, and to output the judgement to
warning means which is configured to output a warning
to a driver of the subject vehicle based on the judgement
indicating that the target object is an alert object, wherein
the judging means is configured to generate the judge-
ment based on: one or more positions of one or more
other objects other than the target object being detected
to be located between the target object and the subject
vehicle, and a time period during which the target object
is detected, being smaller than a specified period of time.

Moreover, the invention relates to a corresponding
computer-implemented method for detecting a target ob-
ject in a detection area located behind and/or lateral of
a subject vehicle, particularly for controlling a vehicle ob-
ject detection system according to the invention.
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Description
TECHNICAL FIELD

[0001] The invention relates to a vehicle object detec-
tion system, preferably a rear-cross traffic detection sys-
tem, for detecting a target object like a vehicle in a de-
tection area located behind and/or lateral of a subject
vehicle.

[0002] Furthermore, the invention relates to a compu-
ter-implemented method for detecting a target object like
a vehicle in a detection area located behind/or lateral of
a subject vehicle, particularly for controlling such a vehi-
cle object detection system.

[0003] Moreover, the invention relates to a driver as-
sistance system for a vehicle, comprising such a vehicle
object detection system, a corresponding computer pro-
gram for carrying out the computer-implemented method
and a respective non-transitory computer-readable me-
dium.

BACKGROUND

[0004] Conventional Driver Assistance Systems or Ad-
vanced Driver Assistance Systems (ADAS) for vehicles
are widely used, for example, in connection with conven-
tional vehicles as well as autonomous vehicles, and usu-
ally comprise such vehicle object detection systems.
[0005] Many vehicle accidents are caused by human
error, which might have been avoided by means of such
Advanced Driver Assistance Systems. Commonly known
safety-critical ADAS applications include pedestrian de-
tection/avoidance, lane departure warning/correction,
traffic sign recognition, automatic emergency braking,
(rear-)-cross-traffic alert and blind spot detection (BSD),
for example.

[0006] In connection with (rear-)-cross-traffic alert, the
respective rear cross traffic alert (RCTA) system often
uses the same detecting means like a radar infrastructure
as the one used for detecting vehicles in the blind spot
(BSD).

[0007] For example, long range radars/ long range ra-
dar sensors are usually used for applications like emer-
gency brake assist and adaptive cruise control, while
short-range-radars are often employed in connection
with applications like blind spot detection (BSD), rear-
cross-traffic-alert, lane-change-assist and rear pre-crash
systems, for example.

[0008] In connection with (rear-)-cross-traffic alert, the
conventional rear cross traffic alert (RCTA) systems use
aradar infrastructure like radar sensors for detecting ve-
hicles or objects in the blind spot (Blind Spot Detection,
BSD) and can help to avoid accidents when reversing
out of a parking space, i.e. when the subject vehicle
moves backward.

[0009] In case of a possible collision or a dangerous
situation, a rear traffic approaching notification (RTAN)
may be output by the RCTA system to a driver of the
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subject vehicle by means of a visual or acoustic indicator,
which notification is usually output by a Rear Approach-
ing Target Notification System (RTAN system) imple-
mented by the vehicle object detection system.

[0010] However, there is the problem that such sys-
tems provide a function that determines the possibility of
a collision or a dangerous situation between the subject
vehicle moving backward and a detected supposed tar-
get object located behind and/or lateral of the subject
vehicle, i.e. approaching from a side of and behind the
subject vehicle, when the subject vehicle moves back-
ward based on a so-called Time To Collision (TTC) and
a crossing prediction for the collision danger area, and
provides a warning, even if there is actually no target
object, i.e. the target object detected in the detection area
is actually not existent. That is, a warning is activated
and output for warning a driver of the subject vehicle
against an approaching moving object/target object
which is actually not existent.

SUMMARY OF THE INVENTION

[0011] A vehicle object detection system according to
the invention is preferably a rear-cross traffic detection
system and is for detecting a target object in a detection
area located behind and/or lateral of a subject vehicle,
wherein the vehicle object detection system comprises
judging means configured to generate a judgement on
whether a target object which has been detected in the
detection area is an alert object, and to output the judge-
ment to warning means which is configured to output a
warning to a driver of the subject vehicle based on the
judgement indicating that the target object is an alert ob-
ject. Moreover, the judging means is configured to gen-
erate the judgement based on

one or more positions of one or more other objects
other than the target object being detected to be lo-
cated between the target object and the subject ve-
hicle, and

a time period during which the target object is de-
tected, being smaller than a specified period of time.

[0012] Accordingly, said time period being a period of
time beginning at the point in time the target object was
first detected and during which period of time the target
object is being detected, being smaller than a specified
period of time. For example, said time period or period
of time being a time period during which the target object
is continuously detected, or detected at least a prede-
fined number of times per scanning cycle performed by
sensors, like radar sensors.

[0013] By means ofthe vehicle object detection system
according to the invention, it can be achieved that no
alarm/warning is output if a target object detected in the
detection area is in fact a false detection caused by re-
flections on other objects.

[0014] Most preferable, in order to recognize/judge a
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target object to be not an alert object like a mirror object,
all of the following conditions should be met/satisfied:

- there are multiple stationary objects between the
subject vehicle and the detected target object,

- a period of time, beginning at a point in time when
the target object was first detected in the detection
area or in the specified area, and during which the
target object is being detected, is less then specified
period of time (for example, such a specified period
of time may be 7s),

- areflection strength of the target object, detected as
moving object, for example, is less than a specified
value, and

- the position of the target object is detected to be lo-
catedin a specified area which is part of and included
in the detection area.

[0015] Accordingly, if all these conditions are satis-
fied/met, a false warning resulting from stray reflections
may be avoided.

[0016] In essence, the present invention provides a
method or an algorithm for reducing false alarms, i.e.
unnecessary warning, in a rear cross-traffic alert system
against target objects which are mirror-like objects
caused by reflections of other objects, for example, and
which are actually not existent. Accordingly, in other
words, in the context of this disclosure, the term "mirror
object" or "mirror-like object" is understood to mean an
object that, even if a result of a detection by a sensor
indicates an object to be present, does actually not exist
butdetectionis rather caused by areflection, forexample,
aradar reflection on another object which may be actually
present in a detection area.

[0017] By means of the presentinvention, such mirror-
like objects can be identified while the subject vehicle is
travelling rearward/backward, if the aforementioned con-
ditions are judged to be satisfied. In this case, according
to the present invention, an instruction to suppress the
warning function for outputting a warning to the driver of
the vehicle is sent to warning means. As a result, the
logic for outputting a warning in other cases than the
above described one may continue to operate, while the
logic according to the invention may suppress a false
alert / unnecessary warning under specific circumstanc-
es, i.e. if the aforementioned conditions are satisfied.
[0018] Accordingly, one of the advantageous effects
achieved by the invention is to avoid unnecessary alarm
warnings/activations.

[0019] The vehicle object detection system according
to the invention can be further modified in such a way
that wherein the judging means is configured to generate
the judgement further based on a detected reflection
strength of the detected target object, the reflection
strength being indicative of an amount of energy that the
detected target object reflects off and being less than a
specified value. The reflection strength indicates how de-
tectable an object is by its reflection amount of energy
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andis a property of the reflectivity of the respective object.
For example, the reflection strength may be an ampli-
tude, or power, of the reflected signal. The reflected sig-
nal may be a reflection of a signal emitted by a sensor
on the vehicle. The signal and the reflected signal may
forexample, be electromagnetic signals. The sensor may
be for example, a radar or a LiDAR sensor.

[0020] Preferably, the specified value is a value higher
than a sensor sensitivity value above which an object is
detected and considered/judged to be a target object,
and below which no object is detected at all or at least
considered/judged as some kind of noise not constituting
a real object actually present.

[0021] Inotherwords, if adetected reflectance is below
the sensor sensitivity value, the output of the sensor, i.e.
the result of the detection, is considered as no object
being detected or rather noise being detected. If a de-
tected reflectance is higher than the sensor sensitivity
value but below the specified value, the output of the
sensor is considered that an object is detected which
may be a target object for the time being. In this case,
the above-mentioned further condition/s is/are evaluated
and it is then decided whether the detected target object
is an alert object or not an alert object, i.e. a mirror object
or mirror-like object, which should not trigger a warning.
If the detected reflectance is higher than the specified
value, the output of the sensor is considered that, in any
case, an object is detected which is a target object. Such
an object will not be considered as a mirror object or a
mirror-like object but as an object which is actually exist-
ent/present in the detection area.

[0022] In particular, the reflection strength may be a
radar cross-section (RCS) or a radar signature. In more
concrete terms, radar cross-section (RCS) or radar sig-
nature is a measure of how detectable an object is by
radar. Alarger RCSindicates thatan objectis more easily
detected. An object reflects a limited amount of radar
energy back to the source. The factors that influence this
include the material with which the target is made, the
size of the target relative to the wavelength of the illumi-
nating radar signal, the absolute size of the target, the
incident angle (angle at which the radar beam hits a par-
ticular portion of the target, which depends upon the
shape of the target and its orientation to the radar source),
the reflected angle (angle at which the reflected beam
leaves the part of the target hit; it depends upon incident
angle), the polarization of the transmitted and the re-
ceived radiation with respect to the orientation of the tar-
get. The RCS is a property of the target’s reflectivity.
[0023] Moreover, the vehicle object detection system
according to the invention can be further configured in
such a way that the judging means is configured to gen-
erate the judgement further based on a detected position
of the target object with respect to the subject vehicle
being within a specified area with respect to the subject
vehicle, being an area behind and/or lateral of the subject
vehicle and being included in the detection area.
[0024] In this connection, the vehicle object detection
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system according to the invention can be further imple-
mented in such a way that the specified area being de-
fined as an area beginning at a radial distance from the
subject vehicle, preferably at9 m from the subjectvehicle,
and ending at a radial distance from the subject vehicle,
preferably at42 m, and/or being defined as an area which
is larger than a specified lateral distance to the subject
vehicle, preferably larger than 5 min lateral direction from
the subject vehicle.

[0025] Additionally, the vehicle object detection sys-
tem according to the invention can be further modified in
such a way that wherein the one or more positions of the
one or more other objects are detected to be in an area
of the detection area being located between the subject
vehicle and the specified area.

[0026] Moreover, the vehicle object detection system
according to the invention can be further realized in such
a way that the one or more other objects are detected to
be one or more stationary objects and/or are detected to
be located in a specific angle region, an angle of the
specific angle region being defined by a position of a
sensor of the subject vehicle as vertex, with the target
object being located on the angle bisector. For example,
the angle may be in a range of plus / minus 5 degrees
with respect to the angle bisector.

[0027] Also, the vehicle object detection system ac-
cording to the invention can be further configured in such
a way that the judging means is configured to generate
the judgement on whether the target object which has
been detected in the detection area is an alert object, in
response to the subject vehicle being detected to move
backward.

[0028] Additionally, the vehicle object detection sys-
tem according to the invention can be further implement-
ed in such a way that the judging means is configured
to, based on the subject vehicle moving backward, gen-
erate the judgement indicating that the target object is
not an alert object based on at least the following condi-
tions being satisfied, the (secondary) conditions being

(i) one or more positions of one or more other objects
other than the target object being detected to be lo-
cated between the target object and the subject ve-
hicle,

(ii) a time period during which the target object is
detected, being smaller than a specified period of
time,

(iii) a detected reflection strength of the detected tar-
get object being less than a specified value, the re-
flection strength being indicative of an amount of en-
ergy that the detected target object reflects off, and
(iv) a detected position of the target object with re-
spect to the subject vehicle being within a specified
area with respect to the subject vehicle, being an
area behind and/or lateral of the subject vehicle and
being included in the detection area.

[0029] Moreover, the vehicle object detection system
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according to the invention can be further realized in such
a way that the judging means is configured to, based on
the subject vehicle moving backward, judge whether a
candidate object detected in the detection area is a can-
didate for being considered as target object used for the
judgment of whether the target object is an alert object
by evaluating the following primary conditions:

the object detected in the detection area is approaching
the subject vehicle, while the subject vehicle is moving
backward, and/or an estimated time of collision between
the subject vehicle and the object detected in the detec-
tion area is less than a specified time. Accordingly, in
essence, it is first judged whether the primary conditions
are satisfied. If so, a warning will be output unless the
above-mentioned first to fourth (secondary) conditions
are satisfied, causing that the output of a warning will be
suppressed.

[0030] Moreover, the vehicle object detection system
according to the invention can be further configured in
such away that the judging means is configured to output
the judgement to the warning means which judgement
indicates to the warning means not to output a warning
even if a target object has been detected, based on the
judging means generating the judgement indicating that
the target object is not an alert object.

[0031] A driver assistance system according to the in-
vention is for a subject vehicle, and comprises detecting
means configured to detect a target object in a detection
area located behind and/or lateral of the subject vehicle,
a vehicle object detection system according to the inven-
tion as outlined above, and warning means configured
to warn a driver of the subject vehicle that a target object
is present in the detection area based on the judging
means of the vehicle object detection system generating
the judgement indicating that the target object is an alert
object.

[0032] The driver assistance system according to the
invention can be further modified in such a way that the
detecting means comprises at least two sensors, prefer-
ably atleast two radar sensors, like two shortrange radar
sensors, for detecting a target object in the detection ar-
ea.

[0033] A vehicle according to the invention is prefera-
bly an autonomous vehicle and comprises a driver as-
sistance system according to the invention as described
above, wherein the one sensor is located at a left rear
edge/region of the vehicle and the other sensor is located
at a right rear edge/region of the vehicle.

[0034] A computer-implemented method according to
the invention is for detecting a target object in a detection
area located behind and/or lateral of a subject vehicle,
particularly for controlling a vehicle object detection sys-
tem according to the invention as described above,
wherein the method comprises the following steps:

generating a judgement on whether a target object
which has been detected in the detection area is an
alert object, and outputting the judgement to warning



7 EP 4 358 064 A1 8

means which is configured to output a warning to a
driver of the subject vehicle based on the judgement
indicating that the target object is an alert object,
wherein, in the step of judging, generating the judge-
ment is based on at least

one or more positions of one or more other objects
other than the target object being detected to be lo-
cated between the target object and the subject ve-
hicle, and

a time period during which the target object is de-
tected, being smaller than a specified period of time.

[0035] Accordingly, the properties and advantages ex-
plained in connection with the vehicle object detection
system according to the invention arise in the same or
similar manner in respect of the computer-implemented
method for detecting a target object in a detection area
located behind a subject vehicle according to the present
invention, which is why, in order to avoid repetitions, ref-
erence is made to the respective explanations with re-
spect to the vehicle object detection system according
to the invention.

[0036] A computer program according to the invention
comprises instructions which, when the program is exe-
cuted by a computer or a processor, cause the computer
or processor to carry out the above-mentioned computer-
implemented method according to the invention.

[0037] A non-transitory computer-readable medium
according to the invention has stored thereon the above-
mentioned computer program according to the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] Preferred embodiments and advantages of the
invention will become more apparent upon reading the
following detailed description along with the accompany-
ing drawings in which:

FIG. 1 shows a first embodiment of a vehicle accord-
ing to the invention provided with a driver assistance
system according to the inventionin a concrete back-
ward driving situation;

FIG. 2 shows aflowchart of a judging process carried
out by the driver assistance system according to the
invention of FIG. 1; and

FIG. 3 shows a schematic configuration of the driver
assistance system according to the invention of FIG.
1 in more detail.

DETAILED DESCRIPTION

[0039] In this context, the vehicle object detection sys-
tem as described in this description may include a mem-
ory which is for example used in the processing carried
out in the vehicle object detection system. A memory
used in the embodiments may be a volatile memory, for
example a DRAM (Dynamic Random Access Memory)
or a non-volatile memory, for example a PROM (Pro-
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grammable Read Only Memory), an EPROM (Erasable
PROM), EEPROM (Electrically Erasable PROM), or a
flash memory, e.g., a floating gate memory, a charge
trapping memory, an MRAM (Magnetoresistive Random
Access Memory) or a PCRAM (Phase Change Random
Access Memory).

[0040] In this context, the vehicle object detection sys-
tem as described in this description may include a proc-
essor or a "circuit". A "circuit" may be understood as any
kind of a logic implementing entity, which may be special
purpose circuitry or a processor executing software
stored in a memory, firmware, or any combination there-
of. Thus, in an embodiment, a "circuit" may be a hard-
wired logic circuit or a programmable logic circuit such
as a programmable processor, e.g. a microprocessor
(e.g. a Complex Instruction Set Computer (CISC) proc-
essor or a Reduced Instruction Set Computer (RISC)
processor). A "circuit" may also be a processor executing
software, e.g. any kind of computer program, e.g. a com-
puter program using a virtual machine code such as e.g.
Java. Any other kind of implementation of the respective
functions which will be described in more detail below
may also be understood as a "circuit" in accordance with
an alternative embodiment.

[0041] With reference to the drawings, preferred first
and second embodiments of the present invention will
now be specifically described for illustrative purposes. It
is to be understood that components or elements in these
embodiments will be shown and described by way of ex-
amples only, but are not intended to limit this invention
to them.

FIRST EMBODIMENT

[0042] FIG. 1 shows a first embodiment of a vehicle 50
according to the invention provided with a driver assist-
ance system 1 according to the invention in a concrete
backward driving situation, which driver assistance sys-
tem 1 will be described in more concrete terms in con-
nection with FIG. 3.

[0043] FIG. 3 shows a schematic configuration of the
driver assistance system 1 according to the invention of
FIG. 1 in more detail.

[0044] As can be gathered from FIG. 3, the driver as-
sistance system 1 provided in the subject vehicle 50 com-
prises a vehicle object detection system 10 according to
the invention, detecting means 40 and warning means
30.

[0045] The detecting means 40 is configured to detect
atargetobject 60 like another target vehicle in a detection
area DA located behind and lateral of the subject vehicle
and will be described in more concrete terms below.
[0046] In this first embodiment, the detecting means
40 comprises at least two sensors 401, 402 which are
radar sensors, in particular two short range radar sensors
configured to detect a target object 60 in the detection
area DA.

[0047] In more concrete terms, the radar sensors 401,
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402 may be part of a conventional (rear-)-cross-traffic
alert system, for example, and are - in this specific first
embodiment - short range radar sensors 401, 402 which
are capable of detecting at least a relative position of the
target object 60 (target vehicle) and other objects with
respectto the subjectvehicle 50, arelative speed/velocity
of the target object 60 with respect to the subject vehicle
50, respectively, in the longitudinal direction of the sub-
ject vehicle 50 (y-direction of the vehicle in Fig. 1) and
the transverse direction of the vehicle (x-direction of the
vehicle in Fig. 1), and a reflection strength of the target
object 60 which will be described in more concrete terms
below.

[0048] Accordingly, as can be gathered from FIG. 1,
the two short range radar sensors 401, 402 are each
configured to detect a target object 60 in the detection
area DA, wherein the one sensor 402 is located at a left
rear edge/region of the vehicle 50 and the other sensor
401 is located at a right rear edge/region of the vehicle
50. Thus, each sensor 401, 402 monitors/detects, due
to its field of view (FoV), a different detectable area DA
included in a respective field of view of the respective
sensor 401, 402 on both sides of the subject vehicle 50.
[0049] The warning means 30 is configured to warning
a driver of the subject vehicle 50 that a target object 60
is present in the detection area DA. For example, the
warning means 30 may be a conventional visual or
acoustic indicator (display or speaker) capable of notify-
ing the driver of the subject vehicle 50 that the target
object 60 is present in the detection area DA. In this first
embodiment, the warning means 30 warns the driver of
the subject vehicle 50 that a target object 60 is present
in the detection area DA only if judging means 20 of the
vehicle object detection system 10, explained below,
generated a judgement indicating that the target object
60 is an alert object.

[0050] The vehicle object detection system 10 is for
detecting or processing of detection of the target object
60 in the detection area DA located behind and lateral of
the subject vehicle 50 and comprises the judging means
20 as mentioned above. The vehicle object detection sys-
tem 10 may, for example, be implemented by a processor
or computer, which has stored several programs for car-
rying out the function(s) of the judging means 20 and also
conventional functions.

[0051] The judging means 20 is configured to judge or
generate a judgement on whether a target object 60
which has been detected in the detection area DA is an
alert object or is not an alert object, and for outputting
the judgement to the warning means 30. Inturn, the warn-
ing means 30 is configured to output a warning to a driver
of the subject vehicle 50 that a target object 60 is present
in the detection area DA only if the judging means gen-
erated the judgment indicating that the target object 60
is an alert object.

[0052] At first, the judging means 20 is configured to,
if the subject vehicle 50 moves backward, whether a can-
didate object presently detected in the detection area DA
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is a candidate for being considered as a target object 60,
which is then used for the further judgment on whether
the target object 60 is an alert object or not an alert object.
Accordingly, the judging means 20 evaluates primary
conditions which are that the candidate object detected
in the detection area DA is approaching the subject ve-
hicle 50, while the subject vehicle 50 is moving backward,
and that an estimated time of collision between the sub-
ject vehicle 50 and the candidate object detected in the
detection area DA is less then specified time.

[0053] In this first embodiment, if the primary condi-
tions are fulfilled, the judging means 20 generates the
judgement, if the subject vehicle 50 is detected to move
backward, on whether the target object 60 detected in
the detection area DA is an alert object or not an alert
object. This judgement is based on the evaluation of
whether all specific secondary first to fourth conditions
are satisfied.

[0054] Thus, according to this first embodiment, the
judging means 20 generates, if all secondary conditions
described below are determined to be satisfied, the
judgement indicating that the target object 60 is not an
alert object. Inthe other case, if only one of the secondary
conditions is determined to be not satisfied, the judging
means 20 generates the judgement that the target object
60 is an alert object which triggers the output of a warning
by the warning means 30.

[0055] The judgement of the secondary conditions will
now be described in more detail:

The judging means 20 is configured to determine a first
condition to be satisfied or not based on a detected pa-
rameter being a reflection strength of the target object
60 detected in the detection area DA, indicating how de-
tectable the target object 60 is by its reflection amount
of energy. In this case, the parameter of the reflection
strength is a radar cross-section (RCS) or a radar signa-
ture which is well-known in the prior art.

[0056] In more concrete terms, the judging means 20
is configured to determine the first condition of the reflec-
tion strength to be satisfied if the detected parameter of
the reflection strength is less than the specified value.
[0057] Furthermore, the judging means 20 is config-
ured to determine a second condition to be satisfied if a
detected position of the target object 60 with respect to
the subject vehicle 50 is within a specified area SA with
respect to the subject vehicle 50. Said specified area SA
is an area behind and lateral of the subject vehicle 50
and being included in the detection area DA, as can be
gathered from FIG. 1.

[0058] As can be further seen in FIG. 1, the specified
area SA is defined as an area beginning at a radial dis-
tance from the subject vehicle 50, preferably at 9 m from
the subject vehicle 50, and ending at a radial distance
from the subject vehicle 50, preferably at 42 m. Addition-
ally, the specified area SA is defined as an area which
is larger than a specified lateral distance to the subject
vehicle 50, preferably larger than 5 m in lateral direction
from the subject vehicle 50 (i.e. in the x-direction), as can
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further be gathered from FIG. 1.

[0059] Moreover, the judging means 20 is configured
to determine a third condition to be satisfied if - in this
case - a plurality of detected positions of one or more
other objects 70 other than the target object 60 is detect-
ed to be located between the target object 60 being de-
tected in the specified area SA and the subject vehicle
50, wherein a prerequisite is that the plurality of other
objects 70 is a plurality of stationary objects which do not
move, i.e. the absolute velocity is zero.

[0060] Additionally, as a further prerequisite, the sta-
tionary objects 70 are detected in a specific angle region
AR, as can be seen in FIG. 1, wherein an angle of the
specific angle region AR is defined by a position of a right
rear sensor 402 of the subject vehicle 50 as vertex, with
the target object 60 being located on the angle bisector
as shown in FIG. 1. It is quite the same for the other
sensor 401 on the left rear side of the vehicle, for which
reason a respective description is omitted.

[0061] Furthermore, the judging means 20 is config-
ured to determine a fourth condition to be satisfied if a
time period during which the target object 60 is detected,
is smaller than a specified period of time.

[0062] As mentioned above, in this first embodiment,
if all first to fourth (secondary) conditions are fulfilled/sat-
isfied, the judging means 20 generates the judgement
indicating that the target object 60 is not an alert object.
In the other case, if only one of the secondary first to
fourth conditions is determined to be not satisfied, the
judging means 20 generates the judgement indicating
that the target object 60 is an alert object which triggers
the output of a warning by the warning means 30.
[0063] Thus, if all first to fourth (secondary) conditions
are fulfilled/satisfied, the judging means 20 outputs the
judgementto the warning means 30 which result of judge-
ment indicates to the warning means 30 not to output a
warning even if a target object 60 like a mirror-like object
which is actually not existent has been detected, as the
judging means 20 generated the judgement indicating
that the target object 60 is not an alert object.

[0064] FIG. 2 shows a flowchart of a judging process
carried out by the driver assistance system 1 according
to the invention of FIG. 1. In more detail, the judging proc-
ess as shown in Fig. 2 is carried out by the judging means
20.

[0065] When moving to step S100fFIG. 1, acandidate
object has already been detected in the detection area
DA by the detecting means 40, and the judging means
20 generated the judgement, if the subject vehicle 50
moves backward, on whether the candidate object de-
tected in the detection area DA is a candidate for being
taken into consideration as a target object 60 used for
the judgment whether the target object 60 is an alert ob-
ject or not an alert object by evaluating the primary con-
ditions. These primary conditions are that the object de-
tected inthe detection area DA is approaching the subject
vehicle 50, while the subject vehicle 50 is moving back-
ward, and that an estimated time of collision between the
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subjectvehicle 50 and the objectdetected in the detection
area DA is less then specified time.

[0066] If these primary conditions are satisfied, the de-
tected object is considered as a target object 60. Then,
as can be seen in FIG. 2, in step 10, a data structure in
the form of a flag "flagA" (alarm flag for triggering or pre-
venting/suppressing an alarm/or warning process of the
warning means 30) is either set to "True" or "False" de-
pendent on the result of the judgement of the judgement
means 20.

[0067] In more detail, the "flagA" is set TRUE to if the
judging means 20 generated the judgement indicating
that the target object 60 is not an alert object when the
first to fourth conditions as mentioned above are satis-
fied. In the other case, i.e. the judging means 20 gener-
ated the judgement indicating that the target object 60is
an alert object, the "flagA" is set to FALSE. Next, the
procedure moves to step S20 in which it is checked
whether the "flagA" is set to TRUE. If it is set to TRUE,
the procedure moves to step S30, otherwise step S30 is
skipped and the procedure is ended and a warning will
be output by the warning means 30 if the primary condi-
tions are fulfilled.

[0068] In step S30, a request to suppress a warn-
ing/alarm is sent to the warning means 30, according to
which it is indicated that the target object 60 is not an
alert object for the time being so that no warning/alarm
is output by the warning means 30 at least until next
judgement.

[0069] In other words, the judging means 20 outputs
the judgement to the warning means 30 which judgement
indicates to the warning means 30 to suppress a warning
even if a target object 60 has been detected, as the judg-
ing means 20 generated the judgement indicating that
the target object is not an alert object.

[0070] Next, one example of operation of the driver as-
sistance system 1 provided with the vehicle object de-
tection system 10 is described on the basis of FIG. 1.
[0071] As can be seen in FIG 1), the subject vehicle
50 is driving backward and it is assumed that the candi-
date object fulfills the primary conditions so that the can-
didate objectis considered as a target object 60 detected
by the right rear radar sensor 402.

[0072] Then, the judging means 20 evaluates whether
the first to fourth secondary conditions are satisfied.
[0073] In this case, all first to fourth secondary condi-
tions are satisfied. That is, in more concrete terms, a
reflection strength of the target object is less than a spec-
ified value (first condition), a position of the target object
60 is within the specified area as defined above (second
condition), there are multiple stationary objects 70 in the
specific angle region AR (third condition) and the time
period during which the target object 60 is detected, is
smaller than the specified period of time (fourth condi-
tion).

[0074] Accordingly, as all first to fourth conditions are
fulfilled in this case, the judging means 20 generates the
judgement indicating that the target object 60 is not an



13 EP 4 358 064 A1 14

alert object so that the warning means 30 will not output
a warning even if a target object 60 has been detected
in the detection area DA. This is because the target object
60 detected and fulfilling all first to fourth conditions is
considered to be not existent but rather originating from
a false detection like a reflection, for example, a multi-
reflection cause by one of the stationary objects, etc.

SECOND EMBODIMENT

[0075] In the following, a second embodiment of the
invention will be described, wherein in the description of
the second embodiment, only the differences with re-
spect to the first embodiment will be explained in more
detail. Otherwise, i.e. with the exception of the differenc-
es described below, the driver assistance system 1 and
the vehicle object detection system 10 according to the
second embodiment fully correspond to the driver assist-
ance system 1 and the vehicle object detection system
10 according to the first embodiment.

[0076] The drawings, i.e. FIGS. 1 to 3, relating to the
first embodiment also apply in full to the second embod-
iment. Corresponding components of the second embod-
iment corresponding to those of the first embodiment are
designated with the same reference signs as usedin con-
nection with the first embodiment.

[0077] The second embodiment differs from the first
embodimentin that, for the sake of reducing the process-
ing load on the vehicle object detection system 10 or the
judging means 20, itis not necessary that all first to fourth
(secondary) conditions have to be fulfilled/satisfied so
that the judging means 20 generates the judgement in-
dicating that the target object 60 is not an alert object.
[0078] In the second embodiment, the judging means
20 generates the judgement indicating that the target ob-
ject 60 is not an alert object if merely the aforementioned
third and fourth conditions are satisfied. Accordingly, the
first and second conditions are not used/judged in this
second embodiment.

[0079] In the other case, if only one of the third and
fourth conditions is determined to be not satisfied, the
judging means 20 generates the judgement indicating
that the target object 60 is an alert object which triggers
the output of a warning by the warning means 30.

FURTHER MODIFICATIONS

[0080] According to any of the above-mentioned em-
bodiments, the judging means 20 may include a judging
processor. The judging processor may carry out the func-
tions of the judging means 20.

[0081] The features of the invention disclosed in the
foregoing description, in the drawings as well as in the
claims may be essential for the realization of the invention
both individually and in any combination.
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Claims

1. A vehicle object detection system (10), preferably a
rear-cross traffic detection system, for detecting a
target object (60) in a detection area (DA) located
behind and/or lateral of a subject vehicle (50), the
vehicle object detection system (10) comprising:

judging means (20) configured to generate a
judgement on whether a target object (60) which
has been detected in the detection area (DA) is
an alert object, and to output the judgement to
warning means (30) which is configured to out-
put a warning to a driver of the subject vehicle
(50) based on the judgement indicating that the
target object (60) is an alert object, wherein the
judging means (20) is configured to generate
the judgement based on

one or more positions of one or more other ob-
jects (70) other than the target object (60) being
detected to be located between the target object
(60) and the subject vehicle (50), and

a time period during which the target object (60)
is detected, being smaller than a specified peri-
od of time.

2. The vehicle object detection system (10) according
to claim 1, wherein the judging means (20) is con-
figured to generate the judgement further based on
a detected reflection strength of the detected target
object, the reflection strength being indicative of an
amount of energy that the detected target object re-
flects off and being less than a specified value.

3. The vehicle object detection system (10) according
to claim 2, wherein the reflection strength is a radar
cross-section (RCS) or a radar signature.

4. The vehicle object detection system (10) according
to any of claims 1 to 3, wherein the judging means
(20) is configured to generate the judgement further
based on
a detected position of the target object (60) with re-
spect to the subject vehicle (50) being within a spec-
ified area (SA) with respect to the subject vehicle
(50), being an area behind and/or lateral of the sub-
ject vehicle (50) and being included in the detection
area (DA).

5. The vehicle object detection system (10) according
to claim 4, wherein the specified area (SA) being
defined as an area beginning at a radial distance
from the subject vehicle (50), preferably at 9 m from
the subject vehicle (50), and ending at a radial dis-
tance from the subject vehicle (50), preferably at 42
m, and/or being defined as an area which is larger
than a specified lateral distance to the subject vehicle
(50), preferably larger than 5 m in lateral direction
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from the subject vehicle (50).

The vehicle object detection system (10) according
to claim 4 or 5, wherein the one or more positions of
the one or more other objects (70) are detected to
beinan area of the detection area (DA) being located
between the subject vehicle (50) and the specified
area (SA).

The vehicle object detection system (10) according
to any of claims 1 to 6, wherein the one or more other
objects (70) are detected to be one or more station-
ary objects and/or are detected to be located in a
specific angle region (AR), an angle of the specific
angle region (AR) being defined by a position of a
sensor (401, 402) of the subject vehicle (50) as ver-
tex, with the target object (60) being located on the
angle bisector.

The vehicle object detection system according to any
of claims 1 to 7, wherein the judging means (20) is
configured to generate the judgement on whether
the target object (60) which has been detected in the
detection area (DA) is an alert object, in response to
the subject vehicle being detected to move back-
ward.

The vehicle object detection system (10) according
to any of claims 1 to 8, wherein the judging means
(20) is configured to, based on the subject vehicle
(50) moving backward, generate the judgement in-
dicating that the target object (60) is not an alert ob-
ject based on at least the following conditions being
satisfied, the conditions being

(v) one or more positions of one or more other
objects (70) other than the target object (60) be-
ing detected to be located between the target
object (60) and the subject vehicle (50),

(vi) a time period during which the target object
(60) is detected, being smaller than a specified
period of time,

(vii) a detected reflection strength of the detect-
ed target object being less than a specified val-
ue, the reflection strength being indicative of an
amount of energy that the detected target object
reflects off, and

(viii) a detected position of the target object (60)
with respect to the subject vehicle (50) being
within a specified area (SA) with respect to the
subject vehicle (50), being an area behind
and/or lateral of the subject vehicle (50) and be-
ing included in the detection area (DA).

10. The vehicle object detection system (10) according

to any of claims 1 to 9, wherein the judging means
(20) is configured to, based on the subject vehicle
(50) moving backward, judge whether a candidate
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1.

object detected in the detection area (DA) is a can-
didate for being considered as target object (60)
used for the judgment of whether the target object
(60) is an alert object by evaluating the following pri-
mary conditions:

the object detected in the detection area (DA) is
approaching the subject vehicle, while the sub-
ject vehicle is moving backward, and/or

an estimated time of collision between the sub-
ject vehicle and the object detected in the de-
tection area (DA) is less than a specified time.

The vehicle object detection system (10) according
to any of the preceding claims, wherein the judging
means (20) is configured to output the judgement to
the warning means (30) which judgement indicates
to the warning means (30) not to output a warning
even if a target object has been detected, based on
the judging means (20) generating the judgement
indicating that the target object (60) is not an alert
object.

12. A driver assistance system (1) for a subject vehicle

(50), comprising:

detecting means (40) configured to detect a tar-
get object (60) in a detection area (DA) located
behind and/or lateral of the subject vehicle (50),
avehicle object detection system (10) according
to any of claims 1 to 11, and

warning means (30) configured to warn a driver
of the subject vehicle that a target object (60) is
present in the detection area (DA) based on the
judging means (20) of the vehicle object detec-
tion system (10) generating the judgement indi-
cating that the target object (60) is an alert ob-
ject.

13. A computer-implemented method for detecting a tar-

get object (60) in a detection area (DA) located be-
hind and/or lateral of a subject vehicle (50), particu-
larly for controlling a vehicle object detection system
(10) according to any one of claims 1 to 11, wherein
the method comprises the following steps:

generating a judgement on whether a target ob-
ject (60) which has been detected in the detec-
tion area (DA) is an alert object, and outputting
the judgement to warning means (30) which is
configured to output a warning to a driver of the
subject vehicle (50) based on the judgement in-
dicating that the target object (60) is an alert ob-
ject,

wherein, in the step of judging, generating the
judgement is based on

one or more positions of one or more other ob-
jects (70) other than the target object (60) being
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detected to be located between the target object
(60) and the subject vehicle (50), and
a time period during which the target object (60)
is detected, being smaller than a specified peri-
od of time. 5
14. A computer program comprising instructions which,
when the program is executed by a computer, cause
the computer to carry out the computer-implemented
method of claim 13. 10

15. A non-transitory computer-readable medium having
stored thereon the computer program of claim 14.
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