
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

27
6 

58
8

A
1

TEPZZ¥ 76588A_T
(11) EP 3 276 588 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
31.01.2018 Bulletin 2018/05

(21) Application number: 16181582.4

(22) Date of filing: 28.07.2016

(51) Int Cl.:
G08G 1/16 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA MD

(71) Applicant: Continental Automotive GmbH
30165 Hannover (DE)

(72) Inventor: Padiri, Bhanu Prakash
560037 Bangalore (IN)

(74) Representative: Reuter, Andreas et al
Conti Temic microelectronic GmbH 
Intellectual Property 
Sieboldstraße 19
90411 Nürnberg (DE)

(54) CROSS TRAFFIC DETECTION SYSTEM FOR A VEHICLE

(57) A Cross traffic detection system (10) for a vehi-
cle (100) is provided, which comprises a camera arrange-
ment (12) with at least one camera (14), a data storage
device (16) and a controller (18). The system (10) is con-
figured for capturing an image sequence with consecu-
tive images of an environment of the vehicle (100) and
for storing the images of the image sequence in the data

storage device (16). The controller (18) is configured for
determining in at least two of the images an image sec-
tion, in which a light cone (110) emitted by an illumination
device (108) of a road user (106) is captured, wherein
the controller (18) is configured to determine whether the
vehicle (100) and the road user (106) approach each
other by comparing the determined image sections.
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Description

Field of the invention

[0001] The invention generally relates to assistance
systems for vehicles. Particularly, the invention relates
to a cross traffic detection system for a vehicle, a vehicle
with such system and a method for detecting cross traffic.

Background of the invention

[0002] Cross traffic detection systems and/or cross
traffic alert systems, which are based on optically detect-
ing crossing road users, such as vehicles, motorbikes or
pedestrians, usually comprise a camera and/or a radar
device. Therein, the road users are passively or directly
illuminated in order to detect them. Accordingly, during
night time, limited visibility and/or if a view to the road
user is blocked by an obstacle, an efficiency of such cross
traffic systems may be reduced and/or limited. This may
particularly apply to urban areas, cross junctions and/or
intersections, where a driver of a vehicle may be sur-
rounded by buildings and thus may be unaware of any
cross traffic until he closely approaches the road user.

Description of the invention

[0003] It is an objective of the present invention to pro-
vide a comprehensive cross traffic detection system,
which allows to reliably determine and/or detect other
road users.
[0004] This objective is achieved by the subject matter
of the independent claims. Further exemplary embodi-
ments are evident from the dependent claims and the
following description.
[0005] A first aspect of the invention relates to a cross
traffic detection system for a vehicle. The system com-
prises a camera arrangement with at least one camera,
a data storage device and a controller. The system is
configured for capturing, by means of the camera ar-
rangement, an image sequence comprising consecutive
images of an environment and/or of surroundings of the
vehicle. The system is further configured for storing the
images of the image sequence in the data storage device.
Therein, the controller is configured for determining in at
least two of the images an image section, in which a light
cone emitted by an illumination device of a road user is
captured. Moreover, the controller is configured to deter-
mine whether the vehicle and the road user approach
each other by comparing the determined image sections.
[0006] The cross traffic detection system may gener-
ally be configured for being employed in a vehicle, where-
in the vehicle may be a motor vehicle like a car, a bus or
a truck, or a bicycle like a bike or a motor cycle.
[0007] The camera arrangement may comprise one or
more cameras. Particularly, the camera arrangement
may comprise a front camera arranged in a front part of
a vehicle. The camera arrangement may also comprise

a plurality of cameras arranged around a vehicle and
providing a surround view, e.g. 360° view, of the vehicle.
The camera arrangement may be configured to capture
images in the optical wavelength range and/or in the in-
frared range.
[0008] The controller may be or comprise a processing
unit, a processor, a control module or a control unit con-
figured for processing data, particularly image data. Ac-
cordingly, the controller may be configured for image
processing and/or image data processing. The road user
may be any kind of traffic participant, such as e.g. a ve-
hicle and/or a pedestrian. Particularly, the road user may
move in a transverse direction with respect to a moving
direction of a vehicle, which comprises the cross traffic
detection system.
[0009] The data storage device may be any type of
data storage configured for storing and/or reading data.
[0010] Rephrasing the first aspect, the cross traffic de-
tection system may be configured to capture and/or ac-
quire an image sequence of timely consecutive images
of the environment and/or of surroundings of the vehicle
within a field of view of the camera. The image sequence
may comprise at least two images, which may be cap-
tured in an arbitrary time difference with respect to each
other. These images and/or corresponding image data
may then be stored in the data storage device. By ana-
lyzing and/or processing at least a part of the images
and/or corresponding image data, the controller may de-
termine and/or identify the image section, in which the
light cone of the illumination device of the road user is
captured. Accordingly, an image section may refer to a
subset of image data of an image, in which a represen-
tation and/or a projection of the light cone is comprised.
Generally, the light cone may refer to a region of the
camera’ s field of view (or a two-dimensional represen-
tation thereof), which region is illuminated by the illumi-
nation device, wherein the illumination device may refer
to a spot light, a head lamp, a head light, a reflector or
the like. The controller may then compare the image sec-
tions, which contain the light cones, of consecutive im-
ages with each other and may determine whether the
vehicle and the road user approach each other based on
that comparison.
[0011] Accordingly, the cross traffic detection system
may advantageously provide a system to detect cross
traffic in scenarios of limited visibility and especially dur-
ing night times. By means of the system, accidents may
be avoided, a decision making time of a driver of the
vehicle may be reduced and hence safety for the vehicle,
the driver and the road user may be increased.
[0012] Summarizing, the cross traffic detection system
may be capable of reliably and comprehensively deter-
mine and/or detect the road user in situations and/or sce-
narios, in which state-of-the-art Radar based and/or cam-
era based systems may not find the road user as there
may be obstacles, such as buildings, trees, cars or the
like, blocking a direct view to the road user. By detecting
the road user indirectly via the light cone emitted by the
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illumination device, the cross traffic detection system
may reliably detect the road user. Thus, a driver of the
vehicle, which is equipped with the cross traffic detection
system, may be made aware when approaching the road
user, although there may be no direct visibility of the road
user. Thus, the cross traffic detection system may be
particularly applicable at night conditions when illumina-
tion devices are used by road users. However, the cross
traffic detection system may also be advantageously
used during day time.
[0013] Further, the cross traffic detection system may
be utilized with any front facing camera. According to a
preferred embodiment, while reversing the vehicle, a rear
camera may also be utilized to detect the road user in
opposite direction. In that way the cross traffic detection
system may be assisting the driver while reversing out
of a parking space, i.e. in a situation where crossing traffic
is hard to see for the driver of the vehicle. Moreover, the
camera arrangement may comprise cameras arranged
on all sides of the vehicle, which may provide a surround
view of about 360°. Generally, the cross traffic detection
system may be retrofit to vehicles already comprising at
least one camera.
[0014] According to an embodiment, the controller is
configured for determining a light intensity of the light
cones in each of the determined image sections, wherein
the controller is configured to determine whether the ve-
hicle and the road user approach each other based on a
comparison of the determined light intensities of the light
cones. For instance, if the light intensity is higher in an
image with respect to an image captured earlier, the cross
traffic detection system may determine with high accu-
racy that the vehicle and the road user approach each
other.
[0015] According to an embodiment, the controller is
configured for determining a size of the light cones in
each of the determined image sections, wherein the con-
troller is configured to determine whether the vehicle and
the road user approach each other based on a compar-
ison of the determined sizes of the light cones. For in-
stance, if the size is larger in an image with respect to an
image captured earlier, the cross traffic detection system
may determine with high accuracy that the vehicle and
the road user approach each other. The size of the light
cones may refer to a real size of the light cones, which
may be estimated by means of the controller. Alterna-
tively or additionally, the size of the light cone may be
determined relative to a size of the respective image
and/or the image section.
[0016] According to an embodiment, the controller is
configured to determine the image section in a part, e.g.
a lower part of the image, in which part a road and/or a
roadway is captured. The controller may be configured
to determine the image section exclusively in the part of
the image, in which the road user is expected. The rest
of the image and/or the remaining image data may be
disregarded. This may accelerate the detection of the
road user.

[0017] According to an embodiment, the controller is
configured for determining a reflection of the light cone
on a road surface in the at least two image sections,
wherein the controller is configured to determine whether
the vehicle and the road user approach each other taking
into account the determined reflections. By taking reflec-
tions of the light cone into account, an accuracy and ro-
bustness of the system may be enhanced. Particularly
during rainy conditions, e.g. rainy season, a performance
of the system may thus be enhanced. Further, by taking
the reflections into account the system may facilitate dif-
ferentiation of reflections on the road surface caused by
static or fixed lights, such as street lamps or signboards,
from the light cone of the road user, because there may
be no movement of the fixed lights in the reflections.
[0018] According to an embodiment, the controller is
configured for determining a movement of the light cone
and/or a color change by comparing the at least two im-
ages and/or by comparing the determined image sec-
tions of the at least two images. This may further allow
to differentiate more accurately and more reliably be-
tween fixed lights and the light cone of the road user. For
this purpose, various classification techniques and/or op-
tical flow methods may be utilized. Moreover, by detect-
ing the movement of the light cone, e.g. caused by front
lights focused on the road by the road user, the cross
traffic detection system may differentiate more reliably
between the light cone and ambient light because the
light cone may be in a lower part of the image whereas
ambient light may be everywhere.
[0019] Further, the cross traffic detection system may
detect and/or determine a change of red light of a vehicle
at a cross road and/or a junction, while this vehicle may
not be directly visible. This may allow the system to de-
termine and/or detect that another vehicle just stopped.
Apart from that, as the other vehicle may be moving, the
system may detect and/or determine small variations of
light and/or a velocity of the vehicle.
[0020] According to an embodiment, the system fur-
ther comprises a warning device for outputting a warning
signal, wherein the controller is configured for triggering
the warning device upon determining that the vehicle and
the road user approach each other. The warning signal
may be an acoustic, an optical and/or a haptic warning
signal.
[0021] The warning signal may be generated and/or
output e.g. on a display screen as a symbol comprising
a set of visualized images and/or a video, optionally along
with an overlay. A surround view camera may generate
a view with 360 degree images and/or a real time video
around the vehicle. Additionally to a video, the controller
may generate an overlay with a further symbol, such as
e.g. an arrow indicating a direction, in which the cross
traffic is moving, along with a color based symbol, e.g.
indicating a distance and/or a speed of the road user, the
cross traffic and/or the vehicle. For instance, a red symbol
may indicate that the vehicle is nearby and/or moving
rather fast. Further, an orange and/or green symbol may
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indicate that the vehicle is far away and/or moving rather
slowly.
[0022] By means of the warning signal it may be
brought to the attention of the driver of the vehicle that
he is approaching the road user. Thus, this may allow to
reduce a speed of the vehicle and/or to actuate a brake
system of the vehicle. Thus, accidents may be reduced
and safety may be increased.
[0023] According to an embodiment, the warning sig-
nal is indicative of a type of the road user. By way of
example there may be a specific color of the warning
signal indicating that the road user is e.g. a vehicle, a
pedestrian or a bicycle. Also a size of an optical warning
signal may indicate the type of road user. Further, differ-
ent acoustic signals may be used for different types of
road users.
[0024] A second aspect of the invention relates to a
vehicle comprising a cross traffic detection system as
described above and in the following.
[0025] It has to be understood that features of the cross
traffic detection system may be features of the vehicle
and vice versa.
[0026] A third aspect of the invention relates to a meth-
od for detecting and/or determining cross traffic. The
method comprises the following steps:

- capturing, by means of a camera arrangement of a
vehicle, an image sequence comprising consecutive
images of an environment of the vehicle;

- storing the images of the image sequence in a data
storage device;

- determining in at least two of the images an image
section, in which a light cone emitted by an illumina-
tion device of a road user is captured; and

- determining whether the vehicle and the road user
approach each other by comparing the determined
image sections.

[0027] It has to be understood that features of the cross
traffic detection system and the vehicle may be features
of the method and vice versa.
[0028] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiments described hereinafter.

Brief description of the drawings

[0029]

Fig. 1 shows schematically a cross traffic detection
system according to embodiment.

Fig. 2 shows schematically a vehicle with the cross
traffic detection system of Fig. 1.

Fig. 3 shows a flowchart illustrating steps of a method
for detecting cross traffic according to an embodi-
ment.

[0030] In principle, identical parts are provided with the
same reference symbols in the figures.

Detailed description of exemplary embodiments

[0031] Fig. 1 shows schematically a cross traffic de-
tection system 10 for a vehicle 100 according to an em-
bodiment. Fig. 2 shows schematically a vehicle 100 with
the cross traffic detection system 10 of Fig. 1.
[0032] The cross traffic detection system 10 comprises
a camera arrangement 12 with at least one camera 14,
a data storage device 16 and a controller 18.
[0033] The camera 14 may be an optical and/or an
infrared camera. The camera 14 may be a front camera
of the vehicle 100 as shown in Fig. 2. Alternatively, the
camera 14 may be e.g. a rear camera or any other cam-
era. The camera arrangement 12 may also comprise a
plurality of cameras 14 arranged on vehicle 100. This
way, the camera arrangement 12 may provide surround
view.
[0034] The cross traffic detection system 10 is config-
ured to capture and/or acquire, by means of the camera
arrangement 12 and/or by means of the camera 14, an
image sequence comprising consecutive images of an
environment of the vehicle 100. The image sequence
may comprise at least two images. Further, the cross
traffic detection system 10 is configured to store the im-
ages of the image sequence and/or respective image
data in the data storage device 16. Therein, the environ-
ment and/or the surroundings of the vehicle 100 is cap-
tured within a field of view 102 of the camera 14. As il-
lustrated in Fig. 2 this field of view 102 may be limited
and/or a part of the field of view 102 may be blocked by
an obstacle 101, such as e.g. a building, a vehicle, trees,
or the like. This may particularly apply to urban areas
and/or a cross junction 104 and/or an intersection 104
as illustrated in Fig. 2. A road user 106 such as the further
vehicle 106 shown in Fig. 2 may thus not be visible to a
driver of the vehicle 100 and/or to the camera 14.
[0035] However, the road user 106 and/or the vehicle
106 comprises an illumination device 108, which gener-
ates a light cone 110 extending into the field of view 102
of the camera 14.
[0036] The controller 18 of the cross traffic detection
system 10 is configured for determining in at least two of
the images of the image sequence an image section, in
which the light cone 110 emitted by the illumination de-
vice 108 of the road user 106 is captured. Based on a
comparison of these determined image sections in the
consecutive images, the controller 18 is capable to de-
termine whether the vehicle 100 and the road user 106
approach each other.
[0037] For this purpose, the controller 18 is configured
to determine a light intensity of the light cones 110 in
each of the determined image sections and to compare
the light intensities in order to determine whether the ve-
hicle 100 and the road user 106 approach each other. If
the intensity of the light cone 110 increases in an image
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section of an image captured later than another one, the
vehicle 100 and the road user 106 approach each other.
[0038] Further, the controller 18 is configured for de-
termining a size of the light cones 110 in each of the
determined image sections and to compare the sizes of
the light cones 110 in order to determine whether the
vehicle and the road user 106 approach each other.
[0039] Moreover, the controller 18 is configured to de-
termine the image sections only in a lower part of the
captured images, in which lower part a road 103 is cap-
tured. This may accelerate the process of detecting the
road user 106. Further, the controller 18 is configured for
determining a reflection of the light cone 110 on a road
surface 105. Generally, this may allow to distinct and/or
differentiate the light cone 110 from other static and/or
fixed lights, such as street lamps.
[0040] Apart from that, the controller 18 is configured
for determining a movement of the light cone 110 and/or
a color change by comparing the at least two images
and/or by comparing the determined image sections of
the at least two images.
[0041] The cross traffic detection system 10 further
comprises a warning device 20 for outputting a warning
signal. The warning signal may be an optical, an acoustic
and/or a haptic signal, which may alert the driver of the
vehicle 100 and/or which may bring to the attention of
the driver that he is approaching the road user 106. The
warning signal and/or the warning device 20 is triggered
by the controller 18, if the controller 18 has determined
that the vehicle 100 and the road user 106 approach each
other.
[0042] Apart from that, the controller 18 may be con-
figured to actuate a breaking system 112 of the vehicle
100 in order to reduce a speed of the vehicle 100 and to
avoid a potential accident with the road user 106.
[0043] Summarizing, the cross traffic detection system
10 may alert the driver and hence may prevent accidents,
especially at night time. Also, collisions and accidents
may be avoided even during blocking scenarios, in which
a field of view 102 is limited and/or partly blocked by an
obstacle 101. The cross traffic detection system 10 may
be easily and cost efficiently retrofit to the vehicle 100
without a need for extra sensors. Due to a significant
color of the front light of the cross vehicle 106 and/or the
road user 106 and its reflection on the street surface 105
and/or road surface 105 it may easily be distinguished
from ambient light, which in turn may increase reliability
and accuracy of the cross traffic detection system 10.
[0044] Fig. 3 shows a flowchart illustrating steps of a
method for detecting cross traffic according to an em-
bodiment.
[0045] In a step S1 an image sequence comprising
consecutive images of an environment of a vehicle 100
is captured by means of a camera arrangement 12 of the
vehicle 100. In a further step S2 the images of the image
sequence are stored in a data storage device 16. In a
further step S3 in at least two of the images an image
section is determined, in which image section a light cone

110 emitted by an illumination device 108 of a road user
106 is captured. Finally, in a step S4 the determined im-
age sections are compared with each other by means of
a controller 18 of the cross traffic detection system 10
and it is determined whether the vehicle 10 and the road
user 106 approach each other.
[0046] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be considered
illustrative or exemplary and not restrictive; the invention
is not limited to the disclosed embodiments. Other vari-
ations to the disclosed embodiments can be understood
and effected by those skilled in the art and practising the
claimed invention, from a study of the drawings, the dis-
closure, and the appended claims. In the claims, the word
"comprising" does not exclude other elements or steps,
and the indefinite article "a" or "an" does not exclude a
plurality. The mere fact that certain measures are recited
in mutually different dependent claims does not indicate
that a combination of these measures cannot be used to
advantage. Any reference signs in the claims should not
be construed as limiting the scope.

Claims

1. A Cross traffic detection system (10) for a vehicle
(100), the system (10) comprising:

a camera arrangement (12) with at least one
camera (14);
a data storage device (16); and
a controller (18);
wherein the system (10) is configured for cap-
turing, by means of the camera arrangement
(12), an image sequence comprising consecu-
tive images of an environment of the vehicle
(100) ;
wherein the system (10) is configured for storing
the images of the image sequence in the data
storage device (16);
wherein the controller (18) is configured for de-
termining in at least two of the images an image
section, in which a light cone (110) emitted by
an illumination device (108) of a road user (106)
is captured; and
wherein the controller (18) is configured to de-
termine whether the vehicle (100) and the road
user (106) approach each other by comparing
the determined image sections.

2. The system10v according to claim 1,
wherein the controller (18) is configured for deter-
mining a light intensity of the light cones (110) in
each of the determined image sections; and
wherein the controller (18) is configured to determine
whether the vehicle (100) and the road user (106)
approach each other based on a comparison of the
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determined light intensities of the light cones (110).

3. The system (10) according to claim 1 or 2,
wherein the controller (18) is configured for deter-
mining a size of the light cones (110) in each of the
determined image sections; and
wherein the controller (18) is configured to determine
whether the vehicle (100) and the road user (106)
approach each other based on a comparison of the
determined sizes of the light cones (110).

4. The system (10) according to one of the preceding
claims,
wherein the controller (18) is configured to determine
the image section in a part of the image, in which
part a road (103) is captured.

5. The system (10) according to one of the preceding
claims,
wherein the controller (18) is configured for deter-
mining a reflection of the light cone (110) on a road
surface (105) in the at least two image sections; and
wherein the controller (18) is configured to determine
whether the vehicle (100) and the road user (106)
approach each other taking into account the deter-
mined reflections.

6. The system (10) according to one of the preceding
claims,
wherein the controller (18) is configured for deter-
mining a movement of the light cone (110) and/or a
color change by comparing the at least two images.

7. The system (10) according to one of the preceding
claims, further comprising:

a warning device (20) for outputting a warning
signal;
wherein the controller (18) is configured for trig-
gering the warning device (20) upon determining
that the vehicle (100) and the road user (106)
approach each other.

8. The system (10) according to claim 7,
wherein the warning signal is indicative of a type of
the road user (106).

9. A vehicle (100) comprising a cross traffic detection
system (10) according to one of the preceding
claims.

10. A method for detecting cross traffic, the method com-
prising the steps of:

capturing, by means of a camera arrangement
(14) of a vehicle (100), an image sequence com-
prising consecutive images of an environment
of the vehicle (100);

storing the images of the image sequence in a
data storage device (16);
determining in at least two of the images an im-
age section, in which a light cone (110) emitted
by an illumination device (108) of a road user
(106) is captured; and
determining whether the vehicle (100) and the
road user (106) approach each other by com-
paring the determined image sections.
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