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(57) Abstract: The invention relates to a method for recognizing at least one object (9) in an environmental region (8) of a motor vehicle
(1), in which a first image (10) and a second image (11) of the environmental region (8) are provided by means of a camera (4) of the
motor vehicle (1), first object features (12) are determined in the first image (10) and second object features (13) are determined in the
second image (11), wherein the first and the second object features (12, 13) each describe the at least one object (9), in a respective
association step it is checked for each of the first object features (12) if a second object feature (13) is present, which has a predetermined
similarity to the first object feature (12), and it the second object feature (13) has the predetermined similarity to the first object feature
(12), the first object feature (12) is associated with the second object feature (13), wherein a plurality of first list sections (18) is
determined and the first object features (12) are associated with the first list sections (18) based on their position in the first image (10),
a plurality of second list sections (19), which correspond to the first list sections (18), is determined and the second object features (13)
are associated with the second list sections (19) based on their position in the second image (11), and it is checked in the respective
association step if a second object feature (13) in the second list section (19) corresponding to the first list section (18) of the first object
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feature (12) has the predetermined similarity to the first object feature (12).
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Method for recognizing at least one object in an environmental region of a motor vehicle
based on object features from images, camera system as well as motor vehicle

The present invention relates to a method for recognizing at least one object in an
environmental region of a motor vehicle, in which a first image and a second image of the
environmental region are provided by means of a camera of the motor vehicle, first object
features are determined in the first image and second object features are determined in
the second image, wherein the first and the second object features each describe the at
least one object, and it is checked in a respective association step for each of the first
object features if a second object feature is present, which has a predetermined similarity
to the first object feature, and if the second object feature has the predetermined similarity
to the first object feature, the first object feature is associated with the second object
feature. Moreover, the present invention relates to a camera system for a motor vehicle.
Finally, the present invention relates to a motor vehicle with such a camera system.

Presently, the interest is directed to the recognition of objects in an environmental region
of a motor vehicle. Therein, the recognition is effected based on images provided by a
camera of the motor vehicle. Hereto, it is known from the prior art that a sequence of
images is provided by the camera and object features are determined in each image,
which describe objects in the environmental region. Therein, it is further known that object
features are determined in the respective images and the object features of the images
are associated with each other. This association can then be used to recognize the
objects. Thus, obstacles, further vehicles, pedestrians and/or roadway markings in the
environmental region can for example be recognized. Further, the association of the
object features can be used to recognize three-dimensional objects in the environmental
region.

Therein, it is usually provided that the object features, which have been recognized in the
respective images, are provided in a one-dimensional list. Therein, it is checked for each
of the object features of an image if it has a predetermined similarity to the object features
of a further image. However, this approach of brute force entails high complexity. A further
approach is in using corresponding search trees, such as for example the k-d tree, in a
multi-dimensional feature space. However, this approach entails high storage requirement
and cannot be efficiently realized. In recognizing objects in the environment of the motor
vehicle, this usually results in the fact that only few object features of the consecutive
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images are associated with each other. However, in order to perform a reliable recognition
of objects and in particular a three-dimensional object recognition, it is desirable to
associate as many object features with each other as possible.

It is the object of the present invention to demonstrate a solution, how objects in an
environmental region of a motor vehicle can be more reliably recognized based on the
association of object features in images.

According to the invention, this object is solved by a method, by a camera system as well
as a motor vehicle having the features according to the respective independent claims.
Advantageous developments of the present invention are the subject matter of the
dependent claims.

In an embodiment of a method for recognizing at least one object in an environmental
region of a motor vehicle, a first image and a second image of the environmental region
are provided by means of a camera of the motor vehicle. First object features are
preferably determined in the first image and second object features are preferably
determined in the second image, wherein the first and the second object features in
particular each describe the at least one object. For each of the first object features, it is in
particular checked in a respective association step if a second object feature is present,
which has a predetermined similarity to the first object feature. If the second object feature
has the predetermined similarity to the first object feature, the first object feature is in
particular associated with the second object feature. Furthermore, a plurality of first list
sections is in particular determined and the first object features are associated with the
first list sections based on their position in the first image. Moreover, a plurality of second
list sections corresponding to the first list sections is preferably determined and the
second object features are associated with the second list sections based on their position
in the second image. In the respective association step, it is then preferably checked if a
second object feature in the second list section corresponding to the first list section of the
first object feature has the predetermined similarity to the first object feature.

A method according to the invention serves for recognizing at least one object in an
environmental region of a motor vehicle. Herein, a first image and a second image of the
environmental region are provided by means of a camera of the motor vehicle. First object
features are determined in the first image and second object features are determined in
the second image, wherein the first and the second object features each describe the at
least one object. For each of the first object features, it is checked in a respective
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association step if a second object feature is present, which has a predetermined
similarity to the first object feature, if the second object feature has the predetermined
similarity to the first object feature, the first object feature is associated with the second
object feature. Furthermore, a plurality of first list sections is determined and the first
object features are associated with the first list sections based on their position in the first
image. In addition, a plurality of second list sections corresponding to the first list sections
is determined and the second object features are associated with the second list sections
based on their position in the second image. In the respective association step, it is
checked if a second object feature in the second list section corresponding to the first list
section of the first object feature has the predetermined similarity to the first object feature.

With the aid of the method, objects in the environmental region of the motor vehicle are to
be recognized. Such objects can for example be obstacles, further traffic participants or
roadway markings. For recognizing the objects, a sequence of images can be captured by
the camera of the motor vehicle. Preferably, it is provided that a first image and at least a
second image are captured by the camera, wherein first the first image and subsequently
the second image are captured. In each of the images, object features are determined,
which describe the objects in the environmental region. For determining the object
features, a corresponding object recognition algorithm such as for example SIFT (Scale-
Invariant Feature Transform) or SURF (Speeded Up Robust Features) can be used. The
first object features are determined in the first image. In the same manner, the second
object features are determined in the second image. For each first object feature in the
firstimage, it is now checked if a second object feature is present in the second image,
which can be associated with the first object feature. Hereto, it is checked if a second
object feature is present, which has a predetermined similarity to the first object feature.
Thus, it can be checked if the first object feature can be associated with a second object
feature with the aid of a matching method.

According to an essential aspect of the present invention, it is provided that a plurality of
first list sections is determined and the first object features are associated with the first list
sections based on their position in the first image. Usually, the first object features are
provided as a one-dimensional list. Now, it is provided that this list is divided into first list
sections. Therein, the division into the first list sections is effected depending on the
position of the first object features in the first image. In the same manner, a plurality of
second list sections is present and the second object features are associated with the
respective second list sections based on their position in the second image. In the
association step, it is then checked, in which first list section the first object feature is
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arranged. The corresponding second list section is determined to this first list section. In
this second list section, it is now searched for second object features, which can be
associated with the first object feature. Thereby, both the first object features and the
second object features are not only stored in a list, but information about the position of
the object features is present by the division of the object features into the respective list
sections. It can be used in the association of the object features with each other. In
particular, it is provided that the number of second object features, which are checked to
the effect if they can be associated with the first object feature, is thus limited. Thereby,
the complexity in the respective association step can be considerably reduced. In addition,
the recognition of the objects in the environmental region can be more efficiently and
reliably performed.

Preferably, the first image and the second image are each divided into areas, wherein
each of the areas includes at least one line of pixels or at least one column of pixels, the
first object features of an area are associated with a respective first list section and the
second object features of an area are associated with a respective second list section. For
determining the respective list sections, both the first image and the second image can be
divided into areas. The respective areas can for example include at least one column of
pixels of the respective image. Preferably, it is provided that the respective areas include
at least one line of pixels of the respective image. This is in particular suitable if the object
feature is associated with a pixel. If the respective object feature is associated with
multiple pixels, it can also be the case that the respective area includes a plurality of lines.
In the association, thus, the first object features and the second object features located in
the same line in the images can be compared to each other. Thus, the area can be
restricted, in which it is searched for matching second object features for the first object
feature.

In a further embodiment, the first object features of an area are successively entered into
the respective first list section depending on their position in the area and the second
object features of an area are successively entered into the respective second list section
depending on their position in the area. As already explained, the respective area can
include at least one line of pixels of the respective image. The first object features of a line
of the first image are for example successively entered into one of the first list sections
from left to right. In the same manner, the second object features of a line of the second
image are entered into the second list section from left to right. Thus, the first object
features can be compared to the second object features arranged in the corresponding
lines in the images in simple manner. Herein, it is taken into account that the objects
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usually move along the direction of the lines in the respective images. This allows efficient
association of the respective first object features with the second object features. In this
manner, the number of object features, which are associated with each other, can be
increased.

According to an embodiment, the first object features are stored in a two-dimensional data
field, wherein the lines of the data field describe the respective first list sections, and the
second object features are stored in a two-dimensional data field, wherein the numbers of
the data field describe the respective second list sections. In other words, both the first
object features and the second object features can be stored in a two-dimensional data
field or array. This can already be effected in determining the object features with the aid
of a corresponding object recognition algorithm. Thus, compared to the known method, in
which the object features are stored in a one-dimensional list, information about the
position and in particular the height of the object features in the image is additionally
present.

According to an alternative embodiment, the first object features are stored in a one-
dimensional data field and an additional data field is determined, which associates the first
object features with the first list sections. Further, the second object features are stored in
a two-dimensional data field and an additional data field is determined, which associates
the second object features with the second list sections. It can also be provided that both
the first and the second object features are stored in a one-dimensional data field in
known manner. In this case, an additional data field or an additional array can be
determined, which describes, which of the object features is to be associated with which
of the list sections. In this manner, information about the position and height of the
respective object features in the image, respectively, can be provided.

Furthermore, it is advantageous if in the respective association step it is checked for a
predetermined number of second object features in the second list section corresponding
to the first list section of the first object feature if they have the predetermined similarity to
the first object feature. Thus, a first object feature is selected from the first object features
of the first image, with which a second object feature from the second image is to be
associated. Hereto, it is determined, in which first list section the selected first object
feature is arranged. The corresponding second list section is then determined in the data
field of second object features. In addition, the second object features in this second list
section are checked to the effect if they have the predetermined similarity to the first
object feature. Therein, it is in particular provided that a predetermined number of second
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object features are checked in the second list section to the effect if they have the
predetermined similarity to the first object feature. In this manner, the area is limited, in
which it is searched for similar second object features. Thus, the computational effort can
be considerably reduced.

According to a further embodiment, second object features in a predetermined number of
adjacent second list sections are checked in the respective association step starting from
the second list section corresponding to the first list section of the first object feature. In
particular, it is provided that if a second object feature was not found in the corresponding
second list section, which has the predetermined similarity to the first object feature, it is
searched for second object features in the adjacent second list sections, which have the
predetermined similarity to the first object feature. The number of adjacent second list
sections, in which it is searched for the second object feature with the predetermined
similarity, is also restricted. Within the adjacent second list sections, the number of second
object features, which are checked for the predetermined similarity, can be limited. This
allows considerable reduction of the computational effort in the respective association
step.

Further, it is in particular provided that the predetermined number of second object
features and/or the predetermined number of adjacent second list sections is determined
based on a predetermined distance value. If a first object feature is selected, with which a
second object feature is to be associated, first, the corresponding second list section is
determined. In this second list section, the predetermined number of second object
features is checked to the effect if they have the predetermined similarity to the first object
feature. In addition, the second object features in the adjacent list sections are examined
to the effect if they have the similarity. By the distance value, the search area can be
limited and thus computing time can be saved.

According to a further configuration, a position of the object and/or a movement of the
object in the environmental region are determined based on the association of the
respective first object features with the second object features. If the motor vehicle or the
camera is moved relatively to the at least one object, a relative position of the object in the
environmental region can be determined based on the association of the first object
features with the second object features. Herein, the association of the first object features
with the second object features can be used to perform a three-dimensional object
recognition. In addition, a movement of the object can be determined based on the
association of the object features with each other. Thus, the object in the environmental
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region of the motor vehicle can be tracked. Further, the association of the object features
can be used for simultaneous localization and map creation (SLAM).

A camera system according to the invention for a motor vehicle is adapted to perform a
method according to the invention and the advantageous configuration thereof. The
camera system can include at least one camera. Further, the camera system can include
a computing device, by means of which the first object features in the first image and the
second object features in the second image can be determined. In addition, the computing
device can be adapted to divide the respective object features into the respective list
sections depending on their position.

A motor vehicle according to the invention includes a camera system according to the
invention. The motor vehicle is in particular formed as a passenger car.

The preferred embodiments presented with respect to the method according to the
invention and the advantages thereof correspondingly apply to the camera system
according to the invention as well as to the motor vehicle according to the invention.

Further features of the invention are apparent from the claims, the figures and the descrip-
tion of figures. The features and feature combinations mentioned above in the description
as well as the features and feature combinations mentioned below in the description of
figures and/or shown in the figures alone are usable not only in the respectively specified
combination, but also in other combinations or alone without departing from the scope of
the invention. Thus, implementations are also to be considered as encompassed and dis-
closed by the invention, which are not explicitly shown in the figures and explained, but
arise from and can be generated by separated feature combinations from the explained
implementations. Implementations and feature combinations are also to be considered as
disclosed, which thus do not have all of the features of an originally formulated independ-
ent claim. Moreover, implementations and feature combinations are to be considered as
disclosed, in particular by the implementations set out above, which extend beyond or de-
viate from the feature combinations set out in the relations of the claims.

Now, the invention is explained in more detail based on preferred embodiments as well as
with reference to the attached drawings.

There show:
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Fig. 1 a motor vehicle according to an embodiment of the invention, which has a

camera system with a plurality of cameras;

Fig. 2 a first image and a second image, which are provided by one of the
cameras;
Fig. 3 object features recognized in the first image, which describe objects in the

environmental region of the motor vehicle;

Fig. 4 a schematic flow diagram of a method for recognizing objects in the
images;
Fig. 5 a list of first object features, which are associated with a list of second

object features;

Fig. 6 a two-dimensional data field of first object features, which are associated
with second object features in a further two-dimensional data field; and

Fig. 7 a schematic flow diagram of a method for recognizing objects.

In the figures, identical and functionally identical elements are provided with the same
reference characters.

Fig. 1 shows a motor vehicle 1 according to an embodiment of the present invention in a
plan view. Presently, the motor vehicle 1 is formed as a passenger car. The motor vehicle
1 includes a camera system 2, which serves for assisting a driver in driving the motor
vehicle 1. The camera system 2 includes a plurality of cameras 4, which are arranged
distributed at the motor vehicle 1. In the present example, the camera system 2 includes
four cameras 4, wherein one of the cameras 4 is arranged in a rear area 5 of the motor
vehicle 1, one of the cameras 4 is arranged in a front area 7 of the motor vehicle 1 and
two cameras 4 are arranged in respective lateral areas 6 of the motor vehicle 1. Images
10, 11 of an environmental region 8 of the motor vehicle 1 can be provided with the aid of
the cameras 4. In particular, the images 10, 11 can describe objects 9 in the
environmental region 8. Moreover, the camera system 2 includes a computing device 3,
by means of which the images 10, 11 of the cameras 4 can be evaluated. The Cameras 4
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are connected to the computing device 3 for data transmission. The objects 9 in the
images 10, 11 of the cameras 4 can be recognized 4 by means of the computing device 3.

Fig. 2 shows a first image 10 and a second image 11, which are provided by one of the
cameras 4. The images 10, 11 show objects 9 in the form of parked vehicles and a
pedestrian. In the images 10, 11, object features 12, 13 are recognized with the aid of a
corresponding object recognition algorithm. Therein, first object features 12 are
exemplarily shown in the first image 10, which describe the objects 9. In the second image
11, second object features 13 are also exemplarily shown, which also describe the objects
9. Therein, it is provided that the first object features 12 from the first image 10 are
associated with the second object features 13 in the second image 11.

Fig. 3 schematically shows the individual first object features 12, which have been
recognized in a first image 10. The first object features 12 can be recognized by means of
a corresponding object recognition algorithm. Therein, it can be provided that the
respective object features 12 are associated with a pixel or multiple pixels of the first
image. Therein, the first image 10 is divided into individual areas 14. Therein, individual
areas 14 correspond to the lines 15 of the first image 10. The second object features 13 in
the second image 11 can be determined in analogous manner.

Fig. 4 shows a schematic flow diagram of a method for recognizing objects 9 according to
the prior art. In a first step S1, the first image 10 is provided. In a step S2, the first object
features 12 are detected and extracted in the first image 10. In a step S3, a list 16 with the
first object features 12 is then determined. In a step S1', the second image 11 is provided.
In a step S2', the second object features 13 are detected and extracted in the second
image 11. Further, a list 17 with the second object features 13 is determined in a step S3'.
In a step S4, the first object features 12 are associated with the second object features 13.
Finally, pairs of matching object features 12, 13 are output in a step S5.

Fig. 5 schematically shows the list 16 with the first object features 12 and the list 17 with
the second object features 13. Presently, a method according to the prior art is illustrated,
which describes, how first object features 12 are associated with the second object
features 13. Here, it is provided that each of the first object features 12 is compared to
each of the second object features 13 and it is respectively checked if the second object
feature 13 has a predetermined similarity to the first object feature 12. Hereto, a
corresponding matching method can be used. In this method, high computational effort
arises since the complexity increases quadratically with the number of object features.
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According to an embodiment of the invention, it is provided that both the list 16 with the
first object features 12 and the list 17 with the second object features 13 are divided into
respective list sections 18, 19. This is schematically shown in Fig. 6. Herein, it is apparent
that the first object features 12 are entered in a two-dimensional array. The second object
features 13 are also entered in a two-dimensional array. Therein, the first object features
12 are divided into the first list sections 18 and the second object features 13 are divided
into the second list sections 19. The respective list sections 18, 19 correspond to the lines
of the respective two-dimensional array. Therein, the list sections 18, 19 are determined
based on the lines 15 of the images 10, 11. Thus, all of the object features 12, 13 of a line
15 are successively entered into a line of the two-dimensional array.

In the association steps, it is checked if a second object feature 13 is present for one of
the first object features 12, which has a predetermined similarity to the first object feature
12. Presently, a first object feature 12 is selected. Presently, it is indicated by the star 20.
Subsequently, it is determined, in which list section 18 the first object feature 12 is
arranged. The corresponding list section 19 is determined in the two-dimensional array of
the second object features 13. A predetermined number of second object features 13 are
checked in this corresponding list section 19 to the effect if they have a predetermined
similarity to the selected first object feature 12. Therein, the check is begun starting from
the second object feature 13 at the beginning of the second list section 19. This second
object feature 13 is presently indicated by the star 21.

In this second list section 19, only a predetermined number of second object features 13
are examined. The predetermined number of second object features 13 is preset by a
distance value d. If a second object feature 13 has not been found in this second list
section 19, which has a predetermined similarity to the first object feature 12, the adjacent
second list sections 19 are examined. Therein, the number of the adjacent second list
sections 19, in which the second object features 13 are examined, is also limited by the
distance value d. Overall, the area, in which it is searched for matching second object
features 13 can be restricted. Thereby, the complexity in the association of the object
features 12, 13 can be considerably reduced. In this case, the complexity constantly
increases with the number of object features 12, 13.

Fig. 7 shows a schematic flow diagram of a method for recognizing the objects 9 in the
environmental region 8 according to an embodiment of the invention. In a step S6, a first
object feature 12 is selected from the two-dimensional array. In a step $7, a value k,
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which describes the columns in the two-dimensional array of second object features 13, is
set to 0. Further, a value h, which describes the lines in the two-dimensional array of the
second object features 13, is set to the value of the line, in which the selected first object
feature 12 is also located. Furthermore, a threshold value is fixed, which describes the
distance value d. Moreover, it is checked if the second object feature 13 at the beginning
of the first section 19 has a predetermined similarity to the selected first object feature 12.
In a step S8, a distance between the selected first object feature 12 and the second object
feature 13 is determined, to which the comparison was performed. In a step S9, it is
checked if this distance is less than the threshold value. If this is the case, the threshold
value is set to the distance in a step S10. If this is not the case, the method is continued in
a step S11. Herein, it is checked if all of the second object features 13 in the list section

19 have already been checked. If this is not the case, the method is again continued in the
step S8. If this is the case, the method is continued in a step S12. Herein, it is checked if
the second object features 13 in the adjacent second list sections 19 have been checked.
If this is not the case, the method is continued with a step S8. If this is the case, the
method is continued in a step S13. Herein, it is checked if all of the second object features
13 have been checked. If this has not been effected, the method is again continued in the
step S6. If this is the case, the method is finally terminated in a step S14.



WO 2018/033424 PCT/EP2017/069997

12

Claims

1. Method for recognizing at least one object (9) in an environmental region (8) of a
motor vehicle (1), in which a first image (10) and a second image (11) of the
environmental region (8) are provided by means of a camera (4) of the motor vehicle
(1), first object features (12) are determined in the first image (10) and second object
features (13) are determined in the second image (11), wherein the first and the
second object features (12, 13) each describe the at least one object (9), for each of
the first object features (12) it is checked in a respective association step if a second
object feature (13) is present, which has a predetermined similarity to the first object
feature (12), and if the second object feature (13) has the predetermined similarity to
the first object feature (12), the first object feature (12) is associated with the second
object feature (13),
characterized in that
a plurality of first list sections (18) is determined and the first object features (12) are
associated with the first list sections (18) based on their position in the first image
(10), a plurality of second list sections (19) corresponding to the first list sections
(18) is determined and the second object features (13) are associated with the
second list sections (19) based on their position in the second image (11), and it is
checked in the respective association step if a second object feature (13) in the
second list section (19) corresponding to the first list section (18) of the first object
feature (12) has the predetermined similarity to the first object feature (12).

2.  Method according to claim 1,
characterized in that
the first and the second image (10, 11) are each divided into areas (14), wherein
each of the areas (14) includes at least one line (15) of pixels or at least one column
of pixels, the first object features (12) of an area (14) are associated with a
respective first list section (18) and the second object features (13) of an area (14)
are associated with a respective second list section (19).
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3.  Method according to claim 2,
characterized in that
the first object features (12) of an area (14) are successively entered into the
respective first list section (18) depending on their position in the area (14) and the
second object features (13) of an area (14) are successively entered into the
respective second list section (19) depending on their position in the area (14).

4.  Method according to any one of the preceding claims,
characterized in that
the first object features (12) are stored in a two-dimensional data field, wherein the
lines of the data field describe the respective first list sections (18), and the second
object features (13) are stored in a two-dimensional data field, wherein the lines of
the data field describe the respective second list sections (19).

5.  Method according to any one of claims 1 to 3,
characterized in that
the first object features (12) are stored in a one-dimensional data field, an additional
data field is determined, which associates the first object features (12) with the first
list sections (18), the second object features (19) are stored in a one-dimensional
data field and an additional data field is determined, which associates the second
object features (13) with the second list sections (19).

6. Method according to any one of the preceding claims,
characterized in that
in the respective association step it is checked for a predetermined number of
second object features (13) in the second list section (19) corresponding to the first
list section (18) of the first object feature (12) if they have the predetermined
similarity to the first object feature (12).

7.  Method according to any one of the preceding claims,
characterized in that
in the respective association step, starting from the second list section (19), which
corresponds to the first list section (18) of the first object feature (12), second object
features (13) are checked in a predetermined number of adjacent second list
sections (19).



WO 2018/033424 PCT/EP2017/069997

10.

11.

14

Method according to claim 6 or 7,

characterized in that

the predetermined number of second object features (13) and/or the predetermined
number of adjacent second list sections (19) are determined based on a
predetermined distance value (d).

Method according to any one of the preceding claims,

characterized in that

a position of the object (9) and/or a movement of the object (9) in the environmental
region (8) are determined based on the association of the respective first object
features (12) with the second object features (13).

Camera system (2) for a motor vehicle (1), which is adapted to perform a method
according to any one of the preceding claims.

Motor vehicle (1) with a camera system (2) according to claim 10.
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