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(57) Abstract: The invention relates to a method
for generating an environmental map (21) of an
environment (8) of a motor vehicle (1), in which
by means of an evaluation device (3) at least one
image (17) of the environment (8) is received
from a camera (4) of the motor vehicle (1) and a
freespace (12) is determined in the environmental
map (21) based on the at least one image (17),
which describes a part of the environment (8)
within a capturing range (13) of the camera (4),
which is free from obstacles (9) for the motor
vehicle (1), wherein by means of the evaluation
device (3) at least one area (25) is recognized in
the at least one image (17), which is traversable
by the motor vehicle (1), at least one border ele-
ment (22) is determined in the environmental
map (21), which describes a spatial boundary
(20, 35, 40) of the at least one recognized area
(25), and the freespace (12) is defined based on
the at least one border element (22).
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Method for generating an environmental map of an environment of a motor vehicle based
on an image of a camera, driver assistance system as well as motor vehicle

The present invention relates to a method for generating an environmental map of an
environment of a motor vehicle, in which by means of an evaluation device at least one
image of the environment is received from a camera of the motor vehicle and a freespace
is determined in the environmental map based on the at least one image, which describes
a part of the environment within a capturing range of the camera, which is free from
obstacles for the motor vehicle. Moreover, the present invention relates to a driver
assistance system for a motor vehicle. Finally, the present invention relates to a motor
vehicle with such a driver assistance system.

Presently, the interest is in particular directed to driver assistance systems for motor
vehicles, which serve for assisting the driver in driving the motor vehicle. Driver assistance
systems are known from the prior art hereto, which include for example at least one
sensor, by which an environment of the motor vehicle can be captured. In particular, by
the at least one sensor, it can be checked if an obstacle for the motor vehicle is located in
the environment of the motor vehicle. Such sensors can for example be cameras,
ultrasonic sensors, radar sensors, lidar sensors or the like.

In order to avoid a collision of the motor vehicle and of an obstacle in the environment of
the motor vehicle, today's driver assistance system more and more use a so-called
environmental map. This environmental map describes the environment of the motor
vehicle. Based on the data of the sensors, obstacles in the environment of the motor
vehicle can be recognized and be entered into the environmental map. Based on the
environmental map, the motor vehicle can then for example be autonomously parked or
driven. Therein, the motor vehicle is in particular moved within a so-called freespace. The
freespace describes the part in the environment within a capturing range of the sensor,
which is free from obstacles for the motor vehicle.

The environmental map can for example be generated as a vectorial map or as a grid
map. In a vectorial environmental map, a probability of existence for each object is
updated based on the measurements with respect to the freespace. In a grid map, the
information with respect to the freespace is integrated and is stored depending on the
time. The freespace is further used to delete dynamic and static obstacles in the
environmental map, which are currently not captured or updated. This means that with a
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good model for the freespace, previous positions of dynamic obstacles are very fast
deleted without deleting valid information to static obstacles. Within the freespace,
previously captured static obstacles are also to be deleted, the position of which has
changed since the last valid measurement. Further, static objects are to be deleted, which
for example have an error with respect to their position as a result of update of the
odometry data. Furthermore, objects erroneously captured can be deleted within the
environmental map.

In most of the driver assistance systems, the freespace is determined in that a spatial
area between the vehicle and a detected obstacle is determined. Hereto, a polygon can
for example be entered into the environmental map, which represents the obstacle. In
particular, the polygon can represent the external boundaries, which can be captured by
the sensor. Further, for providing the environmental map or for defining the freespace, a
model for the sensor can be taken into account, in which for example the capturing range,
in which obstacles can be captured by the sensor, is taken into account.

Hereto, DE 10 2010 018 994 A1 describes a method for operating a driver assistance
system of a vehicle, wherein information about an environment of the vehicle is captured
by at least one sensor of the driver assistance system and sensor data is provided from
this information. A digital environmental map can be calculated from the sensor data.
Therein, it is provided that the environmental map is calculated in a common format for at
least two different functionalities of the driver assistance system.

It is the object of the present invention to demonstrate a solution, how an environmental
map of an environment of a motor vehicle can be more reliably provided.

According to the invention, this object is solved by a method, by a driver assistance
system as well as by a motor vehicle having the features of the respective independent
claims. Advantageous implementations of the invention are the subject matter of the
dependent claims, of the description and of the figures.

A method according to the invention serves for generating an environmental map of an
environment of a motor vehicle. Herein, by means of an evaluation device at least one
image of the environment is received from a camera of the motor vehicle and a freespace
is determined in the environmental map based on the at least one image, which describes
a part of the environment within a capturing range of the camera, which is free from
obstacles for the motor vehicle. In addition, at least one area is recognized in the at least
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one image by means of the evaluation device, which is traversable by the motor vehicle.
In addition, at least one border element is determined in the environmental map, which
describes a spatial boundary of the at least one area. Finally, the freespace is defined
based on the at least one border element.

In the method, at least one image is received by means of an evaluation device, which
was captured by a camera of the motor vehicle. This at least one image of the camera
describes the environment of the motor vehicle. Preferably, the at least one image of the
camera describes an obstacle in the environment of the motor vehicle. Therein, it can also
be provided that an image sequence with a plurality of images is provided by the camera
and transmitted to the evaluation device. The evaluation device can be constituted by a
corresponding computing device, a microprocessor, a digital signal processor or the like.
In particular, the evaluation device is constituted by an electronic control unit of the motor
vehicle. The environmental map can then be provided by the evaluation device. In the
digital environmental map, the environment of the motor vehicle is depicted, which is
within the capturing range of the camera. The capturing range describes the range, in
which obstacles or objects can be captured by the camera. Herein, it can also be provided
that multiple cameras are disposed on the motor vehicle and an image is provided by
each camera. The environmental map can then be determined based on the respective
images of the cameras. This environmental map can for example be used to operate a
driver assistance system of the motor vehicle. It can also be provided that the digital
environmental map is presented on a display device of the motor vehicle.

Based on the digital environmental map, a freespace can then be determined. For
example, a model for the freespace can be determined. The freespace in particular
describes the area in the environment of the motor vehicle, which is free from obstacles
for the motor vehicle. An object in the environment of the motor vehicle is in particular an
obstacle if the obstacle cannot be overrun by the motor vehicle. When the motor vehicle
hits the obstacle, in particular damage of the motor vehicle impends. Within the
environmental map, it can in particular be differentiated between static obstacles, thus
non-moved obstacles, and dynamic obstacles, thus moved obstacles. Therein, it is in
particular provided that the current position of the dynamic obstacles is displayed in the
environmental map. Hereto, it is required that the earlier position of the dynamic obstacle,
which was for example determined to a preceding measurement cycle or from a
previously determined image, is deleted. In particular, a good model for the freespace is
characterized in that dynamic obstacles are very fast deleted in their preceding position
without deleting static obstacles or information to the static obstacles being lost.
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Furthermore, obstacles erroneously detected are to be deleted in the environmental map.
Thus, it can be achieved that static obstacles are further displayed in the environmental
map and the position of dynamic obstacles can be fast updated.

According to the invention, it is now provided that an area is recognized in the at least one
image provided by the camera by means of the evaluation device, which is traversable by
the motor vehicle. Based on the recognized area in the image, at least one border
element is determined in the environmental map, which represents a spatial boundary of
the at least one recognized area. Based on the at least one border element, the freespace
can then be defined within the environmental map. In known methods from the prior art,
for example, obstacles in the environment of the motor vehicle are recognized with the aid
of corresponding object recognition algorithms and the freespace is defined depending on
the recognized position of the obstacle. However, therein, it can be the case that the
obstacles cannot be reliably recognized or cannot be recognized with the aid of object
recognition algorithms. The present invention is based on the realization that such an
erroneous recognition of obstacles can be countered in that that area in the environment
of the motor vehicle is determined based on the image, which can be traversed by the
motor vehicle. Herein, it is taken into account that for definition of the freespace in the
environmental map, the spatial boundaries of a captured obstacle are not taken into
account. Thus, it can be reliably prevented that upon erroneous recognition of an obstacle
or upon non-recognition of an obstacle, collision between the motor vehicle and the
obstacle impends.

Preferably, as the at least one area, a road is recognized in the at least one image, the
spatial boundaries of the road are determined in the at least one image and the at least
one border element is determined in the environmental map based on the spatial
boundaries of the road. A first approach for determining the at least one area in the
environment, which can be traversed by the motor vehicle, provides that a road is
recognized in the at least one image. Hereto, the at least one image can be
correspondingly evaluated with the aid of the evaluation device and the spatial boundaries
or the spatial extension of the road can be recognized in the image. Based on the spatial
boundaries of the road, a picture of the road can then for example be determined in the
environmental map. This spatial picture can depict the spatial boundaries of the road in
the real world in the environmental map. Based on the boundaries of the road, the at least
one border element can then be determined in the environmental map, which in particular
bounds the freespace in the environmental map. Thus, an area in the environment of the
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motor vehicle can be determined in reliable manner, which can be traversed by the motor
vehicle without collision with the obstacle impending.

In an embodiment, the at least one image is segmented for recognizing the road and the
at least one image is divided into multiple image blocks hereto, an intensity in each of the
image blocks is determined and the partial areas are classified as a road based on the
determined intensity. For recognizing the road, the at least one image provided by the
camera can be segmented. In particular, the generation of regions or areas contiguous in
terms of content by combining adjacent pixels corresponding to a certain homogeneity
criterion is to be understood by segmentation. Hereto, individual pixels can for example be
compared to their neighboring pixels and be combined to a region if they are similar.
Presently, the at least one image is divided into a plurality of image blocks. These image
blocks can for example be arranged in multiple lines and multiple columns. For example,
the image can be divided such that the image blocks are arranged in eight lines and eight
columns. For each of the image blocks, an intensity is determined. In particular, a
variation of the intensity of the respective image blocks can be determined. Furthermore, it
can be provided that those image blocks, the variation of the intensity of which falls below
a predetermined threshold value, are selected. Thus, those image blocks can be selected,
in which the pixels have a substantially homogenous distribution to each other. These
selected image blocks can then be differentiated with respect to the brightness and thus
be associated with objects in the real world in the environment of the motor vehicle.
Therein, the respective brightness of the selected image blocks can be compared to a
limit value and those image blocks can be determined, which are to be associated with a
road. Therein, it can also be provided that multiple contiguous image blocks are
determined, which are associated with the class of the road, and based on these
contiguous image blocks, the border element is determined in the environmental map.
Thereby, a road and its spatial boundaries can be determined in reliable manner.

According to a further embodiment, a ground is recognized in the at least one image as
the at least one area, the spatial boundaries of the ground are determined in the at least
one image and the at least one border element is determined in the environmental map
based on the spatial boundaries of the ground. A second approach to recognize the at
least one area, which can be traversed by the motor vehicle, involves recognition of a
ground in the image. Therein, it can be provided that the ground also includes a road. The
ground can also describe an area next to the road, which can be traversed by the motor
vehicle. For example, the ground can be associated with a parking lot, which is formed
separately to the road. In the area, which is recognized as the ground, in particular,
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obstacles for the motor vehicle cannot be disposed. In other words, in the area recognized
as the ground, there are no objects, the height of which for example exceeds a
predetermined limit value. Thus, the area, in which the motor vehicle can be moved
without collision can be determined in reliable manner.

Preferably, for recognizing the ground, multiple objects are determined in the at least one
image, a respective height of the objects in the at least one image is determined and
those objects are associated with the ground, the height of which falls below a
predetermined limit value. Hereto, a corresponding three-dimensional object recognition
algorithm can for example be used. In usually used object recognition algorithms, objects,
the height of which falls below a predetermined limit value, are not taken into account.
This predetermined limit value can for example be 10 cm or 25 cm. In the usually used
object recognition algorithms, these objects, the height of which falls below the limit value,
are sorted out or not taken into account. These objects are now used to recognize the
ground in the at least one image. Thus, the ground in the environment of the motor vehicle
can be recognized in simple and reliable manner and the freespace can be determined
depending on the recognized ground.

According to a further embodiment, it is provided that an obstacle-free space is
recognized in the at least one image as the at least one area, which is free from
obstacles, spatial boundaries of the obstacle-free space are determined and the at least
one border element is determined in the environmental map based on the spatial
boundaries of the obstacle-free space. According to a third approach, it is provided that
the obstacles in the environment of the motor vehicle are actively recognized. Hereto, a
corresponding three-dimensional object recognition algorithm can for example be used, by
which objects can be recognized in the image, the height of which exceeds a
predetermined limit value. Therein, it can also be provided that individual pixels in the
image are associated with the obstacle with the aid of the object recognition algorithm and
the pixels are connected to each other or clustered. In recognizing the obstacles, in
addition, a spatial uncertainty can be taken into account to determine the spatial
boundaries of the obstacle-free space, thus the area in the image, which is free from
obstacles. In this manner, the freespace can be reliably determined.

According to a further configuration, it is provided that the capturing range is divided into a
predetermined number of partial areas, a presence of the at least one area is checked in
each of the partial areas and the at least one border element is determined for each of the
partial areas, in which the at least one area is present. Therein, it can in particular be
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provided that the partial areas each have a shape of a circular segment, wherein a
respective center of the partial areas is associated with a position of the environmental
map. Thus, for each of the partial areas or segments, it can be checked if an area is
therein, which is traversable for the motor vehicle. Furthermore, the border element can
be determined for each of the partial areas or segments. Thus, computational power can
be saved and thus the digital environmental map can be faster provided.

Furthermore, it is advantageous if a minimum value and a maximum value are preset for
the at least one border element, wherein the minimum value and the maximum value each
describe a distance to the camera. A minimum value and a maximum value can be preset
within the environmental map. The minimum value and the maximum value can be
defined depending on the capturing range of the camera. Therein, it can be provided that
the border element is associated with the minimum value if the at least one area has a
lower distance to the camera than the distance assigned to the minimum value.
Furthermore, it can be provided that the at least one border element is associated with the
maximum value if the at least one area is farther away from the camera than the distance
associated with the maximum value. Thus, the at least one border element can be reliably
defined within the capturing range of the camera.

According to a preferred embodiment, at least two areas different from each other are
recognized in the at least one image by means of the evaluation device, for each of the at
least two areas, the at least one border element is determined in the environmental map
and the freespace is defined based on the respective border elements. Therein, it can for
example be provided that the road, the ground and/or the obstacle-free area are
recognized in the at least one image by means of the evaluation device. For recognizing
the area, which can be traversed by the motor vehicle, thus, the three previously
described methods can be used. Therein, it is in particular provided that the results from
these three methods are fused with each other. In this manner, the freespace can be
reliably determined. However, it is basically possible to consider the results of the three
different approaches independently of each other or for example fuse the results of only
two of the three approaches with each other.

Furthermore, it is advantageous if sensor data of at least one further sensor of the motor
vehicle is received by means of the evaluation device and the freespace is additionally
determined depending on the sensor data. The at least one further sensor of the motor
vehicle can for example be an ultrasonic sensor, a lidar sensor, a laser scanner or a radar
sensor. Obstacles in the environment of the motor vehicle can be captured with the aid of
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this at least one further sensor. These captured obstacles can then additionally be entered
into the environmental map. Furthermore, the sensor data can be used to verify the
environmental map, which was determined based on the at least one image.

A driver assistance system according to the invention for a motor vehicle includes a
camera and an evaluation device, which is adapted to perform a method according to the
invention. The evaluation device can for example be constituted by an electronic control
unit of the motor vehicle. Therein, it can in particular also be provided that the driver
assistance system includes a plurality of cameras, which are disposed distributed on the
motor vehicle.

A motor vehicle according to the invention includes a driver assistance 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 driver assistance
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
description 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 disclosed 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 independent claim.

There show:

Fig. 1 a motor vehicle according to an embodiment of the present invention, which

has a driver assistance system with four cameras;
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Fig. 2 a schematic illustration of an environment of the motor vehicle, in which an

obstacle is located, and in which a freespace is identified;

Fig. 3 respective capturing ranges of the four cameras, which are divided into
partial areas;

Fig. 4 a schematic flow diagram of a method for generating an environmental map
according to a first embodiment;

Fig. 5 an image of the camera, in which a road is recognized;

Fig. 6 a digital environmental map, which has been determined based on the
image according to Fig. 5;

Fig. 7 a digital environmental map in a further embodiment;

Fig. 8 a schematic flow diagram of a method for generating an environmental map
according to a second embodiment;

Fig. 9 an image of the camera, in which a ground is recognized;

Fig. 10 a digital environmental map, which has been created based on the image
according to Fig. 9;

Fig. 11 a digital environmental map in a further embodiment;

Fig. 12 a schematic flow diagram of a method for generating an environmental map
according to a third embodiment;

Fig. 13 an image of the camera, in which an obstacle-free space is recognized;

Fig. 14 a digital environmental map, which has been determined based on the
image according to Fig. 13;

Fig. 15 a digital environmental map according to a further embodiment; and
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Fig. 16 a schematic flow diagram of a method for generating an environmental map
according to a fourth embodiment.

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. In the present case, the motor vehicle 1 is formed as a passenger car. The
motor vehicle 1 includes a driver assistance system 2, which serves for assisting the
driver of the motor vehicle in driving the motor vehicle 1. The driver assistance system 2
includes an evaluation device 3, which can for example be constituted by an electronic
control unit of the motor vehicle 1. Moreover, the driver assistance system 2 includes at
least one camera 4.

In the present embodiment, the driver assistance system 2 includes four cameras 4, which
are disposed distributed on the motor vehicle 1. Herein, one of the cameras 4 is disposed
in a front area 5, one of the cameras 4 is disposed in a rear area 6 and two of the
cameras 4 are disposed in respective lateral areas 7, in particular in areas of the wing
mirrors. At least one image 17 of an environmental region 8 of the motor vehicle 1 can be
captured by the respective cameras 4. The cameras 4 are connected to the evaluation
device 3 for data transfer. Corresponding data lines are presently not illustrated for the
sake of clarity. The respective images 17 of the cameras 4 can be evaluated by means of
the evaluation device.

Fig. 2 shows the motor vehicle 1 in a plan view. An obstacle 9 is located in the
environment 8 of the motor vehicle 1. The obstacle 9 in particular represents an object,
which cannot be overrun by the motor vehicle 1. When the motor vehicle 1 is moved
towards the obstacle 9, a collision between the motor vehicle 1 and the obstacle 9
impends. The obstacle 9 can be captured by one of the cameras 4, in particular by the
camera 4 disposed in the front area 5 of the motor vehicle 1. Hereto, an image 17 can be
captured by the camera 4 in a region of interest 10. This image 17 can be evaluated by
the evaluation device 3. For example, the obstacle 9 can be recognized by a
corresponding object recognition algorithm. Therein, the obstacle 9 can only be
recognized with a spatial uncertainty. Presently, this is illustrated by the dashed lines 11.
Presently, a so-called freespace 12 is now to be defined in the environment 8 of the motor
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vehicle 1. The freespace 12 describes an area in the environment 8 of the motor vehicle
1, which is free from obstacles 9 for the motor vehicle 1.

With the aid of the evaluation device 3, now, a digital environmental map 21 is to be
provided, which describes the environment 8 of the motor vehicle 1. The freespace 12 or
a picture of the freespace 12 is also to be defined within this digital environmental map 21.
The information with respect to the freespace 12 can then be used by the driver
assistance system 2 to for example semi-autonomously maneuver the motor vehicle 1.
Presently, it is apparent that the freespace 12 is defined such that it does not coincide with
the spatial boundaries of the obstacle 9. The reason for this is in that upon capture or
recognition of the obstacle 9, spatial uncertainties can occur. In addition, it can be the
case that the obstacle 9 is not reliably recognized or not recognized.

Therein, the freespace 12 can only be captured in a predetermined capturing range 13
(see Fig. 3) of the respective camera 4. Obstacles 9 cannot be captured outside of the
capturing range 13. Furthermore, it is not possible that a freespace 12 is determined,
which is determined starting from the camera 4 behind the obstacle 9. The area behind
the obstacle 9 is covered by the obstacle 9 and thus cannot be reliably captured.
Furthermore, it should basically be taken into account that the obstacles 9 cannot be
recognized or cannot be reliably recognized. Hereto, it can be provided that for the
respective obstacles, which are recognized, a confidence value is stored in the
environmental map 21 for each of the obstacles 9. The confidence value describes the
probability, with which the obstacle 9 was captured in the real environment 8 of the motor
vehicle 1. Therein, it can also be provided that a confidence value is stored in the digital
environmental map for the freespace 12 or a picture of the freespace 12. If the obstacle 9
is for example in the digital environmental map 21 within the freespace 12, the confidence
value of the obstacle 9 can be reduced and the confidence value of the freespace 12 can
be increased. If the obstacle 9 of the digital environmental map 21 within the freespace 12
is disposed within the freespace 12 for a predetermined period of time and the confidence
value of the freespace 12 is higher than the confidence value of the obstacle 9, the
obstacle 9 can be removed from the environmental map 21.

Fig. 3 shows the motor vehicle 1 and the respective capturing ranges 13 of the cameras 4,
wherein the cameras 4 are presently not illustrated. Presently, the respective capturing
ranges 13 are divided into a plurality of partial areas 14, which here each have the shape
of a circular sector. Further, for defining the freespace 12, a respective orientation is
preset, which is indicated by the respective arrows 15. They can be related to a vehicle



WO 2017/042224 PCT/EP2016/071099

12

coordinate system 16. For defining the individual partial areas, starting from an end
defined by the orientation 15 or the arrow, a partial element 14 or a sector can
respectively be added. Therein, it can in particular be provided that the respective partial
areas 14 or sectors are identically sized.

Fig. 4 shows a schematic flow diagram of a method for generating an environmental map
of the environment 8 of the motor vehicle 1. In a step S1, the image 17 captured by one of
the cameras 4, which describes the environment 8, is received by the evaluation device 3.
In a following step S2, a road 19 is recognized in the image 17. The road 19 represents an
area 25, which can be traversed by the motor vehicle 1 without a collision with an obstacle
9 impending. In a further step S3, spatial boundaries 20 of the road 19 are determined.
Finally, in a step $4, the freespace 12 is determined based on the spatial boundaries 20
of the road 19.

Fig. 5 shows the image 17 provided by the camera 4 of the motor vehicle 1 and
transmitted to the evaluation device 3. A region of interest 18 is defined within the image
17, in which a road 19 is to be recognized. For recognizing the road 19, a segmentation
can be performed. Hereto, the image 17 can be divided into a plurality of image blocks by
means of the evaluation device 3. Then, an intensity can be determined for each of the
image blocks. Those image blocks, the intensity of which falls below a predetermined
threshold value, can be examined with respect to the brightness. Then, those image
blocks can be recognized with the aid of a corresponding histogram, which are associated
with the road. For determining the freespace 12, the individual image blocks, which are for
example arranged in multiple columns and in multiple lines, can be examined. Therein,
the individual columns can be examined from the bottom to the top with the aid of a
corresponding histogram. Therein, it can for example be checked if a predetermined
number of contiguous image blocks, for example three contiguous image blocks, is
present. In this case, the freespace 12 can then be determined. Therein, it can also be
provided that the center of the last one of the image blocks, which are associated with the
road 19, is determined in the row. This point can then be considered as the boundary 20
of the road 19. Thus, the spatial boundaries 20 of the road 19 can be defined.

Fig. 6 shows the environmental map 21, which was determined based on the image 17
according to Fig. 5. Herein, the areas 14 or segments of the capturing range 13 are
apparent. For each of the partial areas 14, a border element 22 was determined based on
the spatial boundaries 20 of the road 19. In addition, a picture 23 of the motor vehicle 1
and a picture 24 of the camera 4 are presented in the digital environmental map 21.
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Based on the respective border elements 22, the freespace 12 can be defined in the
environmental map 21.

Fig. 7 shows an environmental map 21 according to a further embodiment. Here too, the
further partial areas 14 or segments are apparent. In addition, the environmental map 21
shows lines 26, which describe the spatial boundaries 20 of a road 19. The lines 26
represent a picture of the road 19 or of the boundaries 20 of the road 19. Based on the
spatial boundaries 20 or based on the line 26, the respective border elements 22 are
determined. Further, a minimum value 27 and a maximum value 28 are preset for the
freespace 12. If the area 25 in the respective partial area 14 between the camera 4 and a
distance less than a distance associated with the minimum value 27, the border element
22 is associated with the minimum value 27. If the area 25 has a larger distance to the
camera 4 than a distance associated with the maximum value 28, the border element 22
is associated with the maximum value 28. Presently, this exists in the areas indicated by
the arrows 30. If an area 25 was not recognized in a partial area of the partial areas 14,
the border element 22 is associated with the maximum value 28 and additionally the type
unknown is associated with the border element 22. Presently, this is the case in the area
indicated by the arrow 31. In addition, a picture 32 of a further vehicle is presented in the
environmental map 21. In addition, polylines 33 are presented, which represent the
external boundaries of the further vehicle. The further vehicle can for example be captured
by a further sensor of the motor vehicle 1. The information extracted based on the image
17 and entered into the environmental map 21 is independent of the data determined by
the further sensor of the motor vehicle 1 and entered into the environmental map 21.

Fig. 8 shows a method for generating an environmental map 21 according to a further
embodiment. Here too, the image 17 is provided by the camera 4 in a step S1. In a step
S2', a ground 34 is recognized as the at least one area 25. Further, the spatial boundaries
35 of the ground 34 are recognized. In a step S3', the border elements 22 are determined
in the environmental map 21. Finally, the freespace 12 is determined in the step S4.

Fig. 9 shows the image 17, which has been captured by the camera 4. The image 17 is
evaluated by means of the evaluation device 3 with the aid of a corresponding three-
dimensional object recognition algorithm. Therein, the ground 34 is recognized as the
area 25 in the image 17. Thereto, those objects 36 are determined in the image 17, the
height of which is less than a predetermined limit value, for example 25 cm. These
respective objects 26 can also be combined or clustered.
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Fig. 10 shows the environmental map 21, which has been determined based on the image
17 according to Fig. 9. Here too, the respective partial areas 14 or segments of the
capturing range 13 are apparent. In addition, in those partial areas 13, in which the area
25 or the ground 34 has been recognized, the border elements 22 are determined.

Fig. 11 shows an environmental map 21 according to a further embodiment. In the
environmental map 21, corresponding pictures 37 are presented, which represent the
objects 36 of the ground 34. The respective shape of the pictures 37 results from the
spatial uncertainty of the capture. Based on the pictures 37, the respective border lines 22
are determined.

Fig. 12 shows a method for generating an environmental map 21 according to a third
embodiment. Here too, the image 17 is provided by means of the camera 4 and
transmitted to the evaluation device in a step S1. In a subsequent step S2", an object 38
is recognized in the mage 17. Based on the objects 38, an obstacle-free space 39 is
recognized as the area 25. In addition, the spatial boundaries 40 of the obstacle-free
space 39 are determined in a step S3". Finally, the freespace 12 is determined in a step
S4.

Fig. 13 shows the image 17, which is provided by the camera 4. Here, objects 38 are
determined by means of a three-dimensional object recognition algorithm. Based on the
recognized objects 38, the obstacle-free space 39 is defined. In addition, the spatial
boundaries 40 of the obstacle-free space 39 are defined.

Fig. 14 shows the environmental map 21, which was determined based on the image 13
Here too, the individual partial areas 14 are apparent, in which the border elements 22 are
determined based on the spatial boundaries 14 of the obstacle-free space 39.

Fig. 15 shows an environmental map 21 according to a further embodiment. Here,
corresponding pictures 41, 42 of the recognized objects 38 are presented. Therein, the
pictures 41 show the objects 38, which are not part of the polyline 33. The pictures 42
describe those objects 38, which are part of the polyline 33. Here too, the pictures 41, 42
are indicated with a spatial uncertainty.

Fig. 16 shows a schematic flow diagram of a method for generating the environmental
map 21 according to a fourth embodiment. Here, the method steps of the methods
according to figures 4, 8 and 12 are combined. Herein, the respective results of the
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individual methods for determining the areas 25 are fused with each other in an additional
step S3a. In this manner, the freespace 12 can be more reliably determined.
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Claims

1. Method for generating an environmental map (21) of an environment (8) of a motor
vehicle (1), in which by means of an evaluation device (3) at least one image (17) of
the environment (8) is received from a camera (4) of the motor vehicle (1) and a
freespace (12) is determined in the environmental map (21) based on the at least
one image (17), which describes a part of the environment (8) within a capturing
range (13) of the camera (4), which is free from obstacles (9) for the motor vehicle
(1),
characterized in that
by means of the evaluation device (3), at least one area (25) is recognized in the at
least one image (17) which is traversable by the motor vehicle (1), at least one
border element (22) is determined in the environmental map (21), which describes a
spatial boundary (20, 35, 40) of the at least one recognized area (25), and the
freespace (12) is defined based on the at least one border element (22).

2.  Method according to claim 1,
characterized in that
aroad (19) is recognized as the at least one area (25) in the at least one image (17),
the spatial boundaries (20) of the road (19) are determined in the at least one image
(17) and the at least one border element (22) is determined in the environmental
map (21) based on the spatial boundaries (20) of the road (19).

3.  Method according to claim 2,
characterized in that
for recognizing the road (19), the at least one image (17) is segmented and hereto
the at least one image (17) is divided into multiple image blocks, an intensity is
determined in each of the image blocks and the image blocks are classified as a
road (19) based on the determined intensity.

4.  Method according to any one of the preceding claims,
characterized in that
a ground (34) is recognized as the at least one area (25) in the at least one image
(17), the spatial boundaries (35) of the ground (34) are determined in the at least
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one image (17) and the at least one border element (22) is determined in the
environmental map (21) based on the spatial boundaries (35) of the ground (34).

5.  Method according to claim 4,
characterized in that
for recognizing the ground (34), multiple objects (36) are determined in the at least
one image (17), a respective height of the objects (36) is determined in the at least
one image (17) and those objects (36) are associated with the ground (34), the
height of which falls below a predetermined limit value.

6. Method according to any one of the preceding claims,
characterized in that
an obstacle-free space (39) is recognized as the at least one area (25) in the at least
one image (17), which is free from obstacles (9), spatial boundaries (40) of the
obstacle-free space (39) are determined and the at least one border element (22) is
determined in the environmental map (21) based on the spatial boundaries (40) of
the obstacle-free space (39).

7.  Method according to claim 6,
characterized in that
a three-dimensional object recognition algorithm is used for recognizing the
obstacle-free space (39).

8. Method according to any one of the preceding claims,
characterized in that
the capturing range (13) is divided into a predetermined number of partial areas
(14), a presence of the at least one area (25) is verified in each of the partial areas
(14) and the at least one border element (22) is determined for each of the partial
areas (14), in which the at least one area (25) is present.

9. Method according to claim 8,
characterized in that
the partial areas (14) each have a shape of a circular segment, wherein a respective
center of the partial areas (14) is associated with a position of the camera (4) in the

environmental map (21).
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10.

11.

12.

13.

14.

15.

Method according to any one of the preceding claims,

characterized in that

a minimum value (27) and a maximum value (28) are preset for the at least one
border element (22), wherein the minimum value (27) and the maximum value (28)

each describe a distance to the camera (4).

Method according to any one of the preceding claims,

characterized in that

a picture (26, 37, 41, 42) of the at least one area (25) is determined in the
environmental map (21) with a spatial uncertainty and the at least one border
element (22) is determined depending on the picture (26, 37, 41, 42) of the at least
one area (25).

Method according to any one of the preceding claims,

characterized in that

by means of the evaluation device (3), at least two areas (25) different from each
other are recognized in the at least one image (17), the at least one border element
(22) is determined in the environmental map (21) for each of the at least two areas
(25) and the freespace (12) is defined based on the respective border elements
(22).

Method according to any one of the preceding claims,

characterized in that

sensor data of at least one further sensor of the motor vehicle (1) is received and
the freespace (12) is additionally determined depending on the sensor data by
means of the evaluation device (3).

Driver assistance system (2) for a motor vehicle (1), which includes at least one
camera (4) and an evaluation device (3), and which is adapted to perform a method

according to any one of the preceding claims.

Motor vehicle (1) with a driver assistance system (2) according to claim 14.
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