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(57) Abstract: The invention relates to a method for operating a com-
puting device (1) of a driver assistance device (2) of a motor vehicle
(3), including a) segmenting (8) a provided frame (17) into a plural-
ity of image segments depending on at least one image characteris-
tic; b) detecting (9) respectively at least one image feature in the im-
age segments of the segmented frame (17); ¢) ascertaining (10) a re-
spective motion vector for the detected image features; d) ascertain-
ing (11) a respective overall motion vector for the image segments;
e) defining (12) an image feature of an image segment as a reference
image feature if the respective motion vector of the image feature and
the overall motion vector of the image segment associated with the
image feature coincide except for a presettable tolerance; f) defining
(13) image segments, which represent a ground in the frame (17), as
a ground image segment; and g) classifying (14) an image segment
as a static or dynamic image segment, wherein the image segment is
classified as a dynamic image segment if the motion vector of at least
one reference image feature of the image segment to be classified dif-
fers from the motion vector of at least one reference image feature
of at least one ground image segment by more than a preset value to
improve the object recognition of the driver assistance device (2).
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Classification of static and dynamic image segments in a driver assistance device of a
motor vehicle

The invention relates to a method for operating a computing device of a driver assistance
device of a motor vehicle, which serves for classifying an image segment as a static or
dynamic image segment. Correspondingly, the invention relates to a driver assistance
device for a motor vehicle including a computing device, which is formed to segment a
provided frame into a plurality of image segments depending on at least one image
characteristic and to respectively detect at least one image feature in the image segments
of the segmented frame as well as to ascertain a respective formation vector for the
detected image features.

The detection of image features (feature detection) and the prediction of an image flow
(flow prediction), that is ascertaining respective motion vectors for image features, are two
core parts of each method for detecting and classifying objects. Due to restrictions on the
part of hardware, therein, the number of the respectively tracked image features is
restricted to a preset number N, for example N = 800 features per frame. Therein, it is
important to recognize and distribute this limited number of (image) features within the
frame, respectively, such that at least one such image feature is associated with each
object in the frame, that is each object in the environment of a corresponding motor
vehicle represented by the frame. Only in this manner, each object can also be
recognized and taken into account in corresponding downstream method steps, which is
required for safe operation of a driver assistance device of a motor vehicle.

Therein, a series of problems is known in the area of detecting the objects:

Firstly, an object can be partially covered such that only a part of a static object is
detected.

Secondly, accidentally, for example as a result of an image texture, a dynamic object or a
dynamic image feature can erroneously be recognized.
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Thirdly, one and the same object can be recognized partially as a static object and
partially as a dynamic, moving object by for example differently classifying different image
features, which are associated with the same object.

Fourthly, it occurs that objects are not detected at all, for example if they are located close
to a focus of expansion of the frame. The focus of expansion in a frame is that point, in
which the motion vectors of all of the features converge or from which they all point away.
Here, the length of a motion vector of a corresponding image feature will basically tend to
zero if the corresponding image feature is closer to the focus of expansion. Since the
motion vectors close to the point of expansion, which can also be referred to as vanishing
point, have a low length, thus, a small error there already results in great consequential
errors in a corresponding three-dimensional reconstruction. Therefore, some detection
algorithms for objects have an area around the focus of expansion, within which motion
vectors are filtered out. Here, omitted detection of the objects near the focus of expansion
therefore occurs.

Fifthly, it occurs again and again that static objects are recognized as dynamic objects
and vice versa. For example, a dynamic object like a vehicle moving parallel to the own
motor vehicle is static compared to the own motor vehicle.

Sixthly, finally, the optical flow or image flow, that is the motion vectors used for
determining the image flow, is scale-variant in the usual approaches.

Even image features, which are detected on a corresponding object and associated with
it, are not necessarily well traceable image features, which are suitable for calculating the
image flow and/or determining image segments or objects as static or dynamic. This is the
principal reason that object recognition algorithms often fail in recognizing static objects in
large distance as such.

At least the problem that an image feature is not recognized for some objects, that is an
image feature is not associated with an object, can be solved by a so-called dense optical
flow, that is an increase of the number of the image features with corresponding motion
vectors (or trajectories), as it is possible in future driver assistance devices as a result of
hardware. However, therein, a dense optical flow is as scale-variant as a less dense
optical flow. Again, there is also the problem that better and worse traceable image
features are difficult to differentiate. In fact, an optical flow inconsistent and
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inhomogeneous to greater extent is even to be expected. Namely, due to the finer
sampling of respective random textures such as for example road or vegetation in the
environment of the motor vehicle, image features are also erroneously recognized in the
random textures. Thereby, the number of the false positives mentioned above under
secondly will increase such that a more expensive classification of the image features is
again required.

Thus, there is set the object to improve the object recognition of a driver assistance device
of a motor vehicle, in particular improve classifying image features and/or image
segments.

This object is solved by the subject matters of the independent claims. Advantageous
embodiments are apparent from the dependent claims, the description and the figures.

As already indicated, there are better and worse traceable and trackable image features in
each image area of a frame (individual image). Thus, the image features are differently
well suited for ascertaining motions and representative motion vectors. Here, in the
detection of objects, the same criteria are set for all of the image features in known
methods to recognize well and poorly traceable image features as such. With current
approaches, it is either not ensured that a well traceable image feature is present for each
object in the image.

Such a uniform criterion for all of the image features cannot ensure the detection of well
traceable image features in each image segment or each image area due to the number
of the image areas with different characteristics, for example different texture
characteristics. Here, it is very important to individually detect well traceable image
features respectively consistently behaving for each image segment and/or each object,
namely independently of whether it is a static and dynamic object and correspondingly a
static or dynamic image segment.

Thus, it is crucial to find image features as well traceable as possible in each image
segment of the frame. These well traceable image features also referred to as reference
image features in the following are then used to rank or to categorize or to classify an
image area, that is an image segment, as static or dynamic. Therein, the static
characteristics of the well traceable image features are exploited in the proposed method.
The approach described in the following ensures that well traceable image features are
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present in each image segment by for example separately analyzing the flow
characteristics of the image features in each image segment.

The invention relates to a method for operating a computing device of a driver assistance
device of a motor vehicle including a series of methods steps. Here, one method step can
be capturing an environment of the motor vehicle by a camera device of the driver
assistance device with providing a captured frame on the part of the camera device. A
method step is segmenting a provided frame, for example the captured camera frame of
the camera device, into a plurality of image segments depending on at least one image
characteristic by the computing device. However, the frame can for example also be a
sensor card of a sensor device of the driver assistance device.

Segmenting or clustering the frame into image segments or image clusters can for
example be effected based on a respective color as the image characteristic such that for
example image areas with the same color or preferably contiguous image areas with the
same color are treated as one image segment. Therein, each segmentation algorithm can
basically be used. Here, one possibility is dividing the frame into respective sectors, which
is advantageous upon lighting changes. Here, another possibility is for example a
semantic classification in image segmentation, which can for example be performed by
dividing an image into image blocks and for example dividing the image block with the
respectively most complicated texture into further image blocks.

A next method step is detecting at least on image feature in the respective image
segments, preferably all of the image segments, of the segmented frame by the
computing device. Here, a number N of image features can for example be divided among
the image segments according to a preset algorithm, that is at least one image feature
can be associated or a corresponding processing place in the computing device can be
associated with each image segment and then the corresponding image feature or
features can be recognized or detected in the respective image segment.

A further method step is ascertaining (in the sense of determining or evaluating) a
respective motion vector for the detected image features by the computing device. This
can be effected based on an image feature associated with the respective image feature
in the or a (preceding) further provided and segmented frame. Here and in the following, a
motion vector can include a length and an angle, which correspondingly describes a flow
magnitude or flow speed of the image feature as well as a flow orientation of the image
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feature, that is a size and/or orientation of the optical flow induced or caused by the image
feature.

Another method step is ascertaining (again in the above-mentioned sense) a respective
overall motion vector for the image segments in total, thus for the respective image
segments as a whole, by the computing device. This can be effected based on at least
one image segment of a further provided and segmented (preceding) frame. Hereto, a
contour of the respective image segment can for example be approximated with a polygon
in the frame and the preceding frame and then the corresponding positions of the polygon
can be compared to be able to describe an overall motion of the respective image
segment with the corresponding overall motion vector. Thus, there are recorded
respective motion vectors for all of the detected image features of an image segment on
the one hand as well as the overall motion for the image segment in total on the other
hand.

A further method step is then defining an image feature of a respective image segment as
a reference image feature if the respective motion vector of the image feature and the
overall motion vector of the image segment associated with the image feature coincide or
match except for a presettable tolerance. This method step is carried out by the
computing device, namely in particular for all of the image segments and therein
preferably for all of the respective image features.

Therein, by coincidence or matching except for a presettable tolerance, it can be
understood that the respective motion vectors resemble each other except for a preset or
presettable deviation, for example except for 10 percent or preferably 5 percent, in an
angle and/or a length. Thus, in this case, the presettable tolerance is preset to 10 percent
and 5 percent, respectively. Thus, the image features are characterized as reference
image features or well traceable image features, the motion of which represented by the
motion vector coincides or is consistent with the overall motion represented by the overall
motion vector of the associated image segment. Thereby, it is ensured that the image
features, which move consistently with the image segment, are further used and poorly
traceable image features, for example the above described randomly generated false
positives, are sorted out.

Here, features, which are arranged on a static object of the environment of the driver
assistance device, generally have a higher consistency than image features on dynamic
objects. Thus, it is ensured via the described definition that the reference image features
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consistently move with the image segment and also consistently in one direction, thus
sudden motion jumps, which are recognized, but which are not plausible for an image
feature, are for example sorted out. Therein, as explained below, in iteratively performing
the method, a predetermined number of X image features, which consistently move, can
for example respectively be retained such that the number N — X of features is to be newly
detected in the frame in a respective new step of the iterative method.

A further method step is defining at least one or more image segments, which represent a
subfloor or ground of the environment of the motor vehicle in the frame, as a ground
image segment by the computing device. This can for example occur in that an image
area immediately in front of the camera, which, due to the orientation of the camera used
for generating the evaluated frame, always represents the ground according to
experience.

Then, a further method step is classifying at least one non-ground image segment,
preferably of the remaining non-ground image segments, as a static or dynamic image
segment, wherein the or a respective image segment is in particular only classified as a
dynamic image segment if the motion vector or a motion vector distribution of at least one,
preferably all, of the reference image features of the image segment to be classified
differs from the motion vector or a motion vector distribution of at least one reference
image feature or preferably of all of the reference image features of one or more ground
image segments by more than a preset or presettable value.

Therein, an individual value can be correspondingly preset for the length of the motion
vector, thus a magnitude of the flow or the motion, and/or a corresponding individual value
can be preset for the angle of the motion vector or the orientation. Here, a difference of
the respective motion vector can for example be formed for ascertaining the disparity. The
corresponding disparity between respective motion vector distributions can for example be
ascertained by difference formation between the average values of the motion vector
distribution or else by a distance of the respective distributions, which can for example be
ascertained by the minimum of the differences between all of the motion vectors of the
respective one distribution with all of the motion vectors of the respective other
distribution.

This has the advantage that the respective individual characteristics of the individual
image segments are taken into account in classifying the image segments as either static
or dynamic image segment and therein all of the initially mentioned problems of the known
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approaches for detecting objects are overcome. Therein, the proposed solution is simply
constructed and can be easily implemented in existing computing devices of driver
assistance devices. At the same time, it also opens stepwise more accurate classification
as is described in the following based on further advantageous embodiments.

Namely, in such a further advantageous embodiment, it is provided that if the motion
vector of the at least one reference image feature of the image segment to be classified
does not differ from the motion vector of the reference image feature of the ground image
segment by more than the preset value, in classification, at least one, in particular exactly
one, reference image feature closest to the image segment to be classified, thus a
reference image feature closest to the image segment to be classified or a reference
image feature with the lowest distance to the image segment to be classified, of a ground
image segment is selected. Therein, the corresponding ground image segment is in
particular a ground image segment closest to the image segment to be classified. The
image segment to be classified is classified as a dynamic image segment if the motion
vector does not coincide with the motion vector of the at least one selected reference
image feature of the ground image segment for more than a preset or presettable portion
of the reference image features of the image segment to be classified except for the
tolerance. Such a preset portion can for example be 80 percent. In case of a single
reference image feature, the coincidence between the one reference image feature of the
image segment to be classified and the reference image feature of a ground image
segment closest to it decides on the result of classification, thus if the image segment is
classified as static or dynamic.

This has the advantage that if the image segment is not recognized as a dynamic image
segment, the result is again checked and thus accuracy of the method is increased. At the
same time, this then slightly more expensive step is only effected in the really initially
obscure cases, whereby computing capacity is saved. In that especially the reference
image feature closest to the image segment to be classified is used for classification, an
influence of geometric distortions is also reduced in the method.

Therein, it is provided in a further advantageous embodiment that a length interval and/or
an angle interval is preset as the tolerance for the ground image segment selected in
classification based on the motion vectors of multiple reference image features of the
ground image segment depending on a minimum value and a maximum value of the
lengths and/or angles of the motion vectors such that the motion vector of the reference
image feature of the image segment to be classified coincides with the motion vector of
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the selected reference image feature of the ground image segment if length and/or angle
of the motion vector of the image segment to be classified are in the corresponding
interval, thus the angle interval and/or the length interval. Therein, the interval boundaries
can in particular respectively be preset by the minimum value and the maximum value of
the lengths and/or angles of the motion vectors of the ground image segment.

This has the advantage that the respective ground image segments are particularly
accurately characterized and correspondingly the image segments can also be particularly
accurately classified as moving relative to the ground image segment, thus dynamic
image segments, or as standing relative to the ground image segment, thus static image
segments.

In a further advantageous embodiment, it is provided that the method is performed for a
series of time steps with consecutive frames, wherein the overall motion vectors are
ascertained based on a comparison of image segments corresponding to each other in
consecutive frames and the motion vectors of the image features are ascertained based
on a comparison of image features corresponding to each other in consecutive frames.

This has the advantage that a respective environment of the motor vehicle can be
correspondingly flexibly and currently captured and analyzed by identifying and classifying
the respective dynamic and static image segments in the frames as such, respectively.

Therein, it is provided in a further advantageous embodiment that the reference image
features are buffered and a coincidence of the respective motion vector with the overall
motion vector is monitored for the reference image features over multiple consecutive time
steps, for example via a suitable measure, and only a preset portion, for example 80
percent, of the reference image features with the greatest coincidence, thus the reference
image features with the greatest consistency with the overall motion over a preset period
of time and/or only reference image features with a coincidence exceeding a preset limit
value continue to be defined as a reference image feature.

This has the advantage that only respectively the best reference image features are
further used as such and a determinable portion of reference image features can be newly
preset, that is the available computing capacity is utilized with greatest possible efficiency
and effectiveness with a maximum number N of processible image features.
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In a further advantageous embodiment, it is provided that the reference image feature or
features for the ground image segment or the ground image segments are buffered with
the associated motion vector or the associated motion vectors over a preset number of
time steps.

This has the advantage that consistency of the respective motions can be particularly well
assessed and monitored.

In a further advantageous embodiment, it is provided that one or more characteristics of
the image segments are buffered over a preset number of time steps, in particular
respective positions of a contour for the respective image segments, for example the
above mentioned polygons as an approximation for the contour, and/or a size of the
image segments. Thus, there can for example be derived a motion of the corresponding
object associated with the image segment in the environment of the motor vehicle towards
the camera from a uniform increase of the size of the image segment and vice versa a
motion away from the camera from a constant reduction of the size of the image segment.

This has the advantage that additional criteria can be taken into account in classification
and thus the accuracy of the method is further increased.

In a further advantageous embodiment, it is provided that the overall motion vectors of the
image segments are buffered over a preset number of time steps and the image
segments are categorized in a respective motion class, in particular in a rotation class
and/or a translation class and/or a scaling class, based on the buffered motion vectors.
Therein, especially image segments and in particular correspondingly image features,
which are associated with a scaling class, can be subjected to further analyzing steps by
the computing device to simplify the classification of the image segment as a static or
dynamic image segment.

This has the advantage that the method is further increased in accuracy and it cannot only
be differentiated between static and dynamic image segment, but the dynamic image
segments can be further divided. This is for example advantageous for object formation, in
which respective image segments are associated with one or more objects in the
environment of the motor vehicle. Here, image segments, which move in similar or
identical manner, can for example be associated with one object.
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In a further advantageous embodiment, it is provided that a free space recognition is
performed for the frame after classification, thus a respective free space in the
environment of the motor vehicle is recognized in the frame, in which a first safety
distance to image segments classified as dynamic is ascertained and a further, second
safety distance different from the first one to image segments classified as static is
ascertained. Therein, the environment of the motor vehicle can be divided into sectors in
the frame, which are then respectively associated with dynamic or static image segments
or dynamic or static objects, which each are composed of one or more image segments.
Therein, the respective safety distances can be made according to different specifications
depending on the class of the image segments in the respective sector or corresponding
motion classes of the image segments in the respective sector. The respective safety
distances can also be set depending on further factors such as for example an activated
parking mode, a vehicle speed or further motor vehicle parameters.

In a further advantageous embodiment, it is provided that the image characteristic
includes a luminance and/or a color and/or a texture characteristic, for example a contrast
structure.

These characteristics have proven particularly advantageous for segmenting an image
into image segments in the area of the driver assistance devices for motor vehicles.

In a further advantageous embodiment, it is provided that the frame is provided by a
camera device of the driver assistance device and represents an environment of the
motor vehicle.

The invention also relates to a computing device for a driver assistance device of a motor
vehicle, which is formed to segment a provided frame into a plurality of image segments
depending on at least one image characteristic and respectively to detect at least one
image feature in the image segments of the segmented frame as well as to ascertain a
respective motion vector for the detected image features.

Therein, it is important that the computing device is formed to ascertain a respective
overall motion vector for the image segments and to define an image feature of an image
segment as a reference image feature if the respective motion vector of the image feature
and the overall motion vector of the image segment associated with the image feature
coincide except for a presettable tolerance, as well as to define image segments, which
represent a subfloor or ground in the frame, as a ground image segment and finally to
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classify at least one image segment as a static or dynamic image segment. Therein, the
respective image segment is classified as a dynamic image segment if the motion vector
of at least one reference image feature of the image segment to be classified differs from
the motion vector of at least one reference image feature of one or more ground image
segments by more than a presettable value.

Here, advantages and advantageous embodiments of the driver assistance device
correspond to advantages and advantageous embodiments of the described method.

The invention also relates to a motor vehicle with such a computing device or a driver
assistance device with such a computing device.

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 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.
Moreover, implementations and feature combinations are to be considered as disclosed,
in particular by the implementations set out above, which extend beyond or deviate from
the feature combinations set out in the relations of the claims.

Below, embodiments of the invention are explained in more detail based on schematic
drawings. There show:

Fig. 1 a motor vehicle with an exemplary embodiment of a computing device,
which is part of a driver assistance device;

Fig. 2 a schematic representation of an exemplary embodiment of a method for
operating a computing device of a driver assistance device of a motor

vehicle; and

Fig. 3 an exemplary frame, for which a free space recognition was performed.
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Therein, identical or functionally identical elements are provided with the same reference
characters in the figures.

In Fig. 1, an exemplary embodiment of a computing device 1 of a driver assistance device
2 in a motor vehicle 3 is illustrated. Therein, the computing device 1 is presently coupled
to a camera device 4, which is formed to provide a frame, presently a series of frames, to
the computing device 1. Therein, the frame or frames each represent an environment 5 of
the motor vehicle 3. Therein, the driver assistance device 2 is presently also coupled to a
brake device 6 such that a brake intervention can for example be performed by the driver
assistance device 2.

Therein, the computing device 1 is formed to segment the provided frame into a plurality
of image segments depending on at least one image characteristic and to respectively
detect at least one image feature in the image segments of the segmented frame as well
as to ascertain a respective motion vector for the detected image features.

Here, it is important that the computing device 1 is also formed to ascertain a respective
overall motion vector for the image segments and to define an image feature of an image
segment as a reference image feature if the respective motion change of the image
feature and the overall motion vector of the image segment associated with the image
feature coincide except for a presettable tolerance. Further, the computing device 1 is
formed to define image segments representing a subfloor in the frame as a ground image
segment and to classify an image segment as a static or dynamic image segment.
Therein, the image segment is classified as a dynamic image segment if the motion vector
of at least one reference image feature of the image segment to be classified differs from
the motion vector of at least one reference image feature of one or more ground image
segments by more than a preset value.

Thus, the computing device 1 is in particular formed to perform a method as it is explained
based on Fig. 2.

In Fig. 2, an exemplary embodiment of a method for operating the computing device 1 is
illustrated. Presently, providing 7 a frame to the computing device 1 is first effected. Here,
it can for example be a frame of the camera device 4 (Fig. 1). Therein, a method step is
segmenting 8 the provided frame into a plurality of image segments. This occurs
depending on at least one image characteristic, for example a color or a brightness, such
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that image areas with the same color and/or the same brightness, preferably contiguous
image areas respectively with the same characteristic, are segmented to an image
segment. A further method step is detecting 9 respectively at least one image feature in
the image segments of the segmented frame. Thus, an image feature, for example an
edge or other shape, is detected as an image feature in each image segment.

In a further method step, correspondingly ascertaining 10 a respective motion vector for
the detected image features is effected. Thus, a motion vector magnitude and thereby a
flow speed of an optical flow and a motion vector orientation and thereby a flow orientation
are presently determined for each image feature, which is quantified by the motion vector.
Thus, an optical flow can be determined from the motion vectors in the frame for the
respective image features. A further step is ascertaining 11 a respective overall motion
vector for the individual image segments. Based on the respective motion vectors for the
detected image features and the ascertained overall motion vectors, defining 12 the image
features of the respective image segments as the reference image features, for which the
respective motion vectors coincide with the overall motion vector of the image segment
associated with the image feature except for a presettable tolerance, is then effected.
Therein, the tolerance can in particular be individually preset for each image segment.
However, even if a single tolerance is preset for all of the image segments, thus, since the
overall motion vector is specific to each image segment, an individual selection criterion
for the reference image features, thus the image features, the motion of which is
consistent with the motion of the associated image segment, is yet achieved by defining
12. Thereby, erroneously recognized image features or other image features, which are
not suitable for classifying 14 the image segment as a static or dynamic image segment
described below, remain unconsidered.

A further step is defining 13 image segments, which represent a subfloor in the frame, as
a ground image segment based on the segmenting 8.

Finally, classifying 14 the respective image segments as either static or dynamic image
segment is effected. In classifying 14, the image segments are classified as dynamic
image segments, for which the motion vector of at least one reference image feature
associated with the image segment to be classified differs from the motion vector of at
least one reference image feature of at least one ground image segment by more than a
preset value.
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Therein, a feedback loop can be realized from defining 12 to detecting 9 in that a
coincidence of the respective motion vector with the overall motion vector is verified for
the reference image features over multiple consecutive time steps and only a preset
portion of the reference image features with the greatest coincidence and/or only
reference image features with a coincidence exceeding a preset limit value continue to be
defined as a reference image feature.

Thus, the method is performed for a series of time steps with consecutive frames and
reference image features once recognized and defined as such are further used as an
image feature, however, they are therein checked for their persistent suitability.

In the present example, recognizing 15 a free space is performed for the frame based on
classifying 14, thus the environment 5 (Fig. 1) is analyzed with respect to present free
spaces and there is associated a safety distance with the environment for objects, which
correspond to an image segment classified as dynamic, and a further safety distance with
objects, which correspond to an image segment classified as static. Finally, outputting 16
a brake and/or acceleration signal or a direction signal for safe drive is presently effected
based on the ascertained safety distances.

In Fig. 3, an exemplary frame 17 of the environment 5 is illustrated. Therein, a ground
area 18 of the frame is presently divided into a plurality of sectors 19a to 19v. Based on
the image segments recognized as dynamic, which presently represent two respective
objects 20a, 20b, here, respective first safety distances df to dk and dn to dq, respectively,
were ascertained for the sectors 19f to 19k as well as 19n to 19q. Based on the image
segments classified as static, therein, second safety distances da to de and dl and dm
were presently ascertained. Here, the distances dq to dv, which are correspondingly
associated with the vectors 19q to 19v, were ascertained based on the free space
recognition and correspondingly also based on image segments classified as static.

The described procedure for classifying image segments as static or dynamic thus results
in extremely useful free space recognition, in which outputting 16 corresponding brake
and/or steering and/or acceleration signals can be effected based on the ascertained
distances da to dv and for example further information such as a steering angle of the
motor vehicle.
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Claims

1. Method for operating a computing device (1) of a driver assistance device (2) of a
motor vehicle (3) including the method steps of:
a) segmenting (8) a provided frame (17) into a plurality of image segments
depending on at least one image characteristic;
b) detecting (9) at least one image feature in the respective image segments of the
segmented frame (17);
c) ascertaining (10) a respective motion vector for the detected image features;
d) ascertaining (11) a respective overall motion vector for the image segments;
e) defining (12) an image feature of an image segment as a reference image feature
if the respective motion vector of the image feature and the overall motion vector of
the image segment associated with the image feature coincide except for a
presettable tolerance;
f) defining (13) image segments representing a ground in the frame (17) as a ground
image segment;
g) classifying (14) an image segment as a static or dynamic image segment,
wherein the image segment is classified as a dynamic image segment if the motion
vector of at least one reference image feature of the image segment to be classified
differs from the motion vector of at least one reference image feature of at least one
ground image segment by more than a preset value.

2.  Method according to claim 1,
characterized in that
if the motion vector of the at least one reference image feature of the image
segment to be classified does not differ from the motion vector of the reference
image feature of the ground image segment by more than the preset value, in
classifying (14), a reference image feature of a ground image segment closest to the
image segment to be classified is selected and the image segment to be classified is
classified as a dynamic image segment if the motion vector does not coincide with
the motion vector of the selected reference image feature of the ground image
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segment for more than a preset portion of the reference image features of the image

segment to be classified.

3. Method according to claim 2,
characterized in that
a length interval and/or an angle interval is preset as a tolerance for the ground
image segment based on the motion vectors of multiple reference image features of
the ground image segment depending on a minimum value and a maximum value of

the lengths and/or angles of the motion vectors.

4.  Method according to any one of the preceding claims,
characterized in that
the method is performed for a series of time steps with consecutive frames, wherein
the overall motion vectors are ascertained in consecutive frames based on a
comparison of image segments corresponding to each other and the motion vectors
of the image features are ascertained based on a comparison of image features
corresponding to each other in consecutive frames.

5. Method according to claim 4,
characterized in that
a coincidence of the respective motion vector with the overall motion vector is
monitored for the reference image features over multiple consecutive time steps and
only a preset portion of the reference image features with the greatest coincidence
and/or only reference image features with a coincidence exceeding a preset limit

value continue to be defined as a reference image feature.

6. Method according to claim 4 or 5,
characterized in that
the reference image feature or features for the ground image segment or segments
are buffered with the associated motion vector or vectors over a preset number of

time steps

7.  Method according to any one of claims 4 to 6,
characterized in that
one or more characteristics of the image segments are buffered over a preset
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number of time steps, in particular respective positions of a boundary for the image
segments and/or a size of the image segments.

Method according to any one of claims 4 to 7,

characterized in that

the overall motion vectors of the image segments are buffered over a preset number
of time steps and the image segments are categorized in a respective motion class,

in particular in a rotation class or a translation class or a scaling class, based on the

buffered motion vectors.

Method according to any one of the preceding claims,

characterized in that

after classifying (14), a free space recognition is performed for the frame (17), in
which there are ascertained a safety distance (df-dk, dn-dq) to image segments
classified as dynamic and a further safety distance (da-de, dl, dm, dr-dv) to image
segments classified as static.

Method according to any one of the preceding claims,
characterized in that
the image characteristic includes a luminance and/or a color and/or a texture

characteristic.

Method according to any one of the preceding claims,

characterized in that

the frame (17) is provided by a camera device (4) of the driver assistance device (2)
and represents an environment (5) of the motor vehicle (3).

Computing device (1) for a driver assistance device (2) for a motor vehicle (3), which
is formed to segment (8) a provided frame (17) into a plurality of image segments
depending on at least one image characteristic and to respectively detect (9) at least
one image feature in the image segments of the segmented frame (17), as well as to
ascertain a respective motion vector for the detected image features,

characterized in that

the computing device (1) is formed to ascertain a respective overall motion vector
for the image segments and to define an image feature of an image segment as a
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reference image feature if the respective motion vector of the image feature and the
overall motion vector of the image segment associated with the image feature
coincide except for a presettable tolerance, as well as to define image segments,
which represent a ground in the frame (17), as a ground image segment; and finally
to classify an image segment as a static or dynamic image segment, wherein the
image segment is classified as a dynamic image segment if the motion vector of at
least one reference image feature of the image segment to be classified differs from
the motion vector of at least one reference image feature of at least one ground
image segment by more than a preset value.

Motor vehicle (3) with a computing device (1) according to claim 12.
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Fig.1
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