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(57) Abstract: The invention relates to a method for determining characteristic pixels (18) for a camera system (2) of a motor
vehicle (1). An image sequence of an environmental region (5) of the motor vehicle (1) is captured, which includes a temporal se -
quence of images (6), by means of a camera (3) of the camera system (2). Furthermore, a predetermined number of partial areas (7)
of one of the images of the image sequence is selected by means of an image processing device (4) of the camera system (2) (S1),
wherein the following steps are performed for at least one of the partial areas (7): A target value (N 4) for a number (Ng,) of the char-
acteristic pixels (18) is preset. Furthermore, the characteristic pixels (18) of a first image (6) of the image sequence are determined
by means of a detector of the camera system (2) depending on a parameter (Thy) of the detector, which describes a sensitivity of the
detector in calculating the characteristic pixels (18) (S3). Furthermore, the number (Ng) of the characteristic pixels (18) is determ-
ined (S5). The number (Ngy) of the characteristic pixels (18) is compared to the target value (Na) (S6) and the parameter (Thg) of
the detector is adapted depending on the comparison (S7a, S7b, S8, S9). Finally, the characteristic pixels (18) of a second image of
the image sequence are determined depending on the respective adapted parameters (Thy).
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Method for determining characteristic pixels for a camera system of a motor vehicle,
camera system, driver assistance system and motor vehicle

The invention relates to a method for determining characteristic pixels for a camera
system of a motor vehicle. Herein, an image sequence of an environmental region of the
motor vehicle, which includes a temporal sequence of images, is captured by means of a
camera of the camera system. In addition, a predetermined number of partial images of
one of the images of the image sequence is selected by means of an image processing
device of the camera system. In addition, the invention relates to a camera system for a
motor vehicle, which is formed for performing such a method, to a driver assistance
system with such a camera system as well as to a motor vehicle with such a driver
assistance system.

Methods for determining characteristic image locations like characteristic pixels for a
camera system of a motor vehicle are known from the prior art. Herein, for example in an
image provided by a camera of the camera system, characteristic pixels are determined
by means of a detector of the camera system by means of an image processing device of
the camera system. The detector is adapted to detect characteristic or prominent pixels in
the image and extract them from the image, respectively. The detector is also known
under the designation interest operator and aims at the extraction of certain high-
frequency pixels or high saliency pixels of the image. Known detectors are for example
the Harris operator, the SIFT operator or the FAST operator. The enumerated operators
all have the same target, namely the extraction of corners or salient features in the image.
A corner can for example be the point of intersection of two edges in the image, which
preferably has a great contrast. These edges can for example be visualized by deriving
the image in the form of a gradient image. However, there are also detectors such as the
FAST operator which do not use gradient images.

In the known detectors, the characteristic pixels are detected in the entire image. This
may lead to the result that a distribution of the characteristic pixels in the image occurs
very unevenly. In areas of the image with many corners and high contrast, many
characteristic pixels are detected, while in areas of the image with few corners and low
contrast, few characteristic pixels are detected.

In order to counteract this, a grid can be used, which divides the image into the partial
areas. The most intense characteristic pixels are selected from each of the partial areas.
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For example, this is known from the conference contribution " Grid-Based Spatial Keypoint
Selection for Real Time Visual Odometry“of V. Nannen and G. Oliver, 2nd International
Conference on Pattern Recognition Applications and Methods, Barcelona, 2013. There, a
method is shown, in which the characteristic pixels are detected depending on a grid. This
grid divides the image into partial areas. The intensity of the characteristic pixels can be
determined by a confidence value, which is returned by the detector for each
characteristic pixel. The selection of the characteristic pixels is now effected such that a
substantially identical number of the characteristic pixels is present for each partial area.
However, the disadvantage remains that these characteristic pixels, which are later
available for the selection process, first of all have to be calculated. This means that
computing time has to be expended for characteristic pixels, which do not find use in the
further method anymore.

It is the object of the invention to demonstrate a solution, how characteristic pixels in an
image can be particularly effectively detected with a camera system of the initially
mentioned kind.

According to the invention, this object is solved by a method, by a camera system, by a
driver assistance system as well as by a motor vehicle having the features according to
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 for determining characteristic pixels for a camera
system of a motor vehicle includes capturing an image sequence of an environmental
region of the motor vehicle, which includes a temporal sequence of images, by means of a
camera of the camera system, selecting a predetermined number of partial areas of one
of the images of the image sequence by means of an image processing device of the
camera system, wherein the following steps are performed for at least one of the partial
areas: presetting a target value for a number of the characteristic pixels, determining the
characteristic pixels of a first image of the image sequence by means of a detector of the
camera system depending on a parameter of the detector, which describes a sensitivity of
the detector in calculating the characteristic pixels, determining the number of the
characteristic pixels, comparing the number of the characteristic pixels to the target value,
adapting the parameter of the detector depending on the comparison and determining the
characteristic pixels of a second image of the image sequence depending on the
respectively adapted parameters.



WO 2016/012289 PCT/EP2015/065928

The method serves for determining characteristic pixels or characteristic features in
respective images of an image sequence. The image sequence is provided by a camera
of the camera system. Preferably, the camera is a video camera, which is able to provide
a plurality of images (frames) per second. The camera can be a CCD camera or a CMOS
camera or any other suitable imaging device. The camera can also be a thermal sensor
such as a microbolometer which provides images in the infrared spectrum. Therein, a first
image is divided into a plurality of partial areas. For at least one of the partial areas, a
target value for a number of the characteristic pixels is predetermined. Therein, a target
value can also be preset for each partial area of the first image. The determination is
dependent on a parameter of the detector, which describes a sensitivity of the detector in
calculating the characteristic pixels. The sensitivity of the detector in particular describes
how severely a characteristic pixel has to be marked in order to be detected as such. In
this case, a severe markedness means in particular a great difference of the contrast of
the image in connection with a corner or edge of the image. The used parameter is
dependent on the used algorithm of the detector, several parameters can also be used to
adjust the sensitivity of the detector.

After extracting the characteristic pixels with the detector, the number thereof is
determined. The number of the characteristic pixels can occur by counting these
characteristic features in each partial area. After determining the number of the
characteristic pixels, this number is compared to the target value. As a result of the
comparison, the parameter of the detector is adapted depending on the comparison. Now,
the characteristic pixels are calculated for the same partial area of a second image of the
image sequence depending on the adapted parameter. Thus, it can for example be
achieved that the number of the characteristic pixels in the partial area of the second
image corresponds to the target value or is closer to the target value than in the first
image.

By the method according to the invention, it becomes possible to ensure a uniform
distribution of the characteristic pixels across the entire image due to the partial areas.
Due to the parameter of the detector adapted for each of the images of the image
sequence, the calculation of the characteristic pixels can be restricted to that number,
which is intended or desired. In other words, the method allows a spatially and temporally
adapted determination or calculation of the characteristic pixels.
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In an embodiment, it is provided that the same target value for the number of the
characteristic pixels is preset for each of the partial areas. This means that a uniform
distribution of the characteristic pixels across the image can thereby be ensured. In this
manner, in the extraction of characteristic pixels in the temporally consecutive images of
the image sequence, substantially the same number of characteristic pixels for each of the
partial images results no matter whether the partial images contain high-frequency areas
or low-frequency areas. Presently, it is in particular to be understood by high-frequency
areas that the image is heterogeneous, thus has many transitions from high intensity
values to low intensity values. In low-frequency areas or a homogeneous image, the
image predominantly has low frequencies and substantially is composed of similar
intensity values.

In particular, it is provided that the parameter of the detector is adapted such that the
sensitivity of the detector is greater than a predetermined minimum value. This means that
one or more parameters of the detector controlling the sensitivity of the detector can be
formed such that the result of detection, namely the extraction of the characteristic pixels,
provides a reasonable result. If the detector is adjusted very sensitive due to its
parameters, this results in only image noise being detected. Interferences are understood
by image noise, which do not have any relation to the actual scene content. The
advantage of the predetermined minimum value is therefore in that the image noise does
not provide a contribution to the number of the characteristic pixels and the characteristic
pixels can be reliably determined.

In a further configuration, it is provided that a region of interest is preset in the respective
image and the partial areas are selected in the region of interest of the respective image.
The region of interest (ROI) can for example be an area of the image, which has high
information content. Furthermore, it is possible that in addition to the environment, parts of
the motor vehicle such as for example a number plate are depicted in the image due to a
characteristic of a lens of the camera, in particular a fish eye lens. These parts of the
motor vehicle also do not contain important information and can be excluded from the
region of interest. Thus, it is advantageous in the selection of the region of interest that the
characteristic pixels are determined exclusively in an area with high information content.
This reduces the required computational effort for determining the characteristic pixels
and at the same time reduces the error rate in determining the characteristic pixels.

Preferably, the partial areas are selected by dividing the respective image by means of a
grid. In other words, a grid is put on the respective image and thus the individual partial
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areas are determined. This has the advantage that the position of the partial areas can be
very precisely described. Furthermore, the partial areas can also be described by
complicated geometric shapes of the grid.

Furthermore, it is preferably provided that the respective region of interest is divided into
identically sized partial areas by the grid. The region of interest can be divided such that
all of the partial areas have the same dimensions. The identically sized partial areas have
the advantage that the computing time for calculating or determining the characteristic
pixels is better predictable and can range substantially in the same order of magnitude for
all of the partial areas.

Similarly, it is provided that the partial areas are selected depending on a field of view of
the camera, which contains exclusively information about the environmental region. For
example, this can mean that the intended region of interest contains more than only the
environmental region of the motor vehicle. For example, this is the case if the image has
been transformed and the edge area of the image has been filled with the filling pixels.
The filling occurs for that the image is present in rectangular shape. The rectangular
shape in turn facilitates further processing the image. If exclusively partial areas of the
field of view of the camera are now used, the computational effort can be reduced in
calculating the characteristic pixels.

Furthermore, it is advantageous if an image size of each of the partial areas is set
depending on an angle of the respective partial area to an optical axis of the camera by
means of the image processing device in selecting the partial areas. This approach is
advantageous because the image has certain biases or distortions depending on a lens of
the camera. These distortions are usually the greater the farther one of the pixels is from
the optical axis of the camera or the farther one of the pixels is to the edge of the image.
These distortions can also be particularly severely marked if the lens includes a special
lens, in particular a fish eye lens. Furthermore, the image is transformed for subtracting
out or removing the distortions. This transformation results in a different number of pixels
being able to be present from the respective partial area. This is also dependent on the
distance of the partial area to the optical axis of the camera.

In a further form of configuration, for determining each of the partial areas, a three-
dimensional grid is transformed from a world coordinate system into a two-dimensional
image coordinate system of the image. This means that the three-dimensional grid is
imaginarily spanned in the space or in the environmental region of the motor vehicle and
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each partial area for example covers an identically sized area in the real world or in the
world coordinate system. In the transformation from the world coordinate system into the
two-dimensional image coordinate system, now, geometric characteristics of the camera
are taken into account and the partial areas in the two-dimensional image coordinate
system or in the image each include the same number of pixels, which are also already
encompassed by the respectively corresponding partial areas in the world coordinate
system.

In a configuration, it is provided that the determination of the characteristic pixels of the
partial area by the image processing device is performed in an internal memory of a digital
signal processing device of the image processing device. Usually, the digital signal
processing device (DSP) includes an internal memory (on-chip memory). It is connected
to an external memory of the image processing device by means of a bus. The internal
memory usually has a low storage volume compared to the external memory. However,
the access times by the digital signal processing device to the internal memory are shorter
than to the external memory. This is because the bus connecting the external memory
acts as a limiting factor on the data throughput. The advantage by the partial areas is now
that the entire partial area can each be shifted into the internal memory to determine the
characteristic pixels. This also functions if the image includes such a data size, which
does not allow shifting the entire image into the internal memory. Thus, the entire image
can be stored in the external memory, while the partial areas of the image are shifted into
the internal memory for processing or for determining the characteristic pixels. This
approach is also referred to as a block-based memory transfer. On condition that the
memory size of the internal memory is known, now, the grid and thereby the size of the
partial areas can be set such that the memory size of the internal memory is exactly
sufficient for each one of the partial areas.

Furthermore, it is preferably provided that the characteristic pixels are calculated with a
corner detection method, in particular with a FAST algorithm. The corner detection
methods usually provide particularly prominent characteristic pixels. Moreover, the FAST
algorithm (Features from Accelerated Segment Test) is known for the fact that the
characteristic pixels can be particularly fast determined. This has the advantage that the
characteristic pixels can be determined in real time in image sequences with a high frame
rate. Furthermore, the FAST algorithm does not lead to any discontinuities at the borders
of the partial area.
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However, the provided method is not restricted to corner detection methods or the FAST
algorithm. An edge detection method, for example a Canny edge detector, can also be
used. Furthermore, for example, a Harris detector or a Férstner detector can also be used
to determine the characteristic pixels. Generally speaking, the present method can be
performed with any detector for determining the characteristic pixels.

A camera system according to the invention for a motor vehicle includes at least one
camera for providing a sequence of images of an environmental region of the motor
vehicle and an image processing device adapted to perform the method according to the
invention.

A driver assistance system according to the invention includes a camera system
according to the invention.

A motor vehicle according to the invention includes a driver assistance system according
to the invention. The driver assistance system is an electronic auxiliary device for
assisting a driver in certain driving situations. Furthermore, the driver assistance system
warns the driver during or shortly before critical traffic situations by a suitable human-
machine interface.

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, 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. All of 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 else alone.

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

There show:
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Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5

Fig. 6

Fig. 7
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in schematic plan view a motor vehicle with a camera system including a
camera and an image processing device;

a flow diagram of a method according to an embodiment of the invention;
in schematic illustration an image of an environmental region of the motor
vehicle provided by the camera, wherein partial areas are selected by

means of a grid;

in schematic illustration the motor vehicle in side view and a three-
dimensional grid in a world coordinate system of the environmental region;

in schematic illustration the image according to Fig. 3, wherein the
respective partial areas have a different size;

in schematic illustration the image according to Fig. 3, wherein the partial
areas are selected depending on a field of view of the camera; and

in schematic illustration a part of an image processing device, which
includes a digital signal processing device with an internal memory.

In Fig. 1, a plan view of a motor vehicle 1 with a camera system 2 according to an

embodiment of the invention is schematically illustrated. The camera system 2 includes a

camera 3 and an image processing device 4, which can for example be integrated in the

camera 3. However, this image processing device 4 can also be a component separate

from the camera 3, which can be disposed in any position in the motor vehicle 1. In the

embodiment, the camera 3 is disposed at the rear of the motor vehicle 1 and captures an

environmental region 5 behind the motor vehicle 1. However, an application with a front

camera or a lateral camera or a camera at any other location on the motor vehicle 1 is

also possible.

The camera 3 has a horizontal capturing angle a, which can for example have a horizontal

opening range between 120°and 200° and a vertical capturing angle (not illustrated),

which can for example extend from the surface of a road directly behind the motor vehicle

1 up to the horizon and beyond. These characteristics are for example allowed by a fish

eye lens of the camera 3.
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The camera 3 can be a CMOS camera or else a CCD camera or any image capturing
device, by which characteristic pixels 18 in the environmental region 5 can be detected.
The camera 3 is a video camera, which continuously captures an image sequence or a
sequence of images 6. The image processing device 4 then processes the image
sequence in real time and can determine the characteristic pixels 18 for each image 6 of
the image sequence based on this image sequence.

The camera system 2 is for example a part of a driver assistance system or of an object
recognition system, which monitors the environmental region 5 based on the detected
characteristic pixels 18 and can warn a driver of the motor vehicle 1 of a collision with the
output of a corresponding warning signal. However, the camera system 2 can also be a
part of a system, by which a posture or a position of the motor vehicle 1 can be
determined. The position determination can also be effected based on the detected
characteristic pixels 18 over the image sequence. The principle of odometry underlies this
approach. Thus, for example, the position of the motor vehicle 1, which was originally
provided by a global satellite navigation system, can be improved and/or more accurately
determined with the aid of the camera system 2 if this global satellite navigation system is
no longer available or only available in limited manner. For example, this can be the case
in areas, which make reception of satellite signals impossible. A typical situation for this is
passing through a tunnel.

Fig. 2 shows a flow diagram of the method according to the invention. In a first step S1, a
predetermined number of partial areas 7 are selected from a first image 6. The first image
6 is a part of an image sequence with temporally consecutive images 6. An initialization is
each performed for the partial areas 7. The initialization includes determining a target
value Nges, Which specifies a desired number of the characteristic pixels 18 for the
respective partial area 7. In step S2, a loop for determining the characteristic pixels 18 is
started for each partial area 7.

In a further step S3, the characteristic pixels 18 in the respective partial area 7 are
determined by means of a detector. The detector is adapted to extract prominent pixels
such as corners or edges in the partial area 7. The determination occurs depending on a
parameter Thg, which describes a sensitivity of the detector in calculating the
characteristic pixels 18. Several parameters Thy can also be adapted if the used detector
controls the sensitivity via several parameters Thy.
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In a further step S4, the characteristic pixels 18 acquired with the detector are output in
the form of a list. The list can for example be stored in a memory of the image processing
device 4. This list can be provided for further processing, in particular for object
recognition or for odometry, for each partial area 7 of the firstimage 6. A step S5 follows
to step S3, in which a number Ny, of the characteristic pixels 18 is determined. Herein, the
characteristic pixels 18 determined with the detector are counted. For this purpose, the list
with the characteristic pixels can be evaluated by means of the image processing device
4.

Depending on the number Ngy, of the characteristic pixels 18 and the target value Nges, the
parameter Thy is adapted. To this, first, a limit value factor Thy, is determined, based on
which the parameter Thy can be determined. The limit value factor Thy, is determined
depending on the number Ng, of the detected characteristic pixels 18 and the target value
Nues- This can be mathematically described as follows:

N, -N
e — dp des ) (1)
N,

P

Th

In a step S6, the determined number Ngy, of the characteristic pixels 18 is compared to the
target value Nges. The adaptation of the parameter Thy, is effected either in a step S7a or
in a step S7b, according to whether the number Ny, is above or below the target value
Naes- Now, it is examined whether the number Ny, of the detected characteristic pixels 18
is less or greater than the target value Nges. The result of this comparison is used in
calculating an intermediate value Th,,, for the parameter Thy. This can be determined
according to the following formulas:

Thraw = Thini - Thini * Thfac, |f Ndp > Ndes- (2)

In the other case, it applies:

Thraw = Thini + Thini * Thfac, |f Ndp < Ndes- (3)

In this case, Thy, is an initialization value for the parameter Thy, which is first used as a
parameter for determining the characteristic pixels 18. The initialization value Thiyis in
particular used in determining the characteristic pixels 18 of the first image 6 of the image
sequence that means the initialization value Th;, is in particular used in the first iteration of
the algorithm. The initialization value Thj, can result from a basic setting of the detector. In
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the present embodiment, according to the above mentioned formula (2), the intermediate
value Th, is decremented in step S7b. Alternatively to this, according to the above
mentioned formula (3), the intermediate value Th,,, is incremented in step S7a. Whether
the intermediate value Th,, is incremented or decremented depends on whether the
parameter is adapted such that for the next image 6 of the image sequence presumably
less characteristic pixels 18 are detected or whether the number Ngy, is below the target
value Nges and the parameter is adapted such that for the next image 6 of the image
sequence presumably more characteristic pixels are detected.

In a further step S8, the intermediate value Th,.y is provided. Th,,, is an intermediate
value for the parameter Thy of the detector for applying for the next image 6 of the image
sequence. Furthermore, in a step S9, the parameter Thy, for the next image 6 of the image
sequence is calculated. In this case, the parameter Thy, is determined depending on Thy,
and Thy. The calculation of Thy can be represented as follows:

Thy = (Wi ™ Thin) + (1 = Ws) * Thiay. (4a)

Equation 4a can be used in particular for the first iteration step. For a further iteration step,
the calculation of Thy can be represented as follows:

Thy = (Wi ™ Thy) + (1 = Wy) * Thraw. (4b)

Wy, corresponds to a weighting factor, which performs weighting in the range from 0 to 1.
This weighting factor Wy, is used to reduce oscillations of the target value Nges. The
method is not restricted to this described weighting factor Wy, but all other weighting
factors, which are identical in effect, can also be applied.

In addition, the parameter Thy, is determined such that the sensitivity of the detector is
greater or equal to a predetermined minimum value Thp,,. The minimum value Th, is
required since the detector otherwise returns the characteristic pixels 18 in the manner,
which correspond to image noise or an accidentally detected pixel. If the sensitivity of the
detector is too low, such pixels are also detected as the characteristic pixels 18, which
actually do not have this property. The characteristic pixel 18 can therefore no longer be
uniquely associated in a subsequent image 6 of the image sequence. This can be
described with the following formula:

Thﬁ| = Thmin, If Thﬁ| < Thmin- (5)
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For certain detectors, a maximum value Th,.x can also be determined with the same
intent. If one of the detectors outputs less characteristic pixels 18 by increasing the
parameter Thy, thus the sensitivity of the detector is increased, the maximum value Thpax
can be used. The maximum value Thn. is then applied as follows:

Thﬁ| = Thmax, If Thﬁ| > Thmax- (6)

In a further step S10, the previously determined parameter Thy, is now provided for the
respective partial area 7, in order to use this partial area 7 for the next image 6 of the
image sequence. Subsequently, the method is again continued in step S2. The
proceeding detection of the characteristic pixels 18 in step S3 is performed for the
respective partial area 7 of the next image 6 now based on the new parameter Thy. These
new detected characteristic pixels 18 of the next image 6 are also - as already previously
mentioned — provided for any further processing with step S4.

Fig. 3 shows an application of the camera system 2 according to the invention, in which
the camera 3 is formed as a rear-view camera. Here, an image 6 of an image sequence,
which is output with the rear-view camera, is illustrated. In the image 6, a region of interest
10 is selected. This region of interest 10 extends to an area of the image 6, which
exclusively contains information about the environmental region 5 of the motor vehicle 1.
As is apparent, pixels also occur in the image 6, which do not include information about
the environmental region 5 of the motor vehicle 1. For example, filling pixels can be
present in the image 6. The filling pixels can for example have been added by a
transformation of the image 6. In addition, the image 6 shows areas of the motor vehicle
1, such as for example a number plate. These pixels are not taken into account in
selecting the region of interest. In the region of interest 10, the partial areas 7 are
determined or selected by means of a grid 11. In the present case according to Fig. 3, the
partial areas 7 are of equal size, i.e. they cover an equally sized area in the image 6.

However, it can also be the case that the partial areas 7 do not cover the same area in the
image 6. Thus, for example, in Fig. 4, it is shown how a three-dimensional grid 12 in a
world coordinate system of the environmental region 5 determines the selection of the
partial areas. The three-dimensional grid 12 ensures a uniform coverage of the
environmental region 5 by means of the partial areas 7. This is exemplified in synopsis
with Fig. 4 and Fig. 5, wherein Fig. 5 shows the grid 11, which has arisen by a
transformation of the grid 12 from the world coordinate system into the image coordinate



WO 2016/012289 PCT/EP2015/065928

13

system. It is clearly seen that by the two-dimensional representation of the environmental
region 5, a corresponding imaging characteristic is also taken into account. Thus, the
partial areas 7, which are close to the optical axis of the camera, were barely changed by
the transformation, but the partial areas 7 at the edge of the shown region of interest 10,
thus farther away from the optical axis of the camera 3, are also considerably deformed.

According to Fig. 6, it is provided that not all of the respective partial areas 7 within the
region of interest 10 are used, and thus the characteristic pixels 18 are determined not in
all of the partial areas 7 of the region of interest 10. The partial areas 7, which thus are not
in a field of view of the camera 3, are not taken into account. This is performed because
thereby the entire area of the image 6 can be covered by the respective partial areas 7,
which exclusively contains information about the environmental region 5, and at the same
time an advantageous shape of the partial areas 7 can be selected for the calculation of
the characteristic pixels 18. An advantageous shape for example exists if the partial areas
7 can be calculated by means of two rows and two columns of coordinates of the image 6.
In Fig. 6, thus, deactivated partial areas 13 are shown, which differ from the partial areas
7 1o the effect that none of the characteristic pixels 18 are determined in the deactivated
partial areas 13.

Fig. 7 shows the image processing device 4 including a digital signal processing device 14
with an internal memory 15 and an external memory 16. The external memory 16 is
connected to the digital signal processing device 14 with a bus 17 and thus data can be
transmitted from the external memory 16 to the internal memory 15 and vice versa. Now,
it is provided that the respective images 6 of the image sequence are stored in the
external memory 16 after capture by the camera 3 and the respective partial area 7 is
each completely transmitted to the internal memory 15 via the bus 17. The digital signal
processing device 14 can now perform the determination of the characteristic pixels 18
based on the partial area 7 stored in the internal memory 15. Subsequently, the
transmission of the information about the characteristic pixels 18 back into the external
memory 16 is effected. Now, the internal memory 15 is available for the next partial area
7.



WO 2016/012289 PCT/EP2015/065928

14

Claims

1. Method for determining characteristic pixels (18) for a camera system (2) of a motor
vehicle (1), including the steps of

— capturing an image sequence of an environmental region (5) of the motor
vehicle (1), which includes a temporal sequence of images (6), by means of a
camera (3) of the camera system (2),

— selecting a predetermined number of partial areas (7) of one of the images (6) of
the image sequence by means of an image processing device (4) of the camera
system (1) (S1),

characterized in that

the following steps are performed for at least one of the partial areas (7):

— presetting a target value (Nges) for a number (Ng,) of the characteristic pixels
(18),

— determining the characteristic pixels (18) of a first image of the image sequence
by means of a detector of the camera system (2) depending on a parameter
(Thy) of the detector, which describes a sensitivity of the detector in calculating
the characteristic pixels (18) (S3),

— determining the number (Ng,) of the characteristic pixels (18) (S5),

— comparing the number (Ng,) of the characteristic pixels (18) to the target value
(Nges) (S6),

— adapting the parameter (Thy) of the detector depending on the comparison
(S87a, S7b, S8, S9), and

— determining the characteristic pixels (18) of a second image of the image
sequence depending on the respective adapted parameters (Thy).

2.  Method according to claim 1,
characterized in that
for each of the partial areas (7), the same target value (Nqes) is preset for the
number (Ng,) of the characteristic pixels (18).

3.  Method according to claim 1 or 2,
characterized in that
the parameter (Thy) of the detector is adapted such that the sensitivity of the
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detector is greater than a predetermined minimum value (Th,).

4.  Method according to the preceding claims,
characterized in that
aregion of interest (10) is preset in the respective image (6) and the partial areas (7)
are selected in the region of interest (10) of the respective image (6).

5.  Method according to the preceding claims,
characterized in that
the partial areas (7) are selected by dividing the respective image (6) by means of a
grid (11).

6. Method according to claim 5,
characterized in that
the respective region of interest (10) is divided into identically sized partial areas (7)
by the grid (11).

7.  Method according to the preceding claims,
characterized in that
the partial areas (7) are selected depending on a field of view of the camera (3),

which exclusively contains information about the environmental region (5).

8.  Method according to the preceding claims,
characterized in that
in selecting the partial areas (7), an image size of each of the partial areas (7) is set
depending on an angle of the respective partial area (7) to an optical axis of the
camera (3) by means of the image processing device (4).

9. Method according to claim 8,
characterized in that
for setting the image size of each of the partial areas (7), a three-dimensional grid is
transformed from a world coordinate system into a two-dimensional image

coordinate system of the image (6).
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10. Method according to the preceding claims,
characterized in that
the determination of the characteristic pixels (18) of the partial area (7) by the image
processing device (4) is performed in an internal memory of a digital signal
processing device (14) of the image processing device (4).

11.  Method according to the preceding claims,
characterized in that
the characteristic pixels (18) are calculated with a corner detection method, in
particular with a FAST algorithm.

12.  Camera system (2) for a motor vehicle (1), including a camera (3) for capturing an
image sequence of an environmental region (5) of the motor vehicle (1), and
including an image processing device (4), which is adapted to calculate
characteristic pixels (18) in at least one image (6) of the image sequence,
characterized in that
the camera system (2) is adapted to perform a method according to any one of the
preceding claims.

13. Driver assistance system with a camera system (2) according to claim 12.

14. Motor vehicle (1) with a driver assistance system according to claim 13.
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