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(57) Abstract: The invention relates to a method for reducing disturbing
signals (13) in a top view image showing (12) a motor vehicle (1) and an
environmental region (4) of the motor vehicle (1), wherein for interpola-
tion of the top view image (12) based on at least one input image captured
by at least one vehicle-side camera (5a, 5b, 5S¢, 5d) - for an output pixel
(P) to be interpolated of the top view image (12), respective input coor-
dinates (Cx(P), Cy(P)) of a pixel (SP) with subpixel accuracy within the
at least one input image are determined, - for the output pixel (P) to be
interpolated a respective filter strength is determined as a function of the
associated input coordinates (Cx(P), Cy(P)), and - depending on the filter
strength a respective filter for interpolating the output pixel (P) is deter-
mined. In addition, the invention relates to an image processing device
(119; to a driver assistance system (2) as well as to a motor vehicle (1).
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Method for reducing disturbing signals in a top view image of a motor vehicle, computing
device, driver assistance system as well as motor vehicle

The invention relates to a method for reducing disturbing signals in a top view image
showing a motor vehicle and an environmental region of the motor vehicle. In addition, the
invention relates to an image processing device, to a driver assistance system for a motor
vehicle as well as to a motor vehicle.

It is already known from the prior art to monitor an environmental region of a motor vehi-
cle by capturing the environmental region by vehicle mounted cameras of a camera sys-
tem, for example a surround view camera system, and displaying the images captured by
the cameras on a display device. Therein, three-dimensional representations of the envi-
ronmental region are increasingly also displayed on the display device from a so-called
third person perspective. Such a third person perspective shows the environmental region
of the motor vehicle as well as the motor vehicle itself in the form of a model of the motor
vehicle from the view of a viewer external to vehicle, a so-called virtual camera. Such a
third person view can be a top view, in which the viewer looks from above to the motor
vehicle. This top view image can be displayed on the display device and shows an upper
side of the modelled vehicle comprising the vehicle roof as well as the environmental re-
gion surrounding the motor vehicle. The top view image can be created by warping and
merging several input images captured by the cameras of the camera system. The top
view image gives the impression as if it had been captured by a real camera in a position
of the virtual camera.

Therein, it may occur that the merged top view image comprises some disturbing signals
like artificial flickering effects also referred to as aliasing effect. Those flickering effects
degrade the image quality displayed to a driver and, hence, may disturb the driver.

It is the object of the present invention to provide a solution, how high quality top view
images showing a motor vehicle and an environmental region of the motor vehicle can be
generated for being displayed to a driver of the motor vehicle.

According to the invention, this object is solved by a method, an image processing device,
a driver assistance system as well as a motor vehicle having the features according to the
respective independent claims. Advantageous embodiments of the invention are the
subject matter of the dependent claims, of the description as well as of the figures.
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In an embodiment of a method according to the invention for reducing disturbing signals
in a top view image showing a motor vehicle and an environmental region of the motor
vehicle, for interpolation of the top view image based on at least one input image captured
by at least one vehicle-side camera, in particular, respective input coordinates of a pixel
with subpixel accuracy within the at least one input image are determined for an output
pixel to be interpolated of the top view image. For the output pixel to be interpolated, a
respective filter strength can be determined as a function of the associated input
coordinates and, depending on the filter strength, a respective filter for interpolating the
output pixel can be determined.

In a preferred embodiment of a method according to the invention for reducing disturbing
signals in a top view image showing a motor vehicle and an environmental region of the
motor vehicle, for interpolation of the top view image based on at least one input image
captured by at least one vehicle-side camera, respective input coordinates of a pixel with
subpixel accuracy within the at least one input image are determined for an output pixel to
be interpolated of the top view image. For the output pixel to be interpolated, a respective
filter strength is determined as a function of the associated input coordinates and,
depending on the filter strength, a respective filter for interpolating the output pixel is
determined.

The method serves for generating high quality top view images showing the motor vehicle
and the environmental region surrounding the motor vehicle that can be displayed to a
driver of the motor vehicle in the form of a video sequence, in particular a real-time video.
The top view images are created based on the input images or raw images captured by
the at least one vehicle-side camera, e.g. by a vehicle-side image processing device.

In particular, several input images from different perspectives are used for generating the
top view image. The images are particularly captured by an automotive multi-camera
systems. For instance, the multi-camera system can be formed as a surround view
camera system comprising four vehicle mounted cameras. The surround view camera
system can comprise a front camera for capturing input images of the environmental
region in front of the motor vehicle, a rear camera for capturing input images of the
environmental region behind the motor vehicle and two side cameras for capturing input
images of the environmental region besides the motor vehicle. Thereby, the cameras can
comprise fisheye lenses to enlarge a field of view of the cameras. The input images
distorted by the fisheye lenses can be dewarped and combined to the top view image
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during the same operation. Overlapping image areas taken from two different cameras
and showing the same portion of the environmental area can be considered when
determining the top view image

The input images as well as the top view images can be displayed on a display device, for
example according to a view selected by the driver. By means of the display of the top
view images on the vehicle-side display device the driver can be supported in
manoeuvring the motor vehicle. The surround view camera system and the display device
form a camera-monitor-system (CMS) which can replace mirrors of the motor vehicle.
Thus, by means of the CMS, a mirrorless car can be provided since the driver can
capture the environmental region by looking at the display device.

The top view image which has a grid-like array of output pixels is generated from the at
least one input image by scaling. When scaling raster graphics, image resolution is
changed. That means that from a pre-given raster graphics, a new image is generated
with a higher or lower number of pixels. This corresponds to a resampling operation,
wherein the top view image is scaled from the input image by means of interpolation. For
interpolating the top view image, for example by means of an interpolation engine of the
image processing device, a colour value can be associated with each output pixel or
output picture element of the top view image, which colour value is calculated from the
input image’s pixels situated nearby. Then a filter is applied, which determines which
pixels of the input image are used for calculation, and how their colour values are
weighted.

When rendering or generating the top view image, disturbing signals or aliasing effects
are introduced, which appear as low frequency variations in the top view images. This
flickering is annoying for the driver and shall therefore be reduced. The disturbing signals
are particularly removed during interpolation of the output pixels for the top view image
from the input image/the input images, approximately in real time. The output pixels to be
interpolated are positioned in the top view image in grid form, in rows or columns, and,
thereby, have a respective position or respective output coordinates in the top view
image. The output coordinates are in particular integer, two-dimensional coordinates,
each having a horizontal component or x-coordinate and a vertical component or y-
coordinate.

For interpolating the output pixels, for example, for determining colour values of the
output pixels, an input image window or an input image area with input pixels is identified
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within the at least on input image, based on which the output pixel can be calculated. The
input image window describes a neighbourhood or vicinity of the output pixel in the at
least one input image. For this purpose, the input position or the input coordinates of the
pixel with subpixel accuracy (hereinafter referred to as subpixel) corresponding to the
output pixel is determined within at least one input image. The input coordinates of the
subpixel or partial image element usually have a non-integer value and describe the
coordinates of a fictitious input pixel or input image element in the input image, which
represents the output pixel at the associated input position. In particular, for interpolating
the output pixel, real input pixels in the input image window, especially their colour values,
are used.

After determination of the associated input coordinates and output coordinates a specific
filter strength is determined for the, especially for each, output pixel as a function of the
input coordinates of the associated subpixel. The output pixels are generated by the filter
having the corresponding filter strength, for example by low pass filtering. In particular, a
horizontal filter strength value corresponding with a respective horizontal input coordinate
of the subpixel and a vertical filter strength value corresponding with a respective vertical
input coordinate of the subpixel are determined.

The invention is based on the knowledge that the output pixels coordinates have a
variable spacing within the input image. This spacing information is therefore used to
adjust the strength of the interpolation filter. Advantageously, the filter strength can be a
two-dimensional parameter having a horizontal value and a vertical value respectively to
each output pixel that is interpolated. Thus, the plan view image can be separately filtered
in horizontal and in vertical direction, ie in columns and in rows, with customized, specific
filters. By means of the customized filter strengths, particularly high-quality top view
images can be generated, which can be displayed to the driver on the display device.

It can be provided that the selection of the filter strength is performed for each output
pixel and/or in regions on the output image areas having at least two output pixels in the
horizontal and/or vertical direction. The interpolation is performed pixel-by-pixel for each
output pixel. An output pixel-specific filter can be determined for each output pixel in the
top view image for interpolating the respective output pixel. Therefore, it can be ensured
that each output pixel is interpolated with an adapted filter optimized for that output pixel
filter and, thus, particularly high quality and noise-reduced top view images can be
produced. Also, a region-specific filter strength can be determined for certain output
image areas, within which a strength of the disturbing signals hardly varies. Using area-
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based selection of the filter strength, computational time and computational complexity
can be reduced in an advantageous manner, so that the top view images can be
determined very quickly.

Moreover, a combination of pixel-based and area-based selection of filter strength is
possible. This means that, for example, a pixel-specific horizontal filter strength value is
associated with each output pixel and a region-specific vertical filter strength value is
associated with a group of output pixels (or vice versa). Due to these mixing forms, a
trade-off between quality and computational time can be provided during the
determination of the top view image.

Particularly preferably, a filter bank comprising at least two filter sets is predetermined,
each filter set is assigned to a bandwidth corresponding with a respective filter strength
and, for interpolating the respective output pixel, one of the filter sets is selected
depending on the associated filter strength. In particular, each filter set comprises at least
two filters with different filter phases corresponding to subpixel values from the
coordinates, wherein one of the filters is selected as a function of the determined input
coordinates of the subpixel. The filters of the filter bank are determined to be low pass
filter curves. Thereby, a cut-off frequency of each low pass filter curve corresponds to a
bandwidth

For instance, the filter bank can be stored in a storage unit of the image processing
device and comprises the at least two groups of filters or filter sets. Each filter set can be
assigned an index, over which the respective filter set with the associated bandwidth is
addressable or identifiable. Here, a filter set is provided for each filter strength. In order to
identify the filter sets, the filter strength is, for example, compared to the indices of the
filter sets, and that filter set is selected, wherein a deviation between the index and the
filter strength is minimal. This means that the filters are not determined for each
interpolation operation specifically, but one of the filter sets is selected based on the
determined filter strength. Therefore, computing time can be saved in an advantageous
manner. Thus, the top view image can quickly and easily be determined based on the at
least one input image.

Preferably, at least one lookup table readable for interpolating output pixels for the top
view image is predetermined, in which the respective input coordinates of the subpixels
and the corresponding filter strengths are associated with predetermined output
coordinates of output pixels. For instance, the lookup table may also be stored in the
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storage unit of the image processing device to which the interpolation unit can access.
Here, a respective input position of the subpixel as well as the filter strength is associated
with an output position of an output pixel within the lookup table (LUT). This lookup table
is pre-defined. This means that the assignments are, for example, determined based on
at least one reference input image and a reference top view image and are stored in the
lookup table. This lookup table can then be read during operation of the driver assistance
system by identifying the input positions as well as the corresponding filter strengths in
the lookup table for each output pixel to be generated. Both, a pixel based and a region-
based filter strength can be determined. In particular, the information in the lookup table
are used to quickly and easily determine the associated filter by, for example, identifying
them in the deposited filter bank.

By storing the lookup table processing power can be saved, since the input positions of
the subpixel and the filter strengths do not need to be determined during the real time
interpolation of a top view image. In addition, this already stored lookup table can be read
in real time so that, by means of the lookup table, and especially in combination with the
predetermined filter bank, the corresponding filter parameters, ie the filter band and the
filter phase, can quickly and easily be identified. Thus, high-quality plan view images with
reduced noise can be determined in real time operation.

In a development of the invention, for determining the at least one lookup table, an output
image window comprising the respective output coordinates of the output pixel to be
interpolated and an associated input image window comprising the respective input
coordinates of the subpixel in the at least one input image are determined. A spacing ratio
is determined based on the input image window and the output image window
surrounding each pixel and the filter strength is determined based on the spacing ratio.
The spacing ratio here describes a local sampling ratio between the output image and the
input image. Therein, the samples as well as the output pixels in the output image are
usually arranged regularly spaced from one another. The positions within the input image
may appear not regularly spaced because of the geometrical transform (warping) applied.
The spacing ratio is thus determined based on the input coordinates of the irregularly
spaced subpixels which correspond to the output pixels within an output image window.

It proves advantageous if, for the output pixel to be interpolated, input coordinates which
are located within the input image window are additionally deposited in the at least one
lookup table. Based on these input pixels, for example, based on their colour values, the
output pixel, for example, its colour value, can be calculated. Thus, by means of the
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lookup table, the input pixels within the at least one input image can be identified, based
on which the corresponding output pixel is interpolated. In other words, a rule is stored in
the lookup table, based on which a top view image can be determined from at least one
input image captured by a camera. Thus, the method is particularly efficiently designed so
that high-quality top view images can be generated, approximately in real time.

In one development of the invention, the lookup table is determined as a camera-specific
lookup table for the at least one camera, wherein the preparation of the camera-specific
lookup table is performed during a calibration process of the at least one camera. In other
words, this means that for each camera its own lookup table is determined by means of
which the input images captured by this camera can be processed. The lookup table can
be determined every time the camera is recalibrated. Therefore, for example, an input
image is captured and used as a reference input image. Thus, a reliable generation of
high quality top view images can permanently be ensured.

It proves advantageous if a contrast enhancement and/or an edge enhancement for the
at least one input image in case of the camera equipped with integrated enhancement
functions are supressed or mitigated and the top view image is determined based on the
at least one input image images without the contrast enhancement and/or edge
enhancement. In other words, integrated enhancement functions or enhancement
features of the cameras are turned off or reduced. Most cameras or camera systems
include built-in image processing units with built-in contrast sharpening and/or edge
enhancement. Even if the noise is not generated by the built-in sharpening functions,
these sharpening functions exacerbate the strength of the disturbing signals in the top
view image. For example, the integrated image processing unit of the camera can be
controlled by the vehicle-side image processing device, whereupon the sharpening
functions are not applied to the input images and unprocessed input images or raw
images are provided to the image processing unit for rendering the top view image. By
suppressing or at least attenuating the sharpening functions of the cameras and
determining the plan view images on the basis of unprocessed raw images, the
introduction of disturbing signals into the top view image can be reduced in a simple
manner. For instance, the edge enhancement and/or contrast enhancement can be
performed in the top view image after the interpolation of the top view image.

The invention also relates to an image processing device for a driver assistance system
of a motor vehicle, which is adapted to perform a method according to the invention or an
embodiment thereof. The image processing device may be integrated, for example, in an
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in-vehicle control unit. For instance, the image processing device can comprise an
interpolation unit and a storage unit, wherein the interpolation unit can access the memory
unit.

A driver assistance system for a motor vehicle according to the invention comprises at
least one camera for capturing at least one input image and an image processing device
according to the invention. In particular, the driver assistance system comprises at least
four cameras forming a surround view camera system, wherein the image processing
device is adapted to generate the output image based on the input images captured by
the surround view camera system.

The invention also relates to a motor vehicle with a driver assistance system according to
the invention. The vehicle is particularly formed as a passenger car. The cameras are in
particular arranged on the motor vehicle in a distributed manner, so that the
environmental area surrounding the motor vehicle can be monitored.

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.

With indications of "in front of", "behind", "besides", "above", “left”, “right”, “besides”, etc.,
the positions and orientations given with an observer standing in front of the motor vehicle
and looking in a direction of a longitudinal axis of the motor vehicle are specified.

Further functions of the invention are apparent from the claims, the figures and the de-
scription of figures. The functions and function combinations mentioned above in the de-
scription as well as the functions and function combinations mentioned below in the de-
scription of figures and/or shown in the figures alone are usable not only in the respec-
tively 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 en-
compassed and disclosed by the invention, which are not explicitly shown in the figures
and explained, but arise from and can be generated by separated function combinations
from the explained implementations. Implementations and function combinations are also
to be considered as disclosed, which thus do not have all of the functions of an originally
formulated independent claim. Moreover, implementations and function combinations are
to be considered as disclosed, in particular by the implementations set out above, which
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extend beyond or deviate from the function combinations set out in the relations of the
claims.

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

Fig. 1 a schematic representation of an embodiment of a motor vehicle according
to the invention;

Fig. 2 a schematic representation of a top view image with disturbing signals;
Fig. 3 a schematic representation of a general image pipeline;
Fig. 4 a schematic representation of an interpolation of an output image area

based on an input image area;

Fig. 5 a schematic representation of the operation of an embodiment of an image
processing device according to the invention; and

Fig. 6 a schematic representation of a top view image with boundary artefacts.

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

Fig. 1 shows a motor vehicle 1, which is formed as a passenger car in the present case.
The motor vehicle 1 includes a driver assistance system 2, which can assist a driver of
the motor vehicle 1 in driving the motor vehicle 1. The driver assistance system 2
comprises a surround view camera system 3 for monitoring an environmental region 4 of
the motor vehicle 1. Herein, the driver assistance system 2 comprises four vehicle
mounted cameras 5a, 5b, 5¢, 5d. A first camera 5a is attached to a front area 6 of the
motor vehicle 1 and serves for capturing input images showing the environmental region
4 in front of the motor vehicle 1. A second camera 5b is attached to a rear area 7 of the
motor vehicle 1 and serves for capturing input images showing the environmental region
4 behind the motor vehicle 1. A third camera 5c is attached to a left side 8 of the motor
vehicle 1 and serves for capturing input images showing the environmental region 4 to the
left besides the motor vehicle 1 and a fourth camera 5d is attached to a right side 9 of the
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motor vehicle 1 and serves for capturing input images showing the environmental region
4 to the right besides the motor vehicle 1. The cameras 5a, 5b, 5¢, 5d can comprise
fisheye lenses in order to enlarge a field of view of the cameras 5a, 5b, 5¢, 5d. The input
images or input video frames captured by the cameras 5a, 5b, 5c, 5d can be displayed on
a display device 10 of the driver assistance system 2 in the form of a video.

The input images captured by the cameras 5a, 5b, 5c, 5d of the surround view camera
system 3 can be warped and merged, e.g. by an image processing device 11 of the driver
assistance system 2, to determine a top view image 12 of the motor vehicle 1 and the
environmental region 4. Fig. 2 shows a top view image 12 afflicted with disturbing signals
13 and generated from input images of the surround view camera system 3. The top view
images 12 or top view video frames can be displayed on the display device 10. In the top
view image 12, the environmental region 4 is shown from the perspective of a viewer
above the motor vehicle 1 looking down to the motor vehicle 1. The top view image 12 is
suggestive of being captured by a camera, a so-called virtual camera, positioned above
the motor vehicle 1. Since the motor vehicle 1 itself cannot be captured by the cameras
5a, 5b, 5¢, 5d of the surround view camera system 3 a model 14 of the motor vehicle 1 is
inserted into the top view image 12.

When creating or scaling the top view image 12 partial environmental areas of the
environmental area 4 close to the motor vehicle 1, especially near of side mirrors of the
motor vehicle 1, tend to be highly downsized. In particular, image areas 15 within the top
view image 12, showing this partial environmental areas, are afflicted with the disturbing
signals 13 or aliasing effects, which are visible in the top view image 12 in the form of
flicker effects. Partial environmental areas far from the motor vehicle 1 do not show this
problem and appear too soft or blurred in the plan view image 12 instead. The overall
impression of the displayed top view image 12 is uncomfortable for the driver of the motor
vehicle 1 and non-homogeneous. The aliasing effect is annoying, when the motor vehicle
1 is moving, as low frequency moving waves (aliasing) combine with high-frequency
texture details of a road 16 of the motor vehicle 1.

This problem typically occurs in every digital image processing device, wherein the
processing require downsampling operations, and is usually visible when a resampling
varies across the image. Then, for example, some areas are more decimated or
downsampled than other areas of the image. For example, this is the case in applications
of geometric corrections, for example, for removing fish-eye distortions, or, more
generally, in image distortion operations.
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Fig. 3 shows a schematic representation of a general image pipeline 17 or video pipeline
represented by a set of components 18, 19, 20, 21, 22. By means of the video pipeline 17
a customer view image 23, like the top view image 12, can be generated based on input
images or raw images 24, like the raw images captured by the cameras 5a, 5b, 5¢, 5d of
the surround view camera system 3.Therein, light is projected from the environmental
region 4 of the cameras 5a, 5b, 5c, 5d via lenses 18 to an image sensor unit 19 of the
cameras 5a, 5b, 5¢, 5d comprising an imager and a microprocessor, e.g. a companion
chip. Based on image quality settings 20 of the cameras 5a, 5b, 5c, 5d the image sensor
unit 19 generates the raw images 24 as an output. Based on the raw images 24 an image
processing device 21, e.g. the vehicle-side image processing device 11, generates a
virtual view, for example the top view. Based on virtual view settings and calibration
output 22 the customer view image 23 can be determined for display on the display
device 10.

According to the Nyquist-Shannon theorem, the aliasing problem can be solved by limiting
all frequencies in a signal, here a two-dimensional image signal, to half of the sampling
frequency. This frequency limited to half of the sampling frequency is also called Nyquist
frequency. Usually this problem is solved by low pass filtering the input images, which
may be optimal for constant resampling cases, but not for variable resampling cases,
since the low pass filter does not consider local variations. In order to reduce the
disturbing signals 13, a method for creating top view images 12 with reduced noise 13 is
presented wherein a real-time processing as well as a limited computational complexity
required in automotive applications can additionally be met.

For instance, the method for reducing the disturbing signals 13 can be performed by the
vehicle-side image processing device 11 when determining the top view image 12 from
the input images of the cameras 5a, 5b, 5¢, 5d. Thereto, the image processing device 11,
for example, can comprise an interpolation engine 29 (see Fig. 5) which is adapted to
interpolate an output pixel P (see Fig. 4) or an output picture element from any non-
integer input coordinates Cx(P), Cy(P). The interpolation engine 29 or the interpolator can
determine a two-dimensional input position Cx(P), Cy(P) or 2D input coordinates and a
two-dimensional local strength for each output pixel P to be generated. The 2D input
position Cx(P), Cy(P) (in sub-pixel resolution) is a position of an output pixel P to be
interpolated within the input image (or a partial area of the input image in the case of a
region-based approach). The two-dimensional local strength or 2D filter strength
corresponds to an index index0, index2 (see Fig. 5) of a low pass filter applied for
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interpolation of the output pixel P. Each index index0, index2 corresponds with an
appropriate filter band Band0, Band1, Band2, Band3 of the low pass filter. The 2D filter
strength is in particular a two-dimensional index with a horizontal filter strength and a
vertical filter strength. The horizontal and the vertical filter strength can be determined by
a local estimation of the resampling as a function of pixels P’ in a neighbourhood of the
interpolated output pixel P.

As an approximation and simplification, the filter strengths can be determined as two-
dimensional image area-specific filter strengths. Therefore, the interpolation can be
performed in areas, if the resampling ratio hardly varies within the processed image area.
Preferably, the filter strengths are, however, determined as the local pixel-specific filter
strengths, so that the filter strength is adapted pixel-by-pixel. Thereby, an optimal
adaptation or selection of the bandwidth of the filter is guaranteed, whereas, at the same
time, the quality of the top view image 12 is maximized and boundary artefacts 32 (see
Fig. 6) can be prevented at edges 31 or transitions of the image regions 15 resulting from
a too coarse filter change.

For input images with a 4:2:2 format, the filter strength is provided for a group of two
output pixels P, respectively, whereby a specific filter strength can be selected for a YUYV
output image. YUYV describes a colour model which uses two components, luminance
"Y" and chrominance, which in turn consists of the two sub-components "U" and "V" for
representation of colour information. It can be provided that the interpolation process is
applied only to the luminance samples. A chrominance can be determined, for example
by averaging of the input chrominance considering the input luminance. The averaging
can be carried out both in the horizontal and in the vertical direction.

For resampling, ie for example for oversampling, the interpolation unit 29 is adapted to
read a filter bank 30 with predefined low pass curves. By varying the filter bandwidth an
adjustment near the required filter strength value is possible. A number of filter curves
depends on the overall resampling region. The number of filters is for example from four
to eight filters. An oversampling factor depends on the subpixel accuracy, which is
provided by the interpolation engine 29. A subpixel accuracy of V4 pixel, ie a V4-pixel
accuracy, at least requires a fourfold oversampling. Therefore, the interpolator 29
requires appropriate, in particular, for horizontal and vertical direction x, y, separate, filter
curves that provide different filter strengths for both the horizontal and the vertical
direction x, y.
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Ideally, a number of delay elements ("taps") of the low pass filter is dimensioned
dependent on the narrowest filter band required or the narrowest bandwidth. For example,
the filters can be formed, in consideration of the real-time processing required, with four
delay elements, wherein an interpolation in this case is equivalent to a 4x4 interpolation
filtering operation. Due to the limited bandwidth capacity (for example, 0:25 with four taps)
it can be possible to downsample or pre-decimate the input images in advance to extend
the overall filter range. A pre-decimation of "4 extends the resampling range to 1/16. In
this case, the input coordinates Cx(P), Cy(P) and the subpixel SP are appropriately re-
calculated to be adapted to the new, pre-decimated input image.

For the interpolation of the output pixel P, a resampling factor is calculated on pixel basis,
which corresponds to a local ratio of an output distance to an input distance. Since the
output samples are by definition regularly spaced in the top view image 12, ie the top view
image 12, comprising one output pixel P, P per output sample, the output distance can be
normalized to "1". Therefore, the resampling factor can be determined as 1/input
distance.

In Fig. 4 an input image area 24 of an input image and an output image area 25 of a top
view image 12 with a plurality of output pixels P, P’ is shown. Initially, a local, centred
output image window 26 with a width Wx in the horizontal direction x and a height Wy in
vertical direction y is defined around the output pixel P to be interpolated. In other words,
the output pixel P to be interpolated is located in the centre of the output image window
26. In the present case, the output image window 26 is square with equal width Wx and
height Wy, for example, Wx = Wy = W = 4 (pixels). The output pixels P.wxz2, P-wxz2, Piwyse,
P.wy» are located on edges of the output image window 26 at a distance of two output
pixels P 'along the horizontal and vertical directions x, y from the output pixel P to be
interpolated.

Based on the output pixels P, P', a rectangular input image window 27 with the dimension
values or dimension parameters L, R, B, T can be defined. The input image includes a
plurality of input samples 28, which are indicated by crosses in the input image area 24.
The input coordinates Cx(P), Cy(P) of the output pixel P are located within the input
image window 27, wherein the input coordinates Cx(P), Cy(P) are the coordinates of a so-
called subpixel SP or partial picture element. Moreover, the input coordinates Cx(P'"),
Cy(P'") of the output pixels P’, in particular the input coordinates Cx(P.wx2), Cy(P.wx2) of
the output pixel P,wyz2, the input coordinates Cx(P.wx2), Cy(P-wx2) of the output pixel P.
w2, the input coordinates Cx(P.wyz), Cy(P.wyz) of the output pixel P,wy» and the input
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coordinates Cx(P.wyz), Cy(P-wy») of the output pixel P.wy» on the edges of the input image
window 27, are shown

The parameters L, R, B, T are determined as follows:

L = min (Cx(P,wxz2), CX(P-wx2), CX(P+Wy/2) x(P +Wy/2)),
R = max (Cx(P.wxz), CX(Pwxz), CX(P.wyi2), CX(Pwyz2)),
T = min (Cy(P.wxz), Cy(P-wx2), Cy(P +Wy/2) Cy(P +Wy/2)),
B = max (Cy(P.wxz), Cy(P-wxz2), Cy(P +Wy/2) Cy(P +Wy/2))

For a given output pixel P the local resampling factor R is, for example, defined as:

R(x) =Wx/(R-L)or1/R(x) = (R- L) >> 2 (mit Wx = 4)
Wy /(B-T)or1/R(y)=(B-T)>>2 (mit Wy = 4).

=
=
I

>>" represents a bitwise operator.

Using an image area based interpolation, the width Wx and the height Wy correspond to
dimensions of the image area with the respective pixels to be interpolated. In this case,
the output pixel is not located in the centre of the output image window 26 determined for
this image area.

Based on the resampling factor, the filter strength can be determined. As mentioned
above, the filter strength can comprise two components which correspond to filter
bandwidths for the horizontal and vertical directions X, y, respectively. Due to the Nyquist-
Shannon theorem, the filter is selected such that the bandwidth is limited in accordance
with bandwidth <= R. If

- R >= 1, the filter bandwidth = 1 (full bandwidth interpolation),
- R < 1, the filter bandwidth is the closest available value to R.

When the resampling factor is R = 0.34, for example, the bandwidth to be selected from a
given filter set {1.0, 0.7, 0.5, 0.36, 0.25} is the filter 0.36 (the third index in the list). For
simplicity, the division 1/R can be prevented on implementation-side, so that the filter
strength is determined from (R - L) and (T - B).
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In order to control the interpolation at least one lookup table LUT1, LUT2 (see Fig. 5) can
be determined in advance and can, for example, be saved in the image processing device
11. The lookup table LUT1 is used for the pixel-based interpolation and the lookup table
LUT2 is used for the image area-based interpolation. The lookup table LUT1 includes
input coordinates XB, YB of the input image pixels used for interpolation of an output pixel
P, the input coordinates Cx(P), Cy(P) of the sub-pixel SP, which are also referred to as
interpolation phases Ph1, Ph2, and the filter strengths, which are characterized by the
respective indices index0 index2. As already indicated, only one filter strength is provided
for two output samples. The preparation of the lookup tables LUT1, LUT2 can be
performed at certain times, in particular periodically, for example at a calibration of the
camera 5a, 5b, 5¢, 5d.

During a real-time generation of the top view images 12, at least one of the lookup tables
LUT1, LUT2 is read by the interpolation unit 29 and the coordinates XB, YB of the input
pixels or input image data to be used are identified. Respective filter strengths index0,
index2 and phases Ph2, Ph1 are associated with these input coordinates XB, YB, based
on which the corresponding filter bands Band0, Band1, Band2, Band3 with the
corresponding phases Ph0, Ph1, Ph2, Ph3 can be extracted from the filter bank 30 by the
interpolation unit 29. Thereafter, the corresponding coefficients Px, Py can be loaded for
the interpolation of the output pixel P. In order to save memory space within the lookup
tables LUT1, LUT2, alternatively or in combination with the local pixel-based index in the
lookup table LUT1, a range based index can be stored in the lookup table LUT2.

In Fig. 6, a top view image 12 is shown which has been interpolated in image regions.
Here, boundary artefacts 32 are visible at the edges 31 of the image regions 15 which
result from a sudden change in the applied filter strength or the applied filter bandwidth. In
order to prevent this boundary artefacts 32, the interpolation is performed pixel-by-pixel so
that a top view image 12 can be generated with at least reduced disturbing signals 13 and
no boundary artefacts 32.

In summary, a method is provided, which reduces the real-time complexity by adjusting
the local Nyquist frequency, which is applied to each output pixel P. In addition, indices
index0, index2 corresponding with certain filter bands are deposited in the lookup tables
LUT1, LUT2 so that the low pass filtering can be varied in real-time. This is in particular
separately provided both for the horizontal and for the vertical direction x, y. The method
comprises the advantage that aliasing artefacts can be reduced, wherein an overall
sharpness of the top view image 12 remains.



WO 2018/060409 PCT/EP2017/074750

16

Claims

1. Method for reducing disturbing signals (13) in a top view image showing (12) a
motor vehicle (1) and an environmental region (4) of the motor vehicle (1), wherein
for interpolation of the top view image (12) based on at least one input image
captured by at least one vehicle-side camera (5a, 5b, 5¢, 5d)

- for an output pixel (P) to be interpolated of the top view image (12), respective
input coordinates (Cx(P), Cy(P)) of a pixel (SP) with subpixel accuracy within the at
least one input image are determined,

- for the output pixel (P) to be interpolated a respective filter strength is determined
as a function of the associated input coordinates (Cx(P), Cy(P)), and

- depending on the filter strength a respective filter for interpolating the output pixel
(P) is determined.

2.  Method according to claim 1,
characterized in that
a filter bank (30) comprising at least two filter sets is predetermined, each filter set
is assigned to a bandwidth (Band0, Band1, Band2, Band3) corresponding with a
respective filter strength and, for interpolating the respective output pixel (P), one of
the filter sets is selected depending on the associated filter strength.

3.  Method according to claim 2,
characterized in that
each filter set comprises at least two filters with different filter phases (Ph0, Ph1,
Ph2, Ph3) corresponding to respective input coordinates (Cx (P), Cy (P)) of the pixel
(SP) with subpixel accuracy, wherein one of the filters is selected as a function of
the determined input coordinates (Cx(P), Cy(P)) of the pixel (SP) with subpixel

accuracy.

4.  Method according to claim 2 or 3,
characterized in that

the filters of the filter bank (30) are determined to be low pass filter curves.
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5.  Method according to any one of the preceding claims,
characterized in that
at least one lookup table (LUT 1, LUT 2) readable for interpolating output pixels (P)
for the top view image (12) is predetermined, in which the respective input
coordinates (Cx(P), Cy(P)) of the pixels (SP) with subpixel accuracy and the
corresponding filter strengths are associated with predetermined output coordinates
of the output pixels (P).

6. Method according to claim 5,
characterized in that
for determining the at least one lookup table (LUT1, LUT2), an output image window
(26) comprising the respective output coordinates of the output pixel (P) to be
interpolated and an input image window (27) comprising the respective input
coordinates (Cx(P), Cy(P)) of the pixel (SP) with subpixel accuracy within the at
least one input image are determined, a spacing ratio is determined based on the
input image window (27) and the output image window (27), and the filter strength is
determined based on the spacing ratio.

7.  Method according to claim 6,
characterized in that
for the output pixel (P) to be interpolated, input coordinates (XB,YB) which are
located within the input image window (27) are additionally deposited in the at least
one lookup table (LUT1, LUT2).

8. Method according to claim 6 or 7,
characterized in that
the at least one lookup table (LUT1, LUT2) is determined as a camera-specific
lookup table (LUT1, LUT?2) for the at least one camera (5a, 5b, 5¢, 5d), wherein the
preparation of the camera-specific lookup table (LUT1, LUT2) is performed during a
calibration process of at the least one camera (5a, 5b, 5¢, 5d).

9. Method according one of the preceding claims,
characterized in that
a horizontal filter strength value corresponding with a respective horizontal input
coordinate (Cx(P)) of the pixel (SP) with subpixel accuracy and a vertical filter
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strength value corresponding with respective vertical input coordinate (Cy(P)) of the
pixel (SP) with subpixel accuracy are determined.

Method according to any one of the preceding claims,

characterized in that

the filter strength selection is performed for each output pixel (P) and/or in regions
for output image areas having at least two output pixels (P) in the horizontal and/or
vertical direction (x, y).

Method according to any one of the preceding claims,

characterized in that

a contrast enhancement and/or an edge enhancement for the at least one input
image in case of the camera (5a, 5b, 5c, 5d) equipped with integrated enhancement
functions are supressed or mitigated and the top view image (12) is determined
based on the at least one input image images without the contrast enhancement
and/or edge enhancement.

Image processing device (11) for a driver assistance system (2) of a motor vehicle
(1) which is adapted to perform a method of any one of the preceding claims.

Driver assistance system (2) for a motor vehicle (1) comprising at least one camera
(5a, 5b, 5¢, 5d) for capturing at least one input image and an image processing

device (11) according to claim 12.

Driver assistance system (2) according to claim 13,

characterized in that

the driver assistance system (2) comprises at least four cameras (5a, 5b, 5¢, 5d)
forming a surround view camera system (3), wherein the image processing device
(11) is adapted to generate the top view image (12) based on the input images
captured by the surround view camera system (3).

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