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1
METHOD FOR IDENTIFICATION OF
CANDIDATE POINTS AS POSSIBLE
CHARACTERISTIC POINTS OF A
CALIBRATION PATTERN WITHIN AN
IMAGE OF THE CALIBRATION PATTERN

TECHNICAL FIELD OF INVENTION

The invention relates to a method for identification of
candidate points as possible characteristic points of a cali-
bration pattern within an image of the calibration pattern.

BACKGROUND OF INVENTION

Such a calibration pattern can for example be used for
calibrating the orientation of a camera mounted to a vehicle.
The image of the calibration pattern is then acquired by
means of this camera. Especially for such a calibration, but
also for different possible purposes in different contexts, it
can be necessary to identify characteristic points of the
calibration pattern within the image of the calibration pat-
tern. Such characteristic points, however, might not be
identifiable by a single procedure or a single criterion.
Therefore, it might be useful to first identify candidate points
having some necessary characteristics of the characteristic
points to be identified, with these characteristics, however,
not being sufficient for reliable identification of the “true”
characteristic points of the calibration pattern. As a result,
the candidate points ideally comprise all characteristic
points to be identified, though they might also comprise
other points only resembling characteristic points to a cer-
tain extent.

The method for identification of such candidate points as
possible characteristic points of the calibration pattern does
not necessarily have to be executed on the image as directly
obtained photographically from the calibration pattern.
Instead the image might be preprocessed, for example, in a
manner such that it is better adapted to be searched for
candidate points.

In particular, candidate points can be characterized by an
at least local maximum or minimum of pixel values of pixels
of the image. Preferably, the resolution of the image is such
that a possible characteristic point of the calibration image
is represented in the image by an area comprising several
pixels. The pixel values of this area might then form an
elevation or a depression compared to the pixel values of
surrounding pixels. To find such an elevation or depression,
the pixel value of each of the pixels of the image could be
compared to a threshold, with the location of a candidate
point being, for example, determined as an apex of a found
elevation or depression. However, due to noise or other
errors in the image, identifying as candidate points all pixels
having a locally maximal or minimal pixel value and/or
being the apex of a pixel value elevation or depression could
lead to too many false positives.

SUMMARY OF THE INVENTION

It is an objective of the invention to identify the candidate
points in an alternative and, in particular, more specific
manner and, preferably, with better resolution.

The objective is solved by a method in accordance with
claim 1.

The method comprises determining spots within a filtered
image derived from the image of the calibration pattern, with
a spot being defined as a coherent set of pixels of the filtered
image having pixel values exceeding a threshold. In other
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words, instead of directly searching for individual pixels
having features characterizing them as possible characteris-
tic points of the calibration pattern, the filtered image is
preferentially searched for spots, i.e. regions of the image
which might be indicative of a characteristic point. Such
regions comprise pixels with pixel values exceeding a
threshold, whereas the pixel values of the pixels surrounding
a respective spot in particular do not exceed the threshold.
The threshold can be an upper or a lower threshold. There-
fore, in the one case, the pixels of the spot exceeding the
threshold can all have pixel values above the threshold, and
in the alternative case, they can all have pixel values below
the threshold.

The filtered image might be identical to the image of the
calibration pattern, if the calibration pattern is such that the
image of the calibration pattern directly comprises spots
indicative of characteristic points of the calibration pattern.
However, it may be necessary preprocess the image in of the
calibration pattern in some way, especially by filtering, in
order to create the spots from which respective characteristic
points can then be derived. This will be explained exem-
plarily in greater detail below.

After the spots have been determined, for each of the
determined spots, a central point of the determined spot is
calculated which is then identified as candidate point. In
particular, for every spot determined one candidate point is
obtained in this way.

According to an embodiment, the step of determining the
spots comprises scanning the filtered image one pixel of the
filtered image after another, wherein, if a scanned pixel has
a pixel value exceeding the threshold, the scanning is paused
and a spot contour tracing is executed starting with the last
scanned pixel as current pixel and the second last scanned
pixel as previous pixel. In this respect, determining the spots
is an iterative procedure. The filtered image is scanned pixel
by pixel until a pixel is reached having a pixel value
exceeding the threshold. Then, from this pixel on, a contour
of a respective spot can be traced by a spot contour tracing
algorithm. In this way, a spot in the filtered image can be
identified by tracing the spot at least essentially along a
border between pixels having pixel values exceeding the
threshold and pixels having pixel values not exceeding the
threshold.

As starting values for such a spot contour tracing algo-
rithm, the last scanned pixel, i.e. the pixel having a pixel
value exceeding the threshold and having caused the execu-
tion of the spot contour tracing, is regarded as the first
“current pixel”, and the second last scanned pixel, which
consequently has a pixel value not exceeding the threshold,
is regarded as the first “previous pixel”.

In particular, said spot contour tracing comprises a tracing
step as a result of which the current pixel is logged as a
contour pixel of the spot and a new current pixel is detet-
mined, wherein this tracing step is repeated until the current
pixel is again equal to the last scanned pixel. In other word,
the tracing step is repeated until the starting point is reached
and thus the contour is closed.

The tracing step in particular comprises logging the
current pixel as a contour pixel; for neighboring pixels
adjacent to the current pixel, evaluating the condition,
whether both the neighboring pixel has a pixel value exceed-
ing the threshold and another neighboring pixel, which
immediately precedes this neighboring pixel with respect to
a sense of rotation around the current pixel, has a pixel value
not exceeding the threshold; selecting from all neighboring
pixels, for which the condition is fulfilled, the neighboring
pixel farthest from the previous pixel with respect to said
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sense of rotation; and defining the current pixel as (new)
previous pixel as well as defining the selected neighboring
pixel as (new) current pixel. Hence, in a single tracing step,
the spot contour tracing algorithm moves from one pixel
having a pixel value exceeding the threshold to a neighbor-
ing pixel also having a pixel value exceeding the threshold.

To select the neighboring pixel to move to next, in
particular all neighboring pixels of the current pixel are
evaluated. A neighboring pixel to the current pixel is pref-
erentially a pixel with direct contact to the current pixel. A
direct contact can comprise a common border which can be
line or also only a single point. Hence, in a field of pixels
arranged in rows and columns, a pixel has eight neighboring
pixels having contact to the pixel at one of the pixel’s four
sides or at one of the pixel’s four corners, respectively.

The selected neighboring pixel to the respective current
pixel, on the one hand, has to have a pixel value exceeding
the threshold and, on the other hand, has to be near the
border between pixels with pixel values exceeding the
threshold and pixels with pixel values not exceeding the
threshold. Therefore it is preferred to evaluate the neighbor-
ing pixels along a sense of rotation around the current pixel,
for example clockwise or counter-clockwise, and to com-
pare the pixel value of a respective one of the neighboring
pixels with the pixel value of the immediately preceding one
of the neighboring pixels with respect to said sense of
rotation.

If for one current pixel more than one neighboring pixel
is found whose pixel value exceeds the threshold and whose
preceding neighboring pixel has a pixel value not exceeding
the threshold, the latest such neighboring pixel is selected.
By this the sense of rotation of the spot contour tracing is
defined and corresponds to said sense of rotation of succes-
sively evaluating the neighboring pixels of a respective
current point.

After a tracing the spot contour has been completed, i.e.
after repeating the tracing step has stopped because the last
scanned pixel has been reached again, the spot is identified
as the set of pixels which comprises the logged contour
pixels and the pixels encircled by the logged contour pixels.
From this set of pixels the central point of the spot can then
be calculated.

Afterwards the next spot can be searched and its contour
can then be traced. To this purpose, an already found spot is
preferentially removed at least temporarily from the filtered
image so that it is not traced multiple times during the
scanning of the filtered image.

In an embodiment, calculating the central point of a
determined spot comprises the steps of determining a first
coordinate of the central point by calculating the sum of the
products of a respective first coordinate and a respective
pixel value of each of the pixels of the spot and dividing this
sum by the sum of the pixel values of the pixels of the spot,
and determining a second coordinate of the central point by
calculating the sum of the products of a respective second
coordinate and a respective pixel value of each of the pixels
of the spot and dividing this sum by the sum of the pixel
values of the pixels of the spot. Such calculation can be
regarded as determining the central point as a weighted
average of all the points of the respective spot.

In such an embodiment, the central point is not simply
that one of the pixels of the spot having a maximal or
minimal value or simply an apex of the spot, but is depen-
dent on the pixel values of all pixels of the spot. By this,
determining the central point of a spot is less prone to errors
due to noise. Furthermore, the central point is determined
with sub-pixel precision, because due to the weighted aver-
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aging the resulting position of the central point is not limited
to exact pixel positions. Other methods for calculating the
central spot than a weighted averaging as defined above
might be used alternatively.

According to an embodiment, the filtered image is derived
from a smoothed image obtained from the image of the
calibration pattern by, for each pixel of the image of the
calibration pattern, replacing a pixel value of the pixel by an
average over the pixel values of pixels in a vicinity of the
pixel. This can in particular correspond to box filtering or
moving average filtering of the image. The degree of
smoothing especially depends on the definition of said
vicinity of the respective pixel and is preferably adjusted
such that image noise can be reduced significantly while the
calibration pattern remains clearly recognizable.

In an embodiment, the filtered image is obtained from the
image of the calibration pattern or a smoothed image derived
from the image of the calibration pattern by convolution of
the image or the smoothed image, respectively, with a filter
kernel specific to the calibration pattern or to a sub-pattern
of the calibration pattern. Such a convolution is especially
suited to result in a filtered image in which the calibration
pattern or the sub-pattern stands out from the rest of the
filtered image, whereas parts of the image not corresponding
to the calibration pattern or the sub-pattern, for example a
background, can ideally be smoothed out.

In particular, the convolution of the image or the
smoothed image comprises the steps of obtaining an integral
image from the image or the smoothed image by, for each
pixel of the image or the smoothed image, replacing the
pixel value of the respective pixel by the sum of the pixel
values of pixels having smaller first and second coordinates
than the respective pixel; and convolving the integral image
with a modified filter kernel specific to the calibration
pattern or to the sub-pattern of the calibration pattern. In
other word, the convolution of the image or smoothed image
with a filter kernel can be replaced by a convolution of the
integral image of the image the smoothed image with a
modified filter, wherein the modified filter kernel is prefer-
ably chosen such that the result of the convolution remains
the same. By this, computing power and time may be
reduced substantially, because calculation of the integral
image requires only additions and the modified kernel can be
much simpler than the unmodified filter kernel. Especially,
amajority of the coeflicients of the modified filter kernel can
become zero so that comparatively few products have to be
calculated for the convolution. If the non-zero coefficients of
the modified filter kernel are one or minus one, the convo-
lution might be even further simplified to only a few
additions.

According to an embodiment, the calibration pattern
comprises a sub-pattern formed by two equally oriented
squares contrasting with a background of the calibration
pattern, with a corner of one of the squares coinciding with
a corner of the other of the squares. This can be regarded as
a checkerboard with two rows and two columns. Especially,
the squares can at least essentially be black on a white
background. A characteristic point of such a sub-pattern may
then be the center of the sub-pattern where the corners of the
two squares coincide.

If the calibration contains such a sub-pattern, in a further
embodiment, the filter kernel comprises a field of kernel
values corresponding to said sub-pattern by the kernel value
of a point of the field being equal to one, if the point
corresponds to any of the squares of the sub-pattern, and
equal to zero otherwise. In other words, for the sub-pattern
described the filter kernel can also be checkerboard-like,
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with two rows and two columns and the “dark™ fields of the
checkerboard having kemel values of one and the “light”
fields of the checkerboard having kernel values of zero.

In such an embodiment, the modified filter kernel pref-
erably comprises a field of kernel values corresponding to
said sub-pattern by the kernel value of a point of the field
being: equal to one, if the point corresponds to a corner of
any of the squares and the sum of first and second coordi-
nates of the corner is smaller or greater than each sum of first
and second coordinates of the other comers of the same
square; equal to minus one, if the point corresponds to a
corner of any of the squares and the sum of first and second
coordinates of the corner is neither smaller nor greater than
each sum of first and second coordinates of the other corners
of the same square; and equal to zero otherwise.

In other words, only in the corners of the squares the
modified kernel has non-zero kernel values. The kernel
values in the corners are one or minus one, with kernel
values of one in the upper left corner and in the lower right
corner and of minus one in the other corners, or vice versa.

With the described sub-pattern in the calibration pattern,
convolution of the image or smoothed image of the calibra-
tion pattern using the filter kernel or convolution of the
integral image using the modified filter kernel can lead to a
filtered image, in which the corners of said squares of the
sub-pattern appear as spots comprising pixels having higher
pixel values than the other pixels of the filtered image.
Therefore such convolution is especially suited to prepro-
cess the image of the calibration pattern for a subsequent
determination of these spots within the filtered image by the
spot contour tracing described above.

According to an alternative embodiment, the calibration
pattern is an arrangement of sub-patterns comprising at least
a first sub-pattern and a second sub-pattern. In particular the
second sub-pattern is an inverse of the first sub-pattern. For
example, the second sub-pattern can be bright or white,
where the first sub-pattern is dark or black, and vice versa.

With such a calibration pattern, the filtered image can in
particular be obtained from the image of the calibration
pattern or a smoothed image derived from the image of the
calibration pattern by convolution of the image or the
smoothed image with a filter kernel specific to a superpo-
sition of the first sub-pattern and the second sub-pattern; and
after convolution, for each pixel of the image or the
smoothed image, replacing a pixel value of the pixel by the
absolute value of the pixel value.

This is similar to the method according to an embodiment
described above. However, the filter kernel is now specific
to a superposition of the first sub-pattern and the second
sub-pattern. For example, the filter kernel can be formed by
subtraction of a filter kernel specific to the second sub-
pattern from a filter kernel specific to the first sub-pattern.
By this, the filter kernel can be usable for detecting both the
first sub-pattern and the second sub-pattern at the same time.
However, such a filter kernel can lead to spots in the filtered
image corresponding to first sub-patterns of the calibration
pattern having high positive pixel values and spots corre-
sponding to second sub-patterns of the calibration pattern
having high negative pixel values. To be able to use a single
threshold for detecting all these spots, it can be preferred
that, after convolution, all pixels of the convolved image
have their pixel values replaced by the respective absolute
values of the pixel values. In this way. all spots have positive
values independent of whether they correspond to the first or
the second sub-pattern.

In particular, the convolution of the image or the
smoothed image comprises the steps of obtaining an integral
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image from the image or the smoothed image by, for each
pixel of the image or the smoothed image, replacing a pixel
value of the pixel by the sum of the pixel values of pixels
having smaller first and second coordinates than the pixel;
and convolving the integral image with a modified filter
kernel specific to the superposition of the first sub-pattern
and the second sub-pattern. As described above for another
embodiment, such a convolution can be advantageous with
respect to the computation power and time.

According to an embodiment, each of the first and second
sub-patterns is formed by two equally oriented squares
contrasting with a background of the calibration pattern,
with a corner of one of the squares coinciding with a corner
of the other of the squares, wherein the relative orientation
of the two squares of the first sub-pattern is perpendicular to
the relative orientation of the two squares of the second
sub-pattern. In particular, the sub-patterns can be similar to
the sub-pattern described above. However, with respect to
each other the first and second sub-patterns differ in par-
ticular in the relative orientation of the two squares. Espe-
cially, the two sub-pattern can be checkerboard-like with
two rows and two columns each, wherein in the first
sub-pattern, for example, the top left field and the bottom
right field are dark or black and the other fields are bright or
white, and in the second sub-pattern the top right field and
the bottom left field are dark or black and the other filed are
bright or white.

If the calibration contains first and second sub-patterns of
the described kind, in an embodiment, the filter kernel
comprises a field of kernel values corresponding to the
superposition of the first sub-pattern and the second sub-
pattern by the kernel value of a point of the field being: equal
to one, if the point corresponds to any of the squares of the
first sub-pattern; equal to minus one, if the point corresponds
to any of the squares of the second sub-pattern; and equal to
zero otherwise.

In such an embodiment, the modified filter kernel pref-
erably comprises a field of kernel values corresponding to
the superposition of the first sub-pattern and the second
sub-pattern by the kernel value of a point of the field being:
equal to one, if the point corresponds to a corner of any of
the squares of the first sub-pattern and the sum of first and
second coordinates of the corner is smaller or greater than
each sum of first and second coordinates of the other corners
of the same square; equal to minus one, if the point corre-
sponds to a corner of any of the squares of the first
sub-pattern and the sum of first and second coordinates of
the corner is neither smaller nor greater than each sum of
first and second coordinates of the other corners of the same
square; equal to minus one, if the point corresponds to a
corner of any of the squares of the second sub-pattern and
the sum of first and second coordinates of the corner is
smaller or greater than each sum of first and second coor-
dinates of the other corners of the same square; equal to one,
if the point corresponds to a corner of any of the squares of
the second sub-pattern and the sum of first and second
coordinates of the corner is neither smaller nor greater than
each sum of first and second coordinates of the other corners
of the same square; and equal to zero otherwise.

In other words, the modified kernel has non-zero kernel
values only in corners of the checkerboard fields. In these
corners the kernel values are one or minus one, wherein for
the “dark” fields of the checkerboard the kernel values in the
upper left corner and in the lower right corner are one and
the kernel values in the other corners are minus one, and
wherein for the “bright” fields of the checkerboard the
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kernel values in the upper right corner and in the lower left
corner are one and the kernel values in the other corners are
minus one, or vice versa.

Such a filter kernel or modified kernel can then be suited
for determining both first sub-patterns and second sub-
patterns within the image or smoothed image at the same
time. In particular, such kernels can be able to transform
corners of the squares of a respective sub-pattern to respec-
tive spots of pixels whose pixel values stand out from the
pixel values of surrounding pixels.

The objective of the invention is furthermore solved by a
computer program product in accordance with claim 16 and
in particular by a computer program product with a com-
puter program which has software means for carrying out a
method in accordance with at least one of the embodiments
described above, if the computer program is executed in a
computing device. Due to the preferably low complexity of
the calculations during execution of the method, the com-
puter program may especially be suited to be executed on a
microcontroller or an embedded system of a camera with
which the image of the calibration pattern is acquired.

BRIEF DESCRIPTION OF DRAWINGS

In the following, the invention is exemplarily further
described with reference to the Figures.

FIG. 1 is a calibration pattern for calibrating a camera in
accordance with one embodiment;

FIG. 2 is a filtered image from a camera in accordance
with one embodiment;

FIG. 3 is an illustration of a spot contour tracing in
accordance with one embodiment; and

FIG. 4 is a scan through the filtered image of FIG. 2 in
accordance with one embodiment.

DETAILED DESCRIPTION

FIG. 1 shows an exemplary image 11 of a calibration
pattern 13 acquired with a camera which is not shown. The
calibration pattern 13 comprises ten sub-patterns 15, 15,
representations of which can be recognized in the image 11.
There are sub-patterns of a first type 15 and sub-patterns of
a second type 15". The sub-patterns 15, 15' of both types are
each formed by two equally oriented squares, with a corner
of one of the squares coinciding with a corner of the other
of the squares, wherein the relative orientation of the two
squares of a respective sub-patterns of the first type 15 is
perpendicular to the relative orientation of the two squares
of a respective sub-pattern of the second type 15'.

Five of the sub-patterns 15, 15 are arranged along a first
vertical line, the other five along a second vertical line. Each
of the sub-patterns 15, 15' on the first vertical line forms a
pair with a respective sub-pattern 15, 15' on the second
vertical line such that both sub-patterns 15, 15' of a respec-
tive pair are aligned on a horizontal line. Hence, in total
there are five horizontal lines. While the two vertical lines
and the five horizontal lines are not depicted and hence are
no explicit part of the calibration pattern, they are unam-
biguously defined by the sub-patterns 15, 15, in particular
by respective characteristic points of these sub-patterns 15,
15'.

For example to use the horizontal lines and the vertical
lines for calibrating an orientation of the camera, the char-
acteristic points of the calibration pattern 13 are to be
determined. For this, the image 11 can be convolved with a
filter kernel k having the following kernel values:
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The size of the filter kernel is specifically adapted at least
approximately to the size (in pixels) of the representations of
the first sub-patterns 15 in the image 11.

Alternatively, the integral image of the image 11 can be
calculated, which is then convolved with a modified filter
kernel k' having the following kernel values:

|
—
<

0 0 0 ..
1 0 0 ..
K =
0 0 1 0 .. -1
0 0

0 ..

-1 0 ...0 1

This leads to a reduced computational complexity com-
pared to the direct convolution of the image 11 with the
unmodified filter kernel k.

For the calibration pattern 13 having first and second
sub-patterns 15, 15', a filter kernel j can be used which is
specific for both the first and second sub-pattern 15, 15" at
the same and has the following kernel values:

11 ..1 1 -1-1 -1 -1
11 .1 1 -1 -1 -1 -1
11 .1 1 -1 -1 -1 -1
11 .1 1 -1 -1 -1 -1

The corresponding modified filter kernel j', which can
alternatively be used for convolution of the integral image
(instead convolving the image 11 with the unmodified filter
kernel j) to reduce the computational complexity, has the
following kernel values:
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With such a filter kernel j or such a modified filter kernel
7', the image 11 is transformed into a filtered image 17 shown
in FIG. 2. As can be seen from FIG. 2, corners of the squares
of the first and second sub-pattern 15, 15' of the calibration
pattern 13 appear as bright dots against a dark background
in the filtered image 17. The position of a corner of a square
can then be determined from the respective spot, in particu-
lar as an average position over the pixels of the spot
weighted by their pixel values.

The spots in the filtered image 17 can be determined by
the spot contour tracing algorithm, which is described above
and is for a single spot 19 schematically shown in FIG. 3. In
this Figure, the spot 19 comprises pixels shown as bordered
squares.

When, during scanning of the filtered image 17 line by
line and pixel by pixel, the pixel A having a pixel value
above some threshold is reached, the spot contour tracing
starts and moves around the spot 19 as shown by the arrows
connecting the pixels of the contour 21. For each of the
pixels of the contour, the respective next pixel to move to is
searched for in every possible direction (eight directions as
indicated by the short arrows in the pixels A to L of the
contour 21). The eight neighboring pixels of the respective
pixel are evaluated clockwise with regard to whether their
pixel value is above the threshold while the pixel value of
the preceding pixel (with respect to the clockwise direction
of rotation) is not above the threshold. The latest neighbor-
ing pixel for which this condition is met, is chosen as the
next pixel. In this manner, the entire contour 21 is traced.

After the spot 19 has been traced and maybe its central
point has been determined, the spot 19 is removed from the
filtered image 17 so as not to be traced again by the then
resumed scanning of the filtered image 17.

The result of scanning through the filtered image 17 and
tracing all the spots 19 found therein is shown in FIG. 4. This
Figure shows the filtered image 17 of FIG. 2 overlayed by
the determined contours of respective spots 19. As can be
seen from FIG. 4, the spots 19 are reliably identified, though
structures in the background of the calibration pattern 13 (cf.
FIG. 1) lead to false positives, especially in a periphery of
the filtered image 17. Nevertheless, the described method
allows identifying candidate points which are at least pos-
sible characteristic points of the calibration pattern 13, with
these candidate points being identifiable with sub-pixel
position by averaging a respective spot 19. Therefore the
method, which requires comparatively little computing
power, can be used as an important preprocessing of the
image 11 for a method which subsequently selects from the
set of candidate points the true characteristic points of the
calibration pattern 13.
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The invention claimed is:

1. A method for identification of candidate points as
possible characteristic points of a calibration pattern within
an image of the calibration pattern, the method comprising
the steps of:

determining spots within a filtered image derived from the

image of the calibration pattern, with a spot being
defined as a coherent set of pixels of the filtered image
having pixel values exceeding a threshold,

for each determined spot calculating a central point of the

determined spot, and

identifying as candidate points all calculated central

points,

wherein the step of determining the spots comprises

scanning the filtered image one pixel of the filtered
image after another,
wherein, if a scanned pixel has a pixel value exceeding the
threshold, the scanning is paused and a spot contour
tracing is executed starting with the last scanned pixel
as current pixel and the second last pixel as previous
pixel,
the spot contour tracing comprising as a tracing step the
steps of logging the current pixel as a contour pixel,

for neighboring pixels adjacent to the current pixel, evalu-
ating the condition, whether both the neighboring pixel
has a pixel value exceeding the threshold and another
neighboring pixel, which immediately precedes this
neighboring pixel with respect to a sense of rotation
around the current pixel, has a pixel value not exceed-
ing the threshold,

selecting from all neighboring pixels, for which the con-

dition is fulfilled, the neighboring pixel farthest from
the previous pixel with respect to said sense of rotation,
and

defining the current pixel as previous pixel and defining

the selected neighboring pixel as current pixel;

the spot contour tracing further comprising the steps of

repeating the tracing step until the current pixel is again
equal to the last scanned pixel,

determining the spot as the set of pixels comprising the

logged contour pixels and the pixels surrounded by the
logged contour pixels.
2. The method in accordance with claim 1, wherein
calculating the central point of a determined spot comprises
the steps of
determining a first coordinate of the central point by
calculating the sum of the products of a respective first
coordinate and a respective pixel value of each of the
pixels of the spot and dividing this sum by the sum of
the pixel values of the pixels of the spot, and

determining a second coordinate of the central point by
calculating the sum of the products of a respective
second co-ordinate and a respective pixel value of each
of the pixels of the spot and dividing this sum by the
sum of the pixel values of the pixels of the spot.

3. The method in accordance with claim 1, wherein the
filtered image is derived from a smoothed image obtained
from the image of the calibration pattern by, for each pixel
of the image of the calibration pattern; replacing a pixel
value of the pixel by an average over the pixel values of
pixels in a vicinity of the pixel.

4. The method in accordance with claim 1, wherein the
filtered image is obtained from the image of the calibration
pattern or a smoothed image derived from the image of the
calibration pattern by convolution of the image or the
smoothed image, respectively, with a filter kernel specific to
the calibration pattern or to a sub-pattern of the calibration
pattern.
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5. The method in accordance with claim 4, wherein the
convolution of the image or the smoothed image comprises
the steps of

obtaining an integral image from the image or the

smoothed image by, for each pixel of the image or the
smoothed image, replacing the pixel value of the
respective pixel by the sum of the pixel values of pixels
having smaller first and second coordinates than the
respective pixel; and

convolving the integral image with a modified filter kernel

specific to the calibration pattern or to the sub-pattern
of the calibration pattern.

6. The method in accordance with claim 5, wherein the
modified filter kernel comprises a field of kernel values
corresponding to said sub-pattern by the kernel value of a
point of the field being

equal to one, if the point corresponds to a corner of any

of the squares and the sum of first and second coordi-
nates of the corner is smaller or greater than each sum

of first and second coordinates of the other corners of 20

the same square,

equal to minus one, if the point corresponds to a corner of
any of the squares and the sum of first and second
coordinates of the corner is neither smaller nor greater
than each sum of first and second coordinates of the
other corners of the same square, and

equal to zero otherwise.

7. The method in accordance with claim 1, wherein the

calibration pattern comprises a sub-pattern formed by two

equally oriented squares contrasting with a background of 30

the calibration pattern, with a corner of one of the squares
coinciding with a corner of the other of the squares.

8. The method in accordance with claim 1, wherein the
filter kernel comprises a field of kernel values corresponding
to said sub-pattern by the kernel value of a point of the field
being

equal to one, if the point corresponds to any of the squares

of the sub-pattern, and

equal to zero otherwise.

9. The method in accordance with claim 1, wherein the
calibration pattern is an arrangement of sub-patterns com-
prising at least a first sub-pattern and a second sub-pattern,
in particular with the second sub-pattern being an inverse of
the first sub-pattern.

10. The method in accordance with claim 9, wherein the
filtered image is obtained from the image of the calibration
pattern or a smoothed image derived from the image of the
calibration pattern by

convolution of the image or the smoothed image with a

filter kernel specific to a superposition of the first
sub-pattern and the second sub-pattern; and

after convolution, for each pixel of the image or the

smoothed image, replacing a pixel value of the pixel by
the absolute value of the pixel value.
11. The method in accordance with ¢laim 10, wherein the
convolution of the image or the smoothed image comprises
the steps of
obtaining an integral image from the image or the
smoothed image by, for each pixel of the image or the
smoothed image, replacing a pixel value of the pixel by
the sum of the pixel values of pixels having smaller first
and second coordinates than the pixel; and

convolving the integral image with a modified filter kernel
specific to the superposition of the first sub-pattern and
the second sub-pattern.

12. The method in accordance with claim 11, wherein the
modified filter kernel comprises a field of kernel values

(=)
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corresponding to the superposition of the first sub-pattern
and the second sub-pattern by the kernel value of a point of
the field being

equal to one, if the point corresponds to a corner of any

of the squares of the first sub-pattern and the sum of
first and second coordinates of the corner is smaller or
greater than each sum of first and second coordinates of
the other commers of the same square,

equal to minus one, if the point corresponds to a corner of

any of the squares of the first sub-pattern and the sum
of first and second coordinates of the corner is neither
smaller nor greater than each sum of first and second
coordinates of the other corners of the same square,
equal to minus one, if the point corresponds to a corner of
any of the squares of the second sub-pattern and the
sum of first and second coordinates of the corner is
smaller or greater than each sum of first and second
coordinates of the other corners of the same square,
equal to one, if the point corresponds to a corner of any
of the squares of the second sub-pattern and the sum of
first and second coordinates of the corner is neither
smaller nor greater than each sum of first and second
coordinates of the other corners of the same square, and
equal to zero otherwise.

13. The method in accordance with claim 10, wherein the
filter kernel comprises a field of kernel values corresponding
to the superposition of the first sub-pattern and the second
sub-pattern by the kernel value of a point of the field being

equal to one, if the point corresponds to any of the squares

of the first sub-pattern,

equal to minus one, if the point corresponds to any of the

squares of the second sub-pattern, and

equal to zero otherwise.

14. The method in accordance with claim 9, wherein each
of the first and second sub-patterns is formed by two equally
oriented squares contrasting with a back-ground of the
calibration pattern, with a corner of one of the squares
coinciding with a corner of the other of the squares,

wherein the relative orientation of the two squares of the

first sub-pattern is perpendicular to the relative orien-
tation of the two squares of the second sub-pattern.
15. A method for identification of candidate points as
possible characteristic points of a calibration pattern within
an image of the calibration pattern, the method comprising
the steps of:
determining spots within a filtered image derived from the
image of the calibration pattern, with a spot being
defined as a coherent set of pixels of the filtered image
having pixel values exceeding a threshold;

calculating for each determined spot a central point of the
determined spot; and

identifying all calculated central points as candidate

points; wherein

the step of determining the spots comprises scanning
the filtered image one pixel of the filtered image after
another, and wherein;

if a scanned pixel has a pixel value exceeding the
threshold, the scanning is paused and a spot contour
tracing is executed starting with the last scanned
pixel as current pixel and the second last pixel as
previous pixel.

16. The method in accordance with claim 15, wherein the
spot contour tracing comprising as a tracing step the steps of:

logging the current pixel as a contour pixel;

for neighboring pixels adjacent to the current pixel, evalu-

ating the condition, whether both the neighboring pixel
has a pixel value exceeding the threshold and another
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neighboring pixel, which immediately precedes this
neighboring pixel with respect to a sense of rotation
around the current pixel, has a pixel value not exceed-
ing the threshold;

selecting from all neighboring pixels, for which the con-

dition is fulfilled, the neighboring pixel farthest from
the previous pixel with respect to said sense of rotation;
and

defining the current pixel as previous pixel and defining

the selected neighboring pixel as current pixel.

17. The method in accordance with claim 15, wherein the
spot contour tracing further comprising the steps of:

repeating the tracing step until the current pixel is again

equal to the last scanned pixel; and

determining the spot as the set of pixels comprising the

logged contour pixels and the pixels surrounded by the
logged contour pixels.

18. A system for identification of candidate points as
possible characteristic points of a calibration pattern within
an image of the calibration pattern, the system comprising:

an image of a calibration pattern captured by a camera

mounted to a vehicle; and

a microcontroller in communication with the camera, the

microcontroller configured to:

determine spots within a filtered image derived from the

image of the calibration pattern, with a spot being
defined as a coherent set of pixels of the filtered image
having pixel values exceeding a threshold;

calculate for each determined spot a central point of the

determined spot; and

identify all calculated central points as candidate points;

wherein

14

the microcontroller is further configured to determine
the spots by scanning the filtered image one pixel of
the filtered image after another; and wherein
if a scanned pixel has a pixel value exceeding the
5 threshold, the microcontroller is further configured
to pause the scanning and execute a spot contour
tracing starting with the last scanned pixel as current
pixel and the second last pixel as previous pixel.
19. The system in accordance with claim 18, wherein the
10 microcontroller is further configured to:
log the current pixel as a contour pixel;
for neighboring pixels adjacent to the current pixel, evalu-
ate the condition, whether both the neighboring pixel
has a pixel value exceeding the threshold and another
neighboring pixel, which immediately precedes this
neighboring pixel with respect to a sense of rotation
around the current pixel, has a pixel value not exceed-
ing the threshold,
select from all neighboring pixels, for which the condition
is fulfilled, the neighboring pixel farthest from the
previous pixel with respect to said sense of rotation;
and
define the current pixel as previous pixel and defining the
selected neighboring pixel as current pixel.
20. The system in accordance with claim 18, wherein the
microcontroller is further configured to:
repeat the tracing step until the current pixel is again equal
to the last scanned pixel; and
determine the spot as the set of pixels comprising the
logged contour pixels and the pixels surrounded by the
logged contour pixels.
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