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Vision system and method for a motor wvehicle

The invention relates to a vision system for a motor vehicle,
comprising an imaging apparatus adapted to capture images from
a surrounding of the motor vehicle and a processing device
adapted to perform image processing on images captured by said
imaging apparatus and to control at least one driver assis-
tance device depending on a result of said image processing,
wherein said image processing comprises object detection
through edge detection, said object detection comprising de-
composing images captured by said imaging apparatus intc a
plurality of decomposed images having different color charac-
teristics, performing separate edge detection on the decom-
posed images, and merging the edges from said separate edge
detections into a common list of edges. The invention also re-

lates toc a corresponding vision method.

Yellow lane markings, for example, are difficult to detect in
greyscale images 1f the lines are old or faded for other rea-
sons, and/or on a road having a light color surface such as
concrete or light-colored asphalt. Also weather conditions may
cause yellow road markings to be difficult to detect. For ex-
ample, such lines may be easy to detect under clouded condi-
tions, but difficult to detect under sunny conditions. Other
examples of conditions which are often difficult are sunrise

and sunset.

Us 8,750,567 B2 discloses a vision system for a motor vehicle
adapted to detect yellow road markings according to the pream-

ble of claim 1.
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The objective underlying the present invention is to provide a
vision system and method enabling a more reliable detection of
colored structures, like road markings, outside the motor ve-

hicle even under difficult conditions.

The invention solves this objective with the features of the
independent claims. According to the invention, an edge dis-
tinguishability measure is calculated for each of the detected
edges, and the merging of the detected edges is based on the

distinguishability measure.

The invention provides a way of detecting colored road mark-
ings, and other colored objects like other vehicles, traffic
signs etc., more reliably by performing edge detection in mul-
tiple images and combining the result in a new way. The decom-
posed images are preferably created by linearly combining col-
or channels in a way which makes road markings of certain col-
ors clearly visible. Edge detection is then performed in all
decomposed images and the edges are combined, preferably by
removing duplicate edges, i.e. edges close to each other in
world coordinates, by preferably choosing the edge with the
highest edge distinguishability measure, in particular the
highest edge gradient, preferably normalized by a specific
edge threshold. The edge threshold may preferably be calculat-

ed using a histogram of the calculated gradient image.

The invention performs merging on an edge level using edge
distinguishability measures like relative gradient amplitudes,
while US 8,750,567 B2 merges after grouping of edges, and does
not use edge distinguishability measures like the invention.
According to the invention, the edges are individually detect-

ed and processed.
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From all image rows of an image captured by the imaging appa-
ratus, preferably only a selected subset of rows is searched
for edges. Preferably there is a number of rows between each
searched row. Further preferably, the distance between the
outer searched rows corresponds to a relatively small height,
in particular less than 50 cm in a distance of 80 m in front
of the car, like 30 cm in a distance of 80 m in front of the
car. The searching for lane markings, for example, is prefera-
bly performed in less than the bottom half of the captured im-
age, and more preferably within a region of up to 80 m in
front of the car. The above features contribute to an excel-

lent computation efficiency of the inventive edge detection.

In the following the invention shall be illustrated on the ba-
sis of preferred embodiments with reference to the accompany-

ing drawings, wherein:

Fig. 1 shows a schematic diagram of a vision system under

the present invention; and

Fig. 2 shows a schematic flow diagram for illustrating the

present invention.

The vision system 10 is mounted in a motor vehicle and com-
prises an imaging apparatus 11 for capturing images of a re-
gion surrounding the motor vehicle, for example a region in
front of the motor vehicle. Preferably the imaging apparatus
11 comprises one or more optical imaging devices 12, in par-
ticular cameras, preferably operating in the visible and/or
infrared wavelength range, where infrared covers near IR with
wavelengths below 5 microns and/or far IR with wavelengths be-
yond 5 microns. In some embodiments the imaging apparatus 11

comprises a plurality imaging devices 12 in particular forming
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a stereo imaging apparatus 11. In other embodiments only one
imaging device 12 forming a mono imaging apparatus 11 can be

used.

The imaging apparatus 11 is coupled to a data processing de-
vice 14 adapted to process the image data received from the
imaging apparatus 11. The data processing device 14 is prefer-
ably a digital device which is programmed or programmable and
preferably comprises a microprocessor, microcontroller a digi-
tal signal processor (DSP), and/or a microprocessor part in a
System-On-Chip (SoC) device, and preferably has access to, or
comprises, a data memory 15. The data processing device 14 may
comprise a dedicated hardware device, like a Field Programma-
ble Gate Array (FPGA) or an Application Specific Integrated
Circuit (ASIC), or an FPGA and/or ASIC part in a System-On-
Chip (SoC) device, for performing certain functions, for exam-
ple controlling the capture of images by the imaging apparatus
11, receiving the electrical signal containing the image in-
formation from the imaging apparatus 11, rectifying or warping
pairs of left/right images into alignment and/or creating dis-
parity or depth images. The data processing device 14, or part
of its functions, can be realized by a System-On-Chip (SoC)
device comprising, for example, FPGA, DSP, ARM and/or micro-
processor functionality. The data processing device 14 and the
memory device 15 are preferably realised in an on-board elec-
tronic control unit (ECU) and may be connected to the imaging
apparatus 11 via a separate cable or a vehicle data bus. In
another embodiment the ECU and one or more of the imaging de-
vices 12 can be integrated into a single unit, where a one box
solution including the ECU and all imaging devices 12 can be
preferred. All steps from imaging, image processing to possi-

ble activation or control of driver assistance device 18 are
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performed automatically and continuously during driving in re-

al time.

Image and data processing carried out in the data processing
device 14 advantageously comprises identifying and preferably
also classifying possible objects (object candidates) in front
of the motor vehicle, such as pedestrians, other vehicles, bi-
cyclists and/or large animals, tracking over time the position
of objects or object candidates identified in the captured im-
ages, and activating or controlling at least one driver assis-
tance device 18 depending on an estimation performed with re-
spect to a tracked object, for example on an estimated colli-
sion probability. The driver assistance device 18 may in par-
ticular comprise a display device to display information re-
lating to a detected object. However, the invention is not
limited to a display device. The driver assistance device 18
may in addition or alternatively comprise a warning device
adapted to provide a collision warning to the driver by suita-
ble optical, acoustical and/or haptic warning signals; one or
more restraint systems such as occupant airbags or safety belt
tensioners, pedestrian airbags, hood lifters and the like;
and/or dynamic vehicle control systems such as braking or

steering control devices.

In the following, the invention is described using the flow
diagram shown in Figure 2. Herein, color images 20 taken by
the imaging apparatus 11 are processed in the data processing
device 14, i.e. all steps 21 to 39 downstream of the color im-
ages 20 in Figure 2 are performed in the data processing de-
vice 14. The color images 20 are RGGB images in the present
embodiment, but could as well be color images of other color

schemes.
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In steps 21, 22 the raw RGGB image 20 is decomposed or de-
mosaiced into an intensity image 23 (step 21: demosaicing in-
tensity) and into a weighted color image 24 (step 22: demosa-
icing weighted color). Herein, the demosaicing intensity step
21 yields the intensity image 23 which denotes the grayscale

intensity of each pixel independent of its color.

The demosaicing weighted color step 22 is designed to show as
clearly as possible the color object to be detected. In the

feollowing, the color object to be detected shall be a yellow
road marking, where it is clear that the invention can be ap-
plied to any other color than yellow, and to any other object

that a road marking.

The weighted color image 24 is preferably of the same color as
the color object in the environment of the motor vehicle to be
detected. In the present example, therefore, the weighted col-
or image 24 is advantageously a yellow image. The yellow image
can preferably be calculated from an RGGB image by a linear
combination between (R+G+2x(Bmax-B))/4 and (R+ (Bmax-B))/2,
where R is red intensity, G is green intensity, B is blue in-
tensity, and Bmax is maximum blue intensity in the image. This
is a very calculation efficient way of calculating a yellow
image providing a high yellow contrast level. For other colors
than yellow, similar simple formulas can be set up to calcu-
late the weighted color image 24 from linear combination of

terms involving R, G and/or B values.

Following the decomposing of the color image 20 in steps 21
and 22, the intensity image 23 and the weighted color image 24
are processed separately, vielding two parallel processing
branches 25, 26, namely the color-independent intensity pro-

cessing branch 25 and the color processing branch 26.
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In both branches a gradient calculation 27, 28 is performed
yielding a corresponding gradient image 29, 30, respectively.
Methods for calculating a gradient image from an input image

are known to the skilled person.

For the gradient image 29, next an intensity edge threshold 33
is calculated in a threshold calculation section 31. In the
threshold calculation section 31 preferably a histogram of all
gradient values in the gradient image 29 is calculated first.
The edge threshold 33 for the intensity image 23 may then be
calculated as a factor times the median of all gradient val-
ues. Instead of the median, any other centre value regarding
the statistical distribution of the gradient values could be
used, for example the mean value, or the value providing the
highest number in the histogram. Furthermore, the statistical
centre value (median, mean, etc.) may be calculated in other
ways than from a gradient values histogram, for example di-
rectly from the gradient image; in that case, the calculation

of a histogram may not be necessary.

Similarly, for the gradient image 30 in the color image pro-
cessing branch 26, an intensity edge threshold 34 is calculat-
ed in a threshold calculation section 32. In the threshold
calculation section 32 preferably a histogram of all gradient
values in the gradient image 30 is calculated first. The edge
threshold 34 for the color image 24 may then be calculated as
a factor times the median of all gradient values, or any other
centre value regarding the statistical distribution of the
gradient values. Also here, the statistical centre value may
be calculated in other ways than from a gradient values histo-

gram.
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Next, in the edge detection sections 35, 36, the gradient im-
ages 29, 30 are thresholded with or against the corresponding
calculated edge threshold 33, 34, respectively. Thresholding
here means that every pixel of the gradient image 29, 30 fall-
ing below the corresponding edge threshold 33, 34 is set to
zero, and every pixel of the gradient image 29, 30 reaching
(in other embodiments, reaching or exceeding) the correspond-
ing edge threshold 33, 34 is set to some non-zero value. As
result, all non-zero positions of the thresholded intensity
gradient image 29 are stored as intensity edges 37, and all
non-zero positions of the thresholded color gradient image 30

are stored as coclor edges 38.

In the next step, a normalized gradient value is calculated
for each stored edge 37, 38 by dividing the gradient value of
the edge under consideration by the corresponding threshold
value 33, 34. This normalized gradient value is a measure of
how clearly the edge 37, 38 can be seen in the image. The nor-
malized gradient value calculation can be performed in the

merging section 39 to be described in the following.

After the normalized gradient value calculation, the lists of
edges 37, 38 with normalized gradient values can be merged in-

to a common list of edges in the merging section 39.

Finally, duplicate edges are removed from the common list of
edges 37, 38. Duplicate edges are multiple edges which are
caused by the same physical structure outside the vehicle, for
example, lane marking. In the present context two edges are
considered duplicate if their positions are within a specified
limit in world coordinates. For all duplicate edges, the edge
having the lower or lowest normalized gradient is removed.

Generally, for all duplicate edges, only the edge having the
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highest normalized gradient is kept. The output of the merging
section 39 is a list 40 of detected edges free of duplicates.
It is clear from the above that the edges contained in the fi-
nal edge list 40 is a true subset of all edges 37, 38 due to

the merging and duplicate removing process.

Further object detection processing, like road marking detec-
tion in the present example, can be performed on the list 40

of detected edges.

The invention can be readily generalized to more than two pro-
cessing branches 25, 26 by decomposing each color images 20

into more than two decomposed images 21, 22, in particular one
decomposed intensity image 21 and two or more decomposed color

images 22 involving different color characteristics.
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Claims:

A vision system (10) for a motor vehicle, comprising an
imaging apparatus (11) adapted to capture images from a
surrounding of the motor vehicle and a data processing
device (14) adapted to perform image processing on images
captured by said imaging apparatus (11) and to control at
least one driver assistance device (18) depending on a
result of said image processing, wherein said image pro-
cessing comprises object detection through edge detec-
tion, said object detection comprising decomposing (21,
22) 1images captured by said imaging apparatus into a plu-
rality of decomposed images (23, 24) having different
color characteristics, performing separate edge detection
(35, 36) on the decomposed images, and merging (39) the
edges (37, 38) from said separate edge detections into a
common list (40) of edges, characterized in that an edge
distinguishability measure is calculated for each of said
edges (37, 38), and the merging of said edges (37, 38) is

based on said edge distinguishability measure.

The vision system as claimed in claim 1, characterized in
that the merging of said edges (37, 38) is based on se-
lecting the edge among edges from different decomposed
images (23, 24) providing the highest distinguishability

measure.

The vision system as claimed in claim 1 or 2, character-
ized in that a gradient image (27, 28) is calculated on

each of said decomposed images (23, 24).

The vision system as claimed in claim 3, characterized in

that said edge distinguishability measure is a gradient
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10.

11.

- 11 -

amplitude of each detected edge (37, 38).

The vision system as claimed in claim 3 or 4, character-
ized in that a normalized gradient is calculated for each

detected edge (37, 38).

The vision system as claimed in claim 5, characterized in
that said normalized gradient is calculated by dividing
the gradient value of the detected edge (37, 38) by a
corresponding edge threshold (33, 34) value.

The vision system as claimed in any one of the preceding
claims, characterized in that an edge threshold (33, 34)
is calculated for each of said decomposed images (23,

24) .

The vision system as claimed in claim 7, characterized in
that the edge threshold (37, 38) is calculated from a
statistical center value of gradient values, preferably a

median of gradient values.

The vision system as claimed in claim 7 or 8, character-
ized in that said edge detection is performed by thresh-
olding each gradient image (29, 30) against said edge

threshold (37, 38).

The vision system as claimed in any one of the preceding
claims, characterized in that duplicate detected edges
are removed from all edges (37, 38) detected in each of

sald decomposed images (23, 24).

The vision system as claimed in any one of the preceding

claims, characterized by considering two detected edges
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12.

13.

14.

15.

- 12 e

(37, 38) as being duplicates if their positions are with-

in a specified limit in world coordinates.

The vision system as claimed in any one of the preceding
claims, characterized in that said decomposed images (23,
24) comprise an illumination intensity image (23) and a

weighted color image (24).

The vision system as claimed in any one of the preceding
claims, characterized in that said weighted color image
(24) has the same color as the object in the environment

of the motor wvehicle to be detected.

The vision system as claimed in any one of the preceding
claims, characterized in that said weighted color image

(24) is a yellow image calculated from an RGB image by a
linear combination between (R+G+2x(Bmax-B))/4 and

(R+ (Bmax-B)) /2.

A vision method for a motor vehicle, comprising capturing
images from a surrounding of the motor vehicle, perform-
ing image processing on captured images and controlling
at least one driver assistance device (18) depending on a
result of said image processing, wherein said image pro-
cessing comprises object detection through edge detec-
tion, said object detection comprising decomposing (21,
22) captured images into a plurality of decomposed images
(23, 24) having different color characteristics, perform-
ing separate edge detection (35, 36) on the decomposed
images, and merging (39) the edges (37, 38) from said
separate edge detections into a common list of edges,
characterized in that an edge distinguishability measure

is calculated for each of said edges (37, 38), and the
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merging of said edges (37, 38) is based on said edge dis-

tinguishability measure.
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