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(57) Abrege(suite)/Abstract(continued):

balance processing means (5) which performs, for each of the extracted areas, a white balance process of correcting each pixel
data In the extracted area so as to reduce the degree of divergence In the level between color components according to a level
balance between the color components of the pixel data in the extracted area; and road sign detection means (6) which detects a
road sign on the road from the color image subjected to the white balance process. Thus, even If the road illumination state Is

partially different, it is possible to accurately detect a road sign such as a lane mark from the captured color image of the road via
the Imaging means such as a camera.
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ABSTRACT
The present invention includes: image capturing

means (2) which captures a color image of a road via

imaging means {(7); area extraction means (3) which
extracts areas having a similar color feature value from
the captured color image of the road: white balance
processing means (5) which performs, for each of the
exXtracted areas, a white balance process of correcting
each pixel data 1n the extracted area so as to reduce the
degree of divergence in the level between color components
according to a level balance between the color components
Of the pixel data in the extracted area; and road sign
detection means (6) which detects a road sign on the road
from the color image subjected to the white balance
process. Thus, even if the road illumination state is
partially different, it is possible to accurately detect a
road sign such as a lane mark from the captured color

image of the road via the imaging means such as a camera.
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DESCRIPTION

VEHICLE AND ROAD SIGN RECOGNITION DEVICE

Technical Field

[0001]

The present invention relates to a vehicle and road
sign recognition device for detecting a road sign such as
a lane mark on a road by processing an image of the road
captured via imaging means such as a camera.

Background Art

[0002]

In recent years, there has been suggested a
technology for detecting a lane mark such as a white line
on a road such as an express highway by capturing an image
of the road along which a vehicle travels with imaging
means such as a CCD camera mounted on the vehicle and
processing the captured image (for example, refer to
Japanese Patent Laid-Open No. Hei 11(1999)-85999
(hereinafter, referred to as Patent Document 1)).

[0003]

The white line detection device for a vehicle in
Patent Document 1 extracts an edge point (negative edge
point) where binary data changes from light (white) to
dark (black) over the entire image area and an edge point
(positive edge point) where binary data changes from dark
(black) to light (white) by using a monochrome image

(black and white binary image) of a traffic lane obtained
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by the camera mounted on the vehicle. Then, the white line
detection device for a vehlicle performs a Hough transform
for the positive edge point and the negative edge point
independently and combines their Hough transform results
to detect a white line.

[0004]

Furthermore, a road sign (lane mark or traffic sign)
other than a white line such as, for example, a yellow
line is occasionally used. In this situation, it is
difficult to accurately detect the road sign from a
monochrome image. Therefore, there has been suggested a
technology for detecting a road sign using a color image
(for example, refexr to Japanese Patent No. 3333468
(hereinafter, referred to as Patent Document 2)).

[0005]

When a road image is captured by a camera, however,
the road may be partially shaded by a building around the
road, for example, as shown in Fig. 3(a) or the road may
be partially illuminated by the headlights of the wvehicle
in some cases. 1f the road image 1s captured 1in a
situation where the road illumination state is partially
different according to the light sources illuminating the
road surface or the environment around the road as
described above, for example, a shaded area is illuminated
only by scattered light and a color feature value of pixel
data varies. Therefore, the yellow line located in this

area is not recognized as a line having the original
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vellow color. Accordingly, there has been a problem that
it is difficult to appropriately detect a road sign even
if a color image is used as in Patent Document 2 in some
cases.

Disclosure of the Invention

Problem to be Solved by the Invention

[0006]

It is an object of the present invention to solve
the above problem and to provide a vehicle and road sign
recognition device capable of accurately detecting a road
sign such as a lane mark from a color image of a road
captured via imaging means such as a camera even 1if the
road illumination state is partially different.

Means to Solve the Problem

[0007]

To achieve the above object, according to a first
aspect of the present invention, there is provided a
vehicle comprising: an imaging means; an image capturing
means which captures a color image of a road via the
imaging means; an area extraction means which extracts
areas having a similar color feature value from the
captured color image of the road captured by the image
capturing means; a white balance processing means which
performs, for each of the extracted areas extracted by the
area extraction means, a white balance process of

correcting each pixel data in the extracted area so as to

reduce the degree of divergence in the level between color
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components according to a level balance between the color
components of the pixel data in the extracted area; and a
road sign detection means which detects a road sign on the
road from the color image subjected to the white balance
process.

[00081

Moreover, according to the first aspect of the
present invention, there is provided a road sign
recognition device comprising: an image capturing means
which captures a color image of a road via an imaging
means; an area extraction means which extracts areas
having a similar color feature value from the captured
color image of the road captured by the image capturing
means; a white balance processing means which performs,
for each of the extracted areas extracted by the area
extraction means, a white balance process o0of correcting
each pixel data in the extracted area so as to reduce the
degree of divergence in the level between color components
according to a level balance between the color components
of the pixel data in the extracted area; and a road sign
detection means which detects a road sign on the road from
the color image subjected to the white balance process.

[0009]

According to the vehicle and road sign recognition
device of the first aspect of the present invention, the
area extraction means extracts areas having a color

feature value from the color image of the road. Note that
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sometimes there is an area where the road illumination
state is different according to the light sources
illuminating the road surface or the environment around
the road. In this situation, the areas have a similar
color feature value that can be specified according to the
brightness, saturation, hue, or the like. Therefore, the
area extraction means can extract the areas in a divided
manner from the color image by extracting the areas having
the similar color feature value. Thereby, for example, if
a road is partially shaded by a building around the road,
the area extraction means can extract shaded areas 1n a
divided manner from the road color image captured by the
image capturing means.

[0010]

Note that areas of different illumination states in
the color image are different in the level balance (white
balance) between the color components of the pixel data.
Thus, in some cases it may be difficult to recognize the
color of the road sign to be detected due to a bias in the
level between the color components depending on an area.
Therefore, the white balance processing means performs,
for each of the extracted areas, the white balance process
of correcting each pixel data in the extracted area so as
to reduce the degree of divergence in the level between
the color components according to the level balance
between the color components of the pixel data in the

extracted area. Thereby, the white balance processing
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means can decrease the degree of bias in the level between
the color components for each of the areas different in
the illumination state. For example, since a shaded area
is illuminated only by scattered light and thus has a blue
tinge, the level balance between the color components 1in
the pixel data is different from that in the area which 1s
not tinged with blue. In this instance, each pixel data is
corrected so as to reduce the effect of the added tinge of
color by the white balance process. Then, the road sign
detection means detects the road sign on the road from the
color image subjected to the white balance process and
therefore the road sign can be accurately detected even if
the illumination state of the captured road 1s partially
different.

[0011]

Furthermore, in the vehicle and road sign
recognition device according to the first aspect of the
present invention, the color components of each pixel data
of the color image consist of R, G, and B values, and the
white balance processing means performs processing of
multiplying the R value by a first correction factor
calculated based on a ratio between a general level of the
R value in the extracted area and a general level of a
luminance value calculated from the color components in
the extracted area, multiplying the G value by a second
correction factor calculated based on a ratio between a

general level of the G value in the extracted area and a
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general level of the luminance value calculated from the
color components in the extracted area, and multiplying
the B value by a third correction factor calculated based
on a ratio between a general level of the B value in the
extracted area and a general level of the luminance value
calculated from the color components in the extracted area
for each pixel data in the extracted area in the white
balance process.

{0012]

According thereto, the white balance processing
means calculates the first correction factor based on the
ratio between the general level of the R wvalue in the
extracted area and the general level of the luminance
value calculated from the color components in the
extracted area, calculates the second correction factor
based on the ratio between the general level of the G
value in the extracted area and the general level of the
luminance value calculated from the color components in
the extracted area, and calculates the third correction
factor based on the ratio between the general level of the
B value in the extracted area and the general level of the
Juminance value calculated from the color components in
the extracted area. Thereby, as the general level of the R
value in the extracted area 1s higher than the luminance
value in the extracted area, the calculated first
correction factor 1is welighted in such a way that the R

value is smaller. The second and third correction factors
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are calculated similarly for the G and B values. Therefore,
the correction factors are calculated in such a way as to
be weighted to reduce the degree of divergence in the
general level between the R, G, and B values without a
change in the general level of the luminance value in the
area.

[0013]

Then, the white balance processing means corrects
the R value of each pixel in the extracted area using the
first correction factor, corrects the G value using the
second correction factor, and corrects the B value using
the third correction factor. Therefore, the white balance
processing means can correct the R, G, and B values of
each pixel so as to reduce the degree of divergence in the
general level between the R, G, and B values. For example,
if the area is tinged with blue as a whole because the
shaded area is illuminated only by scattered light, the B
value is high in comparison with the R and G values. 1In
this instance, the pixel data is corrected by the white
balance process so that the B value is lower and the R and
G values are higher according to the balance between the
general R, G, and B values, by which the blue tinge is
removed from the area. Therefore, the white balance
processing means can approximate the color tinged with
blue of the road sign to the original color so as to

facilitate the detection of the road sign by the road sign

detection means.
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[0014]

In this condition, in the vehicle and road sign
recognition device according to the first aspect of the
present invention, the white balance processing means uses
a sum value of R values 0of all pixels 1n the extracted
area as the general level of the R value in the extracted
area and uses a sum value of luminance wvalues of all
pixXels in the extracted area as the general level of the
Juminance value calculated from the color components in
the extracted area in the case where calculating the first
correction factor, the white balance processing means uses
a sum value of G values of all pixels in the extracted
area as the general level of the G value in the extracted
area and uses a sum value of luminance values of all
pixels in the extracted area as the general level of the
luminance value calculated from the color components in
the extracted area in the case where calculating the
second correction factor, and the white balance processing
means uses a sum value of B values of all pixels in the
extracted area as the general level of the B value in the
extracted area and uses a sum value of luminance values of
all pixels in the extracted area as the general level of
the luminance value calculated from the color components
in the extracted area in the case where calculating the
third correction factor.

[0015]

Alternatively, in the vehicle and road sign
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recognition device according to the first aspect of the
present invention, the white balance processing means uses
a mean value of R values of all pixels in the extracted
area as the general level of the R value in the extracted
area and uses a mean value of luminance values of all
pixels in the extracted area as the general level of the
luminance value calculated from the color components in
the extracted area in the case where calculating the first
correction factor, the white balance processing means uses
a mean value of G values of all pixels 1n the extracted
area as the general level of the G value in the extracted
area and uses a mean value of luminance values of all
pixels 1in the extracted area as the general level of the
luminance value calculated from the color components in
the extracted area in the case where calculating the
second correction factor, and the white balance processing
means uses a mean value of B values of all pixels 1in the
eXxtracted area as the general level of the B value in the
extracted area and uses a mean value of luminance values
of all pixels in the extracted area as the general level
of the luminance value calculated from the color
components in the extracted area in the case where
calculating the third correction factor.

[0016]

According thereto, the white balance processing

means uses the sum or mean value of all pixels of the R, G,

B, and luminance values in the extracted area when



10

15

20

25

CA 02609526 2007-11-22

calculating the first correction factor, the second
correction factor, and the third correction factor. Note
that each of the sum and mean values represents the
general level of the R, G, B, or luminance value in the
extracted area. Therefore, the correction factors are
calculated so as to reduce the degree of divergence in the
level of the R, G, and B values in the area on the basis
of the general levels of the R, G, B, and luminance values
in the extracted area. Accordingly, the white balance
processing means can appropriately correct the level
balanbe between the color components of the area.

[0017]

Subsequently, according to a second aspect of the
present invention, there 1s provided a vehicle comprising:
an imaging means; an image capturing means which captures
a color image of a road via the imaging means; an area
extraction means which extracts areas having a similar
color feature value from the captured color image of the
road captured by the image capturing means; a road range
specifying means which specifies a road range that the
road occupies in the color image; a white balance
processing means which performs, for each of the extracted
areas extracted by the area extraction means, a white
balance process of correcting each pixel data in the
extracted area so as to reduce the degree of divergence in
the level between color components according to a level

balance between the color components of the pixel data in
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the road range of the extracted area; and a road sign
detection means which detects a road sign on the road from
the color image subjected to the white balance process.

[0018)

Furthermore, according to the second aspect of the
present invention, there is provided a road sign
recognition device comprising: an 1image capturing means
which captures a color image of a road via an imaging
means; an area extraction means which extracts areas
having a similar color feature value from the captured
color image of the road captured by the image capturing
means; a road range specifying means which specifies a
road range that the road occupilies 1in the color image; a
white balance processing means which performs, for each of
the extracted areas extracted by the area extraction means,
a white balance process of correcting each pixel data in
the extracted area so as to reduce the degree of
divergence in the level between color components according
to a level balance between the color components of the
pixel data in road range of the extracted area; and a road
sign detection means which detects a road sign on the road
from the color image subjected to the white balance
process.

[0019]

According to the vehicle and road sign recognition
device of the second aspect of the present invention,

exactly alike the vehicle and road sign recognition device
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according to the first aspect, the area extraction means
extracts areas having a similar color feature wvalue from
the color image of the road. Therefore, the area
extraction means can extract areas in a divided manner
from the color image by extracting the areas having the
similar color feature value if there is an area where the
road jillumination state is different in the color image of
the road. Thereby, for example, 1f a road 1is partially
shaded by a building around the road, the area extraction
means can extract shaded areas in a divided manner from
the road color image captured by the image capturing means.

[0020]

Note that the level balance (white balance) between
the color components of the pixel data is different
between areas of different illumination states in the
color image. In some cases, it is difficult to recognize
the color of the road sign to be detected due to a bias in
the level between the color components depending on an
area. Therefore, the road range specifying means specifies
the road range in the color image. The white balance
processing means then performs, for each of the extracted
areas, the white balance process of correcting each pixel
data in the extracted area so as to reduce the degree of
divergence in the level between the color components
according to the level balance between the color
components of the pixel data in the road range of the

extracted area. In this condition, in the image portions
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other than the road range, various objects around the road
are captured and therefore it is assumed that there are
wide variations among the color feature values. On the
other hand, in the image portions within the road range, a
paved road occuples the most part of the image and it is
considered that there are only a few color variations on
the road, and therefore it is assumed that there are less
variations among the color feature values in the road
range.

[0021]

Accordingly, the white balance processing means can
decrease the degree of bias in the level between the color
components for each of the areas different in the
illumination state by eliminating the effect of the pixel
data in the portions other than the road range of the
color image by correcting each pixel data 1in the extracted
area so as to reduce the degree of divergence in the level
between the color components according to the balance
between the color components of the pixel data in the road
range with less variations among the color feature values.
Therefore, the white balance processing means can correct
the level balance between the color components in the road
sign more stably. For example, since the shaded area is
i1lluminated only by scattered light and thus has a blue
tinge, the level balance between the color components in
the pixel data is different from that in the area which is

not tinged with blue. In this instance, each pixel data is
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corrected so as to reduce the effect of the added tinge of
color by the white balance process. Then, the road sign
detection means detects the road sign on the road from the
color image subjected to the white balance process and
therefore the road sign can be accurately detected even if
the illumination state of the captured road is partially
different.

[0022]

Furthermore, in the vehicle and road sign
recognition device according to the second aspect of the
present invention, the color components of each pixel data
of the color image consist of R, G, and B values: and the
white balance processing means performs processing of
multiplying the R value by a first correction factor
calculated based on a ratio between a general level of the
R value in the road range of the extracted area and a
general level of a luminance value calculated from the
color components in the road range of the extracted area,
multiplying the G value by a second correction factor
calculated based on a ratio between a general level of the
G value 1n the road range of the extracted area and a
general level of the luminance value calculated from the
color components in the road range of the extracted area,
and multiplying the B value by a third correction factor
calculated based on a ratio between a general level of the
B value 1n the road range of the extracted area and a

general level of the luminance value calculated from the
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color components in the road range of the extracted area
for each pixel data in the extracted area in the white
balance process.

[0023]

According thereto, the white balance processing
means calculates the first correction factor based on the
ratio between the general level of the R value in the road
range of the extracted area and the general level of the
luminance value calculated from the color components in
the road range of the extracted area, calculates the
second correction factor based on the ratio between the
general level of the G value in the road range of the
extracted area and the general level of the luminance
value calculated from the color components in the road
range of the extracted area, and calculates the third
correction factor based on the ratio between the general
level of the B value in the road range of the extracted
area and the general level of the luminance value
calculated from the color components in the road range of
the extracted area. Thereby, similarly to the vehicle and
road sign recognition device according to the first aspect
of the present invention, as the general level of the R
value in the road range of the extracted area is higher
than the luminance value in the road range of the
extracted area, the calculated first correction factor is
weighted in such a way that the R value is smaller. The

second and third correction factors are calculated
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similarly for the G and B values. Therefore, the
correction factors are calculated in such a way as to be
weighted to reduce the degree of divergence in the general
level between the R, G, and B values without a change in
the general level of the luminance value in the road range
of the area.

[0024]

Then, the white balance processing means corrects
the R value of each pixel in the extracted area using the
first correction factor, corrects the G value using the
second correction factor, and corrects the B value using
the third correction factor. Therefore, similarly to the
vehicle and road sign recognition device according to the
first aspect of the present invention, the white balance
processing means can correct the R, G, and B values of
each pixel so as to reduce the degree of divergence in the
general level between the R, G, and B values. For example,
i1f the area is tinged with blue as a whole because the
shaded area is illuminated only by scattered light, the B
value is high in comparison with the R and G values. In
this instance, the pixel data is corrected by the white
balance process so that the B value is lower and the R and
G values are higher according to the balance between the
general R, G, and B values, by which the blue tinge is
removed from the area. Therefore, the white balance
processing means can approximate the color tinged with

blue of the road sign to the original color so as to
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facilitate the detection of the road sign by the road sign
detection means.

[0025]

In this condition, in the vehicle and road sign
recognition device according to the second aspect of the
present invention, the white balance processing means uses
a sum value of R values of all pixels in the road range of
the extracted area as the general level of the R value in
the road range of the extracted area and uses a sum value
of luminance values of all pixels in the road range of the
extracted area as the general level of the luminance wvalue
calculated from the color components in the road range of
the extracted area in the case where calculating the first
correction factor; the white balance processing means uses
a sum value of G values of all pixels in the road range of
the extracted area as the general level of the G value in
the road range of the extracted area and uses a sum value
of luminance values of all pixels in the road range of the
extracted area as the general level of the luminance value
calculated from the color components in the road range of
the extracted area in the case where calculating the
second correction factor; and the white balance processing
means uses a sum value of B values of all pixels in the
road range of the extracted area as the general level of
the B value in the road range of the extracted area and
uses a sum value of luminance values of all pixels in the

road range of the extracted area as the general level of
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the luminance value calculated from the coloxr components
in the road range of the extracted area in the case where
calculating the third correction factor.

[0026]

Alternatively, in the vehicle and road sign
recognition device according to the second aspect of the
present invention, the white balance processing means uses
a mean value of R values of all pixels in the road range
of the extracted area as the general level of the R value
in the road range of the extracted area and uses a mean
value of luminance values of all pixels in the road range
of the extracted area as the general level of the
luminance value calculated from the color components 1in
the road range of the extracted area in the case where
calculating the first correction factor; the white balance
processing means uses a mean value of G values of all
pixels in the road range of the extracted area as the
general level of the G value in the road range of the
extracted area and uses a mean value of luminance values
of all pixels in the road range of the extracted area as
the general level of the luminance value calculated from
the color components in the road range of the extracted
area in the case where calculating the second correction
factor; and the white balance processing means uses a mean
value of B values of all pixels in the road range of the
extracted area as the general level of the B value in the

road range of the extracted area and uses a mean value of
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50096-12

luminance values of all pixels in the road range of the
extracted area as the general level of the luminance wvalue
calculated from the color components in the road range of

the extracted area in the case where calculating the third

correction factor.
(0027 ]

According thereto, the white balance prbcessing

mearns uses the sum or mean value of all pixels of the R, G,

B, and luminance values in the road range of the extracted
area when calculating the first correction factor, the
second correction factor, and the third correction factbr.
Note that each of the sum and mean values represents the
general level of the R, G, B, or luminance value in the
road range of the extracted area. Therefore, the
correction factors are calculated so as to reduce the
degree of divergence in the level of the R, G, and B
values in the road range of the area on the basis of the
general levels of the R, G, B, and luminance wvalues in the
road range of the extracted area. Accordingly, the white
balance processing means can appropriately cofrect the

level balance between the color components of the area.

H
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A further aspect of the invention relates to a road sign recognition
device comprising. an imaging means; an image capturing means which captures a
color image of a road via the imaging means; an area extraction means which
extracts areas having a similar color feature value from the captured color image of
the road captured by the image capturing means; a white balance processing means
which performs, for each of the extracted areas extracted by the area extraction
means, a respective white balance process of correcting each pixel data in the
respective extracted area so as to reduce the degree of divergence in the level
between color components according to a level balance between the color

components of the pixel data in the respective extracted area; and a road sign
detection means which detects a road signh on the road from the color image

subjected to the white balance process.
Brief Description of the Drawings

10028]

Fig. 1 is a functional block diagram of a road sign recognition device

according to a first embodiment of the present invention;
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Fig. 2 is a flowchart showing a road sign
recognition process of the road sign recognition device in
Fig. 1; and

Fig. 3 1is an illustrative diagram of a processed
image in the road sign recognition process of the road

sign recognition device in Fig. 1.

Best Mode for Carryving out the Invention

{00291

A preferred embodiment of the present invention will
be described below with reference to the accompanying
drawings. Fig. 1 shows a functional block diagram of a
road sign recognition device according to a first
embodiment of the present invention. Filig. 2 shows a
flowchart of a rocad sign recognition process of the road
sign recognition device in Fig. 1. Figs. 3(a) and 3(b)
each show an jillustrative diagram of a processed image of
the road sign recognition process of the road sign
recognition device in Pig. 1. The first embodiment
corresponds to the second aspect of the present invention.

[0030]

Referring to Fig. 1, the road sign recognition
device 1 is an electronic unit composed of a microcomputer
and the like and is mounted on a vehicle, including an
image capturing means 2 which captures a color image of a
road, an area extraction means 3 which extracts areas

having a similar color feature value from the captured
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color image, a road range specifying means 4 which
specifies a road range in the color image of the road, a
white balance processing means 5 which performs a white
balance process for each of the extracted areas, and a
road sign detection means 6 which detects a road sign from
the color image subjected to the white balance process.

[0031]

The image capturing means 2 captures a road color
image composed of pixel data via a color video camera 7
(the imaging means of the present invention such as a CCD
camera) which is attached to the front of the vehicle to
capture the image in front of the vehicle. Note that the
color components of the pixel data of the captured color
image consist of R, G, and B values. The vehicle of the
present invention is equipped with the color video camera
7 and the road sign recognition device 1.

[0032]

The area extraction means 3 extracts areas having a
similar color feature value from the road color image
captured by the image capturing means 2 and divides the
color image into one or more areas. The area extraction
means 3 uses a luminance value Y calculated from the color
components of the pixel data as a color feature wvalue.

[0033]

The road range specifyving means 4 specifies a road
range in the color image of the road captured by the image

capturing means 2. The road range is previously determined
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on the assumption that the road occupies the range in the
color image.

[0034]

The white balance processing means 5 calculates
correction factors for use in correcting a level balance
between color components in the area extracted by the area
extraction means 3 from pixel data included in the road
range specified by the road range specifying means 4 in
the extracted area. The correction factors are
specifically a first correction factor WR for correcting
the R value of the pixel data, a second correction factor
WG for correcting the G value, and a third correction
factor for correcting the B value. The white balance
processing means 5 multiplies the R value by WR, the G
value by WG, and the B value by WB to correct the level
balance between the color components in the area.

[0035]

The road sign detection means 6 detects a lane mark
(corresponding to a road sign of the present invention)
from the color image subjected to the process by the white
balance processing means 5. The road sign detection means
6 can use.a general technique as disclosed in Patent
Document 1 or 2 as a technique of detecting the lane mark.

[0036]

The operation of the road sign recognition device 1
of this embodiment will be described below according to

the flowchart shown in Fig. 2. The following describes the
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operation by giving an example in which an area in the sun
(sunny area A2) exists concurrently with an area in the
shadow (shaded area A3) in the color image of the road as
shown in Figs. 3(a) and 3(b). A lane mark Al having a
given color (yellow or the like) in Fig. 3(a) or 3(b) is
an object to be detected by the road sign recognition
device 1.

{0037]

First, the image capturing means 2 captures the
color image of the road composed of pixel data by
inputting a video signal output from the color video
camera 7. Each pixel of the captured color image of the
road has color components of the R, G, and B values (step
001).

[0038]

Subsequently, thé area extraction means 3 determines
whether or not the luminance value Y of each pixel of the
captured color image is equal to or higher than a given
threshold value (step 002). The luminance value Y used
here 1is calculated by an equation Y=(R+Gx2+B)/4. If the
luminance value Y of the pixel is equal to or higher than
the threshold value as a result of the determination in
step 002, the pixel is considered to be included in the
sunny area A2, and otherwise the pixel is considered to be
included in the shaded area A3. Thereby, the area
extraction means 3 can divide the color image into the

sunny area A2 and the shaded area A3 as shown in Fig. 3(a).



10

15

20

25

CA 02609526 2007-11-22

[0039]

Subsequently, the white balance processing means 5
performs the white balance process for the sunny area A2
and the shaded area A3. First, the white balance
processing means 5 performs the white balance process for
the sunny area A2 in steps 003 to 005.

[0040]

The white balance processing means 5 determines a
partial area A5 contained in a road range A4 previously
specified in the color image by the xroad range specifying
means 4 in the sunny area A2 in step 003. In Figs. 3(a)
and 3(b), the road range A4 is set to a range enclosed by
a solid line a. The road range A4 is set assuming a range
including only a road in the color image. In Fig. 3(b),
the partial area A5 is an overlap between the sunny area
A2 and the road range A4. In step 004, the white balance
processing means 5 calculates a white balance correction
factor for the sunny area A2 according to a level balance
between color components of pixel data in the partial area
A5. Thereby, the correction factors WR, WG, WB are
calculated using only pixel data in the road range A4,
which is steady in the color feature value.

[0041]

In step 004, the white balance processing means 5
calculates sum values Rsum, Gsum, Bsum, and Ysum of the R
value, G value, B value, and luminance value Y of each

pixel data in the partial area A5. Note that the sum
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values Rsum, Gsum, Bsum, and Ysum indicate the general
levels of the R value, G value, B value, and luminance
value Y in the partial area A5, respectively. Then, the
white balance processing means 5 calculates the correction
factors WR, WG, and WB according to the following equation
(1).

[0042]

WR=Ysum/Rsum, WG=Ysum/Gsum, WB=¥Ysum/Bsum ... (1)

This allows the calculation of the correction
fFactors WR, WG, and WB for the sunny area A2 weighted so
as to reduce the degree of divergence in the general level
between the R, G, and B values in the partial area AS.

[0043]

Next, in step 005, the white balance processing
means 5 corrects the pixel data in the sunny area A2 by
multiplying the R, G, and B values of each pixel data in
the sunny area A2 by the calculated correction factors WR,
WG, and WB for the sunny area A2. This reduces the bias in

the level between the color components in the sunny area

A2.

[0044]

Subsequently, the white balance processing means 5
performs the white balance process for the shaded area A3
in steps 006 to 008. Note that the white balance process

for the shaded area A3 can also be performed earlier than

the white balance process for the sunny area A2 described

above.
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[0045]

First, in step 006, the white balance processing
means 5 determines a partial area A6, which is included in
the road range A4, out of the shaded area A3. In Fig. 3(b),
the partial area A6 is an overlap between the shaded area
A3 and the road range A4. Then, in step 007, the white
balance processing means 5 calculates the correction
factors WR, WG, and WB of the white balance for the shaded
area A3 according to the level balance between the color
components of the pixel data in the partial area A6é. This
allows the calculation of the correction factors WR, WG,
and WB using only the pixel data in the road range A4,
which is steady in the color feature value, similarly to
the sunny area AZ2.

[0046]

In step 007, the white balance processing means 5
calculates the sum values Rsum, Gsum, Bsum, and Ysum of
the R value, G value, B value, and luminance value Y of
each pixel data in the partial area A6. Note that the sum
values Rsum, Gsum, Bsum, and ¥Ysum indicate the general
levels of the R value, G value, B value, and luminance
value Y in the partial area A6, respectively. Then, the
white balance processing means 5 calculates the correction
factors WR, WG, and WB according to the above equation (1),
similarly to step 004. This allows the calculation of the
correction factors WR, WG, and WB for the shaded area A3

weighted so as to reduce the degree of divergence in the
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general level between the R, G, and B wvalues in the
partial area A6, similarly to the sunny area A2.

[0047]

Next, in step 008, the white balance processing
means 5 corrects the pixel data in the shaded area A3 by
multiplying the R, G, and B values of each pixel data in
the shaded area A3 by the calculated correction factors WR,
WG, and WB for the shaded area A3, respectively. This
reduces the bias in the level between the color components
in the shaded area A3.

[0048]

Next, in step 009, the road sign detection means 6
performs a process of detecting a lane mark for the image
subjected to the white balance process. The bias in the
level between the color components in each of the sunny
area A2 and the shaded area A3 is reduced by the white
balance process in the above steps 005 and 008, by which
correction is made in the difference in the level balance
between the color components between the pixel data in the
sunny area A2 and the pixel data in the shaded area A3,
and therefore the road sign detection means 6 can detect
the lane mark Al having the given color (yellow or the
like) accurately.

[0049]

According to the above processes, the road sign
recognition device 1 can detect the lane mark Al

accurately from the road color image captured by the color
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video camera 7 even if the road illumination state is

partially different.

[0050]

Although the road sign recognition device 1 includes
the road range specliiyving means 4 1n the first embodiment,
it i1s also possible to omit the road range specifying
means 4 and allow the white balance processing means 5 to
use pixel data of the entire area extracted by the area
extraction means 3 when calculating the correction factors
WR, WG, and WB as a second embodiment (it corresponds to
the first aspect of the present invention).

[0051 ]

According to the above, the white balance processing
means 5 uses the sum values Rsum', Gsum', Bsum', and Ysum'
of the R value, G value, B wvalue, and luminance value Y oI

each pixel data calculated for the sunny area A2 and the

shaded area A3, instead of using the sum values Rsum, Gsum,

Bsum, and Ysum of the R wvalue, G value, B value, and
luminance value Y of each pixel data calculated for the
partial area A5 and the partial area A6, when calculating
the correction factors WR, WG, and WB (steps 004 and 007
in Fig. 2 of the first embodiment). Note that the sum
values Rsum', Gsum', Bsum', and Ysum' indicate the general

levels of the R wvalue, G value, B value, and luminance

value Y, respectively, in the sunny area A2 and the shaded

area A3.

[0052 ]



10

15

20

25

CA 02609526 2007-11-22

Also in this case, the bias in the level between the
color components in each of the sunny area A2 and the
shaded area A3 is reduced by the white balance process in

the above steps 005 and 008, which thereby corrects the
difference in the level balance between the color
components between the pixel data in the sunny area A2 and
the pixel data in the shaded area A3, and therefore the
road sign detection means 6 can detect the lane mark Al
having the given color (yellow or the like) accurately.
Accordingly, the road sign recognition device according to
this embodiment provides the same operation and effect as
the embodiment in which the road sign recognition device 1
includes the road range specifying means 4.

[0053]

Moreover, although the image capturing means 2
captures a color image whose pixel data includes the color
components of the R, G, and B values in the first and
second embodiments, it is also possible to use CMY output
as color components of the pixel data.

[0054]

Furthermore, the area extraction means 3 can
calculate the luminance value Y according to Y=oxR+pxG+yxB
when extracting areas having a similar color feature value
in the first and second embodiments (step 002 in Fig. 2 in
the first embodiment). Note that a, P, and y are given
coefficients satisfying o+f+y=1. Alternatively, the area

extraction means 3 can calculate the luminance value Y
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according to Y=(Max+Min)/2 using the maximum value Max and
the minimum value Min among the R, G, and B values.
Alternatively, the area extraction means 3 can use the G
value as the luminance value Y.

[0055]

Moreover, in the first and second embodiments, the
area extraction means 3 can use a saturation value S or a
hue value H calculated from the color components of the
pixel data as a color feature value, instead of using the
luminance value Y, when extracting the areas having the
similar color feature value (step 002 in Fig. 2 in the
first embodiment). Alternatively, the area extraction
means 3 can use a combination of a plurality of elements
selected out of the luminance value Y, the saturation
value S, and the hue value H as the color feature value.
For example, if the hue value H is used as the color
feature value, the area extraction means 3 determines
whether or not the hue value H of each pixel of the color
image is egual to or higher than a given threshold value.
In this case, the shaded area A3 is different in color
from the sunny area A2 due to an added tinge of color
though the light is blocked there, and therefore the area
extraction means 3 can extract the sunny area A2 and the
shaded area A3 similarly to the case of using the
Juminance value Y by dividing the area by a given
threshold value using the hue wvalue H.

[0056 ]
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Furthermore, in the first embodiment, the white
balance processing means 5 can use mean values Rmed, Gmed,
Bmed, and Ymed in the partial area A5 and the partial area
A6, instead of using the sum values Rsum, Gsum, Bsum, and
Ysum in the partial area A5 and the partial area A6, when
calculating the correction factors WR, WG, and WB (steps
004 and 007 in Fig. 2 in the first embodiment). In this
instance, the mean values Rmed, Gmed, Bmed, and Ymed also
indicate the general levels of the R, G, and B values and
the luminance value Y in the partial area A5 and the
partial area A6, respectively. Therefore, the white
balance processing means 5 can calculate the correction
factors WR, WG, and WB so as to reduce the degree of
divergence in the level between the R, G, and B values in
the partial area A5 and the partial area A6, similarly to
the case of using the sum values Rsum, Gsum, Bsum, and
Ysum.

[0057]

Furthermore, in the second embodiment, the white
balance processing means 5 can use mean values Rmed',

Gmed', Bmed', and Ymed' in the sunny area A2 and the

shaded area A3, instead of using the sum values Rsum',
Gsum', Bsum', and Ysum' in the sunny area A2 and the

shaded area A3, when calculating the correction factors WR,
WG, and WB. In this instance, the mean values Rmed', Gmed',
Bmed', and Ymed' also indicate the general levels of the R,

G, and B values and the luminance value Y in the sunny
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area A2 and the shaded area A3, respectively. Therefore,
the white balance processing means 5 can calculate the
correction factors WR, WG, and WB so as to reduce the
degree of divergence in the level between the R, G, and B
values in the sunny area A2 and the shaded area A3,
similarly to the case of using the sum values Rsum', Gsum',

Bsum', and ¥Ysum'.

[0058]

Moreover, in the first and second embodiments, the
road sign recognition device can include an external
sensor such as a spectrometer, so that the white balance
processing means 5 can calculate the correction factors WR,
WG, and WB from the detection result of the external
sensor at a predetermined detection point ahead of the
vehicle, instead of calculating the correction factors WR,
WG, and WB from the pixel data of the color image, in the
white balance process.

[0059]

Furthermore, although the road sign recognition
device detects the vellow line as a road sign in the first
and second embodiments, the effect of the present
invention can be achieved also when other types of lane
marks (Botts Dots, cat's eye, and the like), traffic signs,
and the like are to be detected.
Industrial Applicability

{0060

The present invention, as described above, is
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adapted for use 1in giving information to the driver in the
vehicle or controlling the vehicle behaviors since it can
accurately detect a road sign such as a lane mark by

processing a color image of the road in front of a vehicle.
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CLAIMS
1. A vehicle comprising:

an imaging means;

an image capturing means which captures a color
image of a road via the imaging means;

an area extraction means which extracts areas having
a similar color feature value from the captured color
image of the road captured by the image capturing means;

a white balance processing means which performs, for
each of the extracted areas extracted by the area
extraction means, a white balance process of correcting
each pixel data in the extracted area so as to reduce the
degree of divergence in the level between color components
according to a level balance between the color components
of the pixel data in the extracted area; and

a road sign detection means which detects a road
sign on the road from the color image subjected to the
white balance process.

2. A vehicle according to claim 1, wherein:

the color components of each pixel data of the color
image consist of R, G, and B values; and

the white balance processing means performs
processing of multiplying the R value by a first
correction factor calculated based on a ratio between a
general level of the R value in the extracted area and a
general level of a luminance value calculated from the

color components in the extracted area, multiplying the G
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value by a second correction factor calculated based on a
ratio between a general level of the G value in the

extracted area and a general level of the luminance wvalue

calculated from the color components in the extracted area,

and multiplying the B value by a third correction factor
calculated based on a ratio between a general level of the
B value in the extracted area and a general level of the
luminance value calculated from the color components in
the extracted area for each pixel data in the extracted
area in the white balance process.
3. A vehicle according to claim 2, wherein:

the white balance processing means uses a sum value
of R values of all pixels in the extracted area as the
general level of the R value in the extracted area and
uses a sum value of luminance values of all pixels in the
extracted area as the general level of the luminance wvalue
calculated from the color components in the extracted area
in the case where calculating the first correction factor;

the white balance processing means uses a sum value
of G values of all pixels in the extracted area as the
general level of the G value in the extracted area and
uses a sum value of luminance values of all pixels in the
extracted area as the general level of the luminance value
calculated from the color components in the extracted area
in the case where calculating the second correction
factor; and

the white balance processing means uses a sum value
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of B values of all pixels in the extracted area as the
general level of the B value in the extracted area and
uses a sum value of luminance values of all pixels in the
extracted area as the general level o0f the luminance value
calculated from the color components in the extracted area
in the case where calculating the third correction factor.
4. A vehicle according to claim 2, wherein:

the white balance processing means uses a mean value
0of R values of all pixels in the extracted area as the
general level of the R value in the extracted area and
uses a mean value of luminance values of all pixels in the
extracted area as the general level of the luminance value
calculated from the color components in the extracted area
in the case where calculating the first correction factor;

the white balance processing means uses a mean value
of G values of all pixels in the extracted area as the
general level of the G value in the extracted area and
uses a mean value of luminance values of all pixels in the
extracted area as the general level of the luminance value
calculated from the color components in the extracted area
in the case where calculating the second correction
factor; and

the white balance processing means uses a mean value
of B values of all pixels in the extracted area as the
general level of the B value in the extracted area and
uses a mean value of luminance values of all pixels in the

extracted area as the general level of the luminance value
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calculated from the color components in the extracted area
in the case where calculating the third correction factor.
5. A vehicle comprising:

an imaging means;

an 1lmage capturing means which captures a color
image of a road via the imaging means:;

an area extraction means which extracts areas having
a simlilar color feature value from the captured color
image of the road captured by the image capturing means;

a road range specifying means which specifies a road
range that the road occupies in the color image;

a white balance processing means which performs, for
each of the extracted areas extracted by the area
extraction means, a white balance process of correcting
each pixel data in the extracted area so as to reduce the
degree of divergence in the level between color components
according to a level balance between the color components
of the pixel data in the road range of the extracted area:
and

a road sign detection means which detects a road
sign on the road from the color image subjected to the
white balance process.

6. A vehicle according to claim 5, wherein:

the color components of each pixel data of.the color
image consist of R, G, and B values: and

the white balance processing means performs

processing of multiplying the R value by a first
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correction factor calculated based on a ratio between a
general level of the R value in the road range of the
extracted area and a general level of a luminance value
calculated from the color components in the road range of
the extracted area, multiplying the G value by a . second
correction factor calculated based on a ratio between a
general level of the G value in the road range of the
extracted area and a general level of the luminance wvalue
calculated from the color components in the road range of
the extracted area, and multiplying the B value by a third
correction factor calculated based on a ratio between a
general level of the B value in the road range of the
extracted area and a general level of the luminance value
calculated from the color components in the road range of
the extracted area for each pixel data in the extracted
area in the white balance process.
7. A vehicle according to claim 6, wherein:

the white balance processing means uses a sum value
of R values of all pixels in the road range of the
extracted area as the general level of the R value in the
road range of the extracted area and uses a sum value of
luminance values of all pixels 1in the road range of the
extracted area as the general level of the luminance wvalue
calculated from the color components in the road range of
the extracted area in the case where calculating the first
correction factor;

the white balance processing means uses a sum value
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of G values of all pixels in the road range of the
extracted area as the general level of the G value in the
road range of the extracted area and uses a sum value of
luminance values of all pixXels in the road range of the
extracted area as the general level of the luminance wvalue
calculated from the color components in the road range of
the extracted area in the case where calculating the
second correction factor; and

the white balance processing means uses a sum value
of B values of all pixels in the road range of the
extracted area as the general level of the B value in the
road range of the extracted area and uses a sum value of
luminance values of all pixels in the road range of the
exXxtracted area as the general level of the luminance value
calculated from the color components in the road range of
the extracted area in the case where calculating the third
correction factor.
8. A vehlicle according to claim 6, wherein:

the white balance processing means uses a mean value
of R values of all pixels in the road range of the
extracted area as the general level of the R value in the
road range of the extracted area and uses a mean value of
luminance values of all pixels in the road range of the
extracted area as the general level of the luminance value
calculated from the color components in the road range of

the extracted area in the case where calculating the first

correction factor:
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the white balance processing means uses a mean value
of G values of all pixels in the road range of the
extracted area as the general level of the G value in the
road range of the extracted area and uses a mean value of
luminance values of all pixels in the road range of the
extracted area as the general level of the luminance value
calculated from the color components in the road range of
the extracted area in the case where calculating the
second correction factor; and

the white balance processing means uses a mean value
of B values of all pixels in the road range of the
extracted area as the general level of the B value in the
road range of the extracted area and uses a mean value of
luminance values of all pixels in the road range of the
extracted area as the general level of the luminance value
calculated from the color components in the road range of
the extracted area in the case where calculating the third
correction factor.
9. A road sign recognition device comprising:

an image capturing means which captures a color
image of a road via an imaging means;

an area extraction means which extracts areas having
a similar color feature value from the captured color
image of the road captured by the image capturing means;

a white balance processing means which performs, for
each of the extracted areas extracted by the area

extraction means, a white balance process of correcting
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each pixel data in the extracted area so as to reduce the
degree of divergence in the level between color components
according to a level balance between the color components
of the pixel data in the extracted area; and

a road sign detection means which detects a road
sign on the road from the color image subjected to the
white balance process.
10. A road sign recognition device according to claim 9,
wherein:

the color components of each pixel data of the color
image consist of R, G, and B values; and

the white balance processing means performs
processing of multiplying the R value by a first
correction factor calculated based on a ratio between a
general level of the R value in the extracted area and a
general level of a luminance value calculated from the
color components in the extracted area, multiplying the G
value by a second correction factor calculated based on a
ratio between a general level of the G value in the
extracted area and a general level of the luminance wvalue
calculated from the color components in the extracted area,
and multiplying the B value by a third correction factor
calculated based on a ratio between a general level of the
B value in the extracted area and a general level of the
luminance value calculated from the color components in
the extracted area for each pixel data in the extracted

area in the white balance process.
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11. A road sign recognition device according to claim 10,
wherein:

the white balance processing means uses a sum value
of R values of all pixels in the extracted area as the
general level of the R value in the extracted area and
uses a sum value of luminance values of all pixels in the
extracted area as the general level of the luminance wvalue
calculated from the color components in the extracted area
in the case where calculating the first correction factor;

the white balance processing means uses a sum value
of G values of all pixels in the extracted area as the
general level of the G value in the extracted area and
uses a sum value of luminance values of all pixels in the
exXtracted area as the general level of the luminance wvalue
calculated from the color components in the extracted area
in the case where calculating the second correction
factor; and

the white balance processing means uses a sum value
of B values of all pixels in the extracted area as the
general level of the B value in the extracted area and
uses a sum value of luminance values of all pixels in the
extracted area as the general level of the luminance value
calculated from the color components in the extracted area
in the case where calculating the third correction factor.
12. A road sign recognition device according to claim 10,
wherein:

the white balance processing means uses a mean value
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of R values of all pixels in the extracted area as the
general level of the R value in the extracted area and
uses a mean value of luminance values of all pixels in the
extracted area as the general level of the luminance value
calculated from the color components in the extracted area
in the case where calculating the first correction factor;

the white balance processing means uses a mean value
of G values of all pixels in the extracted area as the
general level of the G value in the extracted area and
uses a mean value of luminance values of all pixels in the
extracted area as the general level of the luminance value
calculated from the color components in the extracted area
in the case where calculating the second correction
factor; and

the white balance processing means uses a mean value
of B values of all pixels in the extracted area as the
general level of the B'value in the extracted area and
uses a mean value of luminance values of all pixels in the
extracted area as the general level of the luminance value
calculated from the color components in the extracted area
in the case where calculating the third correction factor.
13. A road sign recognition device comprising:

an lmage capturing means which captures a color
image of a road via an imaging means;

an area extraction means which extracts areas having
a similar color feature value from the captured color

image of the road captured by the image capturing means;
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a road range specifying means which specifies a road
range that the road occupies in the color image;

a white balance processing means which performs, for
each of the extracted areas extracted by the area
extraction means, a white balance process of correcting
each pixel data in the extracted area so as to reduce the
degree of divergence in the level between color components
according to a level balance between the color components
of the pixel data in road range of the extracted area; and

a road sign detection means which detects a road
sign on the road from the color image subjected to the
white balance process.

14. A road sign recognition device according to claim 13,
wherein:

the color components of each pixel data of the color
image consist of R, G, and B values; and

the white balance processing means performs
processing of multiplying the R value by a first
correction factor calculated based on a ratio between a
general level of the R value in the road range of the
extracted area and a general level of a luminance value
calculated from the color components in the road range of
the extracted area, multiplying the G value by a second
correction factor calculated based on a ratio between a
general level of the G value in the road range of the
extracted area and a general level of the luminance value

calculated from the color components in the road range of



10

15

20

25

CA 02609526 2007-11-22

- 46 -

the extracted area, and multiplying the B value by a third
correction factor calculated based on a ratio between a
general level of the B value 1in the road range of the
extracted area and a general level of the luminance value
calculated from the color components in the road range of
the extracted area for each pixel data in the extracted
area in the white balance process.
15. A road sign recognition device according to claim 14,
wherein:

the white balance processing means uses a sum value
of R values of all pixels in the road range of the
extracted area as the general level of the R value in the
road range of the extracted area and uses a sum value of
luminance values of all pixels in the road range of the
extracted area as the general level of the luminance wvalue
calculated from the color components in the road range of
the extracted area in the case where calculating the first
correction factor;

the white balance processing means uses a sum value
of G values of all pixels in the road range of the
extracted area as the general level of the G value in the
road range of the extracted area and uses a sum value of
luminance values of all pixels in the road range of the
extracted area as the general level of the luminance value
calculated from the color components in the road range of
the extracted area in the case where calculating the

second correction factor: and
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the white balance processing means uses a sum value
of B values of all pixels in the road range of the
extracted area as the general level of the B value in the
road range of the extracted area and uses a sum value of
luminance values of all pixels in the road range of the
extracted area as the general level of the luminance value
calculated from the color components in the road range of
the extracted area in the case where calculating the third
correction factor.
16. A road sign recognition device according to claim 14,
wherein:

the white balance processing means uses a mean value
of R values of all pixels in the road range of the
extracted area as the general level of the R value in the
road range of the extracted area and uses a mean value of
luminance values of all pixels in the road range of the
extracted area as the general level of the luminance value
calculated from the color components in the road range of
the extracted area in the case where calculating the first
correction factor;

the white balance processing means uses a mean value
of G values of all pixels in the road range of the
extracted area as the general level of the G value in the
road range of the extracted area and uses a mean value of
luminance values of all pixels in the road range of the
extracted area as the general level of the luminance value

calculated from the color components in the road range of
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the extracted area in the case where calculating the second correction factor; and

the white balance processing means uses a mean value of B values of
all pixels in the road range of the extracted area as the general level of the B value In
the road range of the extracted area and uses a mean value of luminance values of
all pixels in the road range of the extracted area as the general level of the luminance
value calculated from the color components in the road range of the extracted area in

the case where calculating the third correction factor.
17. A road sign recognition device comprising:
an imaging means;

an image capturing means which captures a color image of a road via

the imaging means;

an area extraction means which extracts areas having a similar color
feature value from the captured color image of the road captured by the image

capturing means;

a white balance processing means which performs, for each of the
extracted areas extracted by the area extraction means, a respective white balance

process of correcting each pixel data in the respective extracted area so as to reduce

the degree of divergence in the level between color components according to a level
balance between the color components of the pixel data in the respective extracted

area. and

a road sign detection means which detects a road sign on the road from

the color image subjected to the white balance process.
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FIG. 1
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FIG.2
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