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(57) ABSTRACT

A marking line detection system includes an imaging device
and an ECU. An information extraction unit of the ECU is
configured to extract depth distance information from the
imaging device to an imaging object based on image infor-
mation in an imaging area captured by the imaging device. A
road surface area identification unit of the ECU is configured
to identify a distant road surface area based on the depth
distance information, the distant road surface area being a
road surface area that excludes an immediately-preceding
road surface area of the vehicle in the image information and
is more distant from the vehicle than the immediately-pre-
ceding road surface area. A marking line detection unit of the
ECU is configured to detect a marking line in the distant road
surface area based on image information corresponding to a
position of the distant road surface area.

FIRST EDGE
SEGMENT *---

PAIR

-

SECOND ! EDGE
EDGE ; SEGMENT
SEGMENT |
FIRST EDGE

SEGMENT

~-----SECOND




Patent Application Publication

Aug. 13,2015 Sheet1 of 10

SETTING

US 2015/0227800 A1

11 12 ’/]
—~~—10
20
_______ N N SUR
I
i Y Y
| DISPARITY
i VALUE
| EXTRACTION
! Y
! DEPTH
| DISTANCE
i | CALCULATION
} Y
- ROAD
! SURFACE
| ESTIMATION
| |
i Y
i ROAD
- SURFACE AREA
i SETTING
i Y
i MARKING
i LINE
i DETECTION
| Y
| ROAD SURFACE
| SHAPE
i ESTIMATION
i Y
i THRESHOLD
!
I




Patent Application Publication  Aug. 13,2015 Sheet 2 of 10 US 2015/0227800 A1

FIG. 2

BASE IMAGE INFORMATION

N

N

\

1N

L %

/
L1~
4

AN

//

BASE IMAGE INFORMATION ﬂ
% ' 7 // /W/’/
o . / /://////

A/ 7

{

]
ROAD SURFACE
ESTIMATION AREA




Patent Application Publication

Aug. 13,2015 Sheet 3 of 10

FIG. 3

US 2015/0227800 A1

Vy

DISPARITY

a---""

~
A

*= SOLID OBJECT



Patent Application Publication  Aug. 13,2015 Sheet 4 of 10 US 2015/0227800 A1

FIG. 4

BASE IMAGE INFORMATION

//// //////////

\

CHANGE-POINT DISTANT ROAD
CONVERGENCE PART SURFACE AREA



Patent Application Publication  Aug. 13,2015 Sheet 5 of 10 US 2015/0227800 A1

FIG. 5 MARKING LINE
/ N\

)

MARKING LINE
DETECTION TARGET AREA

FIG. 6

FIRST SECOND
EDGE POINT EDGE POINT

MARKING LINE
BRIGHT 4

DARK ¥ —— | -
ROAD SURFACE ROAD SURFACE

DIFFERENTIAL
FILTER

FIRST
EDGE POINT

SECOND
EDGE POINT



US 2015/0227800 A1

(HLAIM 1OIHHOONI) (013 3dvOS)
1INIOd 3903 AdVYSS3OANNN (3NIT ONDIYYIN) AHYSSIOINNA
1NIOd 3903 ANOD3S
m m m i (@31v10SI) LNIOd 3903

= QTOHSIYHL m INIOd 3903 | m : AHVSSIOINNN
S LINIT HIMOT m AMVSSIOANNN | | m M
=) 1 1 1 1
3 m m m m m m
= 1 1 1 1
7 ! ! ! !
v m > m | m \ /
v 1 1 1 1
[ T 1 T 1
S ! ! ! !
) “ “ K “ !
— ! : ! !
2 N ! | !
< m _ m m ~una

QTOHSIHHL “ fkwp\vwm wm_uw_um_oz_v “ “ NVOS
g 1IN 43ddn i AMVSSIOANNN | m
- P (INITONIMHVIN)
2 < > < > LNIOd 3903 LS¥Id
= 3NIT ONIMYEVIN 4O ANIT ONIMEVIN 4O
& HLAIM A3NNSSY HLAIM A3WNSSY
= 1NIOd 3903
2 AYVSSIOIANNN
= .
= . 9Old
E
L
=
[~



Patent Application Publication

FIG. 8

Aug. 13,2015 Sheet 7 of 10

FIRST EDGE
SEGMENT *---

PAIR ; :
SECOND '} EDGE
EDGE ; SEGMENT
SEGMENT

~~----SECOND

FIRST EDGE
SEGMENT

FIG. 9

CURVATURE RADIUS

A

US 2015/0227800 A1



Patent Application Publication  Aug. 13, 2015 Sheet 8 of 10 US 2015/0227800 A1

FIG. 10
BASE IMAGE INFORMATION
[Far—g
o=
Py /
™ it
\ —
’, DISTANT
SIDE
_____________________ LT
\ I NEar
\ CENTER SIDE
(- LINE
“‘.
i

= =
LEFT RIGHT
SIDE SIDE



Patent Application Publication  Aug. 13,2015 Sheet 9 of 10 US 2015/0227800 A1

FIG. 11

( START ’
ST1
RECEIVE IMAGE INFORMATION I
ST2

L/~
EXTRACT DISPARITY VALUE INFORMATION

Y

ST3
CALCULATE DEPTH DISTANCE INFORMATION I
ST4

IDENTIFY PREDETERMINED ROAD SURFACE é
AREA IN BASE IMAGE INFORMATION

~ST5

DETECT FIRST EDGE POINT AND SECOND
EDGE POINT

l ST6

FORM PAIR OF FIRST EDGE POINT AND
SECOND EDGE POINT

ST7
DETECT FIRST EDGE SEGMENT AND SECOND

EDGE SEGMENT

l ~ST8

FORM PAIR OF FIRST EDGE SEGMENT AND
SECOND EDGE SEGMENT

l ~ST9

SELECT MARKING LINE IN VEHICLE’S
TRAVELING ROAD

Y

ST10
ESTIMATE TRAVELING ROAD PARAMETERS I
ST

CALCULATE DETECTION CONDITION FOR
MARKING LINE

( RETURN ’



Patent Application Publication  Aug. 13,2015 Sheet 10 of 10 US 2015/0227800 A1

FIG. 12

BASE IMAGE INFORMATION

7
7 7 A U -
| /
DISTANT ROAD
SURFACE AREA
IMMEDIATELY-PRECEDING INTERMEDIATE ROAD

ROAD SURFACE AREA SURFACE AREA



US 2015/0227800 Al

MARKING LINE DETECTION SYSTEM AND
MARKING LINE DETECTION METHOD

INCORPORATION BY REFERENCE

[0001] The disclosure of Japanese Patent Application No.
2014-022838 filed on Feb. 7, 2014 including the specifica-
tion, drawings and abstract is incorporated herein by refer-
ence in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a marking line
detection system and a marking line detection method.
[0004] 2. Description of the Related Art

[0005] Japanese Patent Application Publication No. 2003-
118521 (JP 2003-118521 A) is known as a detection system
and a detection method for detecting a marking line on the
road surface around a vehicle. Japanese Patent Application
Publication No. 2003-118521 (JP 2003-118521 A) discloses
atechnology that initially sets the white line detection area in
a captured image of the road in front of the vehicle as large as
possible and, if the road parameters are updated later to reflect
the actual road surface shape, sets the white line detection
area as small as possible for increasing the processing speed
while reducing the number of incorrect detections of non-
white-line objects. This technology detects a distant white
line by gradually shifting the white line detection area to fit
the road surface shape while estimating the road parameters
from the near side to the distant side of the vehicle. Japanese
Patent Application Publication No. 2012-014398 (JP 2012-
014398 A) discloses a technology that identifies a double
white line, composed of a solid line and a broken line, on a
line basis. This technology varies the identification method
according to whether the area is near to the vehicle, where a
double white line can be approximated almost as a straight
line, or the area is distant from the vehicle where a double
white line cannot be approximated almost as a double white
line because the road, is a turning road. In this technology,
because the solid line and the broken line of a double white
line in a distant area are sometimes merged, the double white
line, though provided for the vehicle, may be determined as a
noise. Japanese Patent Application Publication No. 2010-
060371 (JP 2010-060371 A) discloses a technology that cal-
culates a histogram of edge intensities in the radiation direc-
tion from the vanishing point (determined in advance by the
focus of the lens and the imaging surface) in the captured
image to the vehicle side and, by identifying the direction in
which the edge intensity becomes equal to or larger than the
threshold, determines that there is a white line in that direc-
tion. Japanese Patent Application Publication No. 2011-
170750 (JP 2011-170750 A) discloses a technology that
records white line edges in a captured image for each frame
but does not record white line edges for a frame when a pitch
variation is generated in the vehicle. Japanese Patent Appli-
cation Publication No. 2007-286724 (JP 2007-286724 A)
discloses a technology that, when the vehicle enters an inter-
section, detects other vehicles that approach the intersection
from the intersecting roads, based on the analysis result of the
measuring points of each of the near area and the distant area
that are set in the captured image of the road in front of the
vehicle. In this technology, the density of the measuring
points in the distant area is set higher than the density of the
measuring points in the near area. Japanese Patent Applica-
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tion Publication No. 2001-101428 (JP 2001-101428 A) dis-
closes a technology that changes the filter for extracting the
edges of the preceding vehicle in the captured image of the
road in front of the vehicle according to the distance between
the vehicle and the preceding vehicle.

[0006] Incidentally, the technology for sequentially esti-
mating the road surface shape while sequentially detecting
the marking lines from the near side to the distant side has the
following problems. For example, the road surface shape
cannot sometimes be estimated correctly when the brightness
value of the marking line is reduced by the shadow of a solid
object such as a building, when the marking line is hidden by
other vehicles or bicycles, or when the marking line is not
detected continuously because the marking line is wavy. In
such a case, the marking line cannot sometimes be detected
during the estimation process because of insufficient infor-
mation or because of the analysis of an incorrect area in the
captured image. Therefore, there is room for increasing the
detection accuracy of a distant marking line.

SUMMARY OF THE INVENTION

[0007] The present invention provides a marking line
detection system and a marking line detection method that
can overcome the inconvenience of the related art and
increase the detection accuracy of a distant marking line.
[0008] A marking line detection system according to a first
aspect of the present invention includes an imaging device
and an electronic control unit. The imaging device is config-
ured to capture surroundings of a vehicle. The electronic
control unit includes an information extraction unit, a road
surface area identification unit and a marking line detection
unit. The information extraction unit is configured to extract
depth distance information from the imaging device to an
imaging object based on image information in an imaging
area captured by the imaging device. The road surface area
identification unit is configured to identify a distant road
surface area based on the depth distance information, the
distant road surface area being a road surface area that
excludes an immediately-preceding road surface area of the
vehicle in the image information and is more distant from the
vehicle than the immediately-preceding road surface area.
The marking line detection unit is configured to detect a
marking line in the distant road surface area based on image
information corresponding to a position of the distant road
surface area.

[0009] A marking line detection method according to a
second aspect of the present invention includes: extracting
depth distance information from an imaging device to an
imaging object based on image information in an imaging
area captured by the imaging device that captures surround-
ings of a vehicle; identifying a distant road surface area based
on the depth distance information, the distant road surface
area being a road surface area that excludes an immediately-
preceding road surface area of the vehicle in the image infor-
mation and is more distant from the vehicle than the imme-
diately-preceding road surface area; and detecting a marking
line in the distant road surface area based on image informa-
tion corresponding to a position of the distant road surface
area.

[0010] According to the marking line detection system and
the marking line detection method in the first aspect and the
second aspect of the present invention, the vehicle’s marking
line in the distant road surface area can be detected without
having to sequentially detect the marking line and, without
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having to estimate the road surface shape of the traveling
road, from the immediately-preceding road surface area of
the vehicle to the distant road surface area as in the system in
the related art. Therefore, according to the marking line detec-
tion system and the marking line detection method in the first
aspect and the second aspect of the present invention, a situ-
ation can be avoided in which the vehicle’s marking line in a
position distant from the vehicle cannot be detected, for
example, when the road surface shape cannot be estimated
successfully during traveling. This allows the marking line
detection system and the marking line detection method in the
first aspect and the second aspect of the present invention to
increase the detection accuracy of a distant marking line. In
the related art, when the road surface shape cannot be esti-
mated successfully, there is a possibility that the marking line
detection processing is performed for an incorrect area. In
contrast, according to the marking line detection system and
the marking line detection method in the first aspect and the
second aspect of the present invention, the arithmetic process-
ing performed due to such an incorrect recognition is reduced.
Therefore, the detection accuracy of a distant marking line is
increased and, at the same time, the load and time required for
the arithmetic processing is reduced.

[0011] Inthefirst aspect of the present invention, the mark-
ing line detection unit may include a detection condition
calculation unit that calculates a detection condition for
detecting the marking line. The road surface area identifica-
tion unit may be configured to identify the immediately-
preceding road surface area of the vehicle in the image infor-
mation and an intermediate road surface area based on the
depth distance information, the intermediate road surface
area being present between the distant road surface area and
the immediately-preceding road surface area in the image
information. The detection condition calculation unit may be
configured to calculate a first detection condition, a second
detection condition, and a third detection condition. The first
detection condition is a condition for detecting the marking
line in the distant road surface area. The second detection
condition is a condition for detecting a marking line in the
immediately-preceding road surface area. The third detection
condition is a condition for detecting a marking line in the
intermediate road surface area based on the first and second
detection conditions.

[0012] Furthermore, in the first aspect of the present inven-
tion, the detection condition calculation unit may be config-
ured to calculate the first detection condition, the second
detection condition, and the third detection condition based
on an edge strength of each marking line in the immediately-
preceding road surface area, the intermediate road surface
area, and the distant road surface area.

[0013] In the first aspect of the present invention, the road
surface area identification unit may be configured to identity
a new distant road surface area that is nearer to the vehicle
than the distant road surface area when the marking line is not
detected in the distant road surface area.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Features, advantages, and technical and industrial
significance of exemplary embodiments of the invention will
be described below with reference to the accompanying
drawings, in which like numerals denote like elements, and
wherein:
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[0015] FIG. 1 is a diagram showing an example of a con-
figuration of a marking line detection system in an embodi-
ment of the present invention;

[0016] FIG. 2 is a diagram showing a road surface estima-
tion area;

[0017] FIG. 3 is a diagram showing a V-disparity curve;
[0018] FIG. 4 is a diagram showing an identified distant

road surface area;

[0019] FIG. 5 is a diagram showing the detection process-
ing of a marking line;

[0020] FIG. 6 is a diagram showing the detection process-
ing of a marking line in part A in FIG. 5;

[0021] FIG. 7 is a diagram showing the detection process-
ing of a marking line;

[0022] FIG. 8 is a diagram showing the detection process-
ing of a marking line;

[0023] FIG.9 is a diagram showing the estimation of a road
surface shape;
[0024] FIG. 10 is a diagram showing a detection condition

calculation area;

[0025] FIG. 11 is a flowchart showing an example of the
arithmetic processing operation of the marking line detection
system of the present invention; and

[0026] FIG. 12 is a diagram showing the road surface area
when a detection condition is estimated.

DETAILED DESCRIPTION OF EMBODIMENTS

[0027] A marking line detection system and a marking line
detection method in an embodiment of the present invention
are described below in detail with reference to the drawings.
It should be noted that the present invention is not limited to
this embodiment.

Embodiment

[0028] An embodiment of the marking line detection sys-
tem and the marking line detection method of the present
invention are described with reference to FIG. 1 to FIG. 11.
[0029] FIG. 1 is a diagram showing a marking line detec-
tion system 1 in this embodiment. This marking line detection
system 1 detects a marking line based on the acquired sur-
rounding information on the vehicle. A marking line in this
embodiment refers to a lane boundary line, usually white or
yellow in color, on the road surface around the vehicle.
[0030] The marking line detection system 1 includes a sur-
rounding information acquisition unit that acquires the sur-
rounding information on the vehicle, a road surface area
identification unit that identifies a road surface area based on
the acquired surrounding information, and a marking line
detection unit that detects a marking line in the identified road
surface area.

[0031] The surrounding information acquisition unit
acquires the vehicle surrounding information in which the
toad surface, marking lines, solid objects (other vehicles,
buildings, etc.), and background (sky, etc.) can be identified.
In this embodiment, an imaging device 10 is used for this
surrounding information acquisition unit. The imaging
device 10 is configured to capture the surroundings of the
vehicle and acquire the image information in the imaging area
as the vehicle surrounding information. From this image
information, the road surface and the marking line are iden-
tified, and the road surface, solid objects, and background are
identified, as described below. The image information is a set
of pixels each having brightness value information in the
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imaging area. Therefore, a brightness image, which repre-
sents the positions of an image in the imaging area (herein-
after called a “captured image”) in terms of brightness, is
acquired from this image information. The road surface and
the marking line can be identified based on the brightness
value information included in the image information in the
imaging area (more specifically, the brightness value infor-
mation, included in each pixel, that represents the brightness
image of the imaging area). The road surface, solid objects,
and background can be identified based on the depth distance
information extracted from the image information. The depth
distance information can be used also to identify the road
surface and the marking line. To identify the road surface and
the marking line based on the depth distance information, a
method known in this technical field can be used.

[0032] The depth distance information refers to the infor-
mation that represents the depth distance from the imaging
device 10 to an imaging object in the captured image. The
direction of the depth distance is defined as follows. When the
horizontal direction (lateral direction) and the vertical direc-
tion (longitudinal direction) of a captured image are defined
as the X-coordinate and the Y-coordinate respectively, the
direction of the depth distance is the direction that is at right
angles with the XY plane and is a moving direction from the
imaging device 10 toward a distant position in the imaging
direction of the imaging device 10. Therefore, the imaging
device 10 captures an image at least in the traveling direction
of the vehicle.

[0033] To identify various objects, the device used as the
imaging device 10 is required to obtain image information,
which includes brightness value information, and the depth
distance information based on the obtained image informa-
tion. In this embodiment, a stereo camera is used as the
imaging device 10. The use of a stereo camera allows a
left-side camera 11 and a right-side camera 12 to acquire the
image information in the same imaging area. Therefore, as
will be described later, the disparity value information in the
imaging area can be obtained from the image information
captured by the left-side camera 11 and the right-side camera
12. Based on the obtained disparity value information, the
depth distance information can be calculated. Although a
stereo camera is used as the surrounding information acqui-
sition unit (imaging device 10) in this embodiment, a
monocular camera may also be used as the surrounding infor-
mation acquisition unit. In this case, the monocular camera
must be able to acquire the image information, which
includes the brightness value information, and the depth dis-
tance information that indicates the distance to an imaging
object around the vehicle so that the road surface, marking
line, solid objects, and background can be identified. If a
monocular camera is used, the depth distance information is
calculated by a method known in this technical field.

[0034] The marking line detection system 1 includes a
marking line detection ECU 20. The marking line detection
ECU 20 is an electronic control device that performs an
arithmetic operation in the marking line detection system 1.
The image information (image information from the left-side
camera 11 and the image information from the right-side
camera 12) on an imaging area captured by the imaging
device 10 is sent to the marking line detection ECU 20. The
marking line detection ECU 20 acquires the disparity value
information in the imaging area based on the image informa-
tion from each of the left-side camera 11 and the right-side
camera 12 and, based on the acquired disparity value infor-
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mation, calculates the depth distance information. Based on
the calculated depth distance information, the marking line
detection ECU 20 identifies the road surface area, included in
the captured image and distant from the vehicle, and detects
the marking line in the road surface area based on the bright-
ness value information in the identified distant road surface
area. The road surface area identification unit and the marking
line detection unit in this embodiment are provided as one of
the arithmetic processing functions of the marking line detec-
tion ECU 20.

[0035] The marking line detection ECU 20 further includes
an information extraction unit that extracts the disparity value
information and the depth distance information from the
image information captured by the imaging device 10. The
marking line detection unit detects the marking line of an
identified road surface area based on at least one of the image
information, brightness value information, depth distance
information, and disparity value information. The image
information corresponds to the position of the identified road
surface area (for example, distant road surface area that will
be described later). The brightness value information is
included in the image information. The depth distance infor-
mation and the disparity value information correspond to the
position of the identified road surface area. The marking line
detection unit in this embodiment identifies the road surface
and the marking line using the image information (image
information from one of the left-side camera 11 and the
right-side camera 12) in the imaging area. In this embodi-
ment, the marking line detection unit identifies the road sur-
face and the marking line using the brightness value informa-
tion included in the image information. On the other hand, the
road surface area identification unit identifies the road sur-
face, solid objects, and background using the depth distance
information (disparity value information) extracted based on
the image information (image information from the left-side
camera 11 and the right-side camera 12) in the imaging area.
[0036] The information extraction unit calculates the depth
distance information (disparity value information) using a
method known in this technical field. The information extrac-
tion unit calculates a disparity image in the imaging area
based on the image information from each of the left-side
camera 11 and the right-side camera 12. The disparity image
represents a set of pixels, each of which has disparity value
information, in the imaging area. The disparity image indi-
cates the disparity at each coordinate in one of the image
information from the left-side camera 11 and the image infor-
mation from the right-side camera 12 (hereinafter called
“base image information”). The information extraction unit
can obtain the disparity value information in the imaging area
based on the image information from each of the left-side
camera 11 and the image information from the right-side
camera 12. There is a unique correspondence between dis-
parity values and depth distances. Therefore, the information
extraction unit can obtain the depth distance information in
the imaging area based on the disparity value information.
[0037] The road surface area identification unit in this
embodiment identifies a part or the whole of the road surface
area from the base image information based on the depth
distance information (disparity value information) in the
imaging area.

[0038] The road surface area identification unit divides the
base image information into a plurality of pieces as shown at
the top of FIG. 2. In addition, the road surface area identifi-
cation unit generates the depth distance (disparity value)
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curve for the coordinate V (coordinate corresponding to the Y
coordinate described above), such as the one shown in FIG. 3,
based on the depth distance information (disparity value
information) calculated by the information extraction unit.
FIG. 3 is a diagram showing the V-disparity curve. The V-dis-
parity curve refers to a curve in the two-dimensional plane in
which the vertical direction (longitudinal direction) coordi-
nate V in the base image information is projected onto the
vertical axis and the disparity value corresponding to the
coordinate V is projected onto the horizontal axis. The road
surface area identification unit estimates the road surface,
solid objects, and background in the base image information
based on the slope and the intercept of the V-disparity curve.
In the part of the V-disparity curve corresponding to the solid
objects and the background, the disparity value remains
almost constant because the distance to the solid objects and
the background in the image depth direction does not change.
On the other hand, in the part of the V-disparity curve corre-
sponding to the road surface, the disparity value changes
because the distance to the road surface in the image depth
direction changes. This allows the road surface area identifi-
cation unit to identify the road surface, solid objects, and
background based on the disparity value corresponding to the
coordinate V determined by the V-disparity curve. Note that
the base image information is divided in the almost vertical
(almost longitudinal) direction. In the example shown at the
top in FIG. 2, the base image information is divided in the
longitudinal direction. The road surface area identification
unit generates the V-disparity curve in the base image infor-
mation by projecting the disparity value at each coordinate V
onto the two-dimensional plane while performing scanning in
the vertical direction (longitudinal direction) from the distant
side to the vehicle side in each division area (divided parti-
tion). The road surface area identification unit sequentially
projects the disparity values, one for each division area, from
the leftmost division area to the rightmost division area or
from the rightmost division area to the leftmost division area.

[0039] As described above, the road surface area identifi-
cation unit first identifies the road surface, solid objects, and
background in the base image information using the depth
distance information (disparity value information). That is,
the road surface area identification unit detects an area, which
is estimated as the road surface in the base image information
(hereinafter called also a “road surface estimation area™),
based on the depth distance information (disparity value
information) (see the figure at the bottom of FIG. 2). There-
fore, the area for which the arithmetic processing is to be
performed by the marking line detection ECU 20 in the post-
process can be limited to the road surface estimation area and
its surrounding areas in the base image information. This
reduces the load and the time required for the arithmetic
processing in the post-process. In the figure at the bottom of
FIG. 2, the areas other than the road surface estimation area is
indicated by hatching for the sake of description.

[0040] Next, the road surface area identification unit iden-
tifies a part of the image information (base image informa-
tion) as an area in which the marking line is to be detected
(hereinafter called a “marking line detection target area™). For
example, the road surface area identification unit identifies a
road surface area in the image information (base image infor-
mation), which does not include the immediately-preceding
road surface area of the vehicle and is more distant than the
immediately-preceding road surface area (hereinafter, this
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road surface area in the image information is called a “distant
road surface area”), as the marking line detection target area.

[0041] More specifically, the road surface area identifica-
tion unit identifies the part of the road surface estimation area
in the base image information, from which the immediately-
preceding road surface estimation area in the traveling direc-
tion of the vehicle is excluded, as the distant road surface area.
The immediately-preceding road surface area refers to a road
surface area near the vehicle in which the marking line can be
detected in a method known in the related art without having
to know the road surface shape (curvature, etc.) of the travel-
ing road of the vehicle. That is, the distant road surface area
may be Considered a part of the road surface area in the
traveling road that has been identified in the related art based
on the estimation of the road surface shape of the vehicle’s
traveling road. The road surface area identification unit may
also identify all of the road surface estimation area as the
marking line detection target area.

[0042] For example, as the speed of the vehicle becomes
higher, the road surface area identification unit may identify a
part of the road surface estimation area in a position distant
from the vehicle (upper part of base image information) as the
distant road surface area that is the marking line detection
target area. The part of the road estimation area in a position
distant from the vehicle (that is, distance between the vehicle
and the road surface in the image depth direction) is deter-
mined, in advance, according to the speed of the vehicle. Note
that the distance between the vehicle and a position in the
traveling road, which is thought of as the depth distance
information described above, is calculated from the disparity
value information.

[0043] The road surface area identification unit determines
at least the road surface estimation area and its surrounding
area in the base image information as the scan area and, based
on the depth distance information (disparity value informa-
tion) obtained when the scan area is scanned, identifies the
marking line detection target area. The road surface area
identification unit may set the division areas in the horizontal
direction (lateral direction) for each coordinate V and, in each
division area in the scan area, perform scanning in the hori-
zontal direction (lateral direction) from the left end to the
right end or from the right end to the left end. For example, the
road surface area identification unit performs scanning
sequentially for each division area in the horizontal direction
(lateral direction) from the division area on the distant side to
the division area on the vehicle side in the scan area or from
the division area on the vehicle side to the division area on the
distant side in the scan area.

[0044] For example, based on the depth distance informa-
tion (disparity value information) obtained by the scan of the
scan area (road surface estimation area and its surrounding
area), the road surface area identification unit detects the
position at which the change point in the base image infor-
mation converges (hereinafter called a “change-point conver-
gence part”). The change point refers to the position at which
switching among the road surface, solid objects, and back-
ground occurs in the base image information. The road sur-
face area identification unit identifies the part of the road
surface estimation area below the change-point convergence
part (that is, on the vehicle side) as the distant road surface
area that is the marking line detection target area (FIG. 4). In
FIG. 4, for the sake of description, hatching is indicated not
only in the area other than the road surface estimation area
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that is shown in FIG. 2 but also in the area other than the
distant road surface area in the road surface estimation area.
[0045] On the other hand, when the traveling road of the
vehicle changes from a flat road or a downhill road to an uphill
road or from a downhill road to a flat road, the road surface
estimation area sometimes continues from the lower end or
lower part of the base image information to the upper end. In
this case, the change-point convergence part is not detected.
Therefore, when the change-point convergence part is not
detected during the scanning of the scan area (road surface
estimation area and its surrounding area), the road surface
area identification unit may extract the change point between
the road surface, detected in the uppermost position in the
base image information, and the solid objects and the back-
ground and, then, identify the road surface estimation area
around this change point as the distant road surface area that
is the marking line detection target area.

[0046] When the scan point reaches a position where the
distance between the vehicle and the road surface reaches a
predetermined value in the image depth direction while the
road surface area identification unit scans the scan area (road
surface estimation area and its surrounding area) in the ver-
tical direction (longitudinal direction) as described above, the
road surface area identification unit may identify the position
as the distant road surface area that is the marking line detec-
tion target area. The predetermined value may be determined
in advance according to the speed of the vehicle.

[0047] When identifying the marking line detection target
area, the road surface area identification unit may perform
scanning in the horizontal direction (lateral direction) with
any position, such as the left end or right end or a position
inside the, base image information, as the start point. How-
ever, the position of the area that is considered the road
surface in the base image information (road surface estima-
tion area) is already determined in this embodiment based on
the depth distance information (disparity value information)
as described above. Therefore, the road surface area identifi-
cation unit may identify the distant road surface area, which is
the marking line detection target area, by performing scan-
ning beginning at the position corresponding to the position
of the road surface estimation area in the base image infor-
mation as described in the above example.

[0048] For example, the lower end or the lower part of the
base image information includes the road surface estimation
area regardless of the shape of the traveling road of the
vehicle. Therefore, the road surface area identification unit
performs scanning the road surface estimation area and its
surrounding area in the upward direction, beginning at the
lower end or the lower part of the base image information.
This scanning method eliminates the wasteful arithmetic pro-
cessing for an area in which a marking line is not present, thus
reducing the arithmetic processing load.

[0049] In some cases, the road surface area identification
unit may be able to identity the distant road surface area more
quickly by performing scanning from the upper end of the
base image information into the downward direction than by
performing scanning with the lower end as the starting point.
Therefore, the road surface area identification unit may per-
form scanning with the upper end of the base image informa-
tion as the starting point. In addition, when a left-turning road
is detected as the traveling road of the vehicle based on the
map information and the wvehicle position information
obtained from the car navigation system, there is the road
surface estimation area on the left side in the base image
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information. Therefore, the road surface area identification
unit may perform scanning from the left end of the base image
information into the right direction. By determining the start
point of scanning as described above, the road surface area
identification unit can reduce the arithmetic processing load
when identifying the marking line detection target area.
[0050] Incidentally, the road surface area identification unit
may identify the road surface estimation area of a predeter-
mined partition in the base image information as the distant
road surface area that is the marking line detection target area.
As the predetermined partition, one particular division area of
the division areas, generated by horizontally dividing the base
image information, is determined in advance so that it is
selected from the division areas. For example, when the road
surface is that of a straight, flat road, it is assumed that the road
surface estimation area, which will be identified as the distant
road surface area, is present in the central part of the base
image information, though this assumption depends upon the
conditions such as the angle of view of the imaging device 10
or the pitch variation in the vehicle. Therefore, when there is
a road surface estimation area in the horizontal division area
in which the central part is included, the road surface area
identification unit may identify the road surface estimation
area in that division area as the distant road surface area that
is the marking line detection target area. On the other hand,
when there is no road surface estimation area in that horizon-
tal division area, the road surface area identification unit
determines whether there is a road surface estimation area in
another division area that is nearer to the vehicle side than that
division area. When there is a road surface estimation area in
that another division area, the road surface area identification
unit identifies the road surface estimation area as the distant
road surface area that is the marking line detection target area.
When there is no road surface estimation area in that another
division area, the road surface area identification unit per-
forms the same arithmetic processing for a division area that
is further nearer to the vehicle side.

[0051] In addition, the road surface area identification unit
may identify not only such a distant road surface area but also
the immediately-preceding road surface area described above
as the marking line detection target area. In this case, the road
surface area identification unit may apply the information on
the already-detected road surface estimation area directly to
the immediately-preceding road surface area. In addition, the
road surface area identification unit may also perform scan-
ning again for the road surface estimation area as described
above and, then, identify the immediately-preceding road
surface area.

[0052] In this embodiment, the road surface area identifi-
cation unit is configured as described above because the road
surface estimation area is divided roughly into the two: the
distant area for the vehicle and the immediately-preceding
area for the vehicle. However, when the road surface estima-
tion area is further sub-divided into three or more areas, it is
desirable that the road surface area identification unit be
configured to identify any of these areas as the marking line
detection target area.

[0053] The marking line detection unit in this embodiment
determines whether there is a marking line in the marking line
detection target area identified by the road surface area iden-
tification unit. The marking line detection unit detects a mark-
ing line in the detection target area based on the brightness
value information on the detection target area. A marking line
may be detected by a method known in this technical field.
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[0054] The marking line detection unit can be subdivided
into the following units: edge point detection unit, edge point
pairing unit, edge segment detection unit, edge segment pair-
ing unit, and marking line selection unit.

[0055] The edge point detection unit detects an edge point
(a point where the brightness changes from dark to bright or
from bright to dark) in the marking line detection target area.
An edge point may be detected by a method known in this
technical field.

[0056] For example, the edge point detection unit scans at
least the marking line detection target area in the base image
information in the horizontal direction as shown in in the
figures in F1G. 5 and at the top of FIG. 6. At this time, the edge
point detection unit uses a differential filter (for example, a
sobel filter) for the brightness value information at each posi-
tion in the detection target area. By using this differential
filter, the edge point detection unit calculates the edge
strength of a first edge point (rising edge point), where the
brightness changes from dark (mainly, black) to bright
(mainly, white or yellow), and the edge strength of a second
edge point (falling edge point) where the brightness changes
from bright to dark (see the figure at the bottom of FIG. 6).
That is, the edge point detection unit detects the first edge
point and the second edge point, which are thought of as the
edge points of a marking line, from the marking line detection
target area in the base image information. The dark part
corresponds mainly to the asphalt part. On the other hand, the
bright part corresponds mainly to a marking line on the road
surface.

[0057] An edge point with low edge strength represents a
position where the contrast between the preceding part and
the following part is low. In this case, it is difficult to deter-
mine whether the edge point is detected due to a factor other
than a marking line, such as a noise or a stain on the road
surface, or due to a scrape in a part of a marking line. There-
fore, when detecting a first edge point and a second edge
point, the edge point detection unit compares the edge
strength of a detected edge point with the threshold and, if it
is difficult to determine whether the edge point is that of a
marking line, excludes the edge point. In this example, if the
edge strength is included in the threshold range between the
upper limit threshold and the lower limit threshold, the edge
point is excluded assuming that it is not necessary for the later
arithmetic processing (FIG. 7). On the other hand, the mark-
ing line detection unit detects an edge point, the edge strength
of which exceeds the upper limit threshold, as a first edge
point, and detects an edge point, the edge strength of which is
below the lower limit threshold, as the second edge point.
When the threshold is applied to the image information in the
first frame, a pre-set value is used; when the threshold is
applied to the image information in the second and the fol-
lowing frames, a value calculated by the detection condition
calculation unit, which will be described later, is used.
[0058] However, all detected first edge point and the second
edge point do not necessarily represent the edge point of a
marking line. There is a possibility that an edge point, where
the contrast is high due to a noise or a stain on the road surface,
is detected. To address this problem, the edge point pairing
unit is provided in this embodiment.

[0059] Theedge point pairing unit extracts a first edge point
and a second edge point, which form a pair, from the detected
first edge points and the second edge points and, after that,
excludes a first edge point and a second edge point, which are
not paired but isolated, as unnecessary edge points (FIG. 8).
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The pair is a set of a first edge point and a second edge point
detected in one marking line. To determine whether the two
edge points form a pair, the width between the first edge point
and the second edge point and the brightness value informa-
tion on the first edge point and the second edge point are used.
For example, when pairing a first edge point and a second
edge point, the edge point pairing unit forms a pair of a first
edge point and a second edge point if the distance (width)
between the two edge points is within a predetermined range
with respect to the assumed width of a pre-set marking line.
On the other hand, if the distance (width) is out of a prede-
termined range with respect to the assumed width, the edge
point pairing unit excludes these edge points assuming that
the first edge point and the second edge point are unnecessary
edge points that are detected due to a noise.

[0060] A first edge point or a second edge point, which is
present between the first edge point and the second edge point
that are detected as a pair, is considered as a point detected due
to a difference in contrast. This difference is generated, for
example, due to a scrape in the marking line. These first edge
point and second edge point are not necessary when detecting
the first edge segment or the second edge segment described
below. Therefore, it is desirable that these edge points be
treated as unnecessary edge points.

[0061] All first edge points and second edge points,
selected as described above, are more likely to be the edge
points of a marking line. The edge segment detection unit
performs the Hough transform processing for all first edge
points and second edge points to detect segments (first edge
segment and second edge segment) arranged in a straight
form or a curved form (FIG. 8).

[0062] The edge segment pairing unit calculates the paral-
lelism or the distance for all detected first edge segments and
second edge segments and, using the calculated result,
extracts a first edge segment and a second edge segment that
form a pair (FIG. 8). The pair refers to a set of a first edge
segment and a second edge segment detected from one mark-
ing line (each line when the line is a broken line).

[0063] Each of the first edge segment and the second edge
segment of the pair represents the boundary of one marking
line. The marking line selection unit selects the marking line
of the traveling road of the vehicle based on the first edge
segment and the second edge segment of the pair.

[0064] If the marking line information on the vehicle,
detected in the past, is not available when selecting a marking
line, the marking line selection unit selects an area, sur-
rounded by the first edge segment and the second edge seg-
ment newly detected as a pair, as the marking line of the
vehicle. Ifthree or more marking lines are detected, the mark-
ing line selection unit selects the marking line of the vehicle
by referring to the vehicle’s position or other vehicle’s posi-
tion with respect to each detected line or by referring to the
traveling directions of the other vehicles. If the marking line
of the vehicle cannot yet be determined, the marking line
selection unit identifies another area as the marking line
detection target area and, with consideration also for the
position of the marking line detected in the new detection
target area, selects the marking line of the vehicle.

[0065] On the other hand, if the marking line information
on the vehicle, detected in the past, is available, the marking
line selection unit extracts a pair of a first edge segment and a
second edge segment similar to the past marking line infor-
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mation and, then, selects an area, surrounded by the first edge
segment and the second edge segment, as the marking line of
the vehicle.

[0066] The marking line information on the vehicle,
detected in the past, refers to the marking line information on
the vehicle detected in a frame generated before the frame of
the current base image information or to the marking line
information on the vehicle detected when the vehicle trav-
elled on the same road surface before.

[0067] The marking line detection unit detects the marking
line of the vehicle as described above.

[0068] The marking line detection ECU 20 further includes
a road surface shape estimation unit that estimates the road
surface shape. Based on the marking line detected by the
marking line detection unit (more strictly, the coordinates of
the first and second edge segments in the marking line and
their edge strengths), the road surface shape estimation unit
estimates the road surface shape of the position where the
marking line is present (for example, FIG. 9). For example,
the road surface shape estimation unit uses the least-squares
method or the Kalman filter to estimate the traveling road
parameters (curvature, curvature change rate, yaw angle, lat-
eral position) that represent the road surface shape of the
vehicle’s traveling road.

[0069] The marking line detection ECU 20 may include a
projection control unit that projects the road surface shape
and the marking line according to the traveling road param-
eters onto the base image information.

[0070] The marking line detection ECU 20 includes a
detection condition calculation unit that calculates the mark-
ing line detection condition. The detection condition, a con-
dition for detecting a marking line from the base image infor-
mation, includes the differential filter for calculating the edge
strength described above and the threshold for detecting an
edge point. For example, after the marking line detection unit
detects the marking line in the detection target area in the base
image information used in the current arithmetic processing
process (first frame) and the road surface shape estimation
unit estimates the road surface shape of the vehicle’s traveling
road for the marking line, the detection condition calculation
unit calculates the detection condition that will be used in the
marking line detection target area in the base image informa-
tion used in the next arithmetic processing process (next
frame).

[0071] To calculate this detection condition, the detection
condition calculation unit divides the base image information
in the current arithmetic processing process into a plurality of
pieces and calculates the marking line detection condition for
each area (hereinafter called a “detection condition calcula-
tion area”). In this case, if only a part of the marking line is
detected in the base image information in the current arith-
metic processing process, the detection condition calculation
unit calculates the detection condition only for the detection
condition calculation area in which the marking line is
included.

[0072] In this embodiment, the base image information is
divided into four detection condition calculation areas: dis-
tant side, near side, left side, and right side (see FIG. 10). The
division between the distant side and the near side may be set
based on the camera parameters determined by the angle of
view of the imaging device 10. In addition, the division
between the distant side and the near side may be changed as
necessary by causing the detection condition calculation unit
to correct the camera parameters considering the pitch varia-
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tion in the vehicle. The division between the distant side and
the near side may also be determined using the disparity value
information and the depth distance information.

[0073] In addition, in this embodiment, the detection con-
dition calculation unit calculates a virtual line (hereinafter
called a “center line”), which is positioned in the middle of the
traveling road parameters projected onto the two marking
lines in the vehicle’s lane and, with this center line as the
boundary, divides the base image information into the left
side and the right side. For example, the detection condition
calculation unit calculates the average of the X coordinates of
the traveling road parameters of the two marking lines to find
the center line. In this example, the horizontal direction (lat-
eral direction) of the base image information is the X coordi-
nate, and the vertical direction (longitudinal) direction is the
Y coordinate. When the base image information is divided
into the detection condition calculation areas based on this
center line, only the road surface estimation area is divided. If
the traveling road parameters are not available (for example,
in the first frame), the line that divides the base image infor-
mation equally into two (left side and right side) may be used
as the center line when setting the detection condition calcu-
lation areas.

[0074] More specifically, using the coordinates, edge
strengths, and traveling road parameters of the first and sec-
ond edge points of the marking line used in the current arith-
metic processing process, the detection condition calculation
unit calculates the upper limit threshold and the lower limit
threshold, which will be used in the next arithmetic process-
ing process, for the same detection condition calculation area
as that of the current process. That is, the detection condition
includes the upper limit threshold and the lower limit thresh-
old. The current arithmetic processing process refers to the
arithmetic processing process for the current frame as
described above. Similarly, the next arithmetic processing
process refers to the arithmetic processing process for the
next frame.

[0075] The detection condition calculation unit calculates
the average and the standard deviation of the edge strengths of
the first and second edge points of the marking line in the
detection condition calculation area for which the calculation
is to be performed. After that, the detection condition calcu-
lation unit substitutes the calculated average and standard
deviation in expression 1 and expression 2 given below to
calculate the upper limit threshold and the lower limit thresh-
old. “o” in each expression is an arbitrary pre-set value.

Upper limit threshold=Average+a*Standard deviation (€8]

Lower limit threshold=Average—aa*Standard devia-

tion 2)
[0076] The detection condition calculation unit sets the
upper limit threshold and the lower limit threshold, calculated
as described above, as the upper limit threshold and the lower
limit threshold for the next arithmetic processing process in
the same detection condition calculation area as that of the
current arithmetic processing process.
[0077] The detection condition calculation unit may set
only the average of the edge strengths as the threshold. In this
case, it is determined that an edge point with edge strength
larger than the threshold is likely to be an edge point of the
marking line.
[0078] In addition, the detection condition calculation unit
sets the differential filter, which is used in the current arith-
metic processing process, as the differential filter to be used in
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the next arithmetic processing process for the same detection
condition calculation area as that of the current arithmetic
processing process.

[0079] The following describes an example of the arith-
metic processing of the marking line detection ECU 20 with
reference to the flowchart in FIG. 11.

[0080] The marking line detection ECU 20 receives image
information on the imaging area captured by the imaging
device 10 (step ST1).

[0081] The information extraction unit extracts disparity
value information from the image information (step ST2).
The disparity value information is extracted as described
above. After that, the information extraction unit calculates
the depth distance information based on the disparity value
information (step ST3).

[0082] The road surface area identification unit identifies a
predetermined road surface area in the base image informa-
tion based on the depth distance information (step ST4). In
this step, the distant road surface area in the base image
information is identified as the marking line detection target
area.

[0083] The edge point detection unit detects a first edge
point and a second edge point in the predetermined road
surface area (marking line detection target area) in the base
image information (step ST5). In this step, the first edge point
and the second edge point, which are considered as the edge
points of a marking line, are detected from the predetermined
road surface area (marking line detection target area) using
the differential filter, upper limit threshold, and lower limit
threshold.

[0084] Theedge point pairing unit extracts a first edge point
and a second edge point, which forms a pair, from the detected
first edge points and second edge points. By doing so, the
edge point pairing unit forms a pair of the first edge point and
the second edge point (step ST6) and, after that, removes the
unnecessary edge points that are caused by a noise or a stain.
[0085] The edge segment detection unit detects a first edge
segment and a second edge segment based on all first edge
points and second edge points that are not removed as unnec-
essary edge points (step ST7). After that, the edge segment
pairing unit extracts a first edge segment and a second edge
segment, which forms a pair, from all detected first edge
segments and second edge segments and forms a pair of the
first edge segment and the second edge segment (step ST8).
[0086] The marking line selection unit selects the marking
line in the vehicle’s traveling road based on the first edge
segment and the second edge segment of the pair (step ST9).
After that, the road surface shape estimation unit estimates
the traveling road parameters of the vehicle’s traveling road in
the predetermined road surface area (marking line detection
target area) based on the marking line (step ST10).

[0087] The detection condition calculation unit calculates
the marking line detection condition to be used in the next
arithmetic processing process (step ST11). For example, the
detection condition calculation unit calculates the differential
filter, tipper limit threshold, and lower limit threshold to be
used next in the processing in step ST5.

[0088] After completing the arithmetic processing
described above, the marking line detection ECU 20 repeats
the arithmetic processing similarly for the image information
in the next frame that will be received.

[0089] As described above, the marking line detection sys-
tem and the marking line detection method in this embodi-
ment obtain the road surface estimation area in the base image
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information using the depth distance information (disparity
value information) based on the captured image information
and, for the obtained road surface estimation area, performs
arithmetic processing for detecting a marking line. Therefore,
the marking line detection system and the marking line detec-
tion method can reduce the load and time required for the
arithmetic processing for detecting a marking line. In addi-
tion, the marking line detection system and the marking line
detection method perform arithmetic processing, not for the
area where there is a solid object and the background, but for
the road surface estimation area where there is likely a mark-
ing line. This increases the marking line detection accuracy
and the detection success rate. In addition, the marking line
detection system and the marking line detection method iden-
tify a predetermined road surface area (distant road surface
area) from the road surface estimation area as the marking
line detection target area and perform marking line detection
processing for this detection target area. This allows the
marking line detection system and the marking line detection
method to further reduce the load and time required for the
arithmetic processing for detecting the marking line.

[0090] The marking line detection system and the marking
line detection method can detect the vehicle’s marking line in
the distant road surface area without having to sequentially
detect the marking line, and without having to estimate the
road surface shape of the traveling road, from the immedi-
ately-preceding road surface area of the vehicle to the distant
road surface area as in the system in the related art. Therefore,
the marking line detection system and the marking line detec-
tion method can avoid a situation in which the vehicle’s
marking line in a position distant from the vehicle cannot be
detected, for example, when the road surface shape cannot be
estimated successfully during traveling. This allows the
marking line detection system and the marking line detection
method to increase the detection accuracy of a distant mark-
ing line. In the related art, when the road surface shape cannot
be estimated successfully, the marking line detection process-
ing is performed for an incorrect area. In contrast, because the
arithmetic processing performed due to such an incorrect
recognition is reduced, the marking line detection system and
the marking line detection method in this embodiment
increase the detection accuracy of a distant marking line and,
at the same time, reduce the load and time required for the
arithmetic processing.

[0091] The marking line detection system and the marking
line detection method can estimate the marking line and the
road surface shape from the immediately-preceding road sur-
face area to the distant road surface area by simply perform-
ing the marking line detection processing for a predetermined
road surface area (distant road surface area) if the road surface
shape of the vehicle’s traveling road is straight.

[0092] The marking line detection system and the marking
line detection method perform the marking line detection
processing for the distant road surface area as described in
this embodiment and, at the same time, perform the marking
line detection processing for the immediately-preceding road
surface area using the method described in this embodiment
or the method in the related art. In performing the processing,
the arithmetic processing for the distant road surface area and
the arithmetic processing for the immediately-preceding road
surface area can be performed separately. That is, the marking
line detection system and the marking line detection method
can detect the marking line in the immediately-preceding
road surface area using the method in this embodiment or in
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the related art and, at the same time or before that processing,
can detect the marking line in the distant road surface area
using the method in this embodiment. Therefore, when trav-
eling at a high speed, the marking line detection system and
the marking line detection method allow the user to find the
distant marking line or the road surface shape earlier, thus
increasing the reliability of control continuity or vehicle’s
behavior during the lane departure prevention support control
or the lane keeping support control. In addition, the marking
line detection system and the marking line detection method,
in which the arithmetic processing on one of the near side and
the distant side of the vehicle is not affected by the arithmetic
processing on the other side, prevent the arithmetic process-
ing load and the time on each side from being increased.
[0093] As disclosed in Japanese Patent Application Publi-
cation No. 2010-060371 (JP 2010-060371 A), atechnology is
known that sets a vanishing point or a fixed point in the distant
area in the image information and, with this vanishing point as
the start point, detects a marking line (white line). In this case,
however, the vanishing point is determined in advance by the
focus of the lens and the imaging surface of the imaging
device. This means that the vanishing point is not always set
in the road surface area but is set sometimes in an area in
which a solid object or the background is present. Therefore,
the technology in the related art sometimes cannot achieve the
above-described effect that can be achieved by the marking
line detection system and the marking line detection method
in this embodiment.

[0094] Inthe description of this embodiment, it is assumed
that a marking line is always present in the marking line
detection target area or that a marking line is always detected
from the detection target area. However, a marking line is not
always present on all road surfaces. In addition, even if
present in the detection target area, a marking line may be
hidden by other vehicles. For this reason, if a marking line is
not detected in the marking line detection target area, the road
surface area identification unit sets a new marking line detec-
tion target area in an area that is nearer to the vehicle than the
detection target area. In this case, the road surface area iden-
tification unit may set a part or the whole of the area, which is
the next area of the detection target area in which marking line
is not detected and which is nearer to the vehicle (on the
vehicle side), as the new marking line detection target area. If
a marking line is not detected in the detection target area, this
method allows the marking line detection system and the
marking line detection method to repeatedly set a new mark-
ing line detection target area until finally a marking line is
detected. In addition, if the initially-set marking line detec-
tion target area is an area in which a marking line should not
be present, this method allows the marking line detection
system and the marking line detection method to set a new
marking line detection target area again, making it possible to
correct a detection target area setting error.

Modification

[0095] A marking line detection system and a marking line
detection method in this modification are similar to the mark-
ing line detection system and the marking line detection
method in the embodiment except for the following points.

[0096] As shown in FIG. 12, based on the depth distance
information (disparity value information), the road surface
area identification unit in this modification identifies not only
the distant road surface area but also the immediately-preced-
ing road surface area of the vehicle in the base image infor-
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mation and, at the same time, identifies an intermediate road
surface area that is present between the distant road surface
area and the immediately-preceding road surface area in the
base image information. This road surface area identification
unitidentifies the distant road surface area as the marking line
detection target area in the same way as the road surface area
identification unit in the embodiment. In addition, this road
surface area identification unit identifies the immediately-
preceding road surface area and the intermediate road surface
area as the marking line detection target area. The immedi-
ately-preceding road surface area and the intermediate road
surface area are identified from the road surface estimation
area described in the embodiment. The marking line detection
unit in this modification can perform the marking line detec-
tion processing also for the immediately-preceding road sur-
face area and the intermediate road surface area in the same
way as the marking line detection unit in the embodiment.
[0097] After the detection of the marking line and the esti-
mation of the road surface shape of the immediately-preced-
ing road surface area are completed as in the distant road
surface area, the marking line detection unit in this modifica-
tion calculates the detection condition to be used for the next
marking line detection processing process in this road surface
area. The detection condition for the distant road surface area
is referred to as a first detection condition, and the detection
condition for the immediately-preceding road surface area is
referred to as a second detection condition. The detection
condition calculation unit calculates a third detection condi-
tion for detecting the marking line in the intermediate road
surface area based on the first and second detection condi-
tions.

[0098] Insome cases, depending upon the time zone or the
weather, there is a difference in the brightness value and the
edge strength between a marking line captured in a distant
area and a marking line captured in a near area.

[0099] Forexample, in the daytime, as the road surface area
is more distant, the brightness value and the edge strength of
the road surface area sometimes become lower than those of
the immediately-preceding road surface area or the interme-
diate road surface area. Therefore, the above-described upper
limit threshold and the lower limit threshold of the interme-
diate road surface area are smaller than those of the immedi-
ately-preceding road surface area, and the upper limit thresh-
old and the lower limit threshold of the distant area road
surface area are smaller than those of the intermediate road
surface area. Therefore, the detection condition calculation
unit in this modification can estimate the third detection con-
dition, which is an interpolation value between the first detec-
tion condition and the second detection condition, by obtain-
ing the first detection condition and the second detection
condition. For example, as the third detection condition, the
average of the value of the first detection condition and the
value of the second detection condition may be used.

[0100] In the nighttime or on a cloudy day, the brightness
value of an area near to the vehicle is smaller than the bright-
ness value of a distant area (smaller edge strength) or the
brightness value of an area distant from the vehicle is smaller
than the brightness of a near area (smaller edge strength),
depending upon the optical axis of the vehicle’s headlight and
the angle-of-view of the imaging device 10 or depending
upon whether the headlight is on high beam or low beam. On
a rainy day, the brightness value (edge strength) of a distant
area or a near area sometimes depends on the amount of
rainfall. Therefore, the detection condition calculation unit
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may estimate the third detection condition from the first
detection condition and the second detection condition
according to these various conditions.
[0101] The detection condition calculation unit may set a
correction value for each of the above conditions in advance
for estimating the third detection condition based on the cor-
rection value for the corresponding condition, first detection
condition, and second detection condition.
[0102] In the description of this modification, the marking
line detection target area is divided into three road surface
areas according to the distance from the vehicle. Further-
more, the marking line detection target area may be divided
into four or more road surface areas according to the distance
from the vehicle. In this case, based on the detection condition
of each of the two road surface areas, the detection condition
calculation unit may calculate the detection condition for the
road surface area that is present between the two road surface
areas.
[0103] As described above, the marking line detection sys-
tem and the marking line detection method in this modifica-
tion calculate the detection condition for the intermediate
road surface area, which is present between the two road
surface areas, based on the detection condition of each of the
two road surface areas that are the marking line detection
target area. Therefore, the marking line detection system and
the marking line detection method can estimate the detection
condition to be used for this intermediate road surface area in
advance without having to wait for the termination of the
marking line detection or the road surface shape estimation in
the intermediate road surface area, thus increasing the mark-
ing line detection accuracy and the detection success rate.
What is claimed is:
1. A marking line detection system comprising:
an imaging device configured to capture surroundings of a
vehicle; and
an electronic control unit that includes an information
extraction unit, a road surface area identification unit
and a marking line detection unit, wherein
the information extraction unit is configured to extract
depth distance information from the imaging device to
an imaging object based on image information in an
imaging area captured by the imaging device,
the road surface area identification unit is configured to
identify a distant road surface area based on the depth
distance information, the distant road surface area being
a road surface area that excludes an immediately-pre-
ceding road surface area of the vehicle in the image
information and is more distant from the vehicle than the
immediately-preceding road surface area, and
the marking line detection unit is configured to detect a
marking line in the distant road surface area based on
image information corresponding to a position of the
distant road surface area.
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2. The marking line detection system according to claim 1
wherein
the marking line detection unit includes a detection condi-
tion calculation unit that calculates a detection condition
for detecting the marking line,
the road surface area identification unit is configured to
identify the immediately-preceding road surface area of
the vehicle in the image information and an intermediate
road surface area based on the depth distance informa-
tion, the intermediate road surface area being present
between the distant road surface area and the immedi-
ately-preceding road surface area in the image informa-
tion, and
the detection condition calculation unit is configured to
calculate a first detection condition, a second detection
condition, and a third detection condition, the first detec-
tion condition being a condition for detecting the mark-
ing line in the distant road surface area, the second
detection condition being a condition for detecting a
marking line in the immediately-preceding road surface
area, and the third detection condition being a condition
for detecting a marking line in the intermediate road
surface area based on the first and second detection
conditions.
3. The marking line detection system according to claim 2
wherein
the detection condition calculation unit is configured to
calculate the first detection condition, the second detec-
tion condition, and the third detection condition based
on an edge strength of each marking line in the imme-
diately-preceding road surface area, the intermediate
road surface area, and the distant road surface area.
4. The marking line detection system according to claim 1
wherein
the road surface area identification unit is configured to
identify a new distant road surface area that is nearer to
the vehicle than the distant road surface area when the
marking line is not detected in the distant road surface
area.
5. A marking line detection method comprising:
extracting depth distance information from an imaging
device to an imaging object based on image information
in an imaging area captured by the imaging device that
captures surroundings of a vehicle;
identifying a distant road surface area based on the depth
distance information, the distant road surface area being
a road surface area that excludes an immediately-pre-
ceding road surface area of the vehicle in the image
information and is more distant from the vehicle than the
immediately-preceding road surface area; and
detecting a marking line in the distant road surface area
based on image information corresponding to a position
of the distant road surface area.
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