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(54) Method and device for detecting drivable region of road

(57) A method and a device are disclosed for detect-
ing a drivable region of a road, the method comprising
the steps of: deriving a disparity map from a gray-scale
map including the road and detecting the road from the
disparity map; removing a part with a height above the
road greater than a predetermined height threshold from

the disparity map so as to generate a sub-disparity map;
converting the sub-disparity map into a U-disparity map;
detecting the drivable region from the U-disparity map;
and converting the drivable region detected from the U-
disparity map into the drivable region within the gray-
scale map.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention generally relates to road
detection, and specifically, a method and a device for
detecting a drivable region of a road.

2. Description of the Related Art

[0002] Currently, a driving assistance technology of an
automobile is studied. This technology can provide need-
ed information and/or warning to a user when the user
drives the car, so that a dangerous situation such as a
vehicle collision or vehicle deviation from the road can
be avoided. Furthermore, the driving assistance technol-
ogy may be used to control the moving of the car auto-
matically in some cases.
[0003] In the driving assistance technology, it is impor-
tant to detect the drivable region of the road correctly-
Many methods for detecting the drivable region of the
road have been disclosed. For example, U.S. Patent Ap-
plication Publication US20100250064A1 discloses a
method for detecting a drivable region by using the white
lines on both sides of the road, however such a method
cannot be applied to a road where the white lines do not
exist on both sides thereof. The U.S. Patent Application
Publication US20050015201A1 discloses a method for
segmenting a road and detecting a drivable region by a
distance and a segmental slope, however such a method
cannot be applied to a sparse disparity map where points
on the road are sparse.
[0004] Therefore, there is a demand for providing a
method and device for reliably detecting a drivable region
of a road.

SUMMARY OF THE INVENTION

[0005] The present invention is made in light of the
above problems. It is an object of the present invention
to provide a method and device for reliably detecting a
drivable region of a road.
[0006] According to an aspect of the present invention,
a method for detecting a drivable region of a road com-
prises the steps of: deriving a disparity map from a gray-
scale map including the road and detecting the road from
the disparity map; removing a part with a height above
the road greater than a predetermined height threshold
from the disparity map so as to generate a sub-disparity
map; converting the sub-disparity map into a U-disparity
map; detecting the drivable region from the U-disparity
map; and converting the drivable region detected from
the U-disparity map into the drivable region within the
gray-scale map.
[0007] According to the above aspect of the present
invention, the step of detecting the road from the disparity

map may comprise the steps of: converting the disparity
map into a V-disparity map; and fitting a road line repre-
senting the road in the V-disparity map.
[0008] According to the above aspect of the present
invention, the sub-disparity map may be generated by
removing a part that is located above the road line and
has a distance from the road line greater than the pre-
determined height threshold from the disparity map.
[0009] According to the above aspect of the present
invention, the step of detecting the drivable region from
the U-disparity map may comprise the steps of: selecting
an initial position within the drivable region from the U-
disparity map; and detecting a specific region from the
U-disparity map as the drivable region by shifting a de-
tection window with a predetermined size from the initial
position in the U-disparity map, wherein the specific re-
gion includes the initial position, and the number of active
points with a brightness greater than a brightness thresh-
old within the detection window is less than a predeter-
mined number threshold during the time when the detec-
tion window is shifted in the specific region.
[0010] According to the above aspect of the present
invention, the step of detecting a specific region from the
U-disparity map as the drivable region by shifting a de-
tection window with a predetermined size from the initial
position in the U-disparity map may comprise the steps
of: (a) horizontally shifting the detection window along a
direction of rows to the left from the initial position, and
stopping the shifting of the detection window and record-
ing the stop position of the detection window as a left
stop position of the said row if a first determined condition
is met, horizontally shifting the detection window along
a direction of rows to the right from the initial position,
and stopping the shifting of the detection window and
recording the stop position of the detection window as a
right stop position of the said row if a second determined
condition is met; (b) shifting the detection window upward
by a distance equal to the height of the detection window,
and repeating step (a); (c) repeating step (b) until the
detection window reaches a top edge of the U-disparity
map or the left stop position and the right stop position
in the same row are adjacent to each other; and (d) ex-
tracting a region covered by the shifted detection win-
dows from the U-disparity map as the drivable region,
wherein the first predetermined condition is one of the
condition that the number of the active points within the
detection window is greater than a predetermined
number threshold; the condition that the detection win-
dow reaches a left edge of the U-disparity map, even
though the number of the active points within the detec-
tion window is not greater than the predetermined
number threshold; and the condition that the horizontal
distance between the position of the detection window
and the left stop position of the previous row is less than
a first distance threshold, even though the detection win-
dow does not reach the left edge of the U-disparity map
and the number of the active points within the detection
window is not greater than the predetermined number
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threshold, wherein the second predetermined condition
is one of the condition that the number of the active points
within the detection window is greater than a predeter-
mined number threshold; the condition that the detection
window reaches a right edge of the U-disparity map, even
though the number of the active points within the detec-
tion window is not greater than the predetermined
number threshold; and the condition that the horizontal
distance between the position of the detection window
and the right stop position of the previous row is less than
a second distance threshold, even though the detection
window does not reach the right edge of the U-disparity
map and the number of the active points within the de-
tection window is not greater than the predetermined
number threshold.
[0011] According to the above aspect of the present
invention, the step of converting the drivable region de-
tected from the U-disparity map into the drivable region
within the gray-scale map may comprise the steps of:
obtaining coordinates of points within the drivable region
detected from the U-disparity map; calculating coordi-
nates of points within the drivable region of the gray-scale
map based on the coordinates of the points, by an ex-
pression for fitting the road line in the V-disparity map;
and extracting the drivable region within the gray-scale
map based on the coordinates of the points within the
drivable region of the gray-scale map.
[0012] According to another aspect of the present in-
vention, a device for detecting a drivable region of a road
comprise: a road detecting apparatus configured to de-
rive a disparity map from a gray-scale map including the
road and detect the road from the disparity map; a sub-
disparity map generating apparatus configured to re-
move a part with a height above the road greater than a
predetermined height threshold from the disparity map
so as to generate a sub-disparity map; a U-disparity map
generating apparatus configured to convert the sub-dis-
parity map into a U-disparity map; a U-disparity map de-
tecting apparatus configured to detect the drivable region
from the U-disparity map; and a drivable region convert-
ing apparatus configured to convert the drivable region
detected from the U-disparity map into the drivable region
within the gray-scale map.
[0013] According to the above aspect of the present
invention, the road detecting apparatus may comprise:
a V-disparity map generating unit configured to convert
the disparity map into a V-disparity map; and a road line
fitting unit configured to fit a road line representing the
road in the V-disparity map.
[0014] According to the above aspect of the present
invention, the U-disparity map detecting apparatus may
comprise: a selection unit configured to select an initial
position within the drivable region from the U-disparity
map; and a detection unit configured to detect a specific
region from the U-disparity map as the drivable region
by shifting a detection window with a predetermined size
from the initial position in the U-disparity map, wherein
the specific region includes the initial position, and the

number of active points with a brightness greater than a
brightness threshold within the detection window is less
than a predetermined number threshold during the time
when the detection window is shifted in the specific re-
gion.
[0015] According to the above aspect of the present
invention, the drivable region converting apparatus may
comprise: a coordinate extracting unit configured to ob-
tain coordinates of points within the drivable region de-
tected from the U-disparity map; a conversion unit con-
figured to calculate coordinates of points within the driv-
able region of the gray-scale map based on the coordi-
nates of the points, by an expression for fitting the road
line in the V-disparity map; and a drivable region extract-
ing unit configured to extract the drivable region within
the gray-scale map based on the coordinates of the
points within the drivable region of the gray-scale map.
[0016] The method and the device for detecting the
drivable region of the road according to the above aspect
of the present invention have a wide application range,
because they do not depend on white lines or a fence on
the road. Additionally, the method and the device detect
the drivable region based on the density of the active
points within the detection window, according to the U-
disparity map obtained from the disparity map; therefore,
they have high anti-noise robustness and reliability.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The above object and other objects of the
present invention will become more apparent from the
following detailed description of the embodiments of the
present invention when read in conjunction with the ac-
companying drawings.

FIG. 1 is a schematic drawing illustrating a process
of deriving a V-disparity map from a disparity map;
FIG. 2 is a schematic drawing illustrating a process
of deriving a U-disparity map from a disparity map;
FIG. 3 is a schematic drawing illustrating a system
capable of executing the method for detecting a driv-
able region of a road according to the embodiment
of the present invention;
FIG. 4 is a flowchart illustrating the method for de-
tecting the drivable region of the road according to
the embodiment of the present invention;
FIG. 5 is a schematic drawing illustrating an example
of one of the left and right images picked up by a
binocular camera;
FIG. 6 is a schematic drawing illustrating a disparity
map calculated by using the image illustrated in FIG.
5 as a reference image;
FIG. 7 is a schematic drawing illustrating a V-dispar-
ity map obtained by converting the disparity map il-
lustrated in FIG. 6;
FIG. 8 is a schematic drawing illustrating a road line
obtained by performing a fitting in the V-disparity
map illustrated in FIG. 7;
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FIG. 9 is a schematic drawing illustrating the calcu-
lated distance between a point that is located above
the road and the road in the disparity map;
FIG. 10 is a schematic drawing illustrating a sub-
disparity map obtained by removing a part with a
height above the road greater than a predetermined
height threshold from the disparity map illustrated in
FIG. 6;
FIG. 11 is a schematic drawing illustrating a U-dis-
parity map obtained by converting the sub-disparity
map illustrated in FIG. 10;
FIG. 12 is a schematic drawing illustrating a process
of selecting an initial position from the U-disparity
map illustrated in FIG. 11 and setting a detection
window;
FIG. 13 is a schematic drawing illustrating a process
of shifting the detection window from the initial posi-
tion to the left;
FIG. 14 is a schematic drawing illustrating the deter-
mined left stop position of the detection window in
said row;
FIG. 15 is a schematic drawing illustrating a process
of shifting the detection window from the initial posi-
tion to the right;
FIG. 16 is a schematic drawing illustrating the deter-
mined right stop position of the detection window in
said row;
FIG. 17 is a schematic drawing illustrating the initial
position after shifting the detection window upward;
FIG. 18 is a schematic drawing illustrating a process
of shifting the detection window from the initial posi-
tion illustrated in FIG. 17 to the left;
FIG. 19 is a schematic drawing illustrating the deter-
mined left stop position of the detection window in
said row;
FIG. 20 is a schematic drawing illustrating a process
of shifting the detection window from the initial posi-
tion illustrated in FIG. 17 to the right;
FIG. 21 is a schematic drawing illustrating the deter-
mined right stop position of the detection window in
said row;
FIG. 22 is a schematic drawing illustrating the driv-
able region detected from the U-disparity map illus-
trated in FIG. 11;
FIG. 23 is a schematic drawing illustrating a coordi-
nate conversion between the U-disparity map and a
gray-scale map;
FIG. 24 is a schematic drawing illustrating the driv-
able region of the road detected from the gray-scale
map illustrated in FIG. 5;
FIG. 25 is a block diagram illustrating a device for
detecting the drivable region of the road according
to the embodiment of the present invention;
FIG. 26 is a block diagram illustrating the detailed
structure of a road detecting apparatus illustrated in
FIG. 25;
FIG. 27 is a block diagram illustrating the detailed
structure of a U-disparity map detecting apparatus

illustrated in FIG. 25;
FIG. 28 is a block diagram illustrating the detailed
structure of a drivable region converting apparatus
illustrated in FIG. 25;
FIG. 29 is schematic drawing illustrating the hard-
ware configuration for implementing the device for
detecting the drivable region of the road according
to the embodiment of the present invention.

[0018] It should be noted that the above drawings may
be not drawn to scale, such drawings are for descriptive
purposes only and the present invention is not limited to
such drawings.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0019] In the following, embodiments of the present
invention are described with reference to the accompa-
nying drawings, so as to facilitate the understanding of
the present invention.

<Introduction of Essential Concepts>

[0020] In the embodiments of the present invention,
concepts of "disparity", "disparity map", "V-disparity map"
and "U-disparity map" are used. These concepts are well-
known in the art, therefore these concepts will be briefly
introduced as follows.
[0021] "Disparity" indicates an angle made by two
straight lines that are drawn from opposite ends of a base
line to a distant object. In general, it means a direction
difference generated by looking at the same object from
two points having a certain separation distance. The an-
gle that is generated by looking at the two points from
the object is called a "disparity angle" of the two points,
and the distance between the two points is called a "base
line". A distance between the object and an observer can
be calculated as long as the disparity angle and length
of the base line are known.
[0022] "Disparity map" is an image that is based on a
reference image, the size of the disparity map is the size
of the reference image, points (pixels) of the disparity
map correspond to points of the reference image that
have the same coordinates, and gray scales of the points
are images of the disparities of the corresponding points
within the reference image. The disparity map may be
obtained by a variety methods in the art. For example,
the disparity map may be calculated from left and right
images picked up by a binocular camera, be calculated
from images picked up by a multi-camera or a stereo
camera, or be calculated from a depth map of a stereo-
gram. In the case where left and right images are picked
up by a binocular camera, a SAD (Sum of Absolute Dif-
ferences) algorithm or other algorithms in the art may be
used on the left and right images to calculate the disparity
map.
[0023] The coordinates of a point of a reference image
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may be represented as (x,y), where x is abscissa and y
is ordinate, and the smaller y is, the nearer the point from
the camera. In the two-dimensional disparity map ob-
tained by converting the reference image, the coordi-
nates of a point corresponding to the point (x,y) may be
represented as (u,v), where u is abscissa, v is ordinate,
u=x and v=y. The gray value of each of points within the
disparity map is the disparity of the point, and is repre-
sented as d. Alternatively, the point within the disparity
map may be represented as (u,v,d) so as to reflect the
coordinates and the disparity of the point simultaneously.
[0024] The V-disparity map and the U-disparity map
may be derived from the disparity map. The V-disparity
may be regarded as a side view of the disparity map,
where the abscissa axis is the d axis, the ordinate axis
is the v axis, the point may be represented as (d,v), and
the gray value (brightness value) of the point (d,v) is the
number of the points of the corresponding disparity map
where the ordinate is v and the disparity value is equal
to d. Therefore, the V-disparity map may be derived from
the disparity map by the statistics of the numbers or other
methods in the art. FIG. 1 is a schematic drawing illus-
trating a process of deriving a V-disparity map from a
disparity map. The U-disparity may be regarded as a top
view of the disparity map, where the abscissa axis is the
u axis, the ordinate axis is the d axis, the point may be
represented as (u,d), and the gray value (brightness val-
ue) of the point (u,d) is the number of the points of the
corresponding disparity map where the abscissa is u and
the disparity value is equal to d. Therefore, the U-disparity
map may be derived from the disparity map by the sta-
tistics of the numbers or other methods in the art. FIG. 2
is a schematic drawing illustrating a process of deriving
a U-disparity map from a disparity map.

<Embodiment>

[0025] In the following, the method and the device for
detecting the drivable region of the road according to the
embodiment of the present invention will be described
with reference to the accompanying drawings.
[0026] First, the method for detecting the drivable re-
gion of the road according to the embodiment of the
present invention will be described. Such method may
be performed by, for example, the system illustrated in
FIG. 3. As illustrated in FIG. 3, a binocular camera may
be mounted in a car. When the car moves on the road,
left and right images in front of the car that include the
road (road surface) are picked up by the binocular cam-
era. The images are input into a chip for processing the
left and right images so as to obtain the disparity map,
and the drivable region on the road is detected from the
disparity map according to the following method as de-
scribed below.
[0027] FIG. 4 is a flowchart illustrating the method for
detecting the drivable region of the road according to the
embodiment of the present invention.
[0028] As illustrated in FIG. 4, in step S401, a disparity

map is derived from a gray-scale map including the road,
and the road is detected from the disparity map.
[0029] In the case where a binocular camera is used,
left and right images (gray scale images) including the
road may be previously obtained. The binocular camera
may be mounted in the car, and left and right gray scale
images in front of the car that include the road are picked
up; or left and right color images including the road may
be picked up by the binocular camera, and be converted
into gray scale images. FIG. 5 is a schematic drawing
illustrating an example of one of the left and right images
picked up by a binocular camera. In the following, such
an image is described as an example. As illustrated in
FIG. 5, a coordinate system is built into such images, and
points thereof may be represented as (x, y).
[0030] Next, any one image from the left and right im-
ages may be selected as the reference image, and the
disparity map including the road is derived from the left
and right images. The disparity map may be calculated
from the left and right images by the above method, de-
scription of this is omitted here. FIG. 6 is a schematic
drawing illustrating a disparity map calculated by using
the image illustrated in FIG. 5 as a reference image. As
illustrated in FIG. 6, a U-V coordinate system is built into
the disparity map, and the point within the disparity map
corresponding to the point (x, y) may be represented as
(u, v, d), where u=x, v=y, d is the disparity of the point. It
should be noted that the edges of an object (such as the
edge of the road, an obstacle on the road and the edge
of objects except the road) are easily identified, and it is
difficult to identify the parts of the road that do not have
an edge, when the disparity map is calculated from the
left and right images by a matching algorithm; therefore,
in the disparity map, the positions corresponding to the
edges have dense points, and the parts without an edge
such as the drivable region of the road have sparse
points.
[0031] In the following, the road is detected based on
the disparity map.
[0032] Specifically, the disparity map including the
road may be converted into a V-disparity map. Such con-
version may be performed by the method as described
above, description of this is omitted here. FIG. 7 is a
schematic drawing illustrating a V-disparity map obtained
by converting the disparity map illustrated in FIG. 6.
[0033] Next, a fitting of a road line representing the
road may be performed in the V-disparity map. In the
image picked up by the camera mounted on the car, the
road extends upward and becomes narrower from the
bottom of the image. In the top side of the image, other
non-road objects increase. Accordingly, in the V-disparity
map, most of the points corresponding to the road are
located in the lower part of all the points that are illustrated
in the drawing, and most of the points of the upper part
correspond to other non-road objects. Therefore, the low-
est part of all the points illustrated in the V-disparity map
may be selected to perform the fitting, so that the road
line representing the road can be fit and an expression
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of the road line v=kd+b can be obtained, where k is the
slope of the road line and b is a constant. For example,
the fitting may be performed by a method proposed in
the paper "Detection of Non-flat Ground Surfaces Using
V-Disparity Images" written by Jun Zhao, Mark Albert
Whitty and Jayantha Katupitiya, 2009 IEEE/RSJ Interna-
tional Conference on Intelligent Robots and Systems,
October 11-15, 2009, St. Louis, USA. In the example
illustrated in FIG. 7, a road line illustrated in FIG. 8 that
the expression thereof is v=0.5d+233 can be obtained
by selecting the lowest part of all the points according to
the above method and performing the fitting.
[0034] Returning to FIG. 4, in step S402, a part with a
height above the road greater than a predetermined
height threshold is removed from the disparity map so
as to generate a sub-disparity map.
[0035] It is generally known that there may be tall ob-
jects such as telephone poles, trees and columns on both
sides of the road. Additionally, there may be overhead
wires above the road. In the detection of the drivable
region of the road by the U-disparity map as described
below, these non-road objects may be reflected in the U-
disparity map and detected incorrectly as the road, if
proper processing for these objects is not performed.
[0036] In order to avoid such a problem, considering
the fact that the above objects have a certain height from
the road surface, a height threshold may be predeter-
mined, the part with a height above the road greater than
the predetermined height threshold is removed from the
disparity map so as to generate the sub-disparity map,
and the U-disparity map is generated by the sub-disparity
map rather than the disparity map. As described above,
the road line within the V-disparity map represents the
road, therefore the sub-disparity map may be generated
by removing a part that is located above the road line
and has a distance from the road line greater than the
predetermined height threshold from the disparity map.
Such a height threshold may be freely set as, for example,
4 meters, based on the actual situation of the road (such
as the type of the obstacle, the height and the distribu-
tion).
[0037] Specifically, first, the height from the road of
each of the points above the road in the disparity map
p(u’, v’, d’) may be calculated. The coordinate of point
p(u’, v’, d’) within the V-disparity map is (d’, v’). The ex-
pression of the road line within the V-disparity map is
v=kd+b; therefore, the coordinate of point r with a dispar-
ity d’ that is located above the road line (the road) in the
V-disparity map is (d’, kd’+b). In the V-disparity map, the
pixel distance between the point p and the point r (or the
road) is v’-(kd’+b), that is, in the V-disparity map, the dis-
tance between the point p and the road is v’-(kd’+b) pix-
els. The height of the point p to the road within the physical
space may be calculated by multiplying such pixel dis-
tance by an actual distance within the physical space
corresponding to each pixel. The actual distance within
the physical space corresponding to each pixel m may
be calculated by various methods in the art. For example,

the actual distance m may be calculated by the method
proposed in "Learning OpenCV", O’Reilly Media, written
by Gary Bradski and Adrian Kaebler, the description of
this method is omitted here. In the example illustrated in
FIG. 8, with respect to the point (400,800,600) within the
disparity map, the pixel distance thereof to the road may
be calculated as 800-(0.5*600+233)=267, according to
the above method. Supposing the actual distance corre-
sponding to each pixel m is 4 mm, the height of the point
to the road is 267 pixels * 4 mm/pixel = 1068 mm, as
illustrated in FIG. 9.
[0038] Next, a comparison between the height of the
point above the road within the disparity map and the
height threshold may be performed. The point is removed
from the disparity map if the height of the point to the
road is greater than the height threshold, otherwise the
point is retained. In the example illustrated in FIG. 9, 1068
mm is less than the height threshold 4 meter, therefore
the point is retained.
[0039] All of the points with a height to the road greater
than the height threshold can be determined by perform-
ing the above operation for all of the points above the
road line within the V-disparity map, and the sub-disparity
map can be generated by removing these points from
the disparity map. In the example illustrated in FIG. 8, a
sub-disparity map illustrated in FIG. 10 can be obtained,
when the predetermined height is set as 4 meters.
[0040] Next, in step S403, the sub-disparity map is con-
verted into the U-disparity map. Such conversion may be
performed by the above method or other methods in the
art. for example, the conversion may be performed by
the method proposed in the paper "A Complete UV-Dis-
parity Study for Stereovision Based 3D Driving Environ-
ment Analysis" written by Zhencheng Hu, Francisco La-
mosa and Keiichi Uchimura, Proceedings of the Fifth In-
ternational Conference on 3-D Digital Imaging and Mod-
eling 2005 (3DIM’05), pp.204-211, the detailed descrip-
tion is omitted here. In the above example, the U-disparity
map illustrated in FIG. 11 is obtained by converting the
sub-disparity map illustrated in FIG. 10.
[0041] Returning to FIG. 4, in step S404, the drivable
region is detected from the U-disparity map.
[0042] As described above, in the disparity map, the
positions corresponding to various edges (such as edges
of the road and edges of obstacles on the road) have
dense points, and the part where there are no edges or
a small edge, such as the drivable region of the road
have sparse points; therefore, in the U-disparity map, the
points corresponding to such edges (corresponding to a
non-drivable region) have a higher brightness, and the
points corresponding to the drivable region of the road
have a lower brightness, when such a disparity map is
converted into the U-disparity map. The drivable region
may be detected from the U-disparity map according to
this fact. Specifically, a detection window with a prede-
termined size and a brightness threshold may be set, the
detection window is shifted from an initial position that is
located in the drivable region and is preliminarily selected
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from the U-disparity map, and it is considered that the
current position of the detection window is located in the
edge of the drivable region or out of the drivable region
of the road if the number (it may also be called a "density
of active points") of active points (points with a brightness
greater than the brightness threshold) within the detec-
tion window exceeds a predetermined number threshold.
The size of the detection window and the brightness
threshold may be freely set according to an actual con-
dition of the road or the request of the detection accuracy.
Finally, a specific region can be detected from the U-
disparity map as the drivable region by shifting the de-
tection window. The specific region includes the initial
position, and the number of active points with a bright-
ness within the detection window is less than a predeter-
mined number threshold during the time when the detec-
tion window is shifted in the specific region. In fact, the
shifting process is a process of gradually extending a
small drivable region included in the detection window
located in the initial position so as to obtain a final drivable
region. The initial position may be freely set as long as
it located in the drivable region. Usually, because the
vehicle is moving on the road, there is not an obstacle in
front of the vehicle and such a position is located in the
drivable region; therefore, preferably, the position corre-
sponding to such a position, namely, the middle position
of the lowest part of the U-disparity map may be selected
as the initial position from the U-disparity map, when the
drivable region is detected based on the gray scale image
picked up by a camera mounted on the vehicle as de-
scribed above.
[0043] The detection window may be shifted by various
methods. Preferably, the detection window may be shift-
ed by an 8 adjacent areas (8-CCA) method to detect the
specific region. In the following, an example of the proc-
ess of shifting the detection window by the 8-CCA method
will be described with reference to the U-disparity map
illustrated in FIG. 11.
[0044] First, the initial position is selected from the U-
disparity map. As illustrated in FIG. 12, in this case, the
middle position of the lowest edge within the U-disparity
map is selected as the initial position. The detection win-
dow is placed at the initial position illustrated as block "1"
in FIG. 12.
[0045] Next, the detection window is horizontally shift-
ed along a direction of rows to the left from the initial
position as illustrated in FIG. 13, the shifting of the de-
tection window is stopped and the stop position of the
detection window is recorded as a left stop position of
the said row if a first determined condition is met. The
first predetermined condition is one of the conditions: (1)
the number of the active points within the detection win-
dow is greater than a predetermined number threshold;
(2) the detection window reaches a left edge of the U-
disparity map, even though the number of the active
points within the detection window is not greater than the
predetermined number threshold; and (3) the condition
that the horizontal distance between the position of the

detection window and the left stop position of the previous
row is less than a first distance threshold, even though
the detection window does not reach the left edge of the
U-disparity map and the number of the active points with-
in the detection window is not greater than the predeter-
mined number threshold. If the condition (1) is met, it is
indicated that the detection window has reached or gone
out of the edge of the drivable region, therefore the mov-
ing of the detection window to the left should be stopped.
If the condition (2) is met, it is indicated that the detection
window has reached the left edge of the U-disparity map,
even though the detection window is still located in the
drivable region at this time; therefore, the moving of the
detection window to the left should be stopped. The set-
ting of the condition (3) is based on the following fact: in
the image picked up by the camera, the closer to the
lower end of the image, the wider the illustrated road is,
accordingly, the wider the illustrated drivable region is;
the closer to the upper end of the image, the narrower
the illustrated road is, accordingly, the narrower the illus-
trated drivable region is; therefore, the more the detection
window is moved in an upper direction, the closer to a
central line of the image in the horizontal direction the
left stop position thereof is. That is, the left stop position
in the current row should be located in the right side of
the left stop position of the previous row. If the condition
(3) is met, it is indicated that the current position of the
detection window has reached a position near the left
stop position of the previous row, even though the above
conditions (1) and (2) are not met; therefore, in order to
avoid the detection result contravening the above fact,
the moving of the detection window to the left should be
stopped. The first distance threshold may be freely set
according to the actual condition of the road or the accu-
racy requirement of the detection result. In the example
illustrated in FIG. 13, the detection window is located in
the lowest row of the U-disparity map and the number of
the active points within the U-disparity map is not greater
than the number threshold during the time; therefore, the
detection window is shifted to the left edge of the U-dis-
parity map, namely, the left stop position of such row is
the left edge of the U-disparity map, as illustrated in FIG.
14.
[0046] Next, the detection window is horizontally shift-
ed along the direction of rows to the right from the initial
position as illustrated in FIG. 15, the shifting of the de-
tection window is stopped and the stop position of the
detection window is recorded as a right stop position of
the said row if a second determined condition is met.
Similarly to the first predetermined condition, the second
predetermined condition is one of the conditions: the
number of the active points within the detection window
is greater than a predetermined number threshold; the
condition that the detection window reaches a right edge
of the U-disparity map, even though the number of the
active points within the detection window is not greater
than the predetermined number threshold; and the hor-
izontal distance between the position of the detection
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window and the right stop position of the previous row is
less than a second distance threshold, even though the
detection window does not reach the right edge of the U-
disparity map and the number of the active points within
the detection window is not greater than the predeter-
mined number threshold. The first and second predeter-
mined conditions may be the same or different, but the
first and second predetermined conditions are preferably
set as the same. In the example illustrated in FIG. 15,
similarly, the detection window is shifted to the right edge
of the U-disparity map, namely, the right stop position of
such row is the right edge of the U-disparity map, as
illustrated in FIG. 16.
[0047] Next, the detection window is shifted upward by
one row, namely a distance equal to the height of the
detection window, and repeating the above operations
of shifting the detection window to the left and right and
the left stop position and the right stop position of such
a row is recorded. It should be noted that the initial posi-
tion of the row for shifting the detection window may be
a corresponding position where the initial position of the
first row moving upward, or another position reselected
from the row within the drivable region.
[0048] After finishing the shifting of such a row, an op-
erations of shifting the detection window upward by one
row, shifting the detection window to the left and right,
and recording the left stop position and the right stop
position of the row is repeated until the detection window
reaches a top edge of the U-disparity map or the left stop
position and the right stop position in the same row are
adjacent to each other.
[0049] Accompanying the shifting upward of the detec-
tion window, the condition for stopping the moving of the
detection window may change. For example, FIGs. 17
to 21 illustrate the situation of shifting the detection win-
dow to the left and right in the middle row. In this case,
the moving of the detection window is stopped because
the number of the active points within the detection win-
dow is greater than the number threshold, when the de-
tection window is shifted to the left and right.
[0050] Next, a region covered by the shifted detection
windows is extracted from the U-disparity map as the
drivable region, as illustrated in FIG. 22. In this way, the
initial drivable region can be gradually extended and the
final drivable region can be obtained by shifting the de-
tection window row by row in the U-disparity map. It
should be noted that the method of shifting the detection
window row by row as described above is just an exam-
ple; the present invention is not limited to this method,
and other shifting methods, such as shifting the detection
window column by column may also be applied, as long
as the above specific region can be finally detected.
[0051] Returning to Fig. 4, in step S405, the drivable
region detected from the U-disparity map is converted
into the drivable region within the gray-scale map.
[0052] Specifically, coordinates of points within the
drivable region detected from the U-disparity map (u’, d’)
may be obtained, after the drivable region is detected

from the U-disparity map.
[0053] Because the expression of the road line v=kd+b
has been determined in the V-disparity map, v’ coordi-
nates of points (v’=kd’+b) may be calculated by the ex-
pression based on the coordinates of the points (u’, d’),
and the coordinates are the coordinates of the points
within the gray scale image (x’=u’, y’=v’). FIG. 23 illus-
trates an example of the coordinate conversion. As illus-
trated in FIG. 23, with respect to a point PP (400, 800)
within the U-disparity map, the v’ coordinate of such a
point can be calculated as 633, based on the expression
of the road line v=0.5d+233; therefore, the coordinate of
such a point within the gray scale image is (400, 633).
[0054] Next, the drivable region within the gray-scale
map is extracted based on the coordinates of the points
within the drivable region of the gray-scale map. FIG. 24
is a schematic drawing illustrating the extracted drivable
region of the road in the above example.
[0055] From this, the above method according to the
embodiment of the present invention has a wide appli-
cation range because it does not depend on the white
lines or a fence on the road. Additionally, in the above
detection method, the drivable region is detected by the
U-disparity map, at this time, the drivable region is de-
tected by using the density of the active points within the
detection window and considering the relationship of the
stop positions of the adjacent rows; therefore, the effect
of noise in the detection result may be reduced remark-
ably, so that this method has high anti-noise robustness
and reliability.
[0056] In the following, the device for detecting the driv-
able region of the road according to the embodiment of
the present invention will be described with reference to
FIG. 25. Such a device can perform the method described
above.
[0057] As illustrated in FIG. 25, the detection device
250 comprises: a road detecting apparatus 251, a sub-
disparity map generating apparatus 252, a U-disparity
map generating apparatus 253, a U-disparity map de-
tecting apparatus 254, and a drivable region converting
apparatus 255.
[0058] The road detecting apparatus 251 is configured
to derive a disparity map from a gray-scale map including
the road and detect the road from the disparity map. FIG.
26 illustrates the detailed structure of the road detecting
apparatus 251. As illustrated in FIG. 26, the road detect-
ing apparatus 251 comprises: a V-disparity map gener-
ating unit 2511 configured to convert the disparity map
into a V-disparity map; and a road line fitting unit 2512
configured to fit a road line representing the road in the
V-disparity map.
[0059] The sub-disparity map generating apparatus
252 is configured to remove a part with a height above
the road greater than a predetermined height threshold
from the disparity map so as to generate a sub-disparity
map. The sub-disparity map generating apparatus 252
may generate the sub-disparity map according to the
above method, and the description thereof is omitted
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here.
[0060] The U-disparity map generating apparatus 253
is confgured to convert the sub-disparity map into a U-
disparity map.
[0061] The U-disparity map detecting apparatus 254
is configured to detect the drivable region from the U-
disparity map. FIG. 27 illustrates the detailed structure
of the U-disparity map detecting apparatus 254. As illus-
trated in FIG. 27, the U-disparity map detecting apparatus
254 comprises: a selection unit 2541 configured to select
an initial position within the drivable region from the U-
disparity map; and a detection unit 2542 configured to
detect a specific region from the U-disparity map as the
drivable region by shifting a detection window with a pre-
determined size from the initial position in the U-disparity
map, wherein the specific region includes the initial po-
sition, and the number of active points with a brightness
greater than a brightness threshold within the detection
window is less than a predetermined number threshold
during the time when the detection window is shifted in
the specific region. As described above, the initial posi-
tion is preferably a middle position of the lowest end of
the U-disparity map. Additionally, the detection unit 2542
may shift the detection window by the above method
(such as 8-CCA method) so as to detect the drivable
region from the U-disparity map.
[0062] The drivable region converting apparatus 255
is configured to convert the drivable region detected from
the U-disparity map into the drivable region within the
gray-scale map. FIG. 28 illustrates the detailed structure
of the drivable region converting apparatus illustrated
255. As illustrated in FIG. 28, the drivable region con-
verting apparatus 255 comprises: a coordinate extracting
unit 2551 configured to obtain coordinates of points within
the drivable region detected from the U-disparity map; a
conversion unit 2552 configured to calculate coordinates
of points within the drivable region of the gray-scale map
based on the coordinates of the points, by an expression
for fitting the road line in the V-disparity map; and a driv-
able region extracting unit 2553 configured to extract the
drivable region within the gray-scale map based on the
coordinates of the points within the drivable region of the
gray-scale map.
[0063] The road detecting apparatus 251, the sub-dis-
parity map generating apparatus 252, the U-disparity
map generating apparatus 253, the U-disparity map de-
tecting apparatus 254, the drivable region converting ap-
paratus 255, and their components may perform the
above operation illustrated in FIG. 4, and the description
thereof is omitted here.
[0064] The basic principle of the present invention is
described above with reference to the embodiments. Any
one or all of the steps or units of the method or device
according to the present invention may be implemented
by hardware, firmware, software or their combination in
any one of computing devices (including a processor, a
storage medium, etc.) or a network of computing devices,
and it can be implemented by persons skilled in the art

who have read the specification of the present applica-
tion.
[0065] For example, FIG. 29 is schematic drawing il-
lustrating the hardware configuration for implementing
the above device. As illustrated in FIG. 29, the device
may comprise: an input apparatus 290 for inputting rel-
evant images or information such as left and right images
picked up by a binocular camera or stereo video picked
up by a stereoscopic camera, for example, including a
keyboard, a mouse, and a communication network and
an input device connected thereto, etc.; a processing ap-
paratus 291 for receiving the images from the input ap-
paratus 290 and implementing the above method for de-
tecting the drivable region of the road according to the
embodiment of the present invention or being implement-
ed as the above apparatus for detecting the continuous
road partition with a height according to the embodiment
of the present invention, such as a CPU of a computer
or other chips having processing ability (as illustrated in
FIG. 3), etc.; a storage apparatus 292 for storing the im-
ages received from the input apparatus 290 and various
data and/or results generated in the operation process
performed by the processing apparatus 291, etc., by a
volatile method or a nonvolatile method, such as various
kinds of volatile or nonvolatile memory including a ran-
dom-access memory (RAM), a read-only memory
(ROM), a hard disk and a semiconductor memory; and
an output apparatus 293 for outputting the result obtained
by implementing the detected drivable region to the out-
side, such as a screen, a printer, a communication net-
work and a remote output device connected thereto, etc.
[0066] The present invention can also be realized by
a program or a set of programs running on any one of
computing devices. The computing devices may be well
known general-purpose devices. Therefore, the present
invention may also be implemented by providing a pro-
gram product including program codes for implementing
the method or apparatus. That is to say, the program
product also belongs to the present invention, and a stor-
age medium storing the program product also belongs
to the present invention. Obviously, the storage medium
may be any one of well known storage media or storage
media which are to be developed.
[0067] In addition, in the device or method of the
present invention, units or steps may be divided and/or
recombined. The division and/or recombination should
be regarded as an equivalent embodiment of the present
invention. Steps of the above method may be performed
in time order, however the performing sequence is not
limited to the time order. Any steps may be performed in
parallel or independently.
[0068] Furthermore, the present invention is described
under the situation of the vehicle driving assistance tech-
nology, however the present invention may also be ap-
plied to other fields such as vehicle detection, tracking
and driving early warning.
[0069] The present invention is not limited to the spe-
cifically disclosed embodiments, and various modifica-
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tions and replacements may be made without departing
from the scope of the present invention.
[0070] The present application is based on and claims
the benefit of priority of Chinese Priority Application
No.201210358202.4 filed on September 24, 2012, the
entire contents of which are hereby incorporated by ref-
erence.

Claims

1. A method for detecting a drivable region of a road,
comprising the steps of:

deriving a disparity map from a gray-scale map
including the road and detecting the road from
the disparity map;
removing a part with a height above the road
greater than a predetermined height threshold
from the disparity map so as to generate a sub-
disparity map;
converting the sub-disparity map into a U-dis-
parity map;
detecting the drivable region from the U-dispar-
ity map; and
converting the drivable region detected from the
U-disparity map into the drivable region within
the gray-scale map.

2. The method for detecting a drivable region of a road
according to claim 1, wherein the step of detecting
the road from the disparity map comprises the steps
of:

converting the disparity map into a V-disparity
map; and
fitting a road line representing the road in the V-
disparity map.

3. The method for detecting a drivable region of a road
according to claim 2, wherein the sub-disparity map
is generated by removing a part that is located above
the road line and has a distance from the road line
greater than the predetermined height threshold
from the disparity map.

4. The method for detecting a drivable region of a road
according to claim 1, wherein the step of detecting
the drivable region from the U-disparity map com-
prises the steps of:

selecting an initial position within the drivable
region from the U-disparity map; and
detecting a specific region from the U-disparity
map as the drivable region by shifting a detection
window with a predetermined size from the initial
position in the U-disparity map, wherein the spe-
cific region includes the initial position, and the

number of active points with a brightness greater
than a brightness threshold within the detection
window is less than a predetermined number
threshold during the time when the detection
window is shifted in the specific region.

5. The method for detecting a drivable region of a road
according to claim 4, wherein the step of detecting
a specific region from the U-disparity map as the
drivable region by shifting a detection window with
a predetermined size from the initial position in the
U-disparity map comprises the steps of:

(a) horizontally shifting the detection window
along a direction of rows to the left from the initial
position, and stopping the shifting of the detec-
tion window and recording the stop position of
the detection window as a left stop position of
the said row if a first determined condition is met,
horizontally shifting the detection window along
a direction of rows to the right from the initial
position, and stopping the shifting of the detec-
tion window and recording the stop position of
the detection window as a right stop position of
the said row if a second determined condition is
met;
(b) shifting the detection window upward by a
distance equal to the height of the detection win-
dow, and repeating step (a);
(c) repeating step (b) until the detection window
reaches a top edge of the U-disparity map or the
left stop position and the right stop position in
the same row are adjacent to each other; and
(d) extracting a region covered by the shifted
detection windows from the U-disparity map as
the drivable region,
wherein the first predetermined condition is one
of the condition that the number of the active
points within the detection window is greater
than a predetermined number threshold; the
condition that the detection window reaches a
left edge of the U-disparity map, even though
the number of the active points within the detec-
tion window is not greater than the predeter-
mined number threshold; and the condition that
the horizontal distance between the position of
the detection window and the left stop position
of the previous row is less than a first distance
threshold, even though the detection window
does not reach the left edge of the U-disparity
map and the number of the active points within
the detection window is not greater than the pre-
determined number threshold,
wherein the second predetermined condition is
one of the condition that the number of the active
points within the detection window is greater
than a predetermined number threshold; the
condition that the detection window reaches a
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right edge of the U-disparity map, even though
the number of the active points within the detec-
tion window is not greater than the predeter-
mined number threshold; and the condition that
the horizontal distance between the position of
the detection window and the right stop position
of the previous row is less than a second dis-
tance threshold, even though the detection win-
dow does not reach the right edge of the U-dis-
parity map and the number of the active points
within the detection window is not greater than
the predetermined number threshold.

6. The method for detecting a drivable region of a road
according to claim 2, wherein the step of converting
the drivable region detected from the U-disparity
map into the drivable region within the gray-scale
map comprises the steps of:

obtaining coordinates of points within the driva-
ble region detected from the U-disparity map;
calculating coordinates of points within the driv-
able region of the gray-scale map based on the
coordinates of the points, by an expression for
fitting the road line in the V-disparity map; and
extracting the drivable region within the gray-
scale map based on the coordinates of the
points within the drivable region of the gray-
scale map.

7. A device for detecting a drivable region of a road,
comprising:

a road detecting apparatus configured to derive
a disparity map from a gray-scale map including
the road and detect the road from the disparity
map;
a sub-disparity map generating apparatus con-
figured to remove a part with a height above the
road greater than a predetermined height
threshold from the disparity map so as to gen-
erate a sub-disparity map;
a U-disparity map generating apparatus config-
ured to convert the sub-disparity map into a U-
disparity map;
a U-disparity map detecting apparatus config-
ured to detect the drivable region from the U-
disparity map; and
a drivable region converting apparatus config-
ured to convert the drivable region detected from
the U-disparity map into the drivable region with-
in the gray-scale map.

8. The device for detecting a drivable region of a road
according to claim 7, wherein the road detecting ap-
paratus comprises:

a V-disparity map generating unit configured to

convert the disparity map into a V-disparity map;
and
a road line fitting unit configured to fit a road line
representing the road in the V-disparity map.

9. The device for detecting a drivable region of a road
according to claim 7, wherein the U-disparity map
detecting apparatus comprises:

a selection unit configured to select an initial po-
sition within the drivable region from the U-dis-
parity map; and
a detection unit configured to detect a specific
region from the U-disparity map as the drivable
region by shifting a detection window with a pre-
determined size from the initial position in the
U-disparity map, wherein the specific region in-
cludes the initial position, and the number of ac-
tive points with a brightness greater than a
brightness threshold within the detection win-
dow is less than a predetermined number
threshold during the time when the detection
window is shifted in the specific region.

10. The device for detecting a drivable region of a road
according to claim 8, wherein the drivable region
converting apparatus comprises:

a coordinate extracting unit configured to obtain
coordinates of points within the drivable region
detected from the U-disparity map;
a conversion unit configured to calculate coor-
dinates of points within the drivable region of the
gray-scale map based on the coordinates of the
points, by an expression for fitting the road line
in the V-disparity map; and
a drivable region extracting unit configured to
extract the drivable region within the gray-scale
map based on the coordinates of the points with-
in the drivable region of the gray-scale map.
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