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(54) OBJECT DETECTION DEVICE

(57) The present invention ensures disparity calcu-
lation accuracy even if there is vertical-direction image
deviation and suppresses performance degradation and
processing cost growth. The present invention compris-
es: an imaging unit 310 for obtaining a plurality of images;
a disparity image generation unit for generating a dispar-
ity image from images acquired from the imaging unit
310; a reliability calculation unit 342 for using inter-match-
ing-window edge orientations to calculate the reliabilities
of the disparities in the disparity image; a reliability cal-
culation execution determination unit 341 for determining
whether to execute reliability calculation; and an object
detection unit 343 for, if the reliability calculation execu-
tion determination unit 341 determines that reliability cal-
culation is to be executed, using the disparity image and
reliabilities to detect an object.
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Description

Technical Field

[0001] The present invention relates to an object de-
tection device.

Background Art

[0002] WO 13/062087 (PTL 1) is provided as the back-
ground technology in this technical field.
[0003] In the abstract section of the publication, the
followings are disclosed. "The accuracy of three-dimen-
sional measurement is improved by suppressing devia-
tion between a measurement point input to one of view-
point images and the corresponding point set in the other
of the viewpoint images. A measurement point (7) which
is the reference for three-dimensional measurement is
input to a left viewpoint image (6L). The corresponding
point (8a) is set on an extension line extending horizon-
tally from the measurement point (7) toward a right view-
point image 6(R). When the position is adjusted by cali-
bration, a vertical deviation D occurs in the left and right
viewpoint images (6L, 6R) . When straight lines (24, 27)
passing through the measurement points (7) and the cor-
responding points (8a) of the viewpoint images (6L, 6R)
intersect with a horizontal line at a small angle θ, the
corresponding point (8a) is erroneously set at a position
far away from the true corresponding point (8). In order
to prevent the above situation, the left and right viewpoint
images (6L, 6R) having an angle θ which is equal to or
less than a threshold value S are determined not to be
suitable for three-dimensional measurement and then
are warned".

Citation List

Patent Literature

[0004] PTL 1: WO 13/062087

Summary of Invention

Technical Problem

[0005] PTL 1 discloses means for performing straight-
line detection in the vicinity of a measurement point and
generating a warning in accordance with the inclination
of the straight line. However, since the processing is ex-
ecuted even when high-precision disparity is not re-
quired, there are problems that an object may not be
detected and the processing cost grows, for example.
[0006] An object of the present invention is to provide
an object detection device capable of ensuring disparity
calculation accuracy even when there is vertical-direction
image deviation and suppressing performance degrada-
tion and processing cost growth.

Solution to Problem

[0007] In order to achieve the above object, the present
invention includes an imaging unit configured to obtain
a plurality of images, a disparity image generation unit
configured to generate a disparity image from images
acquired from the imaging unit, a reliability calculation
unit configured to use inter-matching-window edge ori-
entations to calculate the reliabilities of the pieces of dis-
parity in the disparity image, a reliability execution deter-
mination unit configured to determine whether to execute
reliability calculation, and an object detection unit config-
ured to, when the reliability execution determination unit
determines that reliability calculation is to be executed,
use the disparity image and reliabilities to detect an ob-
ject.

Advantageous Effects of Invention

[0008] According to the present invention, it is possible
to provide an object detection device capable of ensuring
disparity calculation accuracy even when there is verti-
cal-direction image deviation and suppressing perform-
ance degradation and processing cost growth Objects,
configurations, and advantageous effects other than
those described above will be clarified by the descriptions
of the following embodiments.

Brief Description of Drawings

[0009]

[FIG. 1] FIG. 1 is a diagram about a disparity error
when vertical-direction deviation occurs in a stereo
camera.
[FIG. 2] FIG. 2 is a diagram illustrating a configuration
of an in-vehicle stereo camera.
[FIG. 3] FIG. 3 is a diagram illustrating a configuration
of an object detection device.
[FIG. 4] FIG. 4 is a diagram of rebound due to elim-
ination of a disparity.
[FIG. 5] FIG. 5 is a flowchart of a reliability calculation
execution determination unit in Example 1.
[FIG. 6] FIG. 6 is a diagram about a distance-meas-
urement limit distance.
[FIG. 7] FIG. 7 is a diagram about an object-detection
limit distance.
[FIG. 8] FIG. 8 is a flowchart of a reliability calculation
unit.
[FIG. 9] FIG. 9 is a diagram of a relation between a
reliability and an edge angle.
[FIG. 10] FIG. 10 is a flowchart of an object detection
unit.
[FIG. 11] FIG. 11 is a flowchart of an object detection
unit in Example 2.
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Description of Embodiments

Example 1

[0010] A stereo camera system is well known as
means for estimating a three-dimensional position of an
object. In the stereo camera system, cameras are ar-
ranged at a plurality of positions to image the same object
from a plurality of different viewpoints. Then, a distance
from the deviation of the appearance in the obtained im-
ages, that is, a disparity, to a target object is calculated.
In a general stereo camera system with two cameras,
such conversion is represented by expressed by Expres-
sion 1 below.

[0011] Here, Z [mm] represents the distance to the tar-
get object, f [mm] represents the focal length, w [mm/px]
represents the pixel pitch, B [mm] represents the distance
(baseline length) between cameras, and D [px] repre-
sents the disparity.
[0012] In calculating the disparity, images captured
from a plurality of positions are arranged horizontally,
and a position in which a point which is the same as a
specific point in the left image is captured in the right
image is searched. In order to efficiently execute such a
search, a parallelization process is generally executed
advance.
[0013] Parallelization means vertical alignment of im-
ages. That is, parallelization is a process of calibrating
the left and right images so that the same points in the
left and right images are imaged at the same height.
[0014] In a parallelized image, when the corresponding
point is searched, the point may be searched only for a
certain horizontal row, and the processing efficiency is
high. However, parallelization parameters may change
due to an error during assembly or deterioration over
time, and even the left and right images subjected to the
parallelization process may have a vertical deviation. At
this time, particularly in an area in which a straight line
in an oblique direction is imaged, similar textures that
may have different heights are imaged. Thus, an errone-
ous corresponding point is detected, and an error occurs
in the three-dimensional position.
[0015] FIG. 1 is a diagram of a disparity error dD [px]
when the deviation of dj [px] occurs in the vertical direc-
tion. A case where no height deviation occurs in a left
image 100LA and a right image 100RA will be described.
A position at which an object which is the same as an
object in the left image 100LA is imaged in a search target
121 is searched from the right image 100RA, and then
is matched. Thus, the amount of deviation of the image
position from a matching target 122 is obtained as the

disparity.
[0016] Meanwhile, a case where height deviation oc-
curs in a left image 100LB and a right image 100RB will
be described. The amount of deviation of the image po-
sition from the matching target 123 with respect to the
same search target 121 is obtained as disparity. At this
time, the positional deviation between 122 and 123 oc-
curs as a disparity error dD [px]. If the slope of the straight
line with respect to the horizontal is θ [rad], the disparity
error dD is expressed by the following equation 2. 

[0017] That is, when a certain vertical deviation dj oc-
curs, the disparity error dD has a function of the slope θ
of the straight line, and thus it is understood that dD in-
creases as θ approaches 0, that is, as the line approaches
the horizon. Therefore, by eliminating the disparity having
an edge in an angle θ direction close to the horizon, it is
possible to eliminate the disparity having a possibility of
including a large error.
[0018] In addition, here, with Expression 1, the dis-
tance error dZ [mm] when the disparity error dD occurs
is expressed by Expression 3.

[0019] Since f, B, and w are fixed by the camera, it is
understood that the distance error dZ associated with the
disparity error dD increases as the disparity D decreases.
On the other hand, when D is sufficiently larger than dD,
dZ becomes small. Thus, it is possible to ignore an influ-
ence on object detection and distance measurement.
[0020] Examples will be described below with refer-
ence to the drawings.
[0021] Firstly, the outline of a vehicle control system
using a stereo camera equipped with an object detection
device will be described with reference to FIG. 2. A stereo
camera 201 is mounted in a vehicle 200. An object de-
tection device is mounted in the stereo camera 201. For
example, the object detection device measures a dis-
tance to an object 210 in front of the vehicle or a speed
relative to the object, and then transmits a resultant to a
vehicle control unit 202. The vehicle control unit controls
a brake, an accelerator, and steering from the received
distance and relative speed.
[0022] Next, the outline of the object detection device
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in the present invention will be described with reference
to FIG. 3.
[0023] FIG. 3 illustrates the configuration of the object
detection device in a first embodiment of the present in-
vention. The object detection device includes a stereo
camera 310, a memory 320, a CPU 330, an image
processing unit 340, an external output unit 350, and the
like. The stereo camera 310 includes a left imaging unit
311 and a right imaging unit 312 of the stereo camera,
and images the front of the vehicle equipped with the
stereo camera 310. The image processing unit 340 proc-
esses the obtained image, and thus object detection is
performed based on disparity information generated by
a disparity image generation unit (not illustrated) of the
image processing unit 340 (not illustrated). A reliability
calculation execution determination unit 341 determines
whether or not it is necessary to discard the disparity in
accordance with the reliability. When it is determined that
it is necessary, the reliability calculation unit 342 calcu-
lates the reliability of the disparity, and the object detec-
tion unit 343 detects a three-dimensional object based
on disparity and reliability. The detection result is trans-
mitted from an external communication unit 350 to an
image area of a processing device. When the stereo cam-
era is an in-vehicle stereo camera, the detection result
is used for determining vehicle control of an accelerator,
a brake, steering, and the like.
[0024] Details of the reliability calculation execution
determination unit 341 will be described below.
[0025] One of situations in which the influence of dis-
parity deviation is particularly large, which is an issue in
the present example, is a case of monitoring a place far
from the stereo camera 310. Therefore, in a scene where
it is necessary to monitor a distance place, the reliability
is calculated using the edge angle and the disparity is
eliminated using the reliability, and thereby the distance
accuracy is improved or erroneous detection of an object
is suppressed. In a scene where it is not necessary to
monitor a distance place, the calculation of the reliability
and the elimination of the disparity using the reliability
are not executed, and thus the processing cost is reduced
while suppressing the bounce such as undetection of an
object.
[0026] FIG. 4 illustrates a case where an object is not
detected. When a camera image 400 is obtained by im-
aging a guardrail 410 facing the camera, an object con-
figured only by straight lines in the substantially horizontal
direction is imaged in an area 420. In particular, when
the disparity having an edge which is substantially hori-
zontal is intended to be eliminated without limitation, most
of the disparity is eliminated in the area 420, and there
is a possibility that the guardrail cannot be detected. Note
that, although the guardrail is described here as an ex-
ample, if the object includes many edges that are sub-
stantially horizontal, such as a vehicle viewed from the
back, it may lead to undetection due to the elimination of
disparity.
[0027] Next, FIG. 5 illustrates an example of a process-

ing flow of the reliability calculation execution determina-
tion unit 341. Whether or not it is necessary to monitor a
distant place is determined in processes from S501 to
S506, and a flag is set in S507 and S508 in accordance
with the determination result.
[0028] (S501) The reliability calculation execution de-
termination unit calculates a distance threshold TH1 used
in S502 being the subsequent process. Calculation
means will be described later.
[0029] (S502) With reference to the object detection
result before a time (t-1) from a processing time t, when
an object has been detected at a place within a range of
the threshold value TH1, it is determined that the relia-
bility calculation is not executed. For example, when an
object has been detected in the vicinity of the front of the
own vehicle, the detection result of the object in the dis-
tance place does not affect the control of the vehicle.
[0030] (S503) A movement speed threshold TH2 used
in S504 being the subsequent process is calculated. Cal-
culation means will be described later.
[0031] (S504) When the movement speed of the stereo
camera is smaller than the threshold value TH2, it is de-
termined that the reliability calculation is not executed.
When a stereo camera is mounted on a moving object
such as a car and control is performed based on the
detection result, it is necessary to detect an object farther
away as the moving object moves at a high speed and
reflect the detected object in the control. When moving
at a low speed, a possibility of the detection result in the
distance place affecting the control is low, and thus mon-
itoring in the distance is unnecessary.
[0032] (S505) A reliability calculation execution deter-
mination unit calculates a curvature threshold TH3 used
in S506 being the subsequent process. Calculation
means will be described later.
[0033] (S506) When the curvature of the assumed
course is higher than the threshold value TH3, it is de-
termined that the reliability calculation is not executed.
When the vehicle travels in a curve in the left-right direc-
tion, the vehicle does not pass through the detection po-
sition even though an object is detected at a distance
from the front. Thus, it is unlikely to affect the control, so
that monitoring at a distance place is unnecessary. Re-
garding the calculation means of the curvature, for ex-
ample, in a case of a vehicle, the curvature may be cal-
culated from a physical model using a steering angle or
yaw rate, or may be calculated using a white line or a
road edge detection function. Alternatively, the curvature
of a road to be scheduled to travel may be based on a
GPS and map information. The calculation of the curva-
ture is not limited to at least one of the calculation meth-
ods, and any known method in which calculation can be
performed in a manner similar to the calculation methods
may be adopted. Further, the determination may be ex-
ecuted using a plurality of threshold values or a threshold
value calculated by a weighted average or the like.
[0034] As a result of various determination processes,
when it is determined that the reliability calculation should
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not be executed in any of the determination processes,
a reliability calculation execution flag is set to be OFF in
S508, and-the reliability calculation process is not exe-
cuted.
[0035] A method of calculating the threshold values for
various determination processes will be described. If
there is an error in disparity, there are two possible ad-
verse effects on object detection.
[0036] The first is an error in distance measurement.
As represented in Expression 3, the distance measure-
ment error associated with the disparity error is larger as
the distance increases. FIG. 6 illustrates a diagram for
explaining the method of calculating the disparity limit
distance that can be used for distance measurement.
When an object 602 indicated by the dotted line is dis-
posed with respect to a vehicle 601 equipped with the
stereo camera, the distance measurement is erroneously
performed like that the object is actually located at a po-
sition 603 indicated by the black circle due to a certain
disparity error. The relation between the distance and
the distance measurement error at this time is indicated
by the reference sign 605 in the graph at the bottom of
FIG. 6. The distance-measurement limit distance
DIST_MAX_a [m] is set to a place in which the distance
measurement error exceeds the allowable value. For ex-
ample, if the allowable value is set to be within 5% of the
actual distance, the allowable value is indicated as the
reference sign 604, and the intersection of the reference
sign 604 and the reference sign 605 is the distance meas-
urement limit.
[0037] The second is an error in height or horizontal
position. Since the disparity error causes a position error
in an optical center direction of the camera, for example,
an error dY in a height direction is represented by Ex-
pression 4 with respect to the height Y of the actual cam-
era.

[0038] When such an error is large, there is a possibility
that the disparity obtained from the ground is erroneously
detected as an obstacle being provided. FIG. 7 illustrates
a diagram for explaining a method of calculating the limit
distance for object detection due to an error in the height
direction. With respect to the stereo camera 701, the po-
sition for an observation point 702 on the road surface,
which is indicated by a dotted line is erroneously meas-
ured like that the object is actually at a position 703 indi-
cated by a black circle due to a certain disparity error.
[0039] The relation between the distance and the error
in the height direction at this time is indicated by the ref-
erence sign 704 in the graph at the bottom of FIG. 7. An

object-detection limit distance DIST_MAX_b [m] is set to
a place in which the height error exceeds the allowable
value.
[0040] For example, if the object detection function in
the subsequent stage has the specifications of detecting
only a group of disparity having a height of 50 [cm] or
higher from the road surface as an object, the allowable
value is indicated as the reference sign 705 as the allow-
able value of 50 [cm], and the intersection of the reference
sign 704 and the reference sign 705 is the object detec-
tion limit. The distance-measurement limit distance and
the object-detection limit distance may be used separate-
ly depending on the function. Here, for the simplicity, the
two values are compared, and the limit value on the closer
side is set to DIST_MAX [m] and is set as the limit dis-
tance enabling the disparity to be used in object detec-
tion. In each of the determination processes, it is deter-
mined whether or not the object detection should be ex-
ecuted farther than DIST_MAX. When it is necessary to
detect the object at a distance place, elimination of the
disparity by the reliability may be set to be required, and
a flag may be set to execute reliability calculation.
[0041] In S502 in FIG. 5, if the distance of an object
detected up to the previous frame is closer than
DIST_MAX, it is not necessary to eliminate the disparity.
[0042] In S504, for example, for an emergency braking
function for collision avoidance, it is possible to calculate
the maximum movement speed at which collision avoid-
ance is possible for an object spaced by DIST_MAX, from
the braking performance of the moving object. When the
moving object moves slower than this speed, it is not
necessary to eliminate the disparity.
[0043] With S506, it is possible to calculate the mini-
mum curvature for traveling outside the angle of view of
the stereo camera when traveling by DIST_MAX. When
the curvature of the course is larger than this curvature,
even though an object farther than DIST_MAX is seen,
the moving object does not travel at that position, and it
is not necessary to eliminate the disparity.
[0044] Since the various determination processes are
independent of each other, it is not necessary to deter-
mine all of the processes, and it is not necessary to ex-
ecute all of the processes in this order. Only necessary
determinations may be executed in accordance with the
components at the time of execution.
[0045] Next, the details of the reliability calculation unit
342 will be described.
[0046] The purpose of the present example is to elim-
inate the disparity at the position where an oblique line
close to the horizon is imaged. In the stereo camera,
when calculating the disparity of a certain point, the area
around the point is designated as a matching block, and
matching of the left and right images are performed based
on image information in the matching block.
[0047] Therefore, the edge of the image information in
the matching block may be calculated, and the reliability
may be calculated in accordance with the edge angle.
[0048] FIG. 8 illustrates a flowchart of the reliability cal-
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culation unit. In S801, the edge orientation in the match-
ing block is detected. A Sobel filter or the like is exem-
plified as general edge detection means. The Sobel filter
is a filter that detects edges by multiplying nine (3 3 3)
pixel values centered on a certain interest pixel by a ma-
trix such as Expressions 5 and 6 as follows, and then
summing the results.

[0049] EdgeH indicates the horizontal edge strength
and EdgeV indicates the vertical edge strength. Using
the two values, the final edge strength S and orientation
ϕ are expressed by Expressions 7 and 8 below.

[0050] With the above calculation, edge information is
calculated for each pixel. Note that it is necessary to con-
sider the reliability of disparity not only for one pixel but
for the entire matching block, but this will be described
together with the reliability calculation in the subsequent
stage.
[0051] Then, the reliability of disparity is calculated in
S802. For example, when, for simplicity, the reliability is
expressed as 1 and 0 indicating whether the reliability
can or cannot be used, the number of pixels having the
angle ϕ which is within the range of the horizontal direc-
tion 6 α in the matching block may be counted. When
the number of pixels is equal to or more than a threshold
value, the reliability is set to 0. Alternatively, as described
above, the closer the edge angle is to the horizontal, the
larger the error is. Therefore, the reliability may be

changed depending on the edge angle. As illustrated in
FIG. 9(a), the edge angle is the lowest at 0° and the high-
est at 90°. Further, considering the degree of influence
when converted to a distance, even if the edge angle is
equal, the reliability is low when the disparity value is
small. The reliability is high when the disparity value is
large. As illustrated in FIG. 9(b), even though the edge
angle is equal, the smaller the disparity value is, the lower
the reliability can be set. For example, it is conceivable
to express this relation by Expression 9 as follows. Dmax
[px] indicates the maximum value that can be taken by
the disparity.

[0052] The following Expression 10 in Expression 9 is
a term relating to the angle of the edge.

[0053] The ϕ used here needs to be a typical angle of
the matching block, not the edge angle of only one pixel.
As a calculation method, methods such as a method of
creating a histogram for each predetermined angle and
using the peak position as the typical angle, and a method
of taking a weighted average using the edge strength
from all the edges voted in the peak range, and the like
can be considered.
[0054] In Expression 9, Expression 11 as follows is a
term relating to the magnitude of disparity.

[0055] The calculation of reliability is not limited to Ex-
pression 11 because the calculation depends on the re-
quired specifications of the object detection function in
the subsequent stage. However, the calculation is de-
signed as a function which decreases when the edge
angle is horizontal and increases when the edge angle
is vertical, and decreases when the disparity is small and
increases when the disparity is large.
[0056] Next, the details of the object detection unit 343
will be described.

9 10 
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[0057] The object detection unit 343 calculates the co-
ordinates of a point in the real space from the disparity
information and image coordinates corresponding to the
disparity information. The distance between the points is
calculated for each point, the points in the vicinity are
grouped, and the points are detected as one three-di-
mensional object.
[0058] FIG. 10 illustrates a flowchart of the object de-
tection unit in the present example.
[0059] (S1001) It is determined whether the reliability
has been calculated. This is for the followings. That is,
when with reference to the result of the reliability calcu-
lation-unit execution determination unit 341, the calcula-
tion of the reliability as a scene in which disparity should
not be eliminated is not performed, three-dimensional
object detection using only the disparity is executed. In
the following, in S1002 and S1003, a loop process is
executed for all pieces of disparity.
[0060] (S1002) disparity having reliability that is equal
to or higher than the threshold value is determined to be
desirable for being used in object detection.
[0061] (S1003) The disparity is registered and a dis-
parity point group data that is desirable for being used in
object detection is generated.
[0062] (S1004) After the disparity registration is com-
pleted, points in the vicinity in the real space are grouped.
[0063] (S1005) The distance and the vertical and hor-
izontal size of the object are calculated from the result of
grouping. The resultant is form-corrected and output as
the object detection result.
[0064] According to the object detection device in Ex-
ample 1 described above, it is possible to provide an
object detection device capable of ensuring disparity cal-
culation accuracy even if there is vertical-direction image
deviation and suppressing performance degradation and
processing cost growth

Example 2

[0065] Example 2 is a modification example of Exam-
ple 1. In Example, 2, an embodiment in which the object
detection unit 343 classifies the pieces of disparity into
a plurality of types according to the reliability will be de-
scribed. As described in Example 1, there are cases as
follows, as the influence by the disparity error: (1) a case
where the error is caused by the deviation in the depth
direction and where an object is correctly detected, but
the distance is incorrect; and (2) a case where the error
is caused by the deviation in the height or the left-right
direction, and where an object is erroneously detected
in an area in which the object is not present. In Example
2, it is possible to set the limit distance depending on the
characteristics of each of the cases. By calculating the
reliability in consideration of each limit distance, the ob-
ject detection unit 343 can classify and use the disparity
into the disparity which is desirable for being used in dis-
tance measurement, the disparity desirable for being in
object detection, and the disparity which is not used in

any measurement. FIG. 11 illustrates a flowchart of the
object detection unit 343 in the present example.
[0066] In Example 1, the disparity having a large dis-
tance measurement error is also not used for the object
detection. However, the present example has a flow in
which such disparity is used at the stage of the object
detection and is eliminated in distance measurement.
[0067] (S1102), (S1103) Referring to the reliability with
a threshold value different from that in S1002 and S1003
in FIG. 10, the disparity desirable for being used in dis-
tance measurement is registered.
[0068] (S1105) When the position and the speed of the
detected object are calculated, by performing estimation
using only the disparity registered as the disparity for
distance measurement, it is possible to improve distance
measurement accuracy while suppressing the undetec-
tion due to excessive elimination of the disparity.
[0069] According to the above object detection device,
it is possible to provide an object detection device in a
stereo camera system that does not fail to detect an ob-
ject to be detected by eliminating disparity.
[0070] The present invention is not limited to the above
examples, and various modification examples may be
provided.
[0071] For example, the above examples is described
in detail in order to explain the present invention in an
easy-to-understand manner, and the above embodiment
is not necessarily limited to a case including all the de-
scribed configurations. Further, some components in one
example can be replaced with the components in another
example, and the configuration of another example can
be added to the configuration of one example. Regarding
some components in the examples, other components
can be added, deleted, and replaced.
[0072] In addition, some or all the above components
may be configured by hardware, or may be configured
to be realized by a processor executing a program. Con-
trol lines and information lines considered necessary for
the descriptions are illustrated, and not all the control
lines and the information lines in the product are neces-
sarily shown. In practice, it may be considered that almost
all components are connected to each other.

Reference Signs List

[0073]

310 imaging unit
342 reliability calculation unit
341 reliability calculation execution determination unit
343 object detection unit

Claims

1. An object detection device comprising:

an imaging unit configured to obtain a plurality
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of images;
a disparity image generation unit configured to
generate a disparity image from the images ac-
quired from the imaging unit;
a reliability calculation unit configured to use in-
ter-matching-window edge orientations to cal-
culate reliabilities of pieces of disparity in the
disparity image;
a reliability calculation execution determination
unit configured to determine whether to execute
reliability calculation; and
an object detection unit configured to, when the
reliability calculation execution determination
unit determines that reliability calculation is to
be executed, use the disparity image and the
reliabilities to detect an object.

2. The object detection device according to claim 1,
wherein the reliability calculation unit uses the inter-
matching-window edge orientations and an obtained
disparity value to calculate the reliabilities.

3.  The object detection device according to claim 1,
wherein the reliability calculation execution determi-
nation unit uses any of detection information of the
object, movement speed information of a vehicle,
and travel road information in front of the vehicle to
determine whether to calculate the reliabilities.

4. The object detection device according to claim 1,
wherein the object detection unit classifies the dis-
parity images into object detection disparity and dis-
tance measurement disparity, in accordance with the
reliabilities.
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