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(57) ABSTRACT

In an object detection apparatus, a first region definition unit
defines a first object region including a first detection point
representing a relative position of a first object detected by
a millimeter-wave radar with respect to a reference point in
an XY-plane. An X-axis direction of the XY-plane is a
vehicle widthwise direction, and a Y-axis direction of the
XY-plane is a vehicle lengthwise direction. A second region
definition unit defines a second object region including a
second detection point representing a relative position of a
second object detected based on a captured image with
respect to the reference point. A region size modification unit
modifies the size of the first region in the presence of axial
misalignment of the radar. A determination unit determines
that the first and second objects are the same if there is an
overlap of the first and second object regions in the XY-
plane.
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OBJECT DETECTION APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based on and claims the benefit of
priority from earlier Japanese Patent Application No. 2014-
193889 filed Sep. 24, 2014, the description of which is
incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to techniques for detecting
objects using a radar and a camera.

BACKGROUND ART

Vehicle collision avoidance systems are required to accu-
rately detect objects, such as a vehicle other than an own
vehicle that is a vehicle carrying the system and a pedestrian.
For example, a vehicle collision avoidance system as dis-
closed in Patent Literature 1 is configured to detect objects
using a radar and a camera. More specifically, the disclosed
vehicle collision avoidance system uses a millimeter-wave
radar and a stereoscopic camera separately, and if a posi-
tional relationship between an object detected by the milli-
meter-wave radar and an object detected by the stereoscopic
camera meets a predetermined criteria, determines that these
objects are the same.

CITATION LIST
Patent Literature
[Patent Literature 1] JP-A-2014-122873
SUMMARY OF THE INVENTION
Technical Problem

In the above vehicle collision avoidance system, however,
a sensor mounting angle may deviate from a predetermined
mounting angle, which may cause vertical or horizontal
axial misalignment of the sensor. Insufficient axial misalign-
ment correction may result in reduced object identification
accuracy.

In consideration of the foregoing, exemplary embodi-
ments of the present invention are directed to providing an
object detection apparatus capable of accurately determining
whether or not objects detected using a radar and a camera
are the same even in the presence of axial misalignment.

Solution to Problem

In accordance with an exemplary embodiment of the
present invention, there is provided an object detection
apparatus mounted in a vehicle, including: a first region
definition unit configured to define a first object region
including a first detection point, the first detection point
representing a relative position of a first object detected
based on information acquired by a radar with respect to a
reference point in an XY-plane, the reference point repre-
senting a position of the vehicle, an X-axis direction of the
XY-plane being a vehicle widthwise direction, and a Y-axis
direction of the XY-plane being a vehicle lengthwise direc-
tion; and a second region definition unit configured to define
a second object region including a second detection point,
the second detection point representing a relative position of
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a second object detected based on an image captured by a
monocular camera with respect to the reference point in the
XY-plane.

The apparatus further includes: an axial misalignment
detection unit configured to detect the presence or absence
of axial misalignment that represents a deviation of a
direction of an axis of the radar from a reference direction;
a region size modification unit configured to, in the presence
of' the axial misalignment, modify the size of the first region;
and a determination unit configured to determine whether or
not there is an overlap of the first and second object regions
in the XY-plane, and if it is determined that there is an
overlap of the first and second object regions in the XY-
plane, then determine that the first and second objects are the
same.

With the object detection apparatus configured as above,
in the presence of axial misalignment, the determination as
to whether or not there is an overlap of the first and second
object regions in the XY-plane can be modified by modify-
ing the size of the first region. This configuration enables a
more accurate determination as to whether or not the first
and second objects are the same.

The above and other objects, features and advantages of
the present invention will be readily apparent and fully
understood from the following detailed description of pre-
ferred embodiments, taken in connection with the appended
drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1A is a block diagram of a collision mitigation
apparatus in accordance with one embodiment of the present
invention;

FIG. 1B is a functional block diagram of a collision
mitigation ECU;

FIG. 2 is a flowchart of collision mitigation processing to
be performed in the collision mitigation ECU;

FIG. 3 is a plan view of error regions when no axial
misalignment is occurring;

FIG. 4 is a flowchart of axial misalignment correction
processing included in the collision mitigation processing;

FIG. 5 is a graph of width of an error region versus
relative speed;

FIG. 6 is a plan view of error regions for a negative
relative speed when axial misalignment is occurring;

FIG. 7 is a plan view of error regions for a positive
relative speed when axial misalignment is occurring;

FIG. 8 is a graph of extent of an error region versus axial
misalignment angle; and

FIG. 9 is a plan view of error regions when a rightward
axial misalignment is occurring.

DESCRIPTION OF THE EMBODIMENTS

Embodiments of the present invention now will be
described more fully hereinafter with reference to the
accompanying drawings, in which embodiments of the
invention are shown. This invention may, however, be
embodied in many different forms and should not be con-
strued as limited to the embodiments set forth herein. Rather,
these embodiments are provided so that this disclosure will
be thorough and complete, and will fully convey the scope
of the invention to those skilled in the art. Like numbers
refer to like elements throughout.

(Configuration)

An collision mitigation apparatus 1 in accordance with
one embodiment of the present invention is an apparatus
mounted in a vehicle (hereinafter referred to as an own
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vehicle), such as a passenger car, and configured to detect an
object (that is an object, such as a vehicle other than the own
vehicle or a pedestrian) using a radar and a camera image,
and in cases where the own vehicle is likely to collide with
the object, perform control operations, such as braking the
own vehicle, to avoid the collision or mitigate the impact of
any possible collision between the object and the own
vehicle. Particularly, the collision mitigation apparatus 1 of
the present embodiment is configured to, in the presence of
axial misalignment of the radar where a mounting angle of
the millimeter-wave radar 2, which corresponds to a direc-
tion of the center axis of the radar, horizontally or vertically
deviates from a predetermined mounting angle which cor-
responds to a forward direction of a straight line passing
through both the center of the front and the center of the rear
of the own vehicle and being parallel to a road surface,
prevent different objects from being misrecognized as the
same object.

The collision mitigation apparatus 1, as shown in FIG.
1A, includes a millimeter-wave radar 2, a monocular camera
3, a brake electronic control unit (ECU) 4, an engine ECU
5, an alert unit 6, and a collision mitigation ECU 7. In the
collision mitigation apparatus 1, for example, the collision
mitigation ECU 7 is communicably connected to the milli-
meter-wave radar 2, the monocular camera 3, the brake ECU
4, the engine ECU 5, and the alert unit 6. Configurations to
implement the communications are not particularly limited.

The millimeter-wave radar 2 is mounted in the center
(leading edge) of a front grille of the own vehicle to detect
objects, such as other vehicles and pedestrians, by using
millimeter waves. The millimeter-wave radar 2 transmits
millimeter waves forward from the own vehicle while
scanning in a horizontal plane and receives millimeter waves
reflected back to thereby transmit transmitted and received
data in the form of radar signals to the collision mitigation
ECU 7.

The monocular camera 3 includes one charge-coupled
device (CCD) camera, and is arranged on the inside of a
windshield of the own vehicle between an interior mirror of
the own vehicle and the windshield. The monocular camera
3 transmits data of captured images in the form of image
signals to the collision mitigation ECU 7. The monocular
camera 3 is provided with a function to correct for an own
axial misalignment. The forward direction of the own
vehicle substantially coincides with an axis direction of the
monocular camera 3. Therefore, an axial misalignment of
the millimeter-wave radar 2 can be detected with respect to
the axis direction of the monocular camera 3 (i.e., a position
of an object acquired from the image).

The brake ECU 4 includes CPU, ROM, RAM, and others
to control braking of the own vehicle. More specifically, the
brake ECU 4 controls a brake actuator (brake ACT) in
response to a detection value outputted from a sensor to
detect a brake pedal depression amount, where the brake
actuator serves as an actuator that opens and closes a
pressure increasing control valve and a pressure reducing
control valve provided in a brake hydraulic circuit. The
brake ECU 4 controls the brake actuator following instruc-
tions from the collision mitigation ECU 7 so as to increase
a braking force of the own vehicle.

The engine ECU 5 includes CPU, ROM, RAM, and others
to control engine start/shutdown, a fuel injection amount, the
ignition time, and others. More specifically, the engine ECU
5 controls a throttle actuator (throttle ACT) in response to a
detection value outputted from a sensor to detect an accel-
erator pedal depression amount, where the throttle actuator
serves as an actuator that opens and closes a throttle valve
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provided in an air intake conduit. The engine ECU 5 controls
the throttle actuator following instructions from the collision
mitigation ECU 7 so as to decrease a driving force of the
internal-combustion engine.

The alert unit 6, upon reception of a warning signal from
the collision mitigation ECU 7, acoustically and optically
alerts a driver of the own vehicle.

The collision mitigation ECU 7 includes CPU, ROM,
RAM, and others to integrally control the collision mitiga-
tion apparatus 1. The collision mitigation ECU 7 acquires
radar signals from the millimeter-wave radar 2 and image
signals from the monocular camera 3 every predetermined
time interval based on a master clock.

(Processing)

There will now be described object detection processing
to be performed in the collision mitigation apparatus 1. An
object detection program, i.e., a program for the collision
mitigation apparatus 1 to implement the object detection
processing, is stored in the ROM or the like of the collision
mitigation apparatus 1. The object detection processing to be
performed in the collision mitigation apparatus 1 will be
described with reference to FIG. 2. FIG. 2 illustrates a
flowchart of the object detection processing to be performed
in the collision mitigation apparatus 1 every predetermined
time interval.

First, in the collision mitigation processing, as shown in
FIG. 2, the collision mitigation ECU 7 detects an object
based on a radar signal transmitted from the millimeter-
wave radar 2 (i.e., detection information from the millime-
ter-wave radar 2) (step S110). More specifically, based on
the radar signal, the collision mitigation ECU 7 calculates
(or determines) a linear distance from the own vehicle to the
object and a horizontal azimuth angle of the object (i.e., an
angular position of the object from the forward direction of
the own vehicle).

Based on these calculated values, the collision mitigation
ECU 7, as shown in FIG. 3, calculates or determines position
coordinates (X- and Y-coordinates) of the object in the
XY-plane as a detection point Pr of the object in the
XY-plane. The X-axis of the XY-plane represents a vehicle-
widthwise direction (transverse direction) of the own
vehicle, and the Y-axis of the X Y-plane represents a vehicle-
lengthwise direction (forward direction) of the own vehicle.

A reference point Po of the XY-plane is set at a nose (or
front end) of the own vehicle, on which the millimeter-wave
radar 2 is mounted. The detection point Pr is a relative
position of the object with respect to the reference point Po.
FIG. 3 illustrates an example of an object located forward of
and to the right of the own vehicle. Additionally, in step
S110, the collision mitigation ECU 7 may calculate, in
addition to the detection point Pr of the object, a relative
speed and the like of the object with respect to the own
vehicle. In the following, the object detected in step S110
(information about the object detected based on the detec-
tion information from the millimeter-wave radar 2) will be
referred to as a “radar object.”

Subsequently, as shown in FIG. 3, the collision mitigation
ECU 7 defines an error region 21a centered at the detection
point Pr calculated in step S110 (step S120). More specifi-
cally, the error region 214 has a two-dimensional extension
(specified by AO) centered at the detection point Pr, where
an extension of the error region 21a in the X-axis direction
represents a range of assumed error around the X-coordinate
of the detection point Pr and an extension of the error region
21a in the Y-axis direction represents a range of assumed
error around the Y-coordinate of the detection point Pr.
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These ranges of assumed error are predetermined based on
the characteristics of the millimeter-wave radar 2.

Subsequently, the collision mitigation ECU 7 detects an
object based on an image signal transmitted from the mon-
ocular camera 3 (i.e., a captured image from the monocular
camera 3) (step S130). More specifically, the collision
mitigation ECU 7 applies image analysis to the captured
image represented by the image signal to identify an object.
This identification may be implemented by matching pro-
cessing with prestored object models.

An object model is prepared for each object type, such as
a vehicle, a pedestrian, or the like, which allows not only
determination of the presence of an object, but also identi-
fication of its object type. The collision mitigation ECU 7
determines a Y-coordinate of the object in the XY-plane
based on a vertical position of the object in the captured
image, and a horizontal azimuth angle of the object (an
angular position from the forward direction of the own
vehicle) based on a horizontal position of the object in the
capture image.

As the object is located more distant from the own vehicle
in the forward direction of the own vehicle, that is, as the
Y-coordinate of the object is increased, a lower end of the
object tends to be located at a higher position in the captured
image. This allows the Y-coordinate of the object to be
determined based on the lower end position of the object in
the captured image. In such a specific manner, however,
inaccurate detection of the lower end position of the object
will leads to lower accuracy of detecting the Y-coordinate of
the object.

In addition, a horizontal displacement of the object from
the focus of expansion (FOE) of the monocular camera 3
tends to increase with an increasing angular displacement
(inclination) of the object from the forward direction of the
own vehicle (specifically, a line of X=0). This allows a
horizontal azimuth angle of the object to be determined
based on an angle of a line passing through the reference
point Po and the object with respect to the line of X=0 and
a distance to a vertical line passing through the center of the
object.

As such, in step S130, the collision mitigation ECU 7
determines the Y-coordinate and the horizontal azimuth
angle (angular position) of the object in the XY-plane as the
detection point Pi of the object in the XY-plane, as shown in
FIG. 3. The detection point Pi of the object represents a
relative position of the object with respect to the reference
point Po. In the following, the object detected in step S130
(the object detected based on the captured image from the
monocular camera 3) will be referred to as an “image
object.”

Subsequently, as shown in FIG. 3, the collision mitigation
ECU 7 defines an error region 22 centered at the detection
point Pi calculated in step S130 (step S140). More specifi-
cally, the error region 22 has a two-dimensional extension
centered at the detection point Pi, where an extension of the
error region 22 in the Y-axis direction represents a range of
assumed error around the Y-coordinate of the detection point
Pi and an extension of the error region 22 in the horizontal
azimuth angle direction represents a range of assumed error
around the horizontal azimuth angle of the detection point
Pi. These ranges of assumed error are predetermined based
on the characteristics of the monocular camera 3.

Subsequently, the collision mitigation ECU 7 performs
axial misalignment correction processing (step S150). In the
presence of axial misalignment, the axial misalignment
correction processing is performed to correct the size of the
error region 21a.
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In the misalignment correction processing, as shown in
FIG. 4, the collision mitigation ECU 7 calculates an amount
of axial misalignment (step S210), where a positional rela-
tionship between the radar and the captured image (i.e., an
error between a radar coordinate system and a captured-
image coordinate system) is estimated. For example, a
location of a roadside object, such as guardrail, and its
direction of movement are detected by the millimeter-wave
radar 2 to determine a tilt of the roadside object arrangement
with respect to the forward direction of the own vehicle and
a difference in direction of the movement, based on which
what degree of axial misalignment is occurring can be
recognized.

Subsequently, the collision mitigation ECU 7 determines
whether or not a horizontal axial misalignment is occurring
(step S220). If an amount of axial misalignment is equal to
or greater than a threshold (say one degree or so), it is
determined that a horizontal axial misalignment is occur-
ring.

If it is determined that no horizontal axial misalignment is
occurring (step S220; NO), the process flow ends. If it is
determined that a horizontal axial misalignment is occurring
(step S220; YES), a relative speed of the object with respect
to the own vehicle is calculated (step S225).

In step S225, the relative speed of the object with respect
to the own vehicle is calculated based on a detection result
acquired from the millimeter-wave radar 2. In the present
embodiment, the relative speed as the object moves away
from the own vehicle is defined as “positive”, and the
relative speed as the object approaches the own vehicle is
defined as “negative”.

Subsequently, the collision mitigation ECU 7 determines
whether or not the relative speed of the object is negative
(step S230). If the relative speed of the object is negative
(step S230; YES), the collision mitigation ECU 7 makes a
judgment on a direction of the axial misalignment (step
S240). If the axial misalignment is a rightward axial mis-
alignment (step S240; YES), the collision mitigation ECU 7
defines an error region for the negative relative speed and the
rightward axial misalignment (step S250).

As shown in FIG. 5, when axial misalignment is occur-
ring, the error region 21a for the detection point of the
millimeter-wave radar 2 is narrowed as compared to when
no axial misalignment is occurring (i.e., a normal situation).
That is, AO as shown in FIG. 3 is set to a smaller value.

In the presence of axial misalignment, as shown in FIG.
5, the width of the error region 21a for a negative relative
speed is set to a smaller value than that of the error region
21a for a positive relative speed. It can be seen that the width
of'the error region 215 for a negative relative speed as shown
in FIG. 6 is set less than that of the error region 21c¢ for a
positive relative speed as shown in FIG. 7.

In addition, in the presence of axial misalignment, the
width of the error region 21a for the detection point of the
millimeter-wave radar 2 is corrected depending not only on
the relative speed, but also on the direction and amount of
the axial misalignment. That is, as shown in FIG. 8, the
width of the error region 21a is decreased with increasing
amount of the axial misalignment (or with increasing dis-
tance from the origin as shown in FIG. 8).

In FIG. 8, the axial misalignment angle and the error
region are defined as “positive” in the vehicle-widthwise
(laterally) right direction. That is, the error region 21a is
corrected or modified such that the right side portion of the
error region 21a is narrowed with increasing amount of the
rightward axial misalignment while the left side portion of
the error region 21a is not narrowed even with increasing
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amount of the rightward axial misalignment. Conversely, the
error region 21a is corrected or modified such that the left
side portion of the error region 21a is narrowed with
increasing amount of the leftward axial misalignment while
the right side portion of the error region 21a is not narrowed
even with increasing amount of the leftward axial misalign-
ment.

More specifically, for example, as shown in FIG. 9, given
an amount of the rightward axial misalignment denoted by
a, the width of the right side portion of the corrected error
region 22d is corrected to AB-c while the width of the left
side portion of the corrected error region 224 is kept at A6.

As such, in step S250, a correction amount, which is
determined by combining a map for correcting the width of
the error region 21a depending on the relative speed, as
shown in FIG. 5, and a map for correcting the width of the
error region 2la depending on the amount of the axial
misalignment, is applied to the error region 21a to acquire
a corrected error region 21a. Also in steps S260, S320, S330
described later, the error region is defined using similar maps
to those used in step S250.

More specifically, in step S240, if the axial misalignment
is a leftward axial misalignment (step S240; NO), then the
collision mitigation ECU 7 defines an error region for the
negative relative speed and the leftward axial misalignment
(step S260). If the relative speed of the object is zero or
positive (step S230; NO), then the collision mitigation ECU
7 makes a judgment on the direction of the axial misalign-
ment (step S310).

If the axial misalignment is a rightward axial misalign-
ment (step S310; YES), then the collision mitigation ECU 7
defines an error region for the positive relative speed and the
rightward axial misalignment (step S320). If the axial mis-
alignment is a leftward axial misalignment (step S310; NO),
then the collision mitigation ECU 7 defines an error region
for the positive relative speed and the leftward axial mis-
alignment (step S330).

Thereafter, the process flow ends. Subsequently, returning
to FIG. 2, the collision mitigation ECU 7 determines
whether or not there is an overlap of the radar error region
21a and the error region 22 in the XY-plane (step S160).

If in step S160 it is determined that there is an overlap of
the radar error region 21a and the error region 22, then the
collision mitigation ECU 7 determines that the radar object
and the image object are the same (step S170). In this case,
a position of the object determined the same in the XY-plane
is specified by the Y-coordinate of the detection point Pr of
the radar object and the horizontal azimuth angle of the
image object.

Subsequently, the collision mitigation ECU 7 calculates a
degree of confidence in determination that the radar object
and the image object are the same (step S180). In the present
embodiment, the degree of confidence is defined by an angle
difference between the horizontal azimuth angle of the
detection point Pr of the radar object and the horizontal
azimuth angle of the detection point Pi of the image object.
Such a degree of confidence increases with decreasing angle
difference.

If it is determined in step S160 that there exists no overlap
of'the radar error region 21a and the error region 22, then the
collision mitigation ECU 7 determines that the radar object
and the image object are not the same, that is, they are
different objects. Then, the process flow proceeds to step
S190.

Subsequently, the collision mitigation ECU 7 performs
collision mitigation control based on the position of the
detected object and the degree of confidence (step S190).
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For example, if the own vehicle is likely to collide with the
object, the collision mitigation ECU 7 transmits a warning
signal to an alert unit 6 to alert the driver. If the own vehicle
is more likely to collide with the object, the collision
mitigation ECU 7 instructs the engine ECU 5 to decrease a
driving force of an internal-combustion engine and/or
instructs the brake ECU 4 to increase a braking force of the
own vehicle.

In addition, the collision mitigation ECU 7 changes
control aspects depending on the degree of confidence. For
example, for a high degree of confidence, a control initiation
timing is advanced as compared to a control initiation timing
for a low degree of confidence.

In the present embodiment, the collision mitigation ECU
7 corresponds to an object detection apparatus of the present
invention. FIG. 1B illustrates a functional block diagram of
the collision mitigation ECU 7. Various implementations of
these blocks described herein can be realized in processor, in
software, or in any combination thereof. The collision miti-
gation ECU 7 includes, as functional blocks, a first region
definition unit 701, a second region definition unit 702, an
axial misalignment detection unit 703, and a relative speed
acquisition unit 704, a region size modification unit 705, and
a determination unit 706. The first region definition unit 701
performs steps S110-S120. The second region definition unit
702 performs step S130-S140. The axial misalignment
detection unit 703 performs step S210. The relative speed
acquisition unit 704 performs step S225. The region size
modification unit 705 performs steps S230-S330. The deter-
mination unit 706 performs steps S160-S170.

In the collision mitigation apparatus 1 configured as
above, the collision mitigation ECU 7 determines whether or
not axial misalignment is occurring, where the axial mis-
alignment represents a deviation of the reference direction of
the millimeter-wave radar 2 from the reference direction of
the axis of the monocular camera 3. In the presence of axial
misalignment, the collision mitigation ECU 7 modifies the
size of the first region. If it is determined that there is an
overlap of the first and second regions in the XY-plane, then
the collision mitigation ECU 7 determines that the first
object and the second object are the same.

With the collision mitigation apparatus 1 configured as
above, in the presence of axial misalignment, the size of the
first region is modified, which can modify the determination
as to whether or not there is an overlap of the first and second
regions. This allows for more accurate determination as to
whether or not the first and second objects are the same.

In addition, with the collision mitigation apparatus 1
configured as above, in the presence of axial misalignment,
the collision mitigation ECU 7 narrows the first region. That
is, since, in the presence of axial misalignment, non-iden-
tical objects are more likely to be mistakenly recognized as
the same, narrowing the first region can prevent non-iden-
tical objects from being mistakenly recognized as the same.

Therefore, with the collision mitigation apparatus 1 con-
figured as above, the determination as to whether or not the
first and second objects are the same can be made more
accurately.

In the collision mitigation apparatus 1, the collision
mitigation ECU 7, in the presence of axial misalignment,
acquires information about the determination as to whether
the reference direction of the monocular camera 3 is right-
ward or leftward misaligned with the reference direction of
the millimeter-wave radar 2, and narrows one of the right
side and left side portions of the first region that is situated
in the direction that the axial misalignment is occurring.
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Since, in the presence of axial misalignment, different
objects present in the direction that the axial misalignment
is occurring are more likely to be mistakenly determined as
the same, one of the right side and left side portions of the
first region that is situated in the direction that the axial
misalignment is occurring is narrowed. With the collision
mitigation apparatus 1 having such a configuration, the
determination as to whether or not different objects are the
same can be made more accurately.

In the collision mitigation apparatus 1, the collision
mitigation ECU 7 acquires, as a relative speed, a speed
difference between the first or second object and the own
vehicle, and when the relative speed is negative, narrows the
first region as compared to when the relative speed is
negative.

With the collision mitigation apparatus 1 configured as
above, when the relative speed is negative, that is, when the
own vehicle is approaching the object, the first region is
narrowed, which can prevent different objects from being
mistakenly recognized as the same. This configuration can
prevent a malfunction of the vehicle control caused by
mistakenly recognizing different objects as the same.

In addition, in the collision mitigation apparatus 1, the
collision mitigation ECU 7 defines a certain range of angles
centered at an azimuth angle of the first object with respect
to the reference point as the width of the first region, and
modifies the size of the first region by modifying only the
width of the first region.

With the collision mitigation apparatus 1 configured as
above, only the width of the first region is modified, where
the determination as to whether or not different objects are
the same is susceptible to the axial misalignment. Therefore,
the determination as to whether or not different objects are
the same can be kept unchanged in the going away (or
radial) direction without being affected by the axial mis-

alignment.

Other Embodiments

The present invention is not in any way limited to the
above embodiment. Reference numerals and signs used in
the above description of the embodiment are appropriately
used in the claims as well. The reference numerals and signs
are used for easy understanding of the present invention, and
should not be construed as limiting the technical scope of the
present invention. The functions of a single component may
be distributed to a plurality of components, or the functions
of a plurality of components may be integrated into a single
component. At least part of the configuration of the above
embodiments may be replaced with a known configuration
having a similar function. At least part of the configuration
of the above embodiments may be removed. At least part of
the configuration of one of the above embodiments may be
replaced with or added to the configuration of another one of
the above embodiments. While only certain features of the
invention have been illustrated and described herein, many
modifications and changes will occur to those skilled in the
art. It is, therefore, to be understood that the appended
claims are intended to cover all such modifications and
changes as falling within the true spirit of the invention.

It should be appreciated that the invention is not to be
limited to the collision mitigation apparatus 1 disclosed
above and that the present invention can be implemented in
numerous ways, including as a system that includes the
collision mitigation apparatus 1 as a component, a program
for enabling a computer to function as the collision mitiga-
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tion apparatus 1, a storage medium storing such a program,
a collision mitigation method and the like.

In the above embodiment, the map for correcting the
width of the error region 21a depending on the relative speed
and the map for correcting the width of the error region 21a
depending on the amount and direction of the axial mis-
alignment are applied in combination. Alternatively, either
one of these maps may be applied to acquire the corrected
error region 21a.

The invention claimed is:

1. An object detection apparatus mounted in a vehicle,
comprising:

a first region definition unit configured to define a first
object region including a first detection point, the first
detection point representing a relative position of a first
object detected based on information acquired by a
radar with respect to a reference point in an XY-plane,
the reference point representing a position of the
vehicle, an X-axis direction of the XY-plane being a
vehicle widthwise direction, and a Y-axis direction of
the XY-plane being a vehicle lengthwise direction;

a second region definition unit configured to define a
second object region including a second detection
point, the second detection point representing a relative
position of a second object detected based on an image
captured by a monocular camera with respect to the
reference point in the XY-plane;

an axial misalignment detection unit configured to detect
the presence or absence of axial misalignment that
represents a deviation of a direction of an axis of the
radar from a reference direction;

a region size modification unit configured to, in the
presence of the axial misalignment, modify the size of
the first region; and

a determination unit configured to determine whether or
not there is an overlap of the first and second object
regions in the XY-plane, and if it is determined that
there is an overlap of the first and second object regions
in the XY-plane, then determine that the first and
second objects are the same, wherein

the region size modification unit is configured to, in the
presence of the axial misalignment, narrow the first
region.

2. The apparatus according to claim 1, wherein

the axial misalignment detection unit is configured to, in
the presence of the axial misalignment, acquire infor-
mation as to whether a reference direction of the
monocular camera is rightward or leftward misaligned
with a reference direction of the radar, and

the region size modification unit is configured to, in the
presence of the axial misalignment, narrows one of
right side and left side portions of the first region that
is situated in the direction that the axial misalignment
is occurring.

3. The apparatus according to claim 1, further comprising
a relative speed acquisition unit configured to acquire, as a
relative speed, a speed difference between the first or second
object and the own vehicle, wherein

the region size modification unit is configured to, when
the relative speed is negative, narrow the first region as
compared to when the relative speed is positive.

4. The apparatus according to claim 1, wherein

the first region definition unit is configured to define a
range of angles including an azimuth angle of the first
object with respect to the reference point as a width of
the first region, and
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the region size modification unit is configured to modify an axial misalignment detection unit configured to detect
the size of the first region by modifying only the width the presence or absence of axial misalignment that
of the first object region. represents a deviation of a direction of an axis of the
5. An object detection apparatus mounted in a vehicle, radar from a reference direction;
comprising; 5 a region size modification unit configured to, in the
a first region definition unit configured to define a first presence of the axial misalignment, modify the size of

the first region;
a determination unit configured to determine whether or
not there is an overlap of the first and second object
10 regions in the XY-plane, and if it is determined that
there is an overlap of the first and second object regions
in the XY-plane, then determine that the first and
second objects are the same; and
a relative speed acquisition unit configured to acquire, as
15 a relative speed, a speed difference between the first or
second object and the own vehicle, wherein
the region size modification unit is configured to, when
the relative speed is negative, narrow the first region as
compared to when the relative speed is positive.

object region including a first detection point, the first
detection point representing a relative position of a first
object detected based on information acquired by a
radar with respect to a reference point in an XY-plane,
the reference point representing a position of the
vehicle, an X-axis direction of the XY-plane being a
vehicle widthwise direction, and a Y-axis direction of
the XY-plane being a vehicle lengthwise direction;

a second region definition unit configured to define a
second object region including a second detection
point, the second detection point representing a relative
position of a second object detected based on an image
captured by a monocular camera with respect to the
reference point in the XY-plane; L



