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OBJECT DETECTION APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to an object detection apparatus provided in a moving
body and adapted to output information regarding the position of an object related to the
moving body, and the like, which is used in various controls including collision

prediction safety control and moving body-to-moving body distance control.

2. Description of the Related Art

[0002] A known radar device is provided in a moving body (e.g., a motor vehicle) to
detect an object (e.g., other motor vehicle) around the moving body. The radar device
calculates, from various information it detects, the distance between the moving body and
the detection target object, the speed of the detection target object relative to the moving
body, the azimuth of the detection target object from the moving body. Such a radar
device is used in, for example, an adaptive cruise control system for maintaining a
constant distance between the moving body and the preceding moving body, a pre-crush
safety system for minimizing the impact to the moving body upon collision, and so on.

[0003] One such radar device is described in Japanese Patent Application Publication
No. 2000-206241 (JP-A-2000-206241). According to this radar device, multiple beams
are first radiated and the waves reflected from an object (“reflection waves”) are then
received, and the point from which each reflection wave has arrived (“reflection point”)
is determined. Then, one or more reflection point groups each consisting of the
reflection points estimated to belong to the same object are created, and output
information is then created based on the ordination of the respective reflection points in
each group. JP-A-2000-206241 describes setting a representative point to the reflection

point closest to the subject moving body (subject motor vehicle) among the grouped
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reflection points and then outputting the set representative point.

{0004] In view of the fact that radar devices of this kind are often used to predict a
collision between the subject moving body and an object (i.e., to determine the possibility
of such a collision), a certain degree of rationality is acknowledged in setting the
representative point‘ to the reflection point closest to the subject motor vehicle among the
reflection points belonging to the same object.

[0005] However, the radar device described in JP-A-2000-206241 does not
provide any measure against a phenomenon that the representative point
changes as a result of a change in the relation between the detection target
object and the subject motor vehicle. When this phenomenon occurs, for
example, the representative point on an object may move as if the object is
approaching the subject moving body despite the fact that it is not
approaching the subject moving body, and this may lead to an erroneous
determination that the subject motor vehicle is likely to collide with the
object and also lead to a temporary decrease in the accuracy of a process for

detecting the moving speed of the object.

SUMMARY OF THE INVENTION
'[0006] The invention provides an object detection apparatus that contributes to
achieving more accurate collision prediction.

[0007] One aspect of the invention relates to an object detection apparatus provided
in a moving body and having: electromagnetic wave radiating-receiving means for
radiating an electromagnetic wave and receiving a reflection wave of the radiated
electromagnetic wave; reflection point identifying means for identifying, based on data
regarding the reflection wave received by the electromagnetic wave radiating-receiving
means, a reflection point on a detection target object at which the radiated
electromagnetic wave was reflected; and representative point setting means for setting a

representative point representing the position of the detection target object based on the
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reflection point identified by the reflection point identifying means, and the object
detection apparatus is adapted to output data regarding the set representative point. The
representative point setting means performs a correction for prohibiting or minimizing a
change of the position of the representative point in the detection target object which
occurs as a result of a change in a relative position between the detection target object
and the moving body.

[0008] According to the object detection apparatus described above, because the
representative point is set through the correction for prohibiting or minimizing a change
of the position of the representative point on the detection target object resulting from a
change in the relative position between the detection target object and the moving body,
the accuracy in determining the relative movement of the detection target object further
improves, and thus the accuracy in determining the possibility of collision with the
detection target object improves accordingly.

[0009] The above-described object detection apparatus may be such that the
representative point setting means corrects, when a reflection point has been newly
identified by the reflection point identifying means as a result of the change in the
relative position between the detection target object and the moving body, the
representative point on the assumption that the newly identified reflection point does not
exist while correcting, when one of reflection points identified by the reflection point
identifying means has disappeared as a result of the change in the relative position
between the detection target object and the moving body, the representative point on the
assumption that the disappeared reflection point still exists.

[0010] Further, the above-described object detection apparatus may be such that the
representative point setting means corrects, when one of reflection points identified by
the reflection point identifying means has disappeared as a result of the change in the
relative position between the detection target object and the moving body, the
representative point on the assumption that the disappeared reflection point still exists.

[0011] Further, the above-described object detection apparatus may be such that the

object detection apparatus is adapted to monitor a given area behind the moving body.

3



10

15

20

25

WO 2008/146145 PCT/IB2008/001365

[0012] Further, the above-described object detection apparatus may be such that the
representative point setting means corrects, when a reflection point has been newly
identified by the reflection point identifying means as a result of a change in the relative
position between the detection target object and the moving body, the representative point
on the assumption that the newly identified reflection point does not exist.

[0013] Further, the above-described object detection apparatus may be such that the
object detection apparatus is adapted to monitor a given area ahead of the moving body.

[0014] Further, the above-described object detection apparatus may be such that the
representative point setting means selects one of reflection points identified by the
reflection point identifying means using a given selection method and sets the
representative point to the selected reflection point; and the representative point setting
means prohibits or minimizes a change of the representative point from the selected
reflection point to other reflection point which occurs as a result of the change in the
relative position between the detection target object and the moving body.

[0015] Further, the above-described object detection apparatus may be such that the
representative point setting means prohibits or minimizes a change of the position of the
reflection point identified by the reflection point identifying means on the detection target
object which occurs as a result of the change in the relative position between the
detection target object and the moving body.

[0016] Further, the above-described object detection apparatus may be such that the
representative point setting means estimates a movement amount of the reflection point
as a result of the change in the relative position between the detection target object and
the moving body, and prohibits or minimizes a change of the position of the reflection
point from being changed, based on the estimated movement amount of the reflection
point.

[0017] Further, the above-described object detection apparatus may be such that the
representative point setting means performs the correction on the condition that the
position of the representative point on the detection target object is likely to change as a

result of the change in the relative position between the detection target object and the
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moving body.

[0018] Further, the above-described object detection apparatus may be such that the
representative point setting means performs the correction on the condition that the
detection target object is located in a predetermined region with respect to the moving
body. Further, the above-described object detection apparatus may be such that the
representative point setting means performs the correction on the’ condition that the
azimuth of the detection target object from the moving body has shifted by a
predetermined angle or larger, in other words, on the condition that the detection target
object has been displaced by a predetermined distance or more in the lateral direction.
The “lateral direction” represents the direction perpendicular to an imaginary straight line
connecting the moving body and the detection target object.

[0019] Further, the above-described object detection apparatus may be such that the
moving body is motor vehicle and the detection target object is other moving body..

[0020] As such, the object detection apparatus of the invention contributes to

achieving more accurate collision prediction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The foregoing and/or further objects, features and advantages of the invention
will become more apparent from the following description of preferred embodiment with
reference to the accompanying drawings, in which like numerals are used to represent
like elements and wherein:

FIG. 1 is a view schematically illustrating the overall configuration of an object
detection apparatus of an example embodiment of the invention;

FIG. 2 is a view illustrating an example where the representative setting portion of the
example embodiment of the invention sets the representative point to the reflection point
closest to the subject motor vehicle among the grouped reflection points;

FIG. 3 is a view illustrating an example system that executes moving body control

using the output from the object detection apparatus of the example embodiment of the
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invention;

FIG. 4 is a view showing the structure of the active head rest of the example
embodiment of the invention;

FIG. 5A and FIG. 5B are views each illustrating how the position of the representative
point on the detection target object changes as a result of a change in the relative position
between the detection target object and the subject motor vehicle;

FIG. 6 is another view illustrating how the position of the representative point on the
detection target object changes as a result of a change in the relative position between the
detection target object and the subject motor vehicle; and

FIG. 7 is a flowchart representing a control routine executed by the representative

point setting portion of the example embodiment of the invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0022] Hereinafter, example embodiments of the invention will be described with
reference to the accompanying drawings.

[0023] First, an object detection apparatus according to an example embodiment of
the invention will be described below.

[0024] FIG. 1 is a view schematically illustrating the overall configuration of an
object detection apparatus 10 of the example embodiment of the invention. The object
detection apparatus 10 is, for example, a millimeter-wave radar having, as its main
components, an antenna portion 12, a transmission control portion 14, a power
distribution amplification device 16, a reflection wave receiving portion 18, and a
representative point setting portion 20.

[0025] The object detection apparatus 10 is arranged, for example, at the rear end of
a motor vehicle to monitor a given area behind the motor vehicle (Refer to FIG. 2). It is
to be noted that the invention is not specifically limjted based on the arrangement of the
object detection apparatus 10 nor on the monitoring area of the object detection apparatus

10. That is, if appropriate, the object detection apparatus 10 may be arranged at any
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other position and adapted to monitor, for example, a given area ahead of the motor
vehicle, a given area diagonally ahead of the motor vehicle, a given area diagonally
behind the motor vehicle, or a given area on either side of the motor vehicle.

[0026] The antenna portion 12 is, for example, an array antenna composed of a
plurality of antenna elements. The transmission control portion 14 outputs transmission
pulse signals to the power distribution amplification device 16 in given cycles. The
power distribution amplification device 16 incorporates a circulator, a power distributor, a
phase shifter, a power amplifier, and so on, and is adapted to amplify the received
transmission pulse signals and then outputs them to the antenna portion 12. Receiving
the transmission'pulse signals, each antenna element of the antenna portion 12 radiates
millimeter waves toward the aforementioned monitoring area.

[0027] Each millimeter wave reflected from a reflection point of an object (will
hereinafter be referred to as “reflection wave™) is received by the antenna portion 12.
After received by the antenna portion 12, the reflection wave is input to the reflection
wave receiving portion 18 via the power distribution amplification device 16. Then, the
reflection wave receiving portion 18 determines the distance to the reflection point, the
azimuth of the reflection point, and the relative speed of the reflection point by referring
to the received reflection wave while synchronizing it with the signal output timing of the
transmission control portion 14 (this process may be regarded as one example of the
process recited by “identifying a reflection point” in the claims). More specifically, for
example, the distance from the subject motor vehicle to the reflection point (more
precisely, the distance from the radar device to the reflection point) is determined based
on the time from when the millimeter wave was radiated to when its reflection wave was
received, and the azimuth of the reflection point (the direction from which the reflection
wave has arrived) is determined based on the phase difference between the signals
received by the respective antenna elements of the antenna portion 12, and the speed of
the reflection point relative to the subject motor vehicle is determined based on variation
of the frequency of the reflection wave.

[0028] Note that the reflection wave receiving portion 18 may be adapted to identify
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two or more reflection points at the same time. However, if the reflection wave
receiving portion 18 was adapted to identify all reflection waves including very weak
reflection waves in all directions, there would be too many reflection waves to be
identified. To avoid this, preferably, the reflection wave receiving portion 18 is adapted
to identify only reflection waves the strength of which is larger than a threshold or to
identify only reflection waves the strength of which largely varies as the azimuth of the
corresponding reflection point changes. Further, the reflection wave receiving portion
18 may be adapted to identify only reflection points within a predetermined distance from
the subject motor vehicle.

[0029] The reflection wave receiving portion 18 may be adapted to output the
identified reflection points as they are. Alternatively, for the purpose of reducing the
communication load and the computation load of systems using the output from the
object detection apparatus 10, the reflection wave receiving portion 18 may be adapted to
set a representative point representing the position of a detection target object and then
output information regarding the set representative point (distance, azimuth, relative
speed). To implement the latter, the object detection apparatus 10 of this example
embodiment is provided with the representative point setting portion 20. While this
example embodiment of the invention is described on the assumption that the detection
target object is other motor vehicle, the detection target object is not necessarily other
motor vehicle. That is, the detection target object can be any object.

[0030] The representative point setting portion 20 is, for example, a computer unit
constituted of a CPU (Central Processing Unit), a ROM (Read Only Memory), a RAM
(Random Access Memory), and so on, which are all connected to each other via a bus.
Note that the transmission control portion 14 and the reflection wave receiving portion 18
may be provided as functions of the above computer unit. That is, the transmission
control portion 14, the reflection wave receiving portion 18, and the representative point
setting portion 20 may be entirely, or partially, integrated into a siﬁgle computer unit.

[0031] In operation, the representative point setting portion 20 first groups, among

the reflection points identified by the reflection wave receiving portion 18, the reflection
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points that are estimated to belong to the same object. The method for this grouping
may be selected from among the following three methods (A), (B), and (C), for example.
In the method (A), the reflection points located within a predetermined distance from
each other are grouped. In the method (B), the reflection points moving on substantially
the same path on an absolute coordinate are grouped. In the method (C), the reflection
points located in a specific ordination corresponding to the reflection pattern of motor
vehicles are grouped. In the method (B), for example, the direction in which each
reflection point is moving on the absolute coordinate is defermined at several time points,
and the reflection points that are moving on substantially the same path are grouped.
The moving direction of each reflection point on the absolute coordinate can be
determined by, for example, correcting the distance from the position of the reflection
point detected T (sec) ago to the position of the same reflection point detected the last
time based on the distance that the subject motor vehicle has moved during the same time
period. More specifically, if the moving distance from the position of the reflection
point detected T (sec) ago to the position of the reflection point detected the last time is
PT and the distance that the subject motor vehicle has moved from T (sec) ago to the
present is VT (PT and VT are both a vector quantity), PT - VT represents the moving
direction of the reflection point on the absolute coordinate which has been corrected
based on the moving distance of the subject motor vehicle. In order to identify each
reflection point as described above, data indicating the distance to each reflection point
and the azimuth of each reflection point that are detected in the last several detection
cycles may be stored in a memory such as the RAM (In each detection cycle, a millimeter
wave is radiated and then said data is obtained from the reflection wave). The
“reflection points moving on substantially on the same path” may be defined to be, for
example, the reflection points located in a band-shaped region with a predetermined
width and moving in directions within a particular angle range. Thus, if the moving
directions (corrected moving directions) of two ore more of the reflection points have
been determined to be substantially on the same path several times, they are then

grouped.
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[0032] Note that the invention is mnot specifically limited based on the
above-described grouping process. For example, in the case where the direcﬁvity of the
radar device is set so as to monitor a relatively narrow area, the representative point may
be directly set based on the reflection points identified by the reflection wave receiving
portion 18.

[0033] Next, a representative point representing the position of the detection target
object is set for the grouped reflection points. At this time, for example, the
representative point may be set to the reflection point closest to the subject motor vehicle
among the grouped reflection points (Refer to FIG. 2). Alternatively, the representative
point may be set to the reflection point corresponding to the gravity center among the
grouped reflection points, or to the reflection point located at the center among the
grouped reflection points (If the reflection point group consists of an even number of
reflection points, the representative point may be set to the middle point between the two
reflection points located at the center). Setting the representative point as mentioned
above reduces the communication load for outputting the reflection point data from the
reflection wave receiving portion 18 and the computation load of the systems that use the
output from the reflection wave receiving portion 18.

[0034] After setting the representative point as descried above, the representative
point setting portion 20 outputs its data including information regarding the distance from
the subject motor vehicle to the representative point, the azimuth of the representative
point from the subject motor vehicle, and the speed of the representative point relative to
the subject motor vehicle. At this time, because the data of the reflection point set as the
representative point has already been obtained, it may be output as the data of the
representative point.

[0035] FIG. 3 is a view illustrating an example system that executes moving body
control using the output from the object detection apparatus 10 of the example
embodiment of the invention. Referring to FIG. 3, the output of the object detection
apparatus 10 is provided to a collision prediction safety control ECU (Electronic Control

Unit) 30, and active headrest systems 40A, 40B, a body ECU 50, and hazard flashers 60A,
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60B are activated by command signals from the collision prediction safety control ECU
30. The arrows in FIG. 3 indicate the main communication flows based on given
communication protocols, such as CAN (Controller Area Network), BEAN, AVC-LAN,
and FlexRay.

[0036] The collision prediction safety control ECU 30 determines the possibility of
collision between the subject motor vehicle and the detection target object based on the
representative point input from the object detection apparatus 10. More specifically, the
collision prediction safety control ECU 30 determines that the detection target object is
likely to collide with the subject motor vehicle if the distance from the representative
point to the subject motor vehicle is equal to or lower than a predetermined distance and
the representative point is approaching the subject motor vehicle at a relative speéd equal
to or higher than a predetermined speed. If it is determined that the detection target
object is likely to collide with the subject motor vehicle, the collision prediction safety
control ECU 30 provides the active headrests 40A, 40B with activation command signals
and provides the body ECU 50 with signals for flashing the hazard flashers 60A, 60B.

[0037] The active headrest systems 40A, 40B are provided at the driver’s seat and
the navigator’s seat, respectively. The active headrest systems 40A, 40B are headrest
mechanisms mainly provided for preventing whiplashes of the moving body occupants
upon rear collision. More specifically, referring to FIG. 4, as a plate 42 in the seatback
is pressed, a headrest 46 is moved forward about a fulcrum 44. In this example
embodiment of the invention, a motor 48 is provided at the fulcrum 44, and the headrest
46 is moved forward by the motor 48 before the plate 42 is pressed, which further
enhances the occupant safety. Further, because the hazard flashers 60A, 60B are made
to flash to call attention of the driver of the motor vehicle running behind the subject
motor vehicle, the driver can take an action to avoid the collision beforehand.

[0038] As mentioned earlier, the monitoring area of the object detection apparatus 10
is not limited to behind the subject motor vehicle. For example, in the case where the
object detection apparatus 10 is adapted to monitor a given area ahead of the subject

motor vehicle, when it is determined that a detection target object is likely to collide with
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the subject motor vehicle, the object detection apparatus 10 outputs command signals for
activating an automatic seatbelt winding mechanism and pre-crash airbag devices.
Further, in the case where the object detection apparatus 10 is adapted to monitor given
areas on the both sides of the subject motor vehfcle or given areas diagonally ahead of the
subject motor vehicle on the both sides thereof, when it is determined that a detection
target object is likely to collide with the subject motor vehicle, the object detection
apparatus 10 outputs command signals for activating pre-crash side 'airbag devices and
controls the steering system of the motor vehicle to steer the motor vehicle automatically,
and forcibly. As such, no matter how the monitoring area of the object detection
apparatus 10 is directed, the collision prediction safety control is properly performed with
each monitoring area of the object detection apparatus 10.

[0039] However, in the case where the representative point is set in the manner
described above, the position of the representative point in the detection target object may
change as the relative position between the detection target object and the subject motor
vehicle changes, and this may temporarily reduce the accuracy of the above-described
collision possibility determination by the collision prediction safety control ECU 30.
FIG. 5A, FIG. 5B and FIG. 6 illustrate one example of such a phenomenon. Note that
the arrows in FIG. 5A, FIG. 5B and FIG. 6 represent the running paths of other motor
vehicle.

[0040] FIG. 5A illustrates an example where the representative point representing
other motor vehicle as a detection target object (will be referred to as “object motor
vehicle”) is set to the reflection point closest to the subject motor vehicle in a state where
the object motor vehicle approaches from behind the subject motor vehicle and then
passes through one side of the subject motor vehicle. Initially, the three reflection points
at the front of the object motor vehicle are identified, and the representative point is set to
the center reflection point among the three (Refer to the position (a) in FIG. 5A). Then,
as the object motor vehicle approaches the subject motor vehicle (from the position (b) to
the position (c) in FIG. 5A), the reflection points disappear one by one, and as a result, the

representative point is changed to the reflection point on the left end of the object motor
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vehicle. As such, as the object motor vehicle moves from the position (b) to the position
(c), the representative point shifts toward the subject motor vehicle, and this may cause
the collision prediction safety control ECU 30 to erroneously determine that the object
motor vehicle is likely to collide with the subject motor vehicle despite the fact that the
object motor vehicle is moving away from the subject motor vehicle in the lateral
direction of the subject motor vehicle.

[0041] Next, FIG. 5B illustrates an example where the object detection apparatus 10
is disposed at the front of the subject motor vehicle so as to monitor a given area ahead of
the subject motor vehicle and the representative point setting portion 20 is adapted to set
the representative point to the reﬂectioﬁ point corresponding to the gravity center or to
the reflection point located at the center. This example represents a state where the
object motor vehicle approaches the subject motor vehicle from diagonally ahead of the
subject motor vehicle and passes through the front side of the subject motor vehicle. In
this example, initially (Refer to the position (d) in FIG. SB), there is only one reflection
point at the front end of one side of the object motor vehicle and therefore the
representative point is set to this reflection pint. Then, as the object motor vehicle
approaches the subject motor vehicle (from the position (e) to the position (f) in FIG. 5B),
new reflection points appear one by one, so that the representative point is changed to the
reflection point at the center of the side of the object motor vehicle when the object motor
vehicle is at the position (¢). As such, as the object motor vehicle moves from the
position (d) to the position (€), the moving speed of the representative point temporarily
decreases, and this may cause the collision prediction safety control ECU 30 to
erroneously determine that the speed of the object motor vehicle has decreased despite
the fact that it has not.

[0042] Next, FIG. 6 illustrates an example where the position of a reflection point on
the object motor vehicle (detection target object) changes as the relative position between
the subject motor vehicle and the object motor vehicle changes. Some objects that may
become the detection target object (e.g., motor vehicles) have curved surfaces, or the like,

and therefore the reflection points on such a curved object vary depending upon the
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direction from which the radar detection is performed. Therefore, in the‘example of FIG.
6, the position of the reflection point on the object motor vehicle changes as the relative
position between the subject motor vehicle and the object motor vehicle changes. Thus,
because the representative point is set based on reflection points, if the phenomenon
illustrated in FIG. 6 occurs, the position of the representative point on the detection target
object changes.

[0043] When such a phenomenon occurs, the accuracy of the above-described
collision possibility determination by the collision prediction safety control ECU 30
decreases temporarily. If the accuracy of the collision possibility determination
decreases, the aforementioned devices and systems for occupant protection may be
activated by mistake when they do not need to be activated or they may fail to be
activated when they need to be activated.

[0044] In view of the above, when setting a representative point, the object detection
apparatus 10 of the example embodiment of the invention corrects the representative
point so as to cancel a change of the position of the representative point on the detection
target object resulting from a change in the relative position between the subject motor
vehicle and the object motor vehicle (i.e., so as to prohibit such a change of the position
of the representative point). The folloWing are example methods of the correction. (o)
If one or more of multiple reflection points on the detection target object have
disappeared, the representative point is set based on the relative position between the
reflection points befofe said reflection point or points disappeared. That is, in this case,
the representative point is set on the assumption the disappeared reflection point or poinfs
still exist. (B) If a new reflection point has been additionally identified, the
representative point is set based on the relative position between the reflection points
before the new one was added. That is, in this case, the representative point is set on the
assumption that the new reflection point does not exist. (y) Even if the relative position
between the reflection points changes, the representative point is prohibited from being
changed from one reflection point to other reflection point as long as the number of the -

reflection points is unchanged. (8) A change of the position of each reflection point on the
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detection target object resulting from a change in the relative position between the subject
motor vehicle and the detection target object is cancelled. In the case (8), for example,
the relation between a change in the relative position between the detection target object
and the subject motor vehicle and the amount that each reflection point would move as a
result of said change in the relative position (the direction in which the each reflection
point would move as a result of said change in the relative position) is determined in
advance empirically, or by simulations, or the like. Based on the determined relation, a
map or function that outputs the estimated movement amount (the estimated moving
direction) of each reflection point corresponding to the change in the relative position
between the detection target object and the subject motor vehicle may be formulated and
stored in the ROM, or the like.

[0045] It is to be noted that all the correction methods (a), (B), (v), (8) described
above are not necessarily executed. That is, only one of them may be selectively
executed, or two or more of them may be selectively executed. Such selection of the
correction methods may be based on the position and the monitoring area of the object
detection apparatus 10, the manner of collision prediction safety control executed by
systems that use the output of the object detection apparatus 10, and so on. For example,
in the case where the object detection apparatus 10 is adapted to monitor a given area
behind the subject motor vehicle, the necéssity of the correction method (c) is high, and
in the case where the object detection apparatus 10 is adapted to monitor a given area
ahead of the subject motor vehicle, the necessity of the correction method () is high.
As such, the correction methods may be selectively used as needed.

[0046] Owing to the correction mentioned above, the reprehensive point is set to a
specific point on the detection target object and then maintained at the same point even if
the relative position between the subject motor vehicle and the detection target object
changes. That is, the representative point can be output as it is regardless of the change
in the relative position between the subject motor vehicle and the detection target object.
As such, the relative movement of the detection target object can be more accurately

determined, improving the accuracy in determining the possibility of collision with the
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detection target object.

[0047] Meanwhile, in view of reducing the computation load, preferably, the
representative point setting portion 20 is adapted to perform the above-described
correction of the representative point on the condition that the position of the
representative point on the detection target point is likely to change due to a change in the
relative position between the detection target object and the subject motor vehicle, rather
than performing it unconditionally.

[0048]  For example, the representative point setting portion 20 may be adapted to
perform the correction of the representative point on the condition that the detection
target object is within a given region with respect to the subject motor vehicle, that is, on
the condition that the distance between the subject motor Véhicle and the detection target
object is equal to or shorter than a predetermined distance. This is because the position
of the representative point tends to change when the subject motor vehicle and the
detection target object pass by each other at a small interval.

[0049] Further, the representative point seiting portion 20 may be adapted to
perform the correction of the representative point on the condition that the azimuth of the
detection target object from the subject motor vehicle has changed by a predetermined
angle or larger. This is because the position of the representative point on the detection
target object tends not to change in a state where the detection target object is linearly
approaching or linearly moving away from the subject motor vehicle. Thus, for the
same purpose, the representative point setting portion 20 may alternatively be adapted to
perform the correction of the representative point on the condition that the detection
target object has been displaced by a predetermined distance or more in the lateral
direction thereof (on the condition that the detection target object has been displaced in
the direction perpendicular to an imaginary starlight line connecting the subject motor
vehicle and the detection target object).

[0050] The setting of the representative point including the above-described
correction is performed as illustrated by the flowchart of FIG. 7, for example. FIG. 7isa

flowchart indicating the flow of a control routine executed by the representative point
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setting portion 20 as a feature thereof. This control routine is repeatedly executed as
long as the reflection wave receiving portion 18 continues to input the aforementioned
reflection point data to the representative point setting portion 20. Therefore, the
control routine is finished when all the reflection points have disappeared.

[0051] In this control routine, the representative point setting portion 200 first
determines whether a condition for finishing the correction of the representative point
(will be referred to as “correction finishing condition”) is presently satisfied (step 100).
If so, the representative point setting portion 20 then sets a correction flag to 0 (step 102).
The correction finishing condition is satisfied in the following case: a reflection point
first disappears, and then, when a provisional reflection point is being set at the position
at which said reflection point was, a new actual reflection point appears near the
provisional reflection point. In short, this condition is satisfied when the disappeared
reflection point has appeared again. On the contrary, the correction finishing condition
may be regarded as being satisfied also in the following case. That is, a new reflection
point appears, and the new reflection point then disappears while it is assumed that the
new reflection point does not exist. The correction flag is a value input to a particular
region of the RAM, or the like, and indicating whether it is necessary to correct the
representative point (If the correction flag is 0, it indicates‘ that the representative point
does not need to be corrected. If the correction flag is 1, it indicates that the
representative point needs to be corrected). The correction flag is initially set to O at the
time of starting the motor vehicle or when all the reflection points have disappeared.

[0052] Subsequently, the representative point setting portion 20 performs the
above-described grouping of the obtained reflection points (step 104) and identifies the
relative positions among the reflection points grouped and records the identified relative
positions in the RAM, or the like (step 106).

[0053] After the reflection point grouping and the relative position identification
described above, the representative point setting portion 20 determines whether it is
necessary to correct the representative point (step 108). More specifically, the

representative point setting portion 20 determines that it is necessary to correct the
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representative point when a new reflection point or points have appeared, when one or
more of the existing reflection points have disappeared, and when the position of a
reflection point on the detection target object has changed. If it is necessary to correct
the representative point, the correction flag is set to 1 (step 110).

[0054] Then, the representative point setting portion 20 determines whether the
correction flag is 0 or 1 (step 112). If the correction flag is 0, the representative point
setting portion 20 sets the representative point to the reflection point closest to the subject
motor vehicle among the grouped reflection points, to the reflection point corresponding
to the gravity center among the grouped reflection points, or to the reflection point
located at the center among the grouped reflection points, after which the representative
point setting portion 20 outputs the set representative point (step 114).

[0055] On the other hand, if the correction flag is 1, the representative point setting
portion 20 performs the above-described correction of the representative point, setting the
representative point using correction methods like those described above in connection
with step 114 (step 116).

[0056] As is obvious to those skilled in the art, when only a selected one or more of
the correction methods (ct), (B), (y), and (8) are performed, the above-described control
routine may be modified as needed.

[0057] According to the object detection apparatus 10 of the example embodiment,
as such, because the representative point is set by being corrected so as to cancel a change
of the position of the representative point on the detection target object resulting from a
change in the relative position between the detection target object and the subject motor
vehicle, the relative movement of the detection target object can be more accurately
determined, which contributes to improving the accuracy of collision prediction.

[0058] While the example embodiment of the invention has been described above,
the invention is not limited in any way be the example embodiment presented. That is,
the invention is intended to cover various modifications and equivalent arrangements
within the scope and sprit of the invention.

[0059] For example, while a millimeter radar device is used as the object detection
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apparatus 10 in the foregoing example embodiment, the object detection apparatus 10
may be selected from among various other radar devices as the main component of the
system.

[0060] Further, while the collision prediction safety control ECU 30 is used in the
foregoing example embodiment of the invention, various other ECUs may be
incorporated to control the motor vehicle using the output of the object detection
apparatus 10.

[0061] The invention may be applicable to the filed of automobile manufacturing,
the field of automotive part manufacturing, and the like.

[006Zj While the invention has been described with reference to example
embodiments thereof, it should be understood that the invention is not limited to the
example embodiments or constructions. To the contrary, the invention is intended to
cover various modifications and equivalent arrangements. In addition, while the various
elements of .the example embodiments are shown in various combinations and
configurations, which are example, other combinations and configurations, including

more, less or only a single element, are also within the spirit and scope of the invention.
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CLAIMS

1. An object detection apparatus provided in a moving body and having: electromagnetic
wave radiating-receiving means for radiating an electromagnetic wave and receiving a
reflection wave of the radiated electromagnetic wave;

reflection point identifying means for identifying, based on data regarding the reflection
wave received by the electromagnetic wave radiating-receiving means, a reflection point
on a detection target object at which the radiated electromagnetic wave was reflected; and

representative point setting means for setting a representative point representing the
position of the detection target object based on the reflection point identified by the
reflection point identifying means, the object detection apparatus being adapted to output
data regarding the set representative point,

the object detection apparatus being characterized in that

the representative point setting means performs a correction for prohibiting or
minimizing a change of the position of the representative point in the detection target
object which.occurs as a result of a change in a relative position between the detection

target object and the moving body.

2. The object detection apparatus according to claim 1, wherein the representative point
setting means corrects, when a reflection point has been newly identified by the reflection
point identifying means as a result of the change in the relative position between the
detection target object and the moving body, the representative point on the assumption
that the newly identified reflection point does not exist while correcting, when one of
reflection points identified by the reflection point identifying means has disappeared as a
result of the change in the relative position between the detection target object and the
moving body, the representative point on the assumption that the disappeared reflection

point still exists.
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3. The object detection apparatus according to claim 1, wherein the representative point
setting means corrects, when one of reflection points identified by the reflection point
identifying means has disappeared as a result of the change in the relative position between
the detection target object and the moving body, the representative point on the assumption

that the disappeared reflection point still exists.

4. The object detection apparatus according to claim 3, wherein the object detection

apparatus is adapted to monitor a given area behind the moving body.

5. The object detection apparatus according to claim 1, wherein the representative point
setting means corrects, when a reflection point has been newly identified by the reflection
point identifying means as a result of a change in the relative position between the
detection target object and the moving body, the representative point on the assumption

that the newly identified reflection point does not exist.

6. The object detection apparatus according to claim 5, wherein the object detection

apparatus is adapted to monitor a given area ahead of the moving body.

7. The object detection apparatus according to claim 1, wherein:

the representative point setting means selects one of reflection points identified by the
reflection point identifying means using a given selection method and sets the
representative point to the selected reflection point; and

the representative point setting means prohibits or minimizes a change of the
representative point from the selected reflection point to other reflection point which
occurs as a result of the change in the relative position between the detection target object

and the moving body.

8. The object detection apparatus according to any one of claims 1 to 7, wherein the

representative point setting means prohibits or minimizes a change of the position of the
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reflection point identified by the reflection point identifying means on the detection target
object from being changed as a result of the change in the relative position between the

detection target object and the moving body.

9. The object detection apparatus according to claim 8, wherein the representative point
setting means estimates a movement amount of the reflection point as a result of the
change in the relative position between the detection target point and the moving body, and
prohibits or minimizes a change of the position of the reflection point from being changed,

based on the estimated movement amount of the reflection point.

10. The object detection apparatus according to any one of claims 1 to 9, wherein the
representative point setting means performs the correction on the condition that the
position of the representative point on the detection target object is likely to change as a
result of the change in the relative position between the detection target object and the

moving body.

11. The object detection apparatus according to any one of claims 1 to 10, wherein the
representative point setting means performs the correction on the condition that the
detection target object is located in a predetermined region with respect to the moving

body.

12. The object detection apparatus according to any one of claims 1 to 11, wherein the
representative point setting means performs the correction on the condition that the
azimuth of the detection target object from the moving body has shifted by a

predetermined angle or larger.

13. The object detection apparatus according to any one of claims 1 to 12, wherein the
representative point setting means performs the correction on the condition that the

detection target object has been displaced by a predetermined distance or more in the

22



WO 2008/146145 PCT/IB2008/001365

direction perpendicular to an imaginary straight line connecting the moving body and the

detection target object.

14. The object detection apparatus according to any one of claims 1 to 13, wherein:
the moving body is motor vehicle; and

the detection target object is other motor vehicle.
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