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(57) ABSTRACT

A disclosed control apparatus used for a host vehicle
includes a radar apparatus, a control execution part config-
ured to perform a predetermined control to reduce a prob-
ability of a collision between the object and the host vehicle
based on information about the object from the radar appa-
ratus; and a prevention part configured to prevent the
predetermined control related to a first object when the radar
apparatus simultaneously detects the first object and a sec-
ond object at different distances and a difference between a
lateral position of the first object and the lateral position of
the second object is smaller than a predetermined value, the
first object being closer to the host vehicle than the second
object, the lateral position being determined in a lateral
direction with respect to a traveling direction of the host
vehicle.
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FIG.4
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1
CONTROL APPARATUS FOR VEHICLE

CROSS REFERENCE TO RELATED
APPLICATION

The present application is based on and claims the benefit
of priority of Japanese Priority Application No. 2015-
101201, filed on May 18, 2015, the entire contents of which
are hereby incorporated by reference.

FIELD

The disclosure is related to a control apparatus used for a
host vehicle.

BACKGROUND

When a radar apparatus detects an upper object under
which a vehicle can pass through, such as a pedestrian
bridge, or an on-road object above which a vehicle can pass
through without any trouble, such as a lid of a manhole,
there may be probability that alarm control or deceleration
control is performed uselessly if such an object is regarded
as an obstacle. In order to reduce such a probability, Japa-
nese Laid-open Patent Publication No. 2014-6071 discloses
an apparatus that calculates power of received waves and a
distance from a radar apparatus to an object based on an
output of the radar apparatus, calculates a correlation coef-
ficient between the power and the distance, and determines
that the object detected by the radar apparatus is an upper
object under which a vehicle can pass through upon the
calculated correlation coefficient falling within a predeter-
mined range.

In the case of an upper object (merely referred to as “an
upper object”, hereinafter) under which a vehicle can pass
through, such a trend can be seen that the power of the
received waves at the radar apparatus decreases as the
distance between a host vehicle and the object decreases. On
the other hand, the trend does not easily appear in the case
where the object is not an upper object. Japanese Laid-open
Patent Publication No. 2014-6071 utilizes such findings to
determine whether the object is an upper object. However,
the upper object may have various shapes, sizes, etc., and
thus there may be objects that cannot be determined as upper
objects, depending on the shapes, etc., of the objects.

Determining an object (also referred to as “passable
object”, hereinafter) through which the host vehicle can pass
as an obstacle, which may cause an execution of control
(also referred to as “predetermined control”, hereinafter) for
reducing the collision probability between an obstacle and
the host vehicle, such as an alarm control, a deceleration
control, and a stop control, becomes problematic when the
radar apparatus simultaneously detects two objects (i.e., a
first object and a second object) with different distances and
one of the objects, which is closer to the host vehicle, is the
passable object. This is because, when the predetermined
control is executed uselessly in a situation where there is an
obstacle such as a preceding vehicle ahead of a passable
object, a driver may believe that the predetermined control
is executed with respect to the obstacle and thus may not
believe that the predetermined control is executed in error.
In this case, the driver may easily feel strange because the
obstacle exists at the position where the predetermined
control is not executed in a normal state. On the other hand,
in a situation where there is not an obstacle and only the
passable object exists, the driver may easily understand that
the predetermined control is executed in error. Further, in a
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situation where there is the passable object ahead of the
obstacle, the predetermined control is to be executed with
respect to the obstacle prior to the passable object, which is
not problematic.

Therefore, an object of the disclosure is to reduce a
probability of execution of a predetermined control for
reducing a probability of a collision with respect to a
passable object in a situation where a first object and a
second object are detected simultaneously by a radar appa-
ratus and the first object, which is closer to a host vehicle
than the second object, is a passable object.

SUMMARY

According to one aspect of the disclosure, a control
apparatus used for a host vehicle is provided, which
includes:

a radar apparatus configured to detect an object near the
host vehicle;

a control execution part configured to perform a prede-
termined control to reduce a probability of a collision
between the object and the host vehicle based on informa-
tion about the object from the radar apparatus; and

a prevention part configured to prevent the predetermined
control related to a first object when the radar apparatus
simultaneously detects the first object and a second object at
different distances and a difference between a lateral posi-
tion of the first object and the lateral position of the second
object is smaller than a predetermined value, the first object
being closer to the host vehicle than the second object, the
lateral position being determined in a lateral direction with
respect to a traveling direction of the host vehicle.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram illustrating a vehicle system to which
a control apparatus used for a host vehicle according to an
embodiment is applied.

FIG. 2 is a diagram describing a lateral position in a
schematic plan view.

FIG. 3A is a diagram schematically illustrating an
example of a scene in which a radar apparatus 50 simulta-
neously detects two objects at different distances.

FIG. 3B is a diagram schematically illustrating another
example of a scene in which a radar apparatus 50 simulta-
neously detects two objects at different distances.

FIG. 3C is a diagram schematically illustrating yet
another example of a scene in which a radar apparatus 50
simultaneously detects two objects at different distances.

FIG. 4 is a flowchart illustrating an example of a process
executed by a control device 10.

FIG. 5 is a flowchart illustrating an example of a process
executed by an object detection result process part 100.

FIG. 6 is a diagram illustrating an example of object
information.

FIG. 7 is a flowchart illustrating an example of a process
executed by a prevention part 120.

FIG. 8 is a flowchart illustrating an example of a process
executed by a collision prediction time calculation part 12.

FIG. 9 is a flowchart illustrating an example of a process
executed by an alarm control execution part 14.

FIG. 10 is a flowchart illustrating an example of a process
executed by a brake control execution part 16.

DESCRIPTION OF EMBODIMENTS

In the following, the best mode for carrying out the
present invention will be described in detail by referring to
the accompanying drawings.
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FIG. 1 is a diagram illustrating a vehicle system 1 to
which a control apparatus used for a host vehicle according
to an embodiment is applied. The vehicle system 1 includes
a control device 10, an alarm output apparatus 20, a brake
apparatus 30, vehicle wheel speed sensors 40 and a radar
apparatus 50. The control device 10 and the radar apparatus
50 form an example of a control apparatus used for a host
vehicle.

The control device 10 includes a computer. The control
device 10 is coupled to the alarm output apparatus 20, the
brake apparatus 30, the vehicle wheel speed sensors 40 and
the radar apparatus 50.

The alarm output apparatus 20 outputs the alarm with a
sound and/or an image. The alarm output apparatus 20
includes a buzzer, a display, etc.

The brake apparatus 30 includes an ECU (Electronic
Control Unit) (not illustrated) and an oil hydraulic circuit
(not illustrated). The brake apparatus 30 generates a brake
force according to an automatic braking demand from the
control device 10. The oil hydraulic circuit of the brake
apparatus 30 is configured to be capable of performing an
automatic brake control. For example, the oil hydraulic
circuit of the brake apparatus 30 includes a pump and an
accumulator to generate high pressure oil. At the time of the
automatic brake control, valves such as a master cylinder cut
solenoid valve, the pump, etc., are controlled to increase
wheel cylinder pressures of wheel cylinders. Further, the oil
hydraulic circuit of the brake apparatus 30 may be equal to
a configuration that is used for a brake by wire system such
as an ECB (Electric Control Braking).

The vehicle wheel speed sensors 40 detect rotational
speed of the respective wheels. The vehicle wheel speed
sensors 40 each are provided for the respective wheels, for
example.

The radar apparatus 50 detects information representing a
relationship between an object ahead of a host vehicle and
the host vehicle. For example, the radar apparatus 50 emits
a scanning detection wave to detect a state of the object in
front of the host vehicle. An electric wave (millimeter wave,
for example), a light wave (laser, for example) or an
ultrasonic wave may be used as a detection wave. The radar
apparatus 50 detects information which represents a rela-
tionship between the object and the host vehicle such as a
relative speed, a distance and a lateral position with respect
to the host vehicle, for example, at a predetermined cycle. It
is noted that the lateral position is based on a traveling
direction of the host vehicle, as conceptually illustrated in
FIG. 2. The lateral position corresponds to a distance xL.
between a position of the object the radar apparatus 50
detects and a position of an intersection of a normal to the
traveling direction of the host vehicle from the position of
the object. However, the lateral position can be expressed by
an angle between a direction of a line from the position of
the object to the host vehicle and the traveling direction of
the host vehicle. In the following, the lateral position is a
distance [m] in a lateral direction based on a traveling
direction of the host vehicle, and a positive direction and a
negative direction of a sign of the distance correspond to the
right side and left side, respectively. The information that
represents the relationship between the object and the host
vehicle is transmitted to the control device 10 at a prede-
termined cycle. It is noted that any functions of the radar
apparatus 50 (a function of calculating the position of the
object, for example) may be implemented by the control
device 10.
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The control device 10 includes an object detection result
process part 100, a control execution part 110, and a pre-
vention part 120.

The object detection result process part 100 processes a
detection result of the radar apparatus 50. It is noted that a
part of or all of the functions of the object detection result
process part 100 may be included in the radar apparatus 50.
The process result of the object detection result process part
100 is used in the control execution part 110 and the
prevention part 120. The process of the object detection
result process part 100 is described hereinafter.

The control execution part 110 includes a collision pre-
diction time calculation part 12, an alarm control execution
part 14, and a brake control execution part 16.

The collision prediction time calculation part 12 calcu-
lates a collision prediction time of a collision between the
object and the host vehicle based on the information (i.e., the
distance and the relative speed between the object and the
host vehicle) obtained from the radar apparatus 50. The
collision prediction time is to a TTC (Time to Collision) that
corresponds to the time left before the collision of the host
vehicle with the object. The TTC may be derived by dividing
the distance to the object by the relative speed with respect
to the object.

The alarm control execution part 14 controls the alarm
output apparatus 20. The alarm control execution part 14
performs an alarm control when the TTC is less than or equal
to a first threshold Th1. The alarm control outputs the alarm
via the alarm output apparatus 20.

The brake control execution part 16 controls the brake
apparatus 30. The brake control execution part 16 executes
automatic bake control upon the TTC being less than or
equal to a second threshold Th2. The second threshold Th2
may be the same as the first threshold Thl; however,
preferably, the second threshold Th2 is smaller than the first
threshold Thl. For example, the automatic bake control
increases the wheel cylinder pressures of the wheel cylinders
under a situation where an operation of a brake pedal (not
illustrated) is not performed by the driver or an operated
stroke of the brake pedal is smaller than a predetermined
threshold. The brake control execution part 16 outputs an
automatic bake control demand to the brake apparatus 30
upon the TTC being less than or equal to the second
threshold Th2.

The prevention part 120 prevents the control (i.e., the
alarm control and the automatic brake control) of the control
execution part 110 related to a first object when the radar
apparatus simultaneously detects the first object and a sec-
ond object at different distances and a difference (absolute
value) between a lateral position of the first object and the
lateral position of the second object is smaller than a
predetermined value. In this case, the first object is closer to
the host vehicle than the second object. This is because, as
described with reference to FIG. 3 hereinafter, when such a
condition is met, a probability that the first object is an object
(also referred to as “passable object”, hereinafter) through
which the host vehicle can pass is high.

FIG. 3A through FIG. 3C are diagrams schematically
illustrating examples of a scene in which the radar apparatus
50 simultaneously detects two objects at different distances.
FIG. 3A through FIG. 3C are diagrams schematically illus-
trating states on a road, viewed from a side of the host
vehicle, and in a cross-sectional view along the traveling
direction of the host vehicle (however, the host vehicle and
preceding vehicles are not illustrated in a cross-sectional
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view). Thus, the preceding vehicles and a metal plate
illustrated in FIG. 3A through FIG. 3C exist on a traveling
lane of the host vehicle.

In FIG. 3A, such a scene is illustrated in which there is a
tunnel, which is an example of an upper object having a
passable space therein, and the preceding vehicle travels in
the tunnel. In such a scene, there may be a case where the
tunnel and the preceding vehicle are detected as objects
simultaneously by the radar apparatus 50. This is because
the detection wave of the radar apparatus 50 has a spread to
some degree in nature, which causes the tunnel, which is not
an object to be detected, to be detected as an object. In FIG.
3 A, the detection wave W2 with which the preceding vehicle
is detected and the detection wave W1 with which the tunnel
is detected are schematically illustrated. It is noted that the
preceding vehicle is detected because there is a detection
wave, such as the detection wave W2, that can travel in the
tunnel. Thus, such a scene causes an increased probability
that two objects (i.e., the tunnel and the preceding vehicle)
at different distances are detected though the difference D1
(absolute value) in even the lateral position (LP1, LP2)
between these two objects is small.

In FIG. 3B, such a scene is illustrated in which there is a
metal plate (a metal plate provided at a joint point between
road elements, for example) ahead of the host vehicle, and
the preceding vehicle travels ahead of the metal plate. The
metal plate is an example of an upper object having a
passable space thereon (i.e., an object on a road whose
height with respect to the road is not substantial). In such a
scene, there may be a case where the metal plate and the
preceding vehicle are detected as objects simultaneously by
the radar apparatus 50. This is because the detection wave of
the radar apparatus 50 has a spread to some degree in nature,
which causes the metal plate, which is not an object to be
detected, to be detected as an object. In FIG. 3B, the
detection wave W2 with which the preceding vehicle is
detected and the detection wave W3 with which the metal
plate is detected are schematically illustrated. It is noted that
the preceding vehicle is detected because there is a detection
wave, such as the detection wave W2, that can travel above
the metal plate. Thus, such a scene causes an increased
probability that two objects (i.e., the metal plate and the
preceding vehicle) at different distances are detected even
though the difference D2 (absolute value) in the lateral
position (LP2, LP3) between these two objects is small.

In FIG. 3C, such a scene is illustrated in which the first
preceding vehicle P1 travels ahead of the host vehicle, and
the second preceding vehicle P2 travels ahead of the first
preceding vehicle P1. In such a scene, the probability that
the first preceding vehicle P1 and the second preceding
vehicle P2 are detected simultaneously as objects is low.
This is because the detection wave of the radar apparatus 50
is blocked by the first preceding vehicle P1 and thus does not
easily reach the second preceding vehicle P2. Further, even
if the detection wave reaches the second preceding vehicle
P2, the reflection wave thereof is blocked by the first
preceding vehicle P1 and thus does not easily reach the radar
apparatus 50 of the host vehicle. Thus, such a scene does not
cause an increased probability that two objects (i.e., the first
preceding vehicle P1 and the second preceding vehicle P2)
at different distances are detected even though the difference
(absolute value) in the lateral position between these two
objects is small.

According to the embodiment, as described above, the
prevention part 120 prevents the alarm control and the
automatic brake control of the control execution part 110
related to the first object, which is closer to the host vehicle
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than the second object, when the radar apparatus 50 simul-
taneously detects the first object and the second object at
different distances and a difference (absolute value) between
a lateral position of the first object and the lateral position of
the second object is smaller than a predetermined value.
With this arrangement, it becomes possible to reduce the
probability that the alarm control and the automatic brake
control are performed with respect to the passable object that
is detected by the radar apparatus 50. Specifically, it
becomes possible to reduce the probability that the alarm
control and the automatic brake control are performed with
respect to the passable object such as the upper object whose
lower portion has the passable space as illustrated in FIG.
3A, and the on-road object having the passable space
thereon as illustrated in FIG. 3B.

Next, with reference to FIG. 4 through FIG. 10, an
example of an operation of the control apparatus is
described.

FIG. 4 is a flowchart illustrating an example of a process
executed by the control device 10. The process illustrated in
FIG. 4 is performed at a predetermined cycle.

In step S5, the object detection result process part 100 of
the control device 10 performs an object detection result
process to process the detection result of the radar apparatus
50. The object detection result process is described herein-
after.

In step S7, the prevention part 120 of the control device
10 performs a passable object determination process based
on the process result of the object detection result process
part 100. The passable object determination process is
described hereinafter.

In step S8, the collision prediction time calculation part 12
of'the control device 10 performs a collision prediction time
calculation process based on the process result of the object
detection result process part 100. The collision prediction
time calculation process is described hereinafter.

In step S9, the alarm control execution part 14 of the
control device 10 performs an alarm control process based
on the process result of the prevention part 120 and the
process result of the collision prediction time calculation
part 12. The alarm control process is described hereinafter.

In step S10, the brake control execution part 16 of the
control device 10 performs a brake control process based on
the process result of the prevention part 120 and the process
result of the collision prediction time calculation part 12.
The brake control process is described hereinafter.

FIG. 5 is a flowchart illustrating an example of a process
executed by the object detection result process part 100. The
process in FIG. 5 is executed as the process of step S5 in
FIG. 4.

In step S502, the object detection result process part 100
reads the latest detection result of the radar apparatus 50.

In step S504, the object detection result process part 100
identifies the object to be monitored based on the read
detection result of the radar apparatus 50. The object to be
monitored is an object that has a probability of collision with
the host vehicle. For example, the object to be monitored is
identified by removing reflection points related to noise, etc.
Further, the object to be monitored has the lateral position
within a first predetermined range D1. The first predeter-
mined range D1 is greater than minus [} [m] and smaller than
P, for example. The first predetermined range D1 covers the
possible lateral positions of the objects that have the prob-
ability of the collision with the host vehicle, and may be
adapted by the experiments, etc. In the following, the
identified object to be monitored is merely referred to as “an
object”.
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In step S506, the object detection result process part 100
determines an attribute of the object based on the detection
result of the radar apparatus 50. The attribute of the object
is whether the object is a vehicle, and whether the object is
stationary. Whether the object is a vehicle can be determined
based on a length (in the traveling direction) of a group of
the reflection points, etc., for example. For example, the
object detection result process part 100 determines that the
object is a vehicle when the length of the group of the
reflection points is greater than or equal to a predetermined
length. This is because the detection wave can travel below
the vehicle to be reflected at a bottom surface of the vehicle,
which causes a tendency that the length of the group of the
reflection points corresponds to the length of the vehicle.
Whether the object is stationary can be determined based on
whether a state in which the relative speed and the vehicle
speed of the host vehicle are substantially the same contin-
ues. This is because the relative speed with respect to the
stationary object tends to be substantially the same as the
vehicle speed of the host vehicle continuously. It is noted
that if no object is detected in step S504, the process of step
S506 is omitted.

In step S508, the object detection result process part 100
generates object information based on the results of step
S502 through step S506 to store the generated object infor-
mation. The object information includes such information
illustrated in FIG. 6, for example. In this example, the object
detection result process part 100, when a plurality of objects
are detected, allocates object numbers k (=1, 2, . . . ) to the
detected objects in such order that the object whose distance
is smaller is given the lower object number. Further, the
object detection result process part 100 associates the object
number with the information of the object including the
distance, the relative speed, the lateral position and the
attribute of the object. It is noted that the distance used to
allocate the object numbers is the distance detected by the
radar apparatus 50 or the distance toward the position of the
intersection of the normal to the traveling direction of the
host vehicle from the position of the object, for example. It
is noted that if no object is detected in step S504, the process
of step S508 is omitted.

In step S510, the object detection result process part 100
determines whether there is a change in the object whose
distance is the smallest (i.e., the object whose object number
is 1). Such a change includes a case where the object whose
distance is the smallest disappears (i.e., the object is lost by
the radar apparatus 50), a case where another object
becomes closest to the host vehicle, etc. If it is determined
that there is a change in the object whose distance is the
smallest, the process routine goes to step S512, otherwise
the process routine goes to step S514. It is noted that if no
object is detected in step S504, the process routine goes to
step S514.

In step S512, the object detection result process part 100
sets a new object flag to “1”. An initial value of the new
object flag is “0”.

In step S514, the object detection result process part 100
resets the new object flag to “0”.

FIG. 7 is a flowchart illustrating an example of a process
executed by the prevention part 120. The process in FIG. 7
is executed as the process of step S7 in FIG. 4.

In step S700, the prevention part 120 reads the object
information generated by the object detection result process
part 100.

In step S701, the prevention part 120 determines whether
a passable object flag is “0”. An initial value of the passable
object flag is “0”. As described hereinafter, when the pass-
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8

able object flag is “1”, the control (i.e., the alarm control and
the automatic brake control) by the control execution part
110 is prevented. If it is determined that the passable object
flag is “0”, the process routine goes to step S702, otherwise
the process routine goes to step S716.

In step S702, the prevention part 120 determines, based
on the object information, whether two or more objects are
detected. If it is determined that two or more objects are
detected, the process routine goes to step S704, otherwise
the process routine directly ends.

In step S704, the prevention part 120 determines, based
on the object information, whether the object whose object
number is 1 (i.e., the object closest to the host vehicle) is
other than the vehicle and stationary. If it is determined that
the object whose object number is 1 is other than the vehicle
and stationary, the process routine goes to step S706, oth-
erwise the process routine directly ends.

In step S706, the prevention part 120 increments a value
i (whose initial value is 1) by 1.

In step S708, the prevention part 120 determines whether
the value i is less than or equal to the number of the detected
objects (i.e., the maximum number of the object number k).
If it is determined that the value i is less than or equal to the
number of the detected objects, the process routine goes to
step S710, otherwise the process routine directly ends.

In step S710, the prevention part 120 selects the object
whose object number is i.

In step S712, the prevention part 120 determines, based
on the object information, whether the difference (absolute
value) between the lateral position of the selected object and
the lateral position of the object of the object number 1 is
smaller than a predetermined threshold o [m]. In the fol-
lowing, the difference (absolute value) between the lateral
position of the selected object and the lateral position of the
object whose the object number is 1 is merely referred to as
“a lateral position difference”. The predetermined threshold
a corresponds to the maximum value of a range in which the
lateral position difference could change when the object
travels on the same lane as the host vehicle. The predeter-
mined threshold o may be adapted by the experiments, etc.
If it is determined that the lateral position difference is
smaller than the predetermined threshold a., the process goes
to step S714, otherwise the process goes to step S706. In this
way, until i becomes equal to N+1 or the determination result
of step S712 becomes “YES”, the process from step S706
through 712 is repeated.

In step S714, the prevention part 120 determines that the
object whose object number is 1 is the passable object to set
the passable object flag to “1”.

In step S716, the prevention part 120 determines whether
the new object flag is “1”. The new object flag being “1”
means that there is a change in the object whose object
number is 1, as described above (see “YES” in step S510).
If it is determined that the new object flag is “1”, the process
routine goes to step 718.

In step S718, the prevention part 120 resets the passable
object flag to “0”. After the process of step S718, the process
from step S702 is executed.

According to the process illustrated in FIG. 7, the pre-
vention part 120 sets the passable object flag to “1” (step
S714) when the radar apparatus 50 detects the object whose
object number is 1 and another object at different distances
simultaneously (“YES” in step S702) and the difference
between the lateral positions of these two objects (i.e., the
lateral position difference) is smaller than the predetermined
threshold o (“YES” in step S712). Thus, it becomes possible
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to increase the probability of setting the passable object flag
to “1” with respect to the passable object detected by the
radar apparatus 50.

Further, according to the process illustrated in FIG. 7, the
prevention part 120 sets the passable object flag to “1” under
a condition where it is determined that the object whose
object number is 1 is other than the vehicle and stationary.
This is because there is a high probability that it is deter-
mined that the passable object detected by the radar appa-
ratus 50 is other than the vehicle and stationary. Thus, it
becomes possible to further increase the probability of
setting the passable object flag to “1” with respect to the
passable object detected by the radar apparatus 50.

FIG. 8 is a flowchart illustrating an example of a process
executed by a collision prediction time calculation part 12.
The process in FIG. 8 is executed as the process of step S8
in FIG. 4.

In step S800, the collision prediction time calculation part
12 reads the object information generated by the object
detection result process part 100.

In step S802, the collision prediction time calculation part
12 determines, based on the object information, whether any
object is detected. If it is determined that some object is
detected, the process routine goes to step S804, otherwise
the process routine directly ends. It is noted that when no
object is detected, the collision prediction time calculation
part 12 sets the TTC to an invalid value (“NULL”) and stores
the TTC of the invalid value.

In step S804, the collision prediction time calculation part
12 calculates, based on the object information, the TTC with
respect to the object whose object number is 1. The collision
prediction time calculation part 12 stores the calculated
TTC.

FIG. 9 is a flowchart illustrating an example of an alarm
control process executed by the alarm control execution part
14. The process in FIG. 9 is executed as the process of step
S9 in FIG. 4.

In step S900, the alarm control execution part 14 reads the
TTC.

In step S902, the alarm control execution part 14 deter-
mines whether the passable object flag is “0”. If it is
determined that the passable object flag is “0”, the process
routine goes to step S904, otherwise the process routine
directly ends.

In step S904, the alarm control execution part 14 deter-
mines whether the TTC is less than or equal to a first
threshold Thl. If it is determined that the TTC is less than
or equal to the first threshold Thl, the process routine goes
to step S906, otherwise the process routine ends directly. It
is noted that if the TTC is the invalid value (see “NO” in step
S802 in FIG. 8), the process routine ends directly.

In step S906, the alarm control execution part 14 performs
the alarm control.

According to the process illustrated in FIG. 9, the alarm
control execution part 14 performs the alarm control when
the TTC is less than or equal to the first predetermined
threshold Thl and the passable object flag is “0”. Thus, it
becomes possible to increase the probability of preventing
the alarm control with respect to the passable object detected
by the radar apparatus 50.

FIG. 10 is a flowchart illustrating an example of a brake
control process executed by the brake control execution part
16. The process in FIG. 10 is executed as the process of step
S10 in FIG. 4.

In step S1000, the brake control execution part 16 reads
the TTC.
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In step S1002, the prevention part 16 determines whether
the passable object flag is “0”. If it is determined that the
passable object flag is “0”, the process routine goes to step
S1004, otherwise the process routine directly ends.

In step S1004, the brake control execution part 16 deter-
mines whether the TTC is less than or equal to a second
threshold Th2. If it is determined that the TTC is less than
or equal to the second threshold Th2, the process routine
goes to step S1006, otherwise the process routine ends
directly. It is noted that if the TTC is the invalid value (see
“NO” in step S802 in FIG. 8), the process routine ends
directly.

In step S1006, the brake control execution part 16 per-
forms the automatic brake control.

According to the process illustrated in FIG. 10, the brake
control execution part 16 performs the automatic brake
control when the TTC is less than or equal to the second
predetermined threshold Th2 and the passable object flag is
“0”. Thus, it becomes possible to increase the probability of
preventing the automatic brake control with respect to the
passable object detected by the radar apparatus 50.

It is noted that the passable object such as the tunnel and
the metal plate described above is easily detected by the
radar apparatus 50 when the distance of the passable object
is relatively long. This is because the spread of the detection
wave in the height direction is small at the near distance,
which makes it difficult to detect the passable object with the
radar apparatus 50. When the host vehicle travels at high
speed, the TTC becomes relatively small even with respect
to the relatively farther object, which causes the alarm
control, etc., to be easily executed. Thus, the embodiment
effectively works when the host vehicle travels at high
speed, in particular.

The present invention is disclosed with reference to the
preferred embodiments. However, it should be understood
that the present invention is not limited to the above-
described embodiments, and variations and modifications
may be made without departing from the scope of the
present invention.

For example, according to the process illustrated in FIG.
7, In step S712, the prevention part 120 determines, based on
the object information, whether the difference (absolute
value) between the lateral position of the selected object and
the lateral position of the object of the object number 1 is
smaller than the predetermined threshold a. However, the
prevention part 120 may determine, based on the object
information, whether the lateral position of the selected
object and the lateral position of the object of the object
number 1 are respectively within a second predetermined
range D2. This is because when the lateral position of the
selected object and the lateral position of the object of the
object number 1 are respectively within the second prede-
termined range D2, it can be determined that the difference
(absolute value) between the lateral position of the selected
object and the lateral position of the object of the object
number 1 is smaller than a predetermined value. The second
predetermined range D2 may be slightly narrower than the
first predetermined range D1 (see step S504) or the same as
the first predetermined range D1. It is noted that, if the first
predetermined range D1 (see step S504) is the same as the
second predetermined range D2, the processes of step S706
through step S712 may be omitted.

Further, in the embodiment described above, the prede-
termined threshold o may be determined based on road
width information (obtained from a navigation apparatus,
for example) of the traveling lane of the host vehicle as such
a=w-Aw, for example. In this case, w [m] is the width of the
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travelling lane, and Aw [m] is about 1.5 times of a value that
corresponds to the width of the vehicle.

Further, according to the process illustrated in FIG. 7, the
prevention part 120 sets the passable object flag to “1”, using
an additional condition (“AND” condition) that the object
whose object number is 1 is other than the vehicle and
stationary. However, such an additional condition may be
omitted. Alternatively, a part of such an additional condition
may be omitted. Specifically, the prevention part 120 may
set the passable object flag to “1”, using an additional
condition that the object whose object number is 1 is other
than the vehicle, or using an additional condition that the
object whose object number is 1 is stationary. Further,
reversely, the prevention part 120 may set the passable
object flag to “1” upon another additional condition being
met. For example, another additional condition may be such
that it is determined, using such a way as disclosed in
Japanese Laid-open Patent Publication No. 2014-6071, for
example, that the object is an upper object.

Further, as a variant for the process illustrated in FIG. 7,
in step S712, the prevention part 120 may determine whether
the lateral position difference is smaller than the predeter-
mined threshold a and the distance of the selected object is
greater than that of the object whose object number is 1 by
a value greater than or equal to a predetermined threshold y.
If it is determined that the lateral position difference is
smaller than the predetermined threshold a and the distance
of'the selected object is greater than that of the object whose
object number is 1 by the value greater than or equal to the
predetermined threshold v, the process routine goes to step
S714, otherwise the process routine returns to step S706.
This is because when the lateral position difference is
smaller than the predetermined threshold a and the distance
of the selected object is near that of the object whose object
number is 1, there is a probability that these two objects are
the same object. In this case, for example, the predetermined
threshold y may be set to a value that is longer than the
length of the vehicle.

Further, according to the embodiment described above,
the alarm control execution part 14 and the brake control
execution part 16 are provided; however, the brake control
execution part 16 may be omitted, for example. In this case,
the process illustrated in FIG. 10 is not executed, and only
the alarm control is prevented when the passable object flag
is “17.

Further, according to the embodiment described above,
when the passable object flag is “1”, the automatic brake
control and the alarm control are completely prevented;
however, when the passable object flag is “1”, the automatic
brake control and the alarm control may be partly prevented.
For example, when the passable object flag is “1”, the first
threshold Th1l may be corrected to a smaller value. In this
case, the automatic brake control is prevented during a
period from a timing when the TTC is less than or equal to
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the pre-correction first threshold Thl to a timing when the
TTC is less than or equal to the corrected first threshold Th1.
The second threshold Th2 may be corrected similarly.

Further, in the embodiment described above, the tunnel is
described as an example of an upper object that has a lower
space through which the vehicle can pass: however, other
examples of the upper object may include a road sign, a sign
plate, and a pedestrian bridge. Further, in the embodiment
described above, the metal plate (a metal plate provided at
a joint point between road elements, for example) is
described as an example of an on-road object on which the
vehicle can pass through: however, other examples of the
on-road object may include a manhole, a falling object
(without substantial height), etc.

What is claimed is:

1. A control apparatus used for a host vehicle, comprising:

a radar apparatus configured to detect an object near the

host vehicle; and

a controller configured to

perform a predetermined control to reduce a probability of

a collision between the object and the host vehicle
based on information about the object from the radar
apparatus; and

prevent alarm control and automatic brake control in

response to the radar apparatus simultaneously detect-
ing a first object and a second object at different
distances from the host vehicle in a traveling direction
of the host vehicle, the first object being other than a
vehicle and stationary, and a difference between a
transverse position of the first object and the transverse
position of the second object being smaller than a
predetermined value, the first object being closer to the
host vehicle than the second object, the transverse
position being determined in a transverse direction that
is perpendicular to the traveling direction of the host
vehicle.

2. The control apparatus of claim 1, wherein the controller
is configured to prevent the predetermined control when the
radar apparatus simultaneously detects the first object and
the second object at different distances, the difference is
smaller than the predetermined value, and the first object is
a stationary object.

3. The control apparatus of claim 1, wherein the prede-
termined control includes at least one of an automatic brake
control for automatically applying a brake force to the host
vehicle, and an alarm control for outputting an alarm.

4. The control apparatus of claim 1, wherein

the predetermined value is set to be smaller than a

possible maximum difference in a transverse position
between two objects on the same lane.

5. The control apparatus of claim 1, wherein the trans-
verse direction is an up-down direction.

#* #* #* #* #*



