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A control device detects a first vehicle traveling 1n front of

an own vehicle using a front looking radar device, and
detects a second vehicle which 1s predicted to cut 1n between

the own vehicle and the first vehicle using the front looking
radar device and/or front-side looking radar devices. The
control device calculates a first target acceleration required
for the own vehicle to maintain an inter-vehicle distance
between the own vehicle and the first vehicle at a first set
inter-vehicle distance; and calculates a second target accel-

eration required for the own vehicle to maintain an inter-
vehicle distance between the own vehicle and the second
vehicle at a second set inter-vehicle distance. The control

device selects either the first target acceleration or the
second target acceleration and controls the own vehicle 1n
such a manner that an actual acceleration of the own vehicle
becomes closer to the mediated target acceleration.
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VEHICLE TRAVELING CONTROL DEVICE

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

The present application is an application for reissue of

US. Pat. No. 10,144,425, issued Dec. 4, 2018, which claims

priority of Japanese Application No. 2015-156185, filed
Sep. 23, 2015.

BACKGROUND

1. Field

The present disclosure relates to a vehicle travelling
control device which permits an own vehicle to follow an
objective-forward-vehicle which 1s travelling/proceeding 1n
front of (ahead of) the own vehicle so as to keep a prede-
termined 1nter-vehicle distance with respect to the objective-
forward-vehicle.

2. Description of the Related Art

A vehicle travelling control device that 1s conventionally
known (hereinafter, referred to as a “conventional device”)
predicts that the other vehicle will cut 1n between the own
vehicle and the objective-forward-vehicle, when the own
vehicle 1s following (i.e., trailing) the objective-forward-
vehicle, and the lateral position of the other vehicle moves
towards a travelling lane of the own vehicle with a (lateral)
speed equal to or higher than a predetermined value.

In addition, the conventional device calculates a target
acceleration based on the other vehicle when the device
predicts that the other vehicle will cut 1n, and controls an
acceleration of the own vehicle 1n accordance with the
calculated acceleration (e.g., refer to Japanese Laid Open
Patent Application No. 2014-148293 (especially, paragraph

0033, paragraph 0038, and FIG. 5).

SUMMARY

However, according to the conventional device, a prob-
lem may arise. That 1s, for example, the own vehicle may
approach the objective-forward-vehicle too quickly, when
the objective-forward-vehicle starts a rapid deceleration at a
point 1n time at which the conventional device predicts that
the other vehicle will cut 1n, and the other vehicle does not
actually cut in after the prediction.

The present disclosure addresses the problem described
above. That 1s, one of the objects of the present disclosure
1s to disclose a vehicle travelling control device which can
perform a more appropriate control when 1t 1s predicted that
the other vehicle will cut 1n between the own vehicle and the
objective-forward-vehicle.

The vehicle travelling control device according to the
present disclosure (hereinafter, referred to as the “presently
disclosed device”) includes detecting means for detecting an
objective-forward-vehicle traveling in front of an own
vehicle, and a predicted cut-in vehicle which 1s predicted to
cut 1n between the own vehicle and the objective-forward-
vehicle (21, 22R, 221, 20, step 310, step 420, step 440, step
810); first calculation means for calculating, as a target
acceleration for trailing travel (Gltgt), a target acceleration
required for the own vehicle to maintain an inter-vehicle
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distance between the own vehicle and the objective-forward-
vehicle at a first set inter-vehicle distance (Dtgt) (20, step
320 to step 340); second calculation means for calculating,
as a target acceleration for a cut-in vehicle (G2tgt, G3tgt), a
target acceleration required for the own vehicle to maintain
an 1ter-vehicle distance between the own vehicle and the
predicted cut-1n vehicle at a second set inter-vehicle distance
(Dtgt) (20, step 430, step 4335, step 4335, step 460, step 820,
step 830); mediation means for selecting, as a mediated
target acceleration (Gfin), either the target acceleration for
the trailing travel or the target acceleration for the cut-in
vehicle, whichever 1s smaller (20, step 710, step 910); and
travel control means for controlling a driving force and a
brake force of the own vehicle 1n such a manner that an
actual acceleration of the own vehicle becomes closer to the
mediated target acceleration (Gfin) (20, 30, 32, 40, 42, step
720, step 920).

According to the present disclosure, the target accelera-
tion required for the own vehicle to maintain the inter-
vehicle distance between the own vehicle and the objective-
forward-vehicle at the first set inter-vehicle distance 1is
calculated, as the target acceleration for trailing travel. Also,
the target acceleration required for the own vehicle to
maintain the inter-vehicle distance between the own vehicle
and the predicted cut-in vehicle at the second set inter-
vehicle distance 1s calculated, as the target acceleration for
cut-in vehicle. Then, either the target acceleration for trailing
travel or the target acceleration for cut-in vehicle, whichever
1s smaller, 1s selected, as the mediated target acceleration
(Gfin). The acceleration of the own vehicle 1s controlled 1n
accordance with the mediated target acceleration (Giin). It
should be noted that the first set inter-vehicle distance may
be the same as or diflerent from the second set inter-vehicle
distance.

Generally, since the inter-vehicle distance between the
own vehicle and the predicted cut-in vehicle 1s shorter than
the inter-vehicle distance between the own vehicle and the
objective-forward-vehicle, the target acceleration for cut-in
vehicle 1s smaller than the target acceleration for trailing
travel. Accordingly, when the predicted cut-in vehicle 1s
detected, the target acceleration for cut-in vehicle 1s selected
as the mediated target acceleration frequently, according to
the presently disclosed device. Thus, the own vehicle decel-
erates so as to increase the inter-vehicle distance between the
own vehicle and the objective-forward-vehicle. Conse-
quently, when the predicted cut-in vehicle actually cuts 1n,
the inter-vehicle distance between the own vehicle and the
predicted cut-in vehicle becomes appropriate in a short time.

On the other hand, 1f the objective-forward-vehicle starts
to rapidly decelerate after a poimnt in time at which the
predicted cut-in vehicle 1s detected, the target acceleration
for trailing travel becomes smaller than the target accelera-
tion for cut-in vehicle. Therefore, in this case, the target
acceleration for trailing travel 1s selected as the mediated
target acceleration, according to the presently disclosed
device. Accordingly, the own vehicle decelerates so as to
ensure/acquire an appropriate inter-vehicle distance between
the own vehicle VA and the objective-forward-vehicle. As a
result, the inter-vehicle distance between the own vehicle
and the objective-forward-vehicle becoming excessively
short can be avoided when the predicted cut-in vehicle does
not actually cut 1n.

In one of aspects of the presently disclosed device, the
detecting means includes a front looking radar device (21),
whose detection area has a center axis extending 1n a straight
torward direction (C1) of the own vehicle, which detects the
target object to obtain first target object information con-
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cerning the target object; a front-side looking radar device
(22R, 22L), whose detection area has a center axis extending
in a diagonally forward direction (CL or CR) of the own
vehicle, which detects the target object to obtain second
target object information concerning the target object; and
predicted cut-in vehicle detecting means for integrating the
first target object information and the second target object
information to obtain an integrated target object informa-
tion, and detecting the predicted cut-in vehicle based on the
integrated target object information, when the front looking
radar device and the front-side looking radar device detect
an 1dentical target object (20, step 410, step 415, step 420),
and for detecting the predicted cut-in vehicle based on the
second target object information but not based on the first
target object information, when the front-side looking radar
device detects an target object, but the front looking radar
device does not detect the target object (20, step 410, step
440).

Further, the second calculation means 1s configured to
calculate the target acceleration for cut-in vehicle in such a
manner that the target acceleration for cut-in vehicle 1s
allowed to be a negative acceleration achieved when a brake
device of the own vehicle 1s operated, in a case where the
predicted cut-in vehicle 1s detected based on the integrated
target object information (20, step 433), and calculate the
target acceleration for cut-in vehicle while providing a
limitation on the target acceleration for cut-in vehicle in such
a manner that the target acceleration for cut-in vehicle does
not become smaller than a negative acceleration achieved
when a throttle valve openming of an internal combustion
engine serving as a driving force of the own vehicle 1s set at
a minimum value while the brake device of the own vehicle
1s not operated, in a case where the predicted cut-in vehicle
1s detected based on the second target object information but
not based on the first target object information (20, step
460).

The detection area of the front looking radar device and
the detection area of the front-side looking radar device have
a portion that overlaps with each other (refer to FIG. 1).
Further, the front looking radar device 1s a main radar for
obtaining information necessary for the trailing travel.
Therefore, generally, an accuracy of the information
obtained by the front looking radar (e.g., a relative distance
for the target object) 1s higher than an accuracy of the
information obtained by the front-side looking radar.

Thus, the predicted cut-in vehicle detecting means in the
above aspect integrates the target object information
obtained by the front looking radar device (first target object
information) and the target object information obtained by
the front-side looking radar device (second target object
information) to obtain the integrated target object informa-
tion, when the front looking radar device and the front-side
looking radar device detect the 1dentical target object. Fur-
ther, the second calculation means calculates the target
acceleration for cut-in vehicle based on the integrated target
object information. In this case, the integrated target object
information 1s based on the first target object information
obtained by the front looking radar device having relatively
higher accuracy, and thus, the detecting accuracy for the
predicted cut-1n vehicle 1s higher than the detecting accuracy
for the predicted cut-in vehicle which 1s detected based
solely on the front-side looking radar device having rela-
tively lower accuracy. Therefore, the possibility that the
predicted cut-in vehicle does not actually cut in 1s relatively
low. In view of the above, the second calculation means
calculates the target acceleration for cut-in vehicle in such a
manner that the target acceleration for cut-in vehicle 1s
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allowed to be the “negative acceleration whose absolute
value 1s large (that 1s, large deceleration)” achieved when the
brake device of the own vehicle 1s operated.

In contrast, when the predicted cut-in vehicle 1s detected
based solely on the “second target object information
obtained by the front-side looking radar device™, the detect-
ing accuracy for the predicted cut-in vehicle 1s relatively
low. Thus, the possibility that the predicted cut-in vehicle
does not actually cut 1n 1s relatively high. Therefore, 11 the
target acceleration for cut-in vehicle 1s allowed to become
the “negative acceleration whose absolute value 1s large”
achieved when the brake device of the own vehicle 1s
operated, a relatively rapid deceleration frequently occurs
when the actual cut-in does not occur. This may provide an
odd feeling to the driver.

In view of the above, when the predicted cut-in vehicle 1s
detected based solely on the information obtained by the
front-side looking radar device, the second calculation
means calculates the target acceleration for cut-in vehicle
while providing a limitation on the target acceleration for
cut-in vehicle 1n such a manner that the target acceleration
for cut-in vehicle does not become smaller than a negative
acceleration achieved when a throttle valve opeming of an
internal combustion engine serving as a driving force of the
own vehicle 1s set at a minimum value. As a result, the own
vehicle does not rapidly decelerate due to the predicted
cut-1n vehicle. Thus, even when the actual cut-in does not
actually occur, the driver avoids the odd feeling of rapid
deceleration.

In the above description, references used 1n the following
descriptions regarding embodiments are added with paren-
theses to the elements of the present disclosure, 1 order to
assist 1n understanding the present disclosure. However,
those references should not be used to limit the scope of the
invention. Other objects, other features, and accompanying
advantages of the present disclosure will be readily under-
stood from the description of embodiments of the present
disclosure to be given referring to the following drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of a vehicle travelling
control device according to a first embodiment of the present
disclosure.

FIG. 2 1s a configuration diagram of the vehicle travelling
control device shown i FIG. 1.

FIG. 3 1s a flowchart showing a routine executed by a
CPU of the drniving support ECU shown in FIG. 2.

FIG. 4 1s a flowchart showing a routine executed by the
CPU of the drniving support ECU shown in FIG. 2.

FIG. 5 1s a look-up table (map) which the CPU of the
driving support ECU shown in FIG. 2 refers to in order to
detect a predicted cut-in vehicle.

FIG. 6 (A) 1s a view schematically showing a scene when
the other vehicle changes lanes, and FIG. 6 (B) 1s a view
schematically showing another scene when the other vehicle
changes lanes.

FIG. 7 1s a flowchart showing a routine executed by the
CPU of the dniving support ECU shown i FIG. 2.

FIG. 8 1s a flowchart showing a routine executed by a
CPU of a vehicle travelling control device according to a
second embodiment of the present disclosure.

FIG. 9 1s a flowchart showing a routine executed by the
CPU of the vehicle travelling control device according to the
second embodiment of the present disclosure.
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DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(L]

Each of vehicle travelling control devices according to the
present disclosure will next be described with reference to
the drawings. Firstly, main terms used 1n the present speci-
fication and the drawings are described.

The own vehicle: One’s own vehicle (subject vehicle that

1s Tocused on).

The other vehicle: A vehicle other than the own vehicle.

The proceeding vehicle: The other vehicle traveling

immediately ahead of (1n front of) the own vehicle.

The objective-forward-vehicle: The proceeding/leading

vehicle, which a sensor device (front looking radar
device) mounted on the own vehicle detects (acquires),
and which the own vehicle should follow up by con-
trolling an acceleration of the own vehicle so as to keep
an inter-vehicle distance between the own vehicle and
the proceeding vehicle at a predetermined distance.

The cut-1n vehicle: The other vehicle which cuts 1n ahead

of the own vehicle by changing lanes.

First Embodiment
Structure

As shown m FIG. 1, a vehicle travelling control device
(hereinafter, sometimes referred to as a “first device”) 10
according to a first embodiment of the present disclosure 1s
mounted on (applied to) the own vehicle VA. The first
vehicle 10 comprises a driving support (assist) ECU 20, an
engine ECU 30, and a brake ECU 40. Those ECUs are
capable of exchanging data (communicating with each
other) through a communication/sensor CAN (Controller
Area Network) 100. It should be noted that an “ECU” 1s an
abbreviation of an electric control unit, and 1s an electronic
control circuit having a microcomputer including a CPU, a
ROM, a RAM, an interface, and the like, as a main part. The
CPU achieves/realizes various functions described later by
executing instructions (routines) stored 1in the memory (e.g.,
ROM).

Further, the first device 10 comprises a front looking radar
device 21, a front-side looking radar device 22R, and a
front-side looking radar device 22L. Those radar devices can
also exchange data with the driving support ECU 20 through
the CAN 100.

More specifically, as shown 1n FIG. 2, the driving support
ECU 20 1s connected with an ACC operation switch 23, and
a vehicle speed sensor 24, 1n addition to the front looking
radar device 21, the front-side looking radar device 22R, and
the front-side looking radar device 22L.

The front looking radar device 21 comprises a millimeter
wave transmitter-receiver section, and a processing section.
As shown 1 FIG. 1, the front looking radar device 21 1s
positioned at the front end of the own vehicle VA, and at the
center portion of the own vehicle VA 1n a body width
direction. The millimeter wave transmitter-receiver section
transmits a millimeter wave which propagates with a center
axis C1 extending 1n a straight forward direction of the own
vehicle VA, and spreads with a predetermined angle 01 in a
left direction as well as with the predetermined angle 01 1n
a right direction with respect to the center axis C1. The
millimeter wave 1s retlected by a target object (e.g., pro-
ceeding vehicle). The millimeter wave transmitter-receiver
section receives the reflected wave. It should be noted that,
heremnafter, a vehicle going forward direction along the

center axis C1 1s defined as an “X-axis”, and a direction
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6

orthogonal to the center axis C1 1s defined as a “Y-axis.” The
X-coordinate 1s positive i the vehicle’s forward direction,
and 1s negative 1 the vehicle’s backward direction. The
Y-coordinate 1s positive 1in the vehicle’s rightward direction,
and 1s negative in the vehicle’s leftward direction.

The processing section of the front looking radar device
21 obtains, every elapse of a predetermined time, an inter-
vehicle distance (longitudinal distance) Dix(n), a relative
speed ViIx(n), a lateral distance Diy(n), a relative lateral
speed V1y(n), or the like, with respect to each detected target
object (n), based on a phase diflerence between the trans-
mitted millimeter wave and the received reflected wave, an
attenuation level, a time period from the point in time at
which the millimeter wave 1s transmitted to the point 1in time
at which the reflected wave 1s received, or the like. The data
(Dix(n), Vix(n), Diy(n), Viy(n), etc.) acquired by the front
looking radar device 21 are also referred to as “front looking
radar obtained information”, as a matter of convenience.

The inter-vehicle distance (longitudinal distance) Dix(n)
1s a distance along the center axis C1 between the own
vehicle VA and the target object(n) (e.g., the proceeding
vehicle).

The relative speed Vix(n) 1s a difference (=SPDs-SPDj)
between a speed SPDs of the target object(n) (e.g., the
proceeding vehicle) and a speed SPDy of the own vehicle
VA. It should be noted that the speed SPDs of the target
object(n) 1s a speed of the target object (n) 1n the direction
of travel of the own vehicle VA.

The lateral distance Diy(n) 1s a distance along the direc-
tion orthogonal to the center axis C1 from the center axis C1
to a “center position of the target object (n) (e.g., a center
position of a vehicle width of the proceeding vehicle).” The
lateral distance Diy(n) may also be referred to as a “lateral
position.”

The relative lateral speed Viy(n) 1s a speed of the center
position of the each target object (n) in the direction orthogo-
nal to the center axis C1.

As shown 1n FIG. 1, the front-side (left) looking radar
device 22L 1s positioned at a left-and-front side of the
vehicle body of the own vehicle VA. The front-side looking
radar device 22L has a configuration similar to the configu-
ration of the front looking radar device 21. The millimeter
wave transmitter-receiver section of the front-side looking
radar device 22L transmits a millimeter wave which propa-
gates with a center axis CL extending in a front-left direction
of the own vehicle VA, and spreads with a predetermined
angle 02 1n a front direction as well as the predetermined
angle 02 1n a rear direction with respect to the center axis
CL. One of the border lines (CLx) defining the border of the
spreading millimeter wave transmitted from the front-side
looking radar device 22L 1s parallel with the center axis C1.

The processing section of the front-side looking radar
device 22L obtains, every elapse of a predetermined time, a
longitudinal distance DLX, a relative speed VLx, a lateral
distance DLy, a relative lateral speed VLy, or the like, with
respect to each detected target object, based on a phase
difference between the transmitted millimeter wave and the
received reflected wave, an attenuation level, a time period
from the point 1in time at which the millimeter wave 1s
transmitted to the point 1n time at which the reflected wave
1s rece1ved, or the like. A vertical axis of coordinates of those
data 1s the center axis CL, and a horizontal axis of the
coordinates of those data 1s an axis extending 1n a direction
orthogonal to the center axis CL. Those data (DLx, VLXx,
DLy, VLy, or the like) obtained by the front-side looking
radar device 22L are also referred to as “front-left-side
looking radar obtained information™, as a matter of conve-
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nience. It should be noted that an accuracy of the front-left-
side looking radar obtained information 1s lower than an
accuracy of the front looking radar obtained information.

As shown 1n FIG. 1, the front-side (right) looking radar
device 22R 1s positioned at a right-and-front side of the
vehicle body of the own vehicle VA. The front-side looking,
radar device 22R has a configuration similar to the configu-
ration of the front looking radar device 21 and the front-side
looking radar device 22L. The millimeter wave transmitter-
receiver section of the front-side looking radar device 22R
transmits a millimeter wave which propagates with a center
axis CR extending in a front-right direction of the own
vehicle VA, and spreads with a predetermined angle 02 in a
front direction as well as the predetermined angle 02 1n a
rear direction with respect to the center axis CL. One of the
border lines (CRx) defining the border of the spreading
millimeter wave transmitted from the front-side looking
radar device 22R 1s parallel with the center axis Cl1.

The processing section of the front-side looking radar
device 22R obtains, every elapse of a predetermined time, a
longitudinal distance DRx, a relative speed VRx, a lateral
distance DRy, a relative lateral speed VRy, or the like, with
respect to each detected target object, based on a phase
difference between the transmitted millimeter wave and the
received reflected wave, an attenuation level, a time period
from the point in time at which the millimeter wave 1s
transmitted to the point 1n time at which the retlected wave
1s rece1ved, or the like. A vertical axis of coordinates of those
data 1s the center axis CR, and a horizontal axis of the
coordinates of those data 1s an axis extending 1n a direction

orthogonal to the center axis CR. Those data (DRx, VRX,
DRy, VRy, or the like) obtained by the front-side looking
radar device 22R are also referred to as “front-right-side
looking radar obtained information™, as a matter of conve-
nience. It should be noted that an accuracy of the front-
right-side looking radar obtained information 1s the same as
the accuracy of the front-left-side looking radar obtained
information, and 1s lower than the accuracy of the front
looking radar obtained information.

As 1s clear from FIG. 1, the detection area of the front
looking radar device 21 and the detection area of the
front-side looking radar device 22L have a portion (overlap
arca AL) that overlaps with each other, and the detection
area of the front looking radar device 21 and the detection
area ol the front-side looking radar device 22R have a
portion (overlap area AR) that overlaps with each other. In
other words, a target object within the overlap area AL 1s
detected/captured by both of the front looking radar device
21 and the front-side looking radar device 221, and a target
object within the overlap area AR 1s detected/captured by
both of the front looking radar device 21 and the front-side
looking radar device 22R.

Referring back to FIG. 2 again, the ACC operation switch
23 1s a switch operated by a driver. The term “ACC” means
an inter-vehicle distance control (Adaptive Cruise Control),
and may also be simply referred to as a “trailing travel
control.” When the driver performs a certain operation using
the ACC operation switch 23, an ACC start request (1includ-
ing an ACC resume request) and an ACC termination
request (cancel request) are generated according to the
operation. Further, according to a certain operation using the
ACC operation switch 23, a target inter-vehicle time Ttgt
described later 1s set or changed.

The vehicle speed sensor 24 detects a speed (own vehicle
speed) V7 of the own vehicle VA, and generates a signal
indicative of the own vehicle speed V7.
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The engine ECU 30 1s connected with a plurality of
engine sensors 31 to receive detected signals from those
sensors. The engine sensors 31 are sensors that detect
various operation state parameters of an unillustrated own
vehicle’s “gasoline fuel 1njection type/spark 1gnition/inter-
nal combustion engine.” The engine sensors 31 include an
acceleration pedal operation amount sensor, a throttle valve
opening sensor, an engine rotational speed sensor, an intake
air-flow sensor, or the like.

Further, the engine ECU 1s connected with engine actua-
tors 32 including a throttle valve actuator, fuel injectors, or
the like. The engine ECU 30 drives the engine actuators 32
to change a torque generated by the internal combustion
engine, and thereby, adjusting a driving force of the own
vehicle so as to control an acceleration of the own vehicle
VA. In addition, the engine ECU 30 performs a “fuel-cut
operation” to stop a fuel mjection, when the throttle valve
opening degree detected by the throttle valve opening sensor
1s “O (or the mimmimum value within a range that the throttle
valve opening can become)” (namely, the throttle valve 1s
tully-closed) and the engine rotational speed is higher than
an engine rotational speed threshold.

The brake ECU 40 1s connected with a plurality of brake
sensors 41 to receive detected signals from those sensors.
The brake sensors 41 are sensors that detect various param-
eters used for controlling an unillustrated “brake device
(hydraulic type Iriction brake device) of the own vehicle
VA.” The brake sensors 41 include a brake pedal operation
amount sensor, a wheel rotational speed sensor detecting a
rotational speed of each wheel, or the like.

Further, the brake ECU 40 1s connected with brake
actuators 42. The brake actuators 42 are actuators for
controlling pressure of brake o1l. The brake actuators 42 are
positioned 1n an unillustrated hydraulic circuit between an
unillustrated master cylinder for pressurizing the brake oil
according to a brake pedal force and unillustrated friction
brake devices including well-known wheel cylinders pro-
vided to wheels. The brake actuators 42 adjust the pressure
of the brake o1l supplied to the wheel cylinders. The brake
ECU 40 drives the brake actuators 42 to generate a brake
force (Iriction brake force) at each of the wheels, to thereby
control/adjust the acceleration (negative acceleration, that 1s,
deceleration) of the own vehicle VA.

(Outline of Operation)

The first device specifies a objective-forward-vehicle
based on the target object information obtained by the front
looking radar device 21, and calculates a target acceleration
Gltgt for trailling travel, required to keep a first set inter-
vehicle distance with respect to the objective-forward-ve-
hicle.

Further, when the front looking radar device 21 and the
front-side looking radar device 22L or 22R detect the same
(1dentical) target object, the first device integrates/merges
the target object information detected by the front looking
radar device 21 and the target object information detected by
the front-side looking radar device 22L or 22R, and deter-
mines whether or not there i1s a predicted cut-in vehicle
based on the integrated/merged target object information.
Thereatfter, when the first device determines that there is the
predicted cut-in vehicle, 1t calculates a target acceleration
G2tgt for cut-in vehicle, required to keep a second set
inter-vehicle distance with respect to that predicted cut-in
vehicle.

Furthermore, when one of the front-side looking radar
device 22L and the front-side looking radar device 22R
detects the target object, but the front looking radar device
21 does not detect that target object, the first device deter-
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mines whether or not there 1s a predicted cut-in vehicle
based on the target object information detected by one of the
front-side looking radar device 22L and the front-side look-
ing radar device 22R. Thereafter, when the first device
determines that there 1s the predicted cut-in vehicle, 1t
calculates a target acceleration G3tgt for cut-in vehicle,
required to keep a third set inter-vehicle distance with
respect to that predicted cut-in vehicle.

In addition, the first device selects a minimum (the
smallest) target acceleration among the target acceleration
Gltgt for trailling travel, the target acceleration G2tgt for
cut-in vehicle, and the target acceleration G3tgt for cut-in
vehicle (1.e., selects one of Gltgt, G2tgt, and G3tgt, which-
ever smallest), and sets the selected target acceleration, as a
“final target acceleration (mediated/adjusted target accelera-
tion) Gfin.” Thereafter, the first device controls (drives) the
engine actuators 32 and the brake actuators 42 in such a
manner that the actual acceleration of the own vehicle VA
becomes equal to the mediated target acceleration Gfin. As
a result, the actual acceleration of the own vehicle VA 1s

made to become equal to the mediated target acceleration
Gfin.
(Specific Operation)

The CPU of the driving support ECU 20 (hereinatter, a
“CPU” mdicates/means the CPU of the driving support ECU
20, unless otherwise noted) executes routines shown 1n the
flowcharts illustrated in FIGS. 4-7, every elapse of a pre-
determined time, when the ACC start request 1s generated by
the operation using the ACC operation switch 23 while/
when the trailing inter-vehicle distance control 1s not being
performed.

1. Calculation of the Target Acceleration for Trailing Travel

Therefore, at an appropriate point 1n time, the CPU starts
processing from step 300 shown mn FIG. 3 to execute
processes Irom step 310 to step 340 described below 1n this
order, and then, proceeds to step 393 so as to end the present
routine tentatively. The routine shown 1n FIG. 3 1s a routine
for calculating the target acceleration for trailing travel.

Step 310: The CPU selects/specifies the objective-for-
ward-vehicle based on the front looking radar obtained
information. More specifically, the CPU applies the lateral
distance Diy(n) and the inter-vehicle distance Dix(n) to a
map (look-up table) shown 1n a block of step 310 so as to
select/specily, as the objective-forward-vehicle (a), the other
vehicle (n) existing 1mn an objective-forward-vehicle area
defined by the map. It should be noted that, 11 there are a
plurality of the other vehicles in the objective-forward-
vehicle area, the CPU specifies one of the other vehicles, that
has the shortest inter-vehicle distance Dix(n), as the objec-
tive-forward-vehicle. Further, 11 there 1s no objective-for-
ward-vehicle, the CPU controls the acceleration of the own
vehicle VA 1n such a manner that the speed of the own
vehicle VA becomes equal to a target speed depending on
(according to) the target inter-vehicle time Ttgt. This point
does not directly relate to the present disclosure, and thus, 1s
not described 1n detail.

Step 320; The CPU calculates the target inter-vehicle
distance Dtgt by multiplying the target inter-vehicle time
Ttgt by the speed Vj of the own vehicle. The target inter-
vehicle time Ttgt 1s separately set based on the operation of
the ACC operation switch 23, however, 1t may be constant.
It should be noted that the target inter-vehicle distance Dtgt
obtained at step 320 1s also referred to as a “first set
inter-vehicle distance.”

Step 330; The CPU calculates an inter-vehicle deviation
(difference) AD1 by subtracting the target inter-vehicle
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distance Dtgt from the inter-vehicle distance Dix(a) of the
objective-forward-vehicle (a) selected/specified at step 310.

Step 340; The CPU calculates the target acceleration
Gltgt for trailing travel using either one of a formula (1)
described below and a formula (2) described below. The
target acceleration Gltgt for trailing travel 1s also referred to
as a “first target acceleration”, as a matter of convenience.

In the formulas (1) and (2), the Vix(a) 1s the relative speed
of the objective-forward-vehicle (a) selected/specified at
step 310, and K1 and K2 are predetermined positive gains
(coetlicients). The CPU uses the formula (1) below when a
value (K1-AD1+K2-Vix(a)) 1s positive. Kal 1s a positive
gain (coellicient) for acceleration, and set to a value equal to
or smaller than “1.”. The CPU uses the formula (2) below
when a value (K1-AD1+K2-Vix(a)) 1s negative. Kdl 1s a
gain (coellicient) for deceleration, and set to “1” i the
present example.

Gltgt(for acceleration)=Kal-(K1-AD1+K2-Vix(a)) (1)

Gltgt(for deceleration)=Kd1-(K1-AD1+K2-Vix(a)) (2)

The target acceleration Gltgt for deceleration calculated
based on the formula (2) above 1s calculated in such a
manner that the target acceleration G1tgt 1s allowed to be an
acceleration (negative acceleration) realized/achieved when
the brake device of the own vehicle VA i1s operated (in other
words, the target acceleration G1tgt may be a value obtained
under a condition that 1t 1s allowed to be a negative accel-
eration realized/achieved when the brake device i1s oper-
ated). In the above manner, the target acceleration Gltgt for
trailing travel based solely/only on the front looking radar
obtained information 1s acquired.

2. Calculation of the Target Acceleration for Cut-in Vehicle

Further, at an appropriate point in time, the CPU starts
processing from step 400 1n a “routine for calculation of the
target acceleration for cut-in vehicle” shown in FIG. 4 to
proceed to step 405. At step 405, the CPU transiorms
coordinates concerning the position of the target object and
the relative speed, obtained by the front-side looking radar
device 22L and the front-side looking radar device 22R (that
1s, the front-left-side looking radar obtained information,
and the front-right-side looking radar obtained information)
to the “X-Y coordinates of the front looking radar device
21.” Consequently, the “coordinate transformed front-side
looking radar information FSXn”, including an inter-vehicle
distance Dsx, a relative speed Vsx, a lateral distance Dsy,
and a relative lateral speed Vsy, 1s obtained.

Subsequently, the CPU proceeds to step 410 to compare
the front looking radar obtained information FRXn with/to
the coordinate transformed front-side looking radar infor-
mation FSXn in order to determine whether or not there 1s
a “target object which at least one of the front-side looking
radar device 22L and the front-side looking radar device 22R
detects” among the target objects which the front looking
radar device 21 detects and which are different from (other
than) the objective-forward-vehicle (a).

When the determination at step 410 1s positive (aflirma-
tive), the CPU proceeds to step 415 at which the CPU
integrates/merges the target object information according to
a formula (3) described below. That 1s, at step 415, the CPU
obtains integrated target object information. a(t) n the
formula (3) described below 1s a filtering coetlicient
(weighting coellicient), and 1s obtained by applying a time t
to a look up table Mapa.(t) shown 1n a block B1 1n FIG. 4.
The time t 15 an elapsed time from a point in time at which
the front looking radar device 21 starts to detect the “target
object” which eirther one of the front-side looking radar
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device 22L and the front-side looking radar device 22R has
been detecting. According to the table Mapa(t), a(t) 1s
obtained as a value which gradually becomes closer to “1”
from a value a0 between “0” and “1” as the elapsed time t
becomes longer. It should be noted that a(t) may be a
constant value between “0” and 17, which does not change
depending upon the elapsed time t.

Integrated value=c(t)-FRXn+(1-a(t))-FSXn (3)

The front looking radar obtained information FRXn in the
formula (3) above includes ““an inter-vehicle distance Dix
(b), a relative speed VIx(b), a lateral distance Diy(b), and a
relative lateral speed Viy(b)” concerning the “target object
(hereinafter, referred to as a “common target object (b))
which was determined at step 410 to be detected by not only
the front looking radar device 21 but also either one of the
front-side looking radar device 22L and the front-side look-
ing radar device 22R. The coordinate transformed front-side
looking radar information FSXn 1n the formula (3) above
includes “a coordinate transformed inter-vehicle distance
Dsx, a coordinate transiformed relative speed Vsx, a coor-
dinate transformed lateral distance Dsy, and a coordinate
transformed relative lateral speed Vsy” concerning the com-
mon target object (b). Accordingly, as shown 1n formulas
from (4) to (7) described below, “an integrated inter-vehicle
distance Dmx, an integrated relative speed Vmx, an inte-
grated lateral distance Dmy, and an integrated relative lateral
speed Vmy” serving as the integrated values are obtained.

Dmx=a(t)-DIfx(b)+(1-a(t))-Dsx (4)

Vmx=a(t)-VIx(b)+(1-a(t)) Vsx (5)

Dmy=a(t)-Div(b)+(1-qc(t))-Dsy (6)

Vmy=a(t)-Viy(b)+(1-a(t))-Vsy (7)

Subsequently, the CPU proceeds to step 420 to determine
whether or not the there 1s a predicted cut-in vehicle (1.e.,
whether or not a vehicle which 1s predicted to cut in exists).
More specifically, the CPU obtains a cut-in event probability
P by applying “the integrated lateral distance Dmy and the
integrated relative speed Vmy™ to an area map WS shown 1n
FIG. §.

For example, when a vehicle traveling in front and
diagonally to the left of the own vehicle VA cuts in between
the own vehicle VA and the objective-forward-vehicle (a), a
trajectory (locus) of a point defined by the integrated lateral
distance Dmy and the integrated relative lateral speed Vmy
changes as shown by a broken line TL in FIG. 5. The area
map WS 1s made 1n consideration of such trajectories, and 1s
stored 1n the ROM beforehand. Generally speaking, the
cut-in event probability P obtained using the area map WS
becomes higher as an magnitude of the integrated lateral
distance Dmy becomes closer to “0”, and becomes higher as
a magnitude |Vmyl of the integrated relative lateral speed
Vmy becomes larger when the integrated relative lateral
speed Vmy 1s a value indicating that the vehicle 1s approach-
ing the center portion of the width of the own vehicle.

The CPU determines that there 1s the “predicted cut-in
vehicle”, when the CPU determines that the cut-in event
probability P obtained using the area map WS 1s equal to or
higher than a predetermined value (e.g., 60%). That 1s, the
CPU specifies that target object as the predicted cut-in
vehicle.

When 1t 1s determined that there 1s the predicted cut-in
vehicle, the CPU makes a “Yes” determination at step 420
to execute processes of step 430 and step 435 described
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below 1n this order, and then, proceeds to step 495 so as to
end the present routine tentatively.

Step 430: The CPU calculates an inter-vehicle deviation
(difference) AD2 by subtracting the target inter-vehicle
distance Ditgt from the integrated inter-vehicle distance
Dmx. It should be noted that the target inter-vehicle distance
Dtgt used at step 430 1s referred to as a “second set
inter-vehicle distance”, as a matter of convenience. The
second set inter-vehicle distance may be the same as the first
set inter-vehicle distance, or may be a value which becomes
closer to the first set inter-vehicle distance from a value
smaller than the first set inter-vehicle distance by a positive
first value as an “elapsed time t from a point in time at which
it was determined that there was the predicted cut-in
vehicle” becomes longer. In this case, the target inter-vehicle
time for calculating the second set inter-vehicle distance
may be a time obtamned by multiplying the *“target inter-
vehicle time Ttgt used when the first set inter-vehicle
distance 1s calculated” by a *“coeflicient s(t)” which comes
closer to and converges on “1”” from a value between “0” and
“1” as the above mentioned time t becomes longer.

Step 435: The CPU calculates the target acceleration
(G2tgt for cut-in vehicle according to either one of a formula
(8) and a formula (9) described below. The target accelera-
tion G2tgt for cut-in vehicle 1s referred to as a “second target
acceleration”, as a matter of convenience. Further, the CPU
sets a target acceleration G3tgt for cut-in vehicle described
later at an “imaginary acceleration G3infinite” which 1s
larger than a maximum acceleration that the own vehicle VA
can realize.

In the formula (8) and the formula (9), Vmx 1s the
integrated relative speed of the target object which was
determined to be the predicted cut-n vehicle at step 420, and
“K1, and K2 are the same gains as the “K1, and K2 used
in the formula (1) and the formula (2), respectively. The
CPU uses the formula (8) below when a value (K1-AD2+
K2-Vmx) 1s positive.

Ka2 1s a positive gain (coellicient) for acceleration, and
set at a value smaller than the gain Kal used 1n the formula
(1) above.

The CPU uses the formula (9) below when the value
(K1-AD2+K2-Vmx) 1s negative.

Kd2 1s a positive gain (coeflicient) for deceleration, and

set at a value smaller than the gain Kdl used 1n the formula
(2) above.

G2tgt(for acceleration)=Ka2-(K1-AD2+K2-Vmx) (8)

G2tgt(for deceleration)=Kd2-(K1-AD2+K2-Vmx) (9)

The target acceleration G2tgt for cut-in vehicle for decel-
eration calculated based on the formula (9) above 1s calcu-
lated 1n such a manner that the target acceleration G2tgt 1s
allowed to be an acceleration (negative acceleration) real-
1zed/achieved when the brake device of the own vehicle VA
1s operated, similarly to the target acceleration Gltgt for
trailing travel. In other words, the target acceleration G2tgt
for cut-1n vehicle may become a value obtained under the
condition that i1t 1s allowed to be a negative acceleration
realized/achieved when the brake device 1s operated. In the
above manner, the target acceleration G2tgt for cut-in
vehicle 1s calculated based on the integrated/merged infor-
mation (integrated values) obtained by integrating the front
looking radar obtained information and the coordinate trans-
formed front-side looking radar information.

In contrast, when the CPU determines that there 1s no
predicted cut-in vehicle upon the execution of step 420, the
CPU makes a “No” determination at step 420 to proceed to
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step 425, at which the CPU sets the target acceleration G2tgt
for cut-in vehicle at an “imaginary acceleration G2infinite”
which 1s larger than the maximum acceleration that the own
vehicle VA can realize, and sets the target acceleration G3tgt
for cut-in vehicle described later at the “imaginary accel-
cration G3infimite” which 1s larger than the maximum accel-
eration that the own vehicle VA can realize. Thereafter, the
CPU proceeds to step 495 to end the present routine tenta-
tively.

On the other hand, when the determination at step 410 1s
negative (unaflirmative), the CPU makes a “No” determi-
nation. Then, the CPU proceeds to step 440, at which the
CPU determines whether or not there 1s a predicted cut-in
vehicle. In this case, the CPU obtains the cut-in event
probability P by applying “the coordinate transformed lat-
eral distance Dsy 1n place of the integrated lateral distance
Dmy, and the coordinate transformed relative lateral speed
Vsy 1n place of the integrated relative speed Vmy™ to the
area map WS shown 1n FIG. 5. Thereatter, the CPU deter-
mines that there 1s the ° predicted cut-in vehicle”, when the
cut-in event probability P 1s equal to or larger than the
predetermmed value (e.g., 60%), similarly to step 420. That
1s, the CPU specifies that target object as the predicted cut-in
vehicle.

When 1t 1s determined that there 1s the predicted cut-in
vehicle, the CPU makes a “Yes” determination at step 440
to proceed to step 450, at which the CPU determines
whether or not a lane change (changing lanes) of the
predicted cut-in vehicle occurs 1n front of the own vehicle
VA.

For example, as shown 1n (A) of FIG. 6, when the vehicle
VC 1s cutting in while the own vehicle VA 1s following the
objective-forward-vehicle VB, 1t i1s determined that the

vehicle VC 1s the predicted cut-in vehicle. In this case, if the

speed Vi of the own vehicle VA 1s 80 km/h, and the speed
of the predicted cut-1n vehicle VC 1s 85 km/h, 1t 1s likely that
the predicted cut-in vehicle VC will cut in between the own
vehicle VA and the objective forward-vehicle VB.

In contrast, as shown i (B) of FIG. 6, when the own
vehicle VA 1s following (1.e., trailing) the objective-forward-
vehicle VB at 80 km/h, and the speed of the predicted cut-in
vehicle VC 1s 60 km/h, 1t 1s likely that the predicted cut-in
vehicle VC will change lanes to travel behind the own
vehicle VA, after the own vehicle VA passes the predicted
cut-in vehicle VC.

Step 450 1s for determining which situation 1s occurring,
the situation shown 1n (A) of FIG. 6, or the situation shown
in (B) of FIG. 6. More specifically, the CPU determines
whether or not the coordinate transformed relative speed
Vsx 1s equal to or higher than a predetermined threshold Vth
so as to determine whether or not the changing lanes of the
predicted cut-in vehicle occurs 1n front of the own vehicle
VA. It should be noted the predetermined threshold Vth may
be set at a value larger than a negative certain value.

When 1t 1s determined that the changing lanes of the
predicted cut-in vehicle occurs 1n front of the own vehicle
VA (1.e., when 1t 1s determined that the coordinate trans-
formed relative speed Vsx 1s equal to or higher than the
predetermined threshold Vth), the CPU makes a “Yes”
determination at step 450 to execute processes of step 455
and step 460 described below in this order, and then,
proceeds to step 495 so as to end the present routine
tentatively.

Step 4535: The CPU calculates an inter-vehicle deviation
(difference) AD3 by subtracting the target inter-vehicle
distance Dtgt from the coordinate transtormed inter-vehicle
distance Dsx. It should be noted that the target inter-vehicle
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distance Dtgt used at step 455 1s referred to as a “third set
inter-vehicle distance™, as a matter of convenience. The third
set inter-vehicle distance may be the same as the second set
inter-vehicle distance, or may be a value which becomes
closer to the first set inter-vehicle distance from a value
smaller than the second set inter-vehicle distance by a
positive first value as the “elapsed time t from the point in
time at which 1t was determined that there was the predicted
cut-in vehicle” becomes longer. In this case, the target
inter-vehicle time for calculating the third set inter-vehicle
distance may be a time obtained by multiplying the “target
inter-vehicle time Ttgt used when the first set inter-vehicle
distance 1s calculated” by a “coeflicient u(t)” which comes
closer to and converges on “1”” from a value between “0” and
“1” and smaller than the coefhicient s(t)=s(0) as the above
mentioned time t becomes longer. It should be noted that the
coellicient u(t) 1s adjusted so as to be equal to or smaller than
the coethicient s(t).

Step 460: The CPU calculates the target acceleration
(G3tgt for cut-in vehicle according to either one of a formula
(10) and a formula (11) described below. The target accel-
eration G3tgt for cut-in vehicle 1s referred to as a “third
target acceleration”, as a matter of convenience. Further, the
o CPU sets the target acceleration G2tgt for cut-1n vehicle at
the ¢ 1mag1nary acceleration G2infinite” which 1s larger than
the maximum acceleration that the own vehicle VA can
realize.

In the formula (10) and the formula (11), Vsx 1s the
coordinate transformed relative speed of the target object
which was determined to be the predicted cut-in vehicle at
step 440, and “K1, and K2 are the same gains as the “K1,
and K2” used in the formula (1) and the formula (2),
respectively. The CPU uses the formula (10) below when a
value (K1-AD3+4K2-Vsx) 1s positive.

Ka3 1s a positive gain (coellicient) for acceleration, and
set at a value smaller than (or equal to) the gain Ka2 used 1n
the formula (8) above.

The CPU uses the formula (1) below when the value
(K1-AD3+K2-Vsx) 1s negative.

Kd3 1s a positive gain (coeflicient) for deceleration, and
set at a value smaller than (or equal to) the gain Kd2 used
in the formula (9) above.

G3tgt(for acceleration)=Ka3-(K1-AD3+K2-Vsx) (10)

G3tgt(for deceleration)=Kd3-(K1-AD3+K2-Vsx) (11)

Note that G3tgt 1s limited so as to be larger than an
acceleration (G@TA=0) obtained when the throttle valve
opening TA 1s equal to 0 (G3tgt=G@TA=0).

The target acceleration G3tgt for cut-in vehicle for decel-
eration calculated based on the formula (11) above 1s limited
so as not to be equal to or smaller than an acceleration
(negative acceleration) G@TA=0 realized/achueved when
the throttle valve opening of the internal combustion engine
1s “O (or the mimimum value within a range that the throttle
valve opening can become)” (namely, the throttle valve 1s
tully-closed) while the brake device of the own vehicle VA
1s not operated. That 1s, a process for limiting with a lower
limit that i1s the throttle valve fully closed acceleration
G@'TA=0 on the target acceleration G3tgt for cut-in vehicle
1s performed. The throttle valve fully closed acceleration
G@'TA=0 may be said to be a mimimum acceleration which
the own vehicle VA can realize/achieve without operating
the brake device of the own vehicle VA.

More specifically, at step 460, the CPU calculates the
target acceleration G3tgt for cut-in vehicle according to

either the above formula (10) or the above formula (11). The
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CPU sets the thus calculated target acceleration G3tgt for
cut-in vehicle at the throttle valve fully closed acceleration
G@ TA=0 11 the thus calculated target acceleration G3tgt 1s

smaller than the throttle valve fully closed acceleration
G@TA=0. It should be noted that the CPU separately
calculates the throttle valve {fully closed acceleration

G@ TA=0 based on the engine rotational speed NE and a
gear position of an unillustrated transmission of the own
vehicle VA on the assumption that the CPU operates the
internal combustion engine under the fuel cut state when the
throttle valve opening 1s “0.” In this manner, the target
acceleration G3tgt for cut-in vehicle 1s obtained based
solely/only on the (coordinate transformed) front-side look-
ing radar information.

In contrast, when the CPU makes a “No”” determination at
cither step 440 or step 450, the CPU proceeds to step 445.
The CPU sets the target acceleration G2tgt for cut-in vehicle
at the “imaginary acceleration G2infimite” which 1s larger
than the maximum acceleration that the own vehicle VA can
realize, and sets the target acceleration G3tgt for cut-in
vehicle at the “imaginary acceleration G3infinite” which 1s
larger than the maximum acceleration that the own vehicle
VA can realize. Thereafter, the CPU proceeds to step 493 to
end the present routine tentatively.

3. Mediation/Adjustment of Target Acceleration and Vehicle
Travel Control

At an appropriate point 1n time, the CPU starts processing
from step 700 of a “routine for mediation of target accel-
eration and vehicle travel control” shown in FIG. 7, to
execute processes of step 710 and step 720 1n this order, and
proceeds to step 795 to end the present routine tentatively.

Step 710: The CPU selects one of the target acceleration
Gltgt for trailling travel, the target acceleration G2tgt for
cut-in vehicle, and the target acceleration G3tgt for cut-in
vehicle, whichever 1s smallest, and sets the selected target
acceleration as the “final target acceleration (mediated/
adjusted target acceleration) Giin.” That 1s, the CPU medi-
ates among three kinds of target accelerations. In other
words, when the target acceleration G2tgt for cut-in vehicle,
and the target acceleration G3tgt for cut-in vehicle are
considered to be a single target acceleration for cut-in
vehicle, the CPU selects eirther the target acceleration for
trailing travel or the target acceleration for cut-in vehicle,
whichever 1s smaller, as the mediated target acceleration
Gfin.

Step 720: The CPU sends the mediated target acceleration
Gfin to the engine ECU 30 and the brake ECU 40 1n order
to make the acceleration of the own vehicle VA become
equal to the mediated target acceleration Giin. The engine
ECU 30 and the brake ECU 40 control (drive) the engine
actuators 32 and the brake actuators 42, respectively, based
on the mediated target acceleration Gfin. As a result, the
actual acceleration of the own vehicle VA 1s made to become
equal to the mediated target acceleration Giin. In this
manner, the trailing inter-vehicle distance control 1s per-
formed.

As described above, the first device calculates the target
acceleration Gltgt for trailing travel, the target acceleration
(G2tgt for cut-1n vehicle, and the target acceleration G3tgt for
cut-in vehicle, and sets the mimmimum (the smallest) target
acceleration among them, as the “final target acceleration
(mediated/adjusted target acceleration) Gfin.”

Accordingly, when the target acceleration (one of G2tgt
and G3tgt) for cut-in vehicle 1s selected as the mediated
target acceleration Gfin in a case where the predicted cut-in
vehicle 1s detected, the own vehicle VA decelerates so as to
increase the inter-vehicle distance between the own vehicle
VA and the objective-forward-vehicle. Thus, when the pre-
dicted cut-in vehicle actually cuts in, the inter-vehicle dis-
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tance with respect to the cut-in vehicle (1.e., distance
between the own vehicle VA and the predicted cut-in vehicle
that 1s now an actual cut-in vehicle) becomes approprate in
a short time. In addition, 1t the objective-forward-vehicle
starts to rapidly decelerate after a point in time at which the
predicted cut-in vehicle 1s detected, 1t 1s likely that the target
acceleration Gltgt for trailing travel 1s selected as the

mediated target acceleration Giin. Therefore, 1n this case, the
own vehicle VA decelerates so as to ensure/acquire an
approprate inter-vehicle distance with respect to the objec-
tive-forward-vehicle (1.e., appropriate inter-vehicle distance
between the own vehicle VA and the objective-forward-
vehicle). As a result, the inter-vehicle distance between the
own vehicle VA and the objective-forward-vehicle becom-
ing excessively short can be avoided, 1n a case where the
predicted cut-in vehicle does not actually cut 1n.

In addition, when the front looking radar device 21 and
the front-side looking radar device (22L, 22R) detect the
same (1dentical) target object, the first device integrates/
merges the target object information (first target object
information) that the front looking radar device 21 obtains
and the target object information (second target object
information) that the front-side looking radar device (22L,
22R) obtains so as to obtain the integrated target object
information. Thereafter, the first device determines the pres-
ence or absence of the predicted cut-in vehicle based on the
integrated target object information, and further, calculates
the target acceleration (G2tgt) for cut-in vehicle regarding
(for) the predicted cut-in vehicle when the predicted cut-in
vehicle 1s determined to exist. The target acceleration
(G2tgt) for cut-1n vehicle may be set at a value obtained on
the assumption that the brake device i1s operated. In other
words, the target acceleration (G2tgt) for cut-in vehicle 1s
allowed to become a “negative acceleration whose absolute
value 1s large (1.e., large deceleration)”.

On the other hand, when the predicted cut-in vehicle 1s
detected based solely/only on the “second target object
information obtained by the {front-side looking radar
device”, the first device obtains the target acceleration
(G3tgt) for cut-in vehicle while providing the limitation on
the target acceleration (G3tgt) for cut-in vehicle 1n such a
manner that the target acceleration (G3tgt) for cut-in vehicle
does not become smaller than the “negative acceleration
realized/achieved when the throttle valve opening of the
internal combustion engine of the own vehicle VA 1s “0 (or,
the throttle valve 1s fully-closed)” while the brake device of
the own vehicle VA 1s not operated”. Accordingly, when the
cutting-1n does not actually occur, the strong deceleration of
the own vehicle VA due to the predicted cut-in vehicle does
not occur. Thus, the dnver avoids the odd feeling of rapid
deceleration.

Second Embodiment

A vehicle travelling control device according to the sec-
ond embodiment of the present disclosure (heremafter,
referred to as a “second device”) will next be described. The
second device 1s different from the first device only 1n the
following points.

(1) The second device neither comprises the Iront-side
looking radar device 22L nor the front-side looking radar
device 22R.

(2) The second device executes a routine shown 1n FIG. 8 1n
place of the routines shown 1n FIGS. 3 and 4, and executes
a routine shown i FIG. 9 1n place of FIG. 7.

Those different points will next be mainly described.

-

The CPU of the second device executes the ““target
acceleration calculation routine” shown in FIG. 8, every
clapse of a predetermined time. It should be noted that the
reference number given to the step shown in FIG. 3 1s given
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to a step shown 1n FIG. 8 whose process 1s the same as the
process of step shown 1n FIG. 3. The detailed description
about such a step will be omuitted.

At an appropriate point 1n time, the CPU starts processing
from step 800 shown 1n FIG. 8 to execute the processes from
step 310 to step 340 1n this order. Consequently, the target
acceleration Gltgt for trailing travel 1s calculated.

Subsequently, the CPU proceeds to step 810 to determine
if there 1s a predicted cut-in vehicle. In this case, the CPU
applies the lateral distance Diy(n) and the lateral relative
speed Viy(n) of each of “target objects other than the target
object which 1s determined to be the objective-forward-
vehicle (a) at step 310, among the target objects (n) that the
front looking radar device 21 detects” to the area map WS
shown 1n FIG. 3, so as to obtain the cut-in event probability
P of each of the target objects. The CPU determines that
there 1s a predicted cut-in vehicle when there 1s a target
object whose cut-in event probability P 1s equal to or higher
than the predetermined value (e.g., 60%), similarly to step
420. That 1s, the CPU specifies that target object as the
predicted cut-in vehicle.

When 1t 1s determined that there 1s the predicted cut-in
vehicle, the CPU makes a “Yes” determination at step 810
to execute processes of step 820 and step 830 described
below 1n this order, and then, proceeds to step 895 so as to
end the present routine tentatively.

Step 820: The CPU calculates an inter-vehicle deviation
(difference) AD4 by subtracting the target inter-vehicle
distance Dtgt from the inter-vehicle distance Dix(b). The
inter-vehicle distance Dix(b) i1s the inter-vehicle distance
Dix(n) of the target object (b) which 1s determined to be the
predicted cut-in vehicle at step 810. It should be noted that
the target inter-vehicle distance Dtgt used at step 820 1s
referred to as a “fourth set inter-vehicle distance”, as a
matter of convenience. The fourth set inter-vehicle distance
may be the same as the first set inter-vehicle distance, or may
be a value which becomes closer to the first set inter-vehicle
distance from a value smaller than the first set inter-vehicle
distance by a positive first value as an “elapsed time t from
a point 1n time at which 1t was determined that there was the
predicted cut-in vehicle” becomes longer. In this case, the
target inter-vehicle time for calculating the fourth set inter-
vehicle distance may be a time obtained by multiplying the
“target 1nter-vehicle time Ttgt used when the first set inter-

vehicle distance 1s calculated” by the “coeflicient s(t)” which

comes closer to and converges on “1”” from a value between
“0” and “1” as the above mentioned time t becomes longer.

Step 830: The CPU calculates the target acceleration
(G4tgt for cut-1n vehicle according to either one of a formula
(12) and a formula (13) described below. The target accel-
eration G4tgt for cut-in vehicle 1s referred to as a “fourth
target acceleration”, as a matter of convenience.

In the formula (12) and the formula (13), Vix(b) 1s the
relative speed Vix(n) of the target object (b) which was
determined to be the predicted cut-in vehicle at step 810, and
“K1, and K2” are the same gains as the “K1, and K2 used
in the formula (1) and the formula (2), respectively. The
CPU uses the formula (12) below when a value (K1-AD4+
K2-Vix(b)) 1s positive.

Ka4 1s a positive gain (coetlicient) for acceleration, and 1s
set at a value which 1s equal to or smaller than the gain Kal
used 1n the above formula (1) (or than the gain Kat used at
step 340 shown 1n FIG. 8).

The CPU uses the formula (13) below when the value
(K1-AD4+K2-Vix(b)) 1s negative.
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Kd4 1s a positive gain (coetlicient) for deceleration, and 1s
set at a value which 1s equal to or smaller than the gain Kdl

used 1n the above formula (2) (or than the gain Kd1 used at
step 340 shown in FIG. 8).

G4tgt(for acceleration)=Ka4-(K1-AD4+K2-Vix(b))- (12)

G4tgt(for deceleration)=Kd4-(K1-AD4+K2-Vix(b)) (13)

The target acceleration G4tgt for cut-in vehicle for decel-
eration calculated based on the formula (13) above 1is
calculated in such a manner that the target acceleration G4tgt
1s allowed to be an acceleration (negative acceleration)
realized/achieved when the brake device of the own vehicle
VA 1s operated, similarly to the target acceleration G1ltgt for
trailing travel. In the above manner, the target acceleration
G4tgt for cut-in vehicle 1s calculated based solely/only on
the front looking radar obtained information.

In contrast, when the CPU determines that there 1s no
predicted cut-in vehicle upon the execution of step 810, the
CPU makes a “No”” determination at step 810 to proceed to
step 840, at which the CPU sets the target acceleration G4tgt
for cut-in vehicle at the “imaginary acceleration G4infinite”
which 1s larger than the maximum acceleration that the own
vehicle VA can realize. Thereatter, the CPU proceeds to step
895 to end the present routine tentatively.

Further, at an appropriate point in time, the CPU starts
processing from step 900 a “routine for mediation of target
acceleration and vehicle travel control” shown 1n FIG. 9, to
execute processes of step 910 and step 920 1n this order, and
proceeds to step 995 to end the present routine tentatively.

Step 910: The CPU selects either one of the target
acceleration Gltgt for trailing travel and the target accel-
eration G4tgt for cut-in vehicle, whichever 1s smaller, and
sets the selected target acceleration as the “final target
acceleration (mediated/adjusted target acceleration) Gfin.”
That 1s, the CPU mediates among two kinds of target
accelerations.

Step 920: The CPU sends the mediated target acceleration
Gfin to the engine ECU 30 and the brake ECU 40 1n order
to make the acceleration of the own vehicle VA become
equal to the mediated target acceleration Gfin. The engine
ECU 30 and the brake ECU 40 control (drive) the engine
actuators 32 and the brake actuators 42, respectively, based
on the mediated target acceleration Gfin. As a result, the
actual acceleration of the own vehicle VA 1s made to become
equal to the mediated target acceleration Gfin. In this
manner, the trailing inter-vehicle distance control 1s per-
formed.

As described above, the second device calculates the
target acceleration Gltgt for trailing travel, and the target
acceleration G4tgt for cut-in vehicle, and sets the smaller
target acceleration among them as the “final target accel-
eration (mediated/adjusted target acceleration) Gfin.”

Accordingly, similarly to the first device, when the target
acceleration G4tgt for cut-in vehicle 1s selected as the
mediated target acceleration Giin 1n a case where the pre-
dicted cut-1n vehicle 1s detected, the own vehicle VA decel-
erates so as to increase the inter-vehicle distance between the
own vehicle VA and the objective-forward-vehicle. Thus,
when the predicted cut-in vehicle actually cuts 1n, the
inter-vehicle distance with respect to the cut-in vehicle (i.e.,
distance between the own vehicle VA and the predicted
cut-in vehicle that 1s now an actual cut-in vehicle) becomes
appropriate 1 a short time. In addition, 1f the objective-
torward-vehicle starts to rapidly decelerate after a point 1n
time at which the predicted cut-in vehicle 1s detected, 1t 1s
likely that the target acceleration Gltgt for trailing travel 1s
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selected as the mediated target acceleration Giin. Therefore,
in this case, the own vehicle VA decelerates so as to
ensure/acquire an appropriate inter-vehicle distance with
respect to the objective-forward-vehicle (i.e., appropriate
inter-vehicle distance between the own vehicle VA and the
objective-forward-vehicle). As a result, the inter-vehicle
distance between the own vehicle VA and the objective-
torward-vehicle becoming excessively short can be avoided,
in a case where the predicted cut-in vehicle does not actually
cut 1n.

The present disclosure 1s not limited to the embodiments
described above, and various modifications may be adopted
within the scope of the present disclosure. For example, as
shown 1n FIGS. 1 and 2, each of the first device and the
second device may comprise a stereo camera 101 which can
communicate with the driving support ECU through the
CAN 100. The stereo camera 101 1s positioned at an upper
portion of a front window within a passenger room, and
acquires a stereo 1mage 1n a straight forward direction of the
own vehicle VA. From the stereo 1mage, the stereo camera
101 obtains the target object information, and lane markers
(white lines). The stereo camera 101 can recogmize the
running lane based on the lane markers, and the like. In this
case, the first device and the second device may obtain the
objective-forward-vehicle and the predicted cut-in vehicle
from the target object information that the front looking
radar device 21 and the stereo camera 101 acquire. Further,
the first device and the second device may estimate a course
of the own vehicle VA based on the information concerning
the running lane obtained from the stereo camera 101, and
may modily the target information which 1s obtained by the
front looking radar device 21 and/or the front-side looking
radar device 220, 22R 1n consideration of the estimated
course, for example, 1n such a manner that the lateral
position of the target object become a target position 1n a
direction orthogonal to the estimated course.

Further, the first device and the second device may be
configured to determine whether or not there 1s a predicted
cut-in vehicle using a map other than the map shown in FIG.
5. For example, the first device and the second device may
be configured to determine whether or not there 1s a pre-
dicted cut-1n vehicle in consideration of not only the lateral
position and the lateral relative speed of the vehicles other
than the objective-forward-vehicle but also the inter-vehicle
distance of the vehicles.

What 1s claimed 1s:

1. A vehicle travelling control device comprising:

detecting means for detecting an objective-forward-ve-

hicle traveling 1n front of an own vehicle and a vehicle
which 1s predicted to cut in between said own vehicle
and said objective-forward-vehicle;
first calculation means for calculating a first target accel-
eration for the own vehicle to maintain an inter-vehicle
distance between said own vehicle and said objective-
forward-vehicle at a first set inter-vehicle distance;

second calculation means for calculating a second target
acceleration required for said own vehicle to maintain
an inter-vehicle distance between said own vehicle and
said predicted cut-in vehicle at a second set inter-
vehicle distance:

mediation means for selecting, as a mediated target accel-

cration, either said first target acceleration or said
second target acceleration, whichever 1s smaller; and

travel control means for controlling a driving force and a

brake force of said own vehicle in such a manner that
an actual acceleration of said own vehicle becomes
closer to said mediated target acceleration,
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wherein:
said detecting means includes
a front looking radar device having a front looking
detection area, the front looking detection area hav-
ing a center axis extending in a straight forward
direction of said own vehicle, the front looking radar
detects a target object to obtain {first target object
information concerning said target object, and

a front-side looking radar device having a front-side
detection area, the front-side detection area having a
center axis extending in a diagonally forward direc-
tion of said own vehicle, the front-side looking radar
detects said target object to obtain second target
object information concerning said target object;

said vehicle travelling control device further comprises

predicted cut-in vehicle detecting means for

integrating said first target object information and said
second target object information to obtain an inte-
grated target object information, and detecting said
predicted cut-in vehicle based on said integrated
target object information, when said front looking
radar device and said front-side looking radar device
detect an i1dentical target object, and

detecting said predicted cut-in vehicle based on said
second target object information but not based on
said first target object information, when said front-
side looking radar device detects said target object,
but said front looking radar device does not detect
said target object and
said second calculation means
calculates [said] second first target acceleration in such
a manner that said [said] secord target acceleration
1s allowed to be a negative acceleration achieved
when a brake device of said own vehicle 1s operated,
in a case where said predicted cut-in vehicle 1s
detected based on said integrated target object infor-
mation, and

calculates said [said] second target acceleration while
providing a limitation on said [said] second target
acceleration in such a manner that said [said] second
target acceleration does not become smaller than a
negative acceleration achieved when a throttle valve
opening of an internal combustion engine serving as
a dniving force of said own vehicle 1s set at a
minimum value while said brake device of said own
vehicle 1s not operated, 1n a case where said pre-
dicted cut-in vehicle 1s detected based on said second
target object information but not based on said {first
target object information.
2. A vehicle travelling control device comprising:
a radar system that detects an objective-forward-vehicle
traveling 1n front of an own vehicle and a vehicle which
1s predicted to cut 1n between said own vehicle and said
objective-forward-vehicle;
an electronic control unit implemented by at least one
processor programmed and configured to
calculate a first target acceleration for the own vehicle
to maintain an inter-vehicle distance between said
own vehicle and said objective-forward-vehicle at a
first set inter-vehicle distance,

calculate a second target acceleration required for said
own vehicle to maintain an inter-vehicle distance
between said own vehicle and said predicted cut-in
vehicle at a second set inter-vehicle distance, and

select, as a mediated target acceleration, either said first
target acceleration or said second target acceleration,
whichever 1s smaller:
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an engine electronic control unit; and
a brake electronic control unit;
wherein the engine electronic control unit and the brake
clectronic control umt control a driving force and a
brake force, respectively, of said own vehicle 1n such a
manner that an actual acceleration of said own vehicle
becomes closer to said mediated target acceleration,
wherein said radar system includes
a front looking radar device having a front looking
detection area, the front looking detection area hav-
ing a center axis extending 1 a straight forward
direction of said own vehicle, the front looking radar
detects a target object to obtain first target object
information concerning said target object, and
a front-side looking radar device having a front-side
detection area, the front-side detection area having a
center axis extending in a diagonally forward direc-
tion of said own vehicle, the front-side looking radar

detects said target object to obtain second target
object information concerming said target object, and
wherein said electronic control unit 1s further configured
to
integrate said first target object mnformation and said
second target object information to obtain an inte-
grated target object information, and detect said
predicted cut-in vehicle based on said integrated
target object information, when said front looking
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radar device and said front-side looking radar device
detect an 1dentical target object,

detect said predicted cut-in vehicle based on said

second target object information but not based on
said first target object information, when said front-
side looking radar device detects said target object,
but said front looking radar device does not detect
said target object,

calculate said [first] second target acceleration in such

a manner that said [first] second target acceleration is
allowed to be a negative acceleration achieved when
a brake device of said own vehicle 1s operated, 1n a
case where said predicted cut-in vehicle 1s detected
based on said integrated target object information,
and

calculate said [first] second target acceleration while

providing a limitation on said [first] second target
acceleration in such a manner that said [first] second
target acceleration does not become smaller than a
negative acceleration achueved when a throttle valve
opening of an internal combustion engine serving as
a dniving force of said own vehicle 1s set at a
mimmum value while said brake device of said own
vehicle 1s not operated, in a case where said pre-
dicted cut-in vehicle 1s detected based on said second
target object information but not based on said {first
target object information.
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