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VEHICLE CONTROL DEVICE

BACKGROUND OF THE INVENTION

1, Field of the Invention

[0001] The invention relates to a vehicle control device.

2. Description of Related Art

[0002])  Techniques for deploying an external airbag for pedestrian protection

outside a vehicle along a front surface of a front window when a collision with a pedestrian

is detected have been reported (Japanese Patent Application Publication No. 2006-218918
(JP 2006-218918 A) and the like). Also, techniques for déploying an internal airbag for
passenger protection and automatically operating a brake in a case where a collision with
an extemal obstacle such as another vehicle is detected have been reported (Japanese
Patent Application Pui)lication No. 6-234342 (JP 6-234342 A), Japanese Patent Application
Publication No. 2012-1091 (JP 2012-1091 A), and the like).

[0003)  In the related technique (JP 2006-218918 A and the like) for deploying the
external airbag after the detection of the collision with the pedestrian including a bicycle
rider, the external airbag for pedestrian protection is deployed on the front surface of the
front Window, as illustrated in FIG 1, so as to reduce impairment attributable to the
collision with a pillar portion and a cowl portion which rarely can be weakened in view of
body structure. Accordingly, a situation in which a forward visibility of a driver is
impeded may occur when the external airbag is deployed after the detection of the collision
with the pedestrian. A possibility of a sccoﬁdary collision with the external obstacle
increases when the vehicle is allowed to travel by the driver whose forward visibility is
impeded in such a situation,

[0004)  In the related tecﬁniques (JP 6-234342 A, JP 2012-1091 A, and the like)
for deploying the internal airbag and operating the automatic brake after the detection of

the collision with the external obstacle, a condition for deploying the internal airbag for



10

15

20

25

WO 2015/114437 PCT/IB2015/000061

' passenger protection may not be satisfied during the collision with the pedestrian in, for
example, a case where magnitude of the collision with the écdestrian in which a
deployment condition for the external airbag for pedéstrian protection is assumed is set to
be smailer than a magnitude of the collisi(:m with the -external obstacle in which a
deployment condition for the intemél airbag for passengef protectioﬁ is assumed.

[0005]  As described above, the automatic brake may not be operated in a case

where the deployment condition for the internal airbag for passenger protection is not

.‘ satisfied in a state where the forward visibility of the driver is impeded by the deployment

of the external airbag for pedestrian protection after the detection of the collision with the

pedestrian according to the related technique‘s.' '

SUMMARY OF THE INVENTION

[0006] The invention provides a vehicle control device that is éapable' of

_ suppressing secondary collision damage, which may occur when a forward visibility of a

driver is obstructed due to deployment of an external airbag for pedgstﬁan protection after
a collision with a pedestrian is detected, even ih a condition in which an internal airbag for
passenger protection is not déployed. | | . |

[00'07] An aspect of the invention relates to a vehicle control device. The
vehicle control device include‘s. a first collision detection sensor that detects a collision with

a pedestrian; a second collision detection sensor that detects a collision with an external -

. obstacle; an external airbag that is deployed ahead of a front window of a main vehicle so

as to protect the pedestrian; an internal airbag that is deployed in a passenger compartment

. 80 as to protect a passenger in the main vehicle; airbag control means for deploying the -

external airbag in a case where a magnitude of the collision detected by the first ‘collision
detection sensor satisfies a deployment condition for the external airbag and deploying the
iﬁtemal airbag in a case where a magnitude of the collision detected by the second
colﬁsion detection sensor satisfies a ‘deploymcnt condition for the internal airbag which is
diff»erept» from the deployment condition for the external airbag; and braking control means

for performing automatic brake control when the internal airbag is deployed by the airbag }
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control means in a case where the deployment condition for the internal airbag is satisfied

and performing the automatic brake control when the external airbag is deployed by the .
airbag control means in a case where the deployment condition for the external airbag is
satisfied but the deployment condition for the internal airbag is not satisfied.

[0008] In the above-described éspect, it is preferable that the deployment
condition for the internal airbag be set for the internal airbag to be deployed when a
variable showing the magnitude of the collision is equal to or higher than a first threshold,
and the deployment condition for the external airbag be set for the external airbag to ‘be

deployed when a variable different in type from the variable showing the magnitude of the

- collision set as the deployment condition for the internal airbag is equal to or higher than a

second threshold. | ‘

[0009] In the above-described aspect, the deployment condition .for the‘intemal
airbag may be sct for the internal airbag to be deployed when a variable showing the
magnitude of the collision is ‘ecjual to or higher than a first threshold, and the deployment
condition for the external airbag may be set for the external airbag to be depioyed when a
variable of the same type as the variable showing the magnitude of the collision set as the
deployment condition for the internal airbag is equal to or higher than a second threshold
lower than the first threshold. |

[0010] In the above-described aspect, steering control means for perfofming
automatic steering control so that the main vehicle does not deviate from a lane of the main
vehicle may be further provided, in which the steering control means may perform the
automatic steering control with the automatic brake control by the braking control means
performed when the external airbag is deployed by the airbég control means.

[0011] In the. above-described aspect, the braking control means may not
release the automatic brake control within a first predetermined time, even when an
accelerator operation is detected, in a condition in which the automatic brake control is
released and may release the automatic brake control in a case where a second
predetermined time longer than the first predetermined time is exceeded, even when the

accelerator operation by a driver is not detected, in a case where the accelerator operation
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by the driver of the main vehicle is detected during the automatic brake control.

[0012]  According to the above-described éspect, the external airbag for pedestrian
protection can be deployed and a brake can be automatically operated, even in the
condition in which the iﬁtemal airbag for pésscriger protection is not deployed, after the
detection of the collision with the pedestrian. Accordingly, a vehicle control device
capable of suppressing the secondary collision damage that may occur when the forward
Visibility of the driver is obstructed due to the dcployment of the external airbag for
pedestrian protection after the detection of the collision with the pedestrian can be
provided according to the invention.

~ BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Features, advantages, and technical and industrial significance of
exemplﬁry embodiments of the invention will be described below with reference to the
accompanying drawings, in which like numerals denote like elements, and wherein:

FIG. 1 is a drawing illustrating a situation in which a forward visibility of a driver is
impeded when an external airbag is deployed after a collision with a pedestrian is detected;

FIG. 2 is a diagram illustrating a configuration of a vehicle control device according

~ to the invention;

FIG. 3 is a drawing illustrating an example of situations in which the external airbag
is deployed when the collision with the pedestrian is detected;

FIG. 4 is a flowchart illustrating an example of basic processing of the vehicle control

~device according to the invention;

FIG. 5 is a flowchart illustrating another example of the basic processing of the
vehicle control device according to the invention; and
FIG 6 is a diagram iilustrating an example of automatic brake control release

processing.

DETAILED DESCRIPTION OF EMBODIMENTS

[0014) Hereinafter, an embodiment of a vehicle control device according to the
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invention will be described in detail with reference to drawings. The invention is not
limited to this embodiment. Configuration elements of the embodiment described below
include those that can be easily assumed by those skilled in the art or those that are
substantially identical thereto.

[0015) [Embodiment]

A configuration of the vehicle control device according to the invention will be
described with referénce to FIGS. 2 and 3. FIG 2 is a diagram illustrating the
configuration of a vehicle control device according to the invention. FIG 3 is a drawing
ﬂlﬁstrating an example of situations in which an external airbag is deployed when a
collision with a pedestrian is detected.

[0016]  The vehicle control device according to this embodiment is moﬁnted ona
vehicle (main vehicle). Typically, the wvehicle control device according to this

embodiment is provided with an ECU 1, a first collision detection sensor 2, a second

~ collision detection sensor 3, a vehicle speed sensor 4, a perimeter monitoring sensor 5, an

external airbag 6, an internal airbag 7, a brake actuator 8, and a steering actuator 9 as

illustrated in FIG 2. _
[0017]  As illustrated in FIG. 2, the ECU 1, which controls driving of each unit of

. the vehicle, is an electronic control unit in which a known microcomputer including a CPU,

aROM, a RAM, and an interface is a main agent. The ECU 1 is electrically connected to
the first collision detection sensor 2, the second collision detection sensor 3, the vehicle
speed sensor 4, and the periiﬁ'eter monitoring sensor 5. Electrical signals corresponding
to detection results are input into the ECU 1. The ECU 1 performs various types of
computation processing in response to the electrical signals corresponding to the detection
results and outputs‘control commands corresponding to computation results so as to control
operations of the various mechanisms (the external airbag 6, the internal airbag 7, the brake
actuator 8, the steering actuator 9, and the like) which are electrically connected to the

ECU 1. Details of various processing units the ECU 1 is provided with (an airbag control

~unit 12, a ‘braking control unit 1b, a steering control unit 1c, and the like) will be described

in detail later.
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[0018]  The first collision detection sensor 2 is a personal collision detection

sensor that detects collisions with pedestrians including bicycle riders. . The first collision
detection sensor 2 is, for example, a pressure sensor or an optical fiber sensor. The first
collision detection sensor 2 may be an acceleration sensor. The first collision detection
sensor 2 is mounted, for example, on a chamber ASSY that has a chamber (or a tube)
which is installed at an Fr bumper and a bumper absorber. The first collision detection
sensor 2 outputs an electrical signal that shows a magni}ude of the collision which is
detected to the ECU 1. In this embodimeni, the first collision detection sensor 2 is a
‘sensor that detects the collision which triggers deployment of the external airbag 6 for
pedestrian protection. The first collision detection sensor 2 has a detection range that
allows the detection of the collision with an object with a mass, such as the pedestrian and
the bicycle rider, that may be placed on a hood of the main vehicle and collide with a pillar
portion and a cowl portion around a front window during the collision. An operating
level of the first collision detection sensor 2 is set for a light collision through which a
minor impairment is left on the bumper on the vehjclé side.

[0019] The second collision detection sensor 3 is an object collision detection
sensor that is different from the first collision detection sensor 2 in that the second collision
detection sensor 3 detects a collision with an external obstacle. The second collision
detection sensor 3 is, for example, an acceleration sensor. The second collision detection
sensor 3 is mounted at a vehicle center side position compared to the mounting position of
the first collision detection sensor 2. Examples of the external obstacle include another
vehicle, a telephone pole, an obstacle, a guvardrail, and a wall surface. The second
collision detection sensor 3 outputs an electrical signal that showé a magnitude of the
collision which is detected to the ECU 1. In this embodiment, the second collision
detecti‘on sensor 3 is a sensor that detects the collision which tﬁggers deployment of the
internal airbag 7 for passenger protection. The second collision detection sensor 3 is
assumed to detect the collision with the object such as the external obstacle that is heavier

in mass than the object such as the pedestrian and the bicycle rider that may be placed on

the hood of the main vehicle and collide with the pillar portion and the cowl portion around
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the front window during the collision. An operating level of the second collision
detection sensor 3 is set for a medium collision/heavy collision through which a clear
plastic change is left in an auto part around an Fr body on the vehicle side.

[0020] The vehicle speed sensor 4 is disposed in each of vehicle wheels. The
vehicle speed sensors 4 are vehicle wheel speed detection devices that detect speeds of the
respective vehicle wheels. The vehicle speed sensors 4 detect the vehicle wheel speeds
that are rotational speeds of the respective vehicle wheels. The vehicle speed sensors 4

output electrical signals that show the vehicle wheel speeds of the respective vehicle

. wheels which are detected to the ECU 1. The ECU 1 calculates a vehicle speed, which is

a travel speed of the vehicle, based on the vehicle wheel speeds of the respective vehicle -
wheels that are input from the vehicle speed sensors 4, The ECU 1 may calculate the
vehicle speed based on the vehicle wheel speed that is input from at least one of the vehicle
speed sensors 4. |

[0021] The perimeter monitoring sensor 5, which detects objects around the

- vehicle, is a perimeter monitoring device that performs white line detection and target

object detection. The perimeter monitoring sensor 5 detects a white line, which is
dispoéed in a travel path where the vehicle travels, for the white line detection. The
perimeter monitoring sensor 5 detects three-dimenéional objects around the vehicle, such
as a pedestrian, a bicycle, another vehicle, a telephone pole, an obstacle, a guardrail, and a

wall surface, for the target object detection. The perimeter mohitoring sensor S is

- configured to have, for example, a millimeter wave sensor, a camera sensor, and a

clearance sonar sensor. The perimeter monitoring sensor 5 outputs an electrical signal

that shows white line information based on the white line detection and target object

information based on the target object detection to the ECU 1.

[0022]) The external airbag 6 is an airbag for pedestrian protection that is
deployed ahead of the front window of the main vehicle so as to protect the pedestrian
during the collision with the pedestrian including the bicycle rider. For example, an Rr
poia-up hood, or each of an Rr pop-up hood and an Fr pop-up hood depending on models,

is operated in response to the control command input from the ECU 1 as illustrated in FIG.
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3 when the collision with the pédestrian is detected by the first collision detection sensor 2
mounted on the Fr bumper, and the external airbag 6 is deployed from a gap at a hood rear
end. The external airbag 6 is deployed in a case where the magnitude of the collision that
is detected by the first collision detection sensor 2 satisfies a depl'oym‘ent condition for the
external airbag 6. |

[0023]  The internal airbag 7 is an airbag for passenger protection that is deployed
in a passenger compartment $0 as to protect a vehicle passenger during the collision with
the ektemal obstacle. For example, the internal airbag 7 is configured to include a front
airbag that is installed close to a steering wheel of the vehicle so as to protect a front
surface of the passenger and a side airbag that is installed close to a door of the vehicle so
as to protect a side surface of the passenger. The internal airbag 7 is deployed in a case
where the magnitude of the collision that is detected by the second collision detection
sensor 3 satisfies a deployment condition for the internal airbag 7 which is different from
the deployment condition for the external airbag,.

[0024] In a case where the first collision’ detection sensor 2 is configured to be the
pressure sensor and the second collision detection sensor 3 is configured to be the
acceleration sensor in the vehicle control device according to this embodiment, the
deployment condition for the internal airbag 7 is set for the internal airbag 7 to be deployed
when a variable (acceleration G) that shows the magnitude of the collision is equal to or
higher than a first threshold (Gth). The deployment condition for the‘ external airbag 6 is
set for the external airbag 6 to be deployed when a variable (pressure P), which is different
in.type from the variable (acceleration G) that shows the magnitude of the collision set as
the deployment condition for the internal airbag 7, is equal to or higher than a second
threshold (Pth). |

[0025] In a case where thg first collision detection sensor 2 and the second
collision detection sensor 3 are configured to be the acceleration sensors in the vehicle
control device according to this embodiment, the deployment condition for the internal
airbag 7 is set for the internal airbag 7 to be deployed when a variable (acceleration G1)

that shows the magnitude of the collision is equal to or higher than a first threshold (G1th).
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The deployment condition for the external airbag 6 is set for the external airbag 6 to be
deployed when a variable (acceleration G2), which is of the same type as the variable
(acceleration G1) that shows the magnitude of the collision set as the deployment condition
for the iﬁtemal airbag 7, is equal to or higher than a second threshold (G2th) which is
lower than the first threshold (G1th).

[0026] The brake actuator 8 is a deceleration device that decelerates the vehicle
by operéting a brake in response to the control demand which is input from the ECU 1.
Typically, the brake is an electronically controlled brake device. However, the braké may
be any brake that generates a braking force in the vehicle wheel of the vehicle. For
example, the brake may include a device that generates the braking force in the vehicle
wheel of the vehicle by using a parking brake and an engine brake. The brake actuator 8
operates the brake in response to a brake operation by the driver or operates the brake
when automatic brake control is performed. The automatic brake control is, for example,
control by which the brake is automatically operated during the deployment of the internal
airbag 7 so that the vehicle is decelerated and stopped. |
| [0027]  The steering actuator 9 is a steering device for vehicle steering that
operates a steering mechanism such as electric power steering in response to the control
command input from the ECU 1. The steering actuator 9 operates the steering
mechanism in response to a steering wheel operation by the driver or operates the steering
mechanism when automatic steering control is performed so that the main vehicle does not
deviate from a lane of the main vehicle. The automatic steering control is control by
which the steering mechanism is automatically operated, by using the white line
infonﬁation which shows a result of the white line detection by the perimeter monitoring
sensor 5, so that the vehicle travels along the white line which is disposed in the tra\)cl
path. .

[0028] Referring back to the description of the ECU 1, the details of the various
processing units the ECU 1 is proyided with will be described. The ECU 1 is provided
with at least the airbag control unit 1a, the braking control unit 1b, and the steering control.

unit lc.
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[0029] The airbag control unit 1la is airbag control means for controlling the
'extémal airbag 6 to be deployed with the control command output to the external airbag 6
in a case where the magnitude of the collision detected by the first collision detection
sensor 2 satisfies the deployment condition for the eitcrrial airbag 6 (for example, P=Pth).
The airbag control unit 1a may output the control command to the external airbag 6 in a
case where the magnitude of the collision detected by the first collision detection sensor 2.

satisfies the deployment condition for the external airbag 6 after the pedestrian including

“ the bicycle rider is récognizpd based on the target object information which shows a result

of the target object detection by the perimeter monitoring sensor 5. The airbag control
unit 1a is airbag control means for controlling the internal airbag 7 to be deployed with the
control command output to the internal airbag 7 in a case where the magnitude of the
collision detected by the second co]lisfon detection sensor 3 satisfies the deployment
condition for the internal airbag 7 (fof example, G=Gth). The airbag control unit 1a may
output the control command to the internal airbag 7 in a case where the magnitude of the
collision detected by the second collfsion detection sensor 3 satisfies the deployment

condition for the internal airbag 7 after the obstacle other than the pedestrian including the

 bicycle rider is recognized based on the target object information which shows the result of

the target object detection by the perimeter monitoring sensor 3.

[0030] The braking control unit 1b is braking control means for performing the
automatic brake control with the control command output to the brake actuator 8 when the
internal airbag 7 is deployed by the airbag control unit 1a in é‘ case where the deployment
condition for the internal airbag 7 is satisfied (for example, G=Gth). In this embodiment,
the braking control unit 1b performs the automatic bfake control when the external airbag 6
is deployed by the airbag control unit 1a even in a case where the deployment condition for
the external airbag 6 is satisfied (for example, P=Pth) but the deployment condition for the
internal airbég 7 is not satisfied (for example, G<Gth). In other words, the braking
control unit 1b operates an automatic emergency brake in conjunction with an ignition

signal for the external airbag 6 for pedestrian protection. The braking control unit 1b

- performs the automatic brake control, by which the brake is automatically operated at the
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same time as the deployment of the external airbag 6, in this manner, and thus the vehicle
is decelerated and stopped. |

[0031]  The vehicle control device according to this embodiment, by which the
external airbag 6 is deployed ahead of the front window of the main vehicle even in a
condition in which the internal airbag.7 is not deployed, has the braking control unit 1b
that performs the automatic brake control when the external airbag 6 is deployed.
Accordingly, secondary collision damage thatv may occur when a forward visibility of the
driver is obstructed due to the deployment of the external airbag 6 for pedestrian protection
after the detection of the collision with the pedestrian can be suppressed‘ even in the
condition in which the internal airbag 7 for passenger protectién ;’s not deployed.

{0032} In this embodiment, the automatic brake control is released in a case
where an accélerator opcrétion by the driver of the main vehicle is detected and an
automatic brake control execution time (T) that is counted from initiation of the automatic
brake control exceeds a first predetermined time (T1) or the automatic brake control
execution time (T) exceeds a second predetermined time (T2) which is longer than the first
predetermined time in a case where the vehicle speed detected by the vehicle speéd sensor
4 becomes 0 km/h.

[0033] In this embodiment, the braking control unit 1b does not release the

automatic brake control, even when the accelerator operation by the driver of the main

‘vehicle is detected, in a case where the automatic brake control execution time (T) is

within the first predetérmined time (T1) (T<T1) in a condition in which the automatic
brake control is released in a case where the accelerator operation by the driver of the main
vehicle is detected during the automatic brake control. The braking control unit 1b
releases the automatic brake control in a case where the accelerator operation by the driver

of the main vehicle is detected in a case where the automatic brake control execution time

(T) exceeds the first predetermined time (T1) (T>T1) and the automatic brake control

execution time (T) is within the second predetermined time (T2) (T<T2). In a case where
the automatic brake control execution time (T) exceeds the second predetermined time

(T2) (T>T2), the braking control unit 1b releases the automatic brake control even when
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the accelerator operation by the driver is not detected.
| [0034] The steering control unit 1c is steering control means for performing the

automatic steering control (LKA: lane keeping assist) so that the main thicle does not
deviate from the lane of the main vehicle. The steering coritrol unit 1c outputs the control
command to the steering actuator 9 so that the vehicle travels along the white line
‘according to the white line information which shows the result of the white line detection
by the perimeter monitoring sensor 5. In this embodiment, the steering control unit 1c
performs the automatic steering control when an LKA switch is ON and when the external
airbag 6 is deployed by the airbag control unit la. The stccring control unit 1¢c may
perform the automatic steering control with the automatic brake control by the braking
control unit 1b that is performed when the external airbag 6 is deployed by the airbag
control unit 1a.

[0035]  Next, various types of processing executed by the veﬂcle control device
that has the above-described configuration will be described with reference to FIGS. 4 to 6.
FIG. 4 is a flowchart illustrating an exampie of basic processing of the vehicle control
device according to the invention. FIG. 5 is a flowchart illustrating another example of
the basic processing df the vehicle control device according to the invention. FIG. 6 is a
diagram illustrating an example of automatic brake control release processing. The
processing illustrated in FIGS. 4 to 6 are repeatedly executed in each short computation
cycle (for example, 50 msec and 100 msec). |

[0036]  As illustrated in FIG. 4, the ECU 1 determines whether or not a véhicle
speed signal V that is input from the vehicle speed sensor 4 is equal to or higher than a
predetermined threshold Vth (Step S11). The predetermined threshold Vth is set to a
value (for example, O km/h to 10 km/h) at which it can Be determined that the vehicle is
not in a stopped or slow-moving state. In a case where the ECU 1 determines that the
vehicle speed signal V is not equal to or higher than the threshold Vth, that is, the vehicle
speed signal V is lower than the threshold Vth in Step S11 (Step S11: No), the processing

proceeds to Step S21.  In a case where the ECU 1 determines that the vehicle speed signal

Vs equal to or higher than the predetermined threshold Vth (Step S11: Yes), the
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processing proceeds to the following Step S12.

[0037] The ECU 1 determines whether or not the first collision detection sensor
signal (pressure P that is the variable which shows the magnitude of the collision in a case
where the first collision detection sensor 2 is the pressure sensor in FIG. 4) that is input
from the first collision detection sensor 2 is equal to or higher than the second threshold
(Pth in FIG. 4) (Step S12). In a case where the ECU 1 determines that the first collision
detection sensor signal P is not equal to or higher than the second threshold Pth, that is, the
first collision detection‘ sensor signal P is lower than the second threshold Pth in Step S12

(Step S12: No), the processing proceeds to Step S21. In a case where the ECU 1

~ determines that the first collision detection sensor signal P is equal to or higher than the

second threshold Pth (Step S12: Yes), the processing proceeds to the following Step S13.

- [0038] The ECU 1 deploys the external airbag 6 for pedestrian protection from
the gap at the hood rear end by operating the Rr pop-up hood or operating each of the Rr
pop-up hood and the Fr pop-up hood (Step S13). The airbag control unit 1a of the ECU 1
controls the external airbag 6‘ to be deployed with the contrdl command output to the
extemal airbag 6 in a case where the magmtude of the collision that is detected by the first
colhsxon detection sensor 2 satisfies the deployment condition for the external airbag 6
(P=Pth in FIG. 4) in Step S13.  Then, the processing proceeds to the following Step S31.

{0039]  Then, the ECU 1 operates the automatic emergency brake in conjunction
with the ignition signal for the external airbag 6 for pedestrian protection that is deployed
in Step S13 (Step S31). In a case where the deployment condition for the external airbag
6 is satisfied (for example, P=Pth) in Step S31, the braking control unit 1b 6f the ECU 1
performs the automatic brake control when the external airbag 6 is deployed by the airbag
control unit 1a. Then, this processing is terminated.

[0040]  Description of this processing will continue from the processing in Step
S21. 1In a case where it is determined that the vehicle speed signal V is not equal to or
higher than the threshold Vth, that is, the vehicle speed signal V is lower than the threshold
Vth in Step S11 (Step S11: No) or in a case where it is determined that the first collision

detection sensor signal P is not equal to or higher than the second threshold Pth, that is, the
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first collision detection sensor signal P is lower than the second threshold Pth in Step S12

- (Step $12; No), the ECU 1 determines whether or not the second collision detection sensor

signal that is input‘from the second collision detection sensor 3 (acceleration G that is the
variable which shows the magnitude of the collision in a case where the second collision
detection sensor 3 is the acceleration sensor in FIG. 4) is equal to or higher than the first
threshold (Gth in FIG. 4)y(Stcp S21). After the ECU 1 determines that the second

collision detection sensor signal G is not equal to or higher than the first threshold Gth, that

is, the second collision detection sensor signal G is lower than the first threshold Gth in

Step S21 (Step S21: No), this processing is terminated. In a case where the ECU 1
determines that the second collision detection sensor signal G is equal to or higher than the
first threshold Gth (Step S21: Yes), the processing proceeds to the following Step $22.

[0041] The ECU 1 deploys the internal airbag 7 for passenger protection (Step
S22). In a case where the magnitude of the collision that is detected by the second
collision detection sensor 3 satisfies the deployment condition for the internal gﬁrbag 7
(G=Gth in FIG. 4) i‘n Step S22, the airbag control unit 1a of the ECU 1 controls the internal
airbag 7 to be deployed with the control command output to the internal airbag 7. Then,
the processing proceeds to the following Step S31,

[0042]  Then, the ECU 1 operates the automatic emergency brake in conjunction
with the ignition sigﬂal for the internal airbag 7 for passenger protection that is deployed in
Step S22 (Step $31). In a case where the deployment condition for the internal airbag 7 is
satisfied (for example, GzGth) in Step S31, the braking control unit 1b of the ECU 1
performs the éutomatic brake control when the internal airbag 7 is deployed by the airbag
control unit 1a. Then, this processing is terminated.

[0043] As described above, the vehicle conﬁol device according to this
embodiment can deploy the external airbag for pedestrian protection and automatically
operate the brake, even in the condition in which the internal airbag for passehger
protection is not deployed, after the detection of the collision with the pedestrian.
Accordingly, with the vehicle control device according to this embodiment, the secondary

collision damage that may occur when the forward visibility of the driver is obstructed due
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to the deployment of the external airbag for pedestrian protection after the detection of the
collision with the pedestrian can be suppressed. |

[0044] In this embodiment, the lane keeping assist (LKKA) may be operated in
conjunction with the ignition signal for the external airbag 6 for pedestrian protection as
illustrated in FIG. 5.  Processing from Steps S11 to S13 and Steps $21 to S22 in FIG: 5 are
similar to processing from Steps S11 to S13 and Steps S21°to S22 in FIG 4, and thus
description thereof will be omitted herein.

[0045] In Step S32 in FIG S, the automatic steering control (KLA) may be
performed instead of the automatic brake control or the automatic steering control may be
performed with the automatic brake control. In Step S§32, the braking control unit 1b of
the ECU 1 can perform the automatic brake control when the external airbag 6 is deployed

by the airbag control unit 1a in Step S13 or when the internal airbag 7 is deployed by the

" airbag control unit 1a in Step S22. Alternatively, the steering control unit ic of the ECU

1 may perform the automatic steering control when the external airbag 6 is deployed by the
airbag coﬁtrol unit 1a in Step S13 or the internal airbag 7 is cicployed by the airbag control
unit 1a in Step S22. The étccring control unit 1¢ may perform the automatic steering
control with the automatic brake control by the braking control unit 1b when the external
airbag 6 is deployed by the airbag control unit 1a in Step S13 or when the internal airbag 7
is deployed by the airbag control unit la in Step S22. The automatic steering control
LKA is also performed after the detection of the collision with the pedéstrian as described
above, and thus the secondary collision darﬁage that may occur when the forward visibility
of the driver is obstructed due to the deployment of the external airbag 6 for pedestrian
protection can be further suppressed.

[0046] In this embodiment, the pressure P the pressure sensor detects by using the
first collision detection sensor.signal in Step S12 and the acceleration G the acceleration
sensor detects by using the second collision detection sensor signal in Step S21 have been

described in the processing in FIGS. 4 and 5. However, the invention is not limited

thereto,

[0047])  For example, the ECU 1 méy determine whether or not the first collision
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detection sensor signal that is input from the first collision detection sensor 2 (acceleration
G2 that is the variable which shows the magnitude of the collision in a case where the first
collision detection sensor 2 is the acceleration sensor in this example) is equal to or higher
than the second threshold (GZtE in this example) in Step S12 (Step S12) in a case where
the first collision detection semsor 2 and the second collision detection sensor 3 are
configured to be the acceleration sensors. In a case where the ECU 1 determines that the
first collision detection sensor signal G2 is not equal to or higher than the second threshold
G2th, that is, the first collision detection sensor signal G2 is lower than the second

threshold G2th in Step S12 (Step S12: No), the processing proceeds to Step S21. In a

: ,cése where the ECU 1 determines that the first collision detection sensor signal G2 is equal

to or higher than the second threshold G2th (Step S12: Yes), the processing proceeds to the
following Step S13. | ‘

[0048] In Step S21, the ECU 1 determines whether or not the second collision .
detection sensor signal that is input from the second collision detection semsor 3
.(acceleration G1 that is the variable which shows the magnitude of the collision in a case
where the second collision detection sensor 3 is the acceleration sensor in this e;cample) is
equal to or higher than the first threshold (G1th in this example) (Step S21). Herein, a
value that is larger than the second threshold G2th is set as the first threshold Glth
(G1th>G2th in this example). After the ECU 1 détermines that the second collision
detection sensor signal G1 is not equal to or higher than the first threshold G1th, that is, the
second collision detection sensor signal G1 is lower than the first threshold G1th in Step
S21 (Step S21: No), this prdcessing is terminated. In a case where the ECU 1 determines
that the sccohd collision detection sensor signal G1 is equal to or higher than the first
threshold G1th (Step S21: Yes), the processing proceeds to the following Step S22. In
this case, only one collision detection sensor may be used in common as the first collision
detection sensor 2 and the second collision detection sensor 3.

[0049] The automatic brake control release processing will be described with
reference to FIG. 6. Processing illustrated in FIG. 6 is executed in combination with the

processing in FIGS. 4 and 5.
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[0050] As illustrated in FIG 6, ;hc ECU 1 determines whether or not the
automatic brake control is being executed by the steering control unit 1c (Step S41). Ina
case where the ECU 1 determines that the automatic brake control is not being executed in
Step 84_1 (Step S41: No), the processing in Step 541 is repeated. In a case where the ECU
1 determines that the automatic brake control is being executed (Step S41: Yes), thé
pfocessing proceeds to the following Step S42.

[0051] The ECU 1 determines whether or not the vehicle speed signal V that is
input from the vehicle speed sensor 4 is zero (Step S42). The ECU 1 releases the
automafic brake control (Step S45) in a case where it is determined that the vehicle speed -
signal V is zero, that is, the vehicle is stopped in Step S42 (Step S42: Yes). Then, this
processing is terminated. In a case where the ECU 1 determines that the vehicle speed
signal V is not zero, that is, the vehicle is not stopped (Step S42: No), the processing
proceeds to the following Step S43. |

[0052] The ECU 1 determines whether or not the accelerator operation by the
driver is detected (Step S43). In a case where it is determined that the accelerator
operation is detected in Step S43 (Step S43: Yes), the ECU 1 determines whether or not the
automatic brake control execution time T is withﬁn the first prcdetermined time T1 (Step
S44). The automatic brake control execution time T is time that is counted from the -
determination that the automatic brake control is being executed in Step S41.

[0053] In a case where the ECU 1 determines that the automatic brake control
execution time T is within the firét predetermined time T1 in Step S44 (Step S44: Yes), the
processing returns to Step S42. In other words, the braking control unit 1b of the ECU 1
does not release the automatic brake control within the first predetermined time T1 even |
when the accelerator operation by the driver of the main vehicle is detected during the
automatic brake control. In a case where the ECU 1 determines that the automatic brake
control execution time T is not within the first predetermined time T1, that is, the
automatic brake control execution time T exceeds the prédetermined time T1 (Step S44:
No), the processing proceeds to Step S45 and the automatic brake control is released.

Then, this processing is terminated.
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[0054] Referring back to the processing in Step S43, description of this
processing will continue. In a case where it is determined that the accelerator operation is

not detected in Step S43 (Step S43: No), the ECU 1 determines whether or not the

automatic brake control execution time T exceeds the second predetermined time T2 (Step

$46). A value that is larger than the first predetermined time T1 is set as the second
predetermined time T2. |

[0055] In a case where the ECU 1 determines thai the automatic brake control
execution time T does not exceed the second predetermined time T2, that is, the automatic
brake control execution time T is shorter than the second predetermined time in Step S46
(Step S46: No), the processing returns to Step S42. In a case where the ECU 1
determines that the automatic brake control execution time T exceeds the second
predetermined time T2 (Step S46: Yes), the processih_g proceeds to Step S45 and the
automatic brake control is released. In other words, the braking control unit 1b of the
ECU 1 releases the automatic brake control, even when the accelerator operation by the
driver is not detected, in a case where the second predetermined time T2 that is longer than

the first predetermined time T1 is exceeded. Then, this processing is terminated.
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CLAIMS:

1. A vehicle control device comprising:

a first collision detection sensor that detects a collision with a pedestrian;

a second collision detection sensor that detects a collision with an external obstacle;

an external airbag that is deployed ahead of a front window of a main vehicle so as to
protect the pedestriah;

an internal airbag that is deployed in a passenger compartment so as to protect a
passengef in the main vehicle; _

airbag control means for deploying the external airbag in a case where a magnijtude of
the collision detected by the first chlision detection sensor satisfies a deployment
condition for the external airbag and deploying the internal airbag in a case where a
magnitude of the collision detected by the second collision detection sensor satisfies a
deployment condition for the internal airbag which is different from the deployment
condition for the extémal airbag; and |

braking control means for performing automatic brake control when the internal
“airbag is deployed by the airbag control means in a case where the deployment condition
for the internal airbag is satisfied and performing the automatic brake control when the
external airbag is deployed by the airbag control means in a case where the deployment
condition for the external airbag is satisfied but the deployment condition for the internal

airbag is not satisfied.

2. The vehicle control device according to claim 1,

wherein the deplojment condition for the internal airbag is set for the internal airbag
to be deployed when a variable showing the magnitude of the collision is equal to or higher
than a first threshold, and

the deployment condition for the external aiibag is set for the external airbag to be
deployed when a variable different in type from the variable showing the magnitude of the

~collision set as the deployment condition for the internal airbag is equal to or higher than a
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second threshold.

3. The vehicle control device according to claim 1,

wherein the deployment condition for the internal airbag is set for the internal airbag
to be deployed when a variable showing the magnitude of the collision is equal to or higher
than a first threshold, and

the deployment condition for the external airbag is set for the external airbag to be
deployed when a variable of the same type as the variable showing the magnitude of the
collision set as the deployment condition for the internal airbag is equal to or higher than a

second threshold lbwer than the first threshold.

4, The vehicle control device according to any oné of claims 1 to 3, further
comprising steering control means for performing automatiq steering control so that the
main vehicle does not deviate from a lane of the main vehicle,

wherein the steering control means performs the automatic steering control with the
automatic brake control by the braking control means performed when the external airbag

| is-deployed by the airtbag control means.

5. The vehicle control device according to any one of claims 1 to 3,

wherein the braking control means releases the automatic brake control in a case
where the accelerator operation by the drivef of the main vehicle is detected during the
automatic brake control, wherein

the braking control means does not release the automatic brake control within a first
predetermined time, even when an accelerator operation is detected and

the braking control means releases the automatic brake control in a case where a
second predetermined timé longer than the first predetermined time is exceeded, even

when the accelerator operation by a driver is not detected.
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