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Description
Technical Field

[0001] The present invention relates to a collision
avoidance system and a collision avoidance method.

Background Art

[0002] Itis dangerous to fall asleep at the wheel. Tech-
niques to detect such a state are known. Patent Docu-
ment 1 discloses a device that obtains feature points from
a captured image of a driver’s face and determines the
sleepiness of the driver. Patent Document 2 discloses a
device that calculates a degree of risk from the eye open-
ing time and eye closing time of a driver and gives an
alarm to the driver when the degree exceeds a threshold.

Citation List
Patent Literature
[0003]

Patent Document 1: Japanese Unexamined Patent
Application Publication No. 2011-128966A
Patent Document 2: Japanese Unexamined Patent
Application Publication No. 2009-223752A

[0004] US2012095646 discloses a collision avoidance
system comprising: a driver state detection unit config-
ured to detect a state of a driver of a host vehicle; an
outward warning device configured to perform an out-
ward warning operation pertaining to a warning directed
at another vehicle travelling in a vicinity of the host vehi-
cle; an inward warning device configured to perform an
inward warning operation pertaining to awarning directed
at the driver of the host vehicle; and a control unit con-
figured to control the outward warning device and the
inward warning device on the basis of the state of the
driver detected by the driver state detection unit, the con-
trol unit being configured to cause the outward warning
device and the inward warning device to perform the out-
ward warning operation after the inward warning opera-
tion on the basis of the state of the driver.

Summary of Invention
Technical Problem

[0005] If a vehicle being operated by a driver in a drow-
sy state approaches another vehicle, these vehicles may
collide with each other. To avoid such a collision, it is
required to make a warning to the driver driving in a drow-
sy state at appropriate timing.

[0006] Having been conceived in light of the foregoing,
an object of the present invention is to provide a collision
avoidance system and a collision avoidance method ca-
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pable of increasing the likelihood of avoiding a collision
between a vehicle being operated by a driverin a drowsy
state and another vehicle.

Solution to Problem

[0007] A collision avoidance system according to an
aspect of the present invention includes: a driver state
detection unit configured to detect a state of a driver of
a host vehicle; an outward warning device configured to
perform an outward warning operation pertaining to a
warning directed at another vehicle traveling in a vicinity
of the host vehicle; an inward warning device configured
to perform an inward warning operation pertaining to a
warning directed at the driver of the host vehicle; and a
control unit configured to control the outward warning
device and the inward warning device on the basis of the
state of the driver detected by the driver state detection
unit. The control unit is configured to cause the outward
warning device and the inward warning device to perform
the outward warning operation and then performs the
inward warning operation on the basis of the state of the
driver.

[0008] The collision avoidance system may further in-
clude a distance measurement unit configured to meas-
ure a distance between the host vehicle and the other
vehicle. Upon the distance measured by the distance
measurement unit being within a predetermined range,
the control unit may cause the outward warning device
and the inward warning device to perform the outward
warning operation and the inward warning operation.
[0009] Preferably, the other vehicle includes a follow-
ing vehicle traveling behind the host vehicle.

[0010] Preferably, the driver state detection unit de-
tects a drowsing state of the driver.

[0011] The driver state detection unit may include a
brainwave sensor configured to detect brainwaves of the
driver and detect the drowsing state of the driver on the
basis of the brainwaves of the driver.

[0012] The driver state detection unit may include an
imaging unit configured to detect an image of the driver
and detect the drowsing state of the driver on the basis
of the image of the driver.

[0013] The control unit may perform the outward warn-
ing operation and then, after a predetermined time elaps-
es, perform the inward warning operation.

[0014] Preferably, the outward warning operation in-
cludes atleast one of displaying a predetermined display
directed at the other vehicle or emitting a predetermined
sound toward the other vehicle.

[0015] The outward warning operation may include
transmitting, to the other vehicle, a signal for activating
another warning device provided in the other vehicle.
[0016] A collision avoidance method according to an
aspect of the present invention includes the steps of: de-
tecting a state of a driver of a host vehicle; performing
an outward warning operation pertaining to a warning
directed at another vehicle traveling in a vicinity of the
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host vehicle; and performing aninward warning operation
pertaining to a warning directed at the driver of the host
vehicle. The outward warning operation is performed and
then the inward warning operation is performed on the
basis of the state of the driver.

Advantageous Effects of Invention

[0017] According to the collision avoidance system
and the collision avoidance method of the presentinven-
tion, when a determination is made that the host vehicle
is being operated by a driver in a drowsy state, a warning
is made to the other vehicle first, and then a warning is
made to the driver of the host vehicle, thereby increasing
the likelihood of avoiding a collision between the traveling
vehicle and the other vehicle.

Brief Description of Drawings

[0018]
FIG. 1 isafunction block diagram of a collision avoid-
ance system according to a first embodiment.
is a schematic diagram of an example vehicle
provided with the collision avoidance system
according to the first embodiment.

is a schematic diagram of operations per-
formed by the collision avoidance systemiillus-
trated in FIGS. 1 and 2.

is a schematic diagram of an example of an-
other vehicle traveling in the vicinity of a host
vehicle provided with the collision avoidance
system according to the embodiment.

is a function block diagram of a collision avoid-
ance system according to a second embodi-
ment.

is a schematic diagram of an example vehicle
provided with the collision avoidance system
according to the second embodiment.

is a function block diagram of a collision avoid-
ance system according to a third embodiment.
is a flowchart illustrating an example of a col-
lision avoidance method carried out by the col-
lision avoidance system according to the em-
bodiments.

FIG. 2

FIG. 3

FIG. 4

FIG. 5

FIG. 6

FIG. 7

FIG. 8

Description of Embodiments

[0019] Embodiments of the present invention are de-
scribed in detail below with reference to the drawings.
However, the present invention is not limited by the em-
bodiments. Furthermore, constituents of the embodi-
ments include elements that may be easily replaced by
those skilled in the art or that are substantially identical
to the constituents of the embodiments. In addition, some
of the constituents may not be used in some cases.
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First Embodiment

[0020] FIG. 1 is a function block diagram of a collision
avoidance system according to a first embodiment. As
illustrated in FIG. 1, the collision avoidance system 1 ac-
cording to the present embodiment is provided in a ve-
hicle, and includes a driver state detection unit 21, a con-
trol device 30, an outward warning device 40, and an
inward warning device 50.

[0021] Thedriver state detection unit 21 detects a state
of the driver of a host vehicle. The driver state detection
unit 21 detects, for example, a drowsing state of the driv-
er.

[0022] The driver state detection unit 21 may include
a brainwave sensor detecting brainwaves of the driver
and detect the drowsing state of the driver on the basis
of the brainwaves of the driver. The drowsing state of the
driver may be detected on the basis of at least one of the
theta wave or alpha wave of the brainwaves. Note that
the brainwaves are a sum of electrical changes of the
neuronal population existing below the scalp and skull,
the changes being detected with electrodes placed on
the scalp or skull.

[0023] The driver state detection unit 21 may further
include a myoelectric sensor acquiring an electromyo-
gram of the driver and detect the drowsing state of the
driver on the basis of the brainwaves and electromyo-
gram of the driver. For example, the drowsing state of
the driver may be detected on the basis of the electro-
myogram and the theta wave and alpha wave of the brain-
waves. Note that the electromyogram shows a sum of
electrical changes caused by contractions of muscles.
[0024] The driver state detection unit 21 may include
an imaging unit detecting an image of the driver and de-
tect the drowsing state of the driver on the basis of the
image of the driver. For example, the driver state detec-
tion unit 21 may capture an image of the driver’s face,
and analyzes the image to determine whether the driver
is in a drowsing state. More specifically, when the eye
closing time of the driver is longer than the eye opening
time, the driver state detection unit 21 can determine that
the driver is in a drowsing state.

[0025] The driver state detection unit 21 may include
a biological optical measurement device measuring he-
modynamic changes of the driver’s brain and detect the
drowsing state of the driver on the basis of the hemody-
namic changes of the driver’s brain. For example, the
drowsing state of the driver may be detected with the
biological optical measurement device disclosed in Jap-
anese Patent No. 3599426.

[0026] The control device 30 includes a driver state
determination unit 31, an outward warning device control
unit 32, and an inward warning device control unit 33.
[0027] The driver state determination unit 31 deter-
mines a state of the driver on the basis of a detection
result from the driver state detection unit 21. When the
detection result from the driver state detection unit 21 is
outside a predetermined range, for example, the driver
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state determination unit 31 determines that the driver is
in a drowsing state.

[0028] The outward warning device control unit 32
causes the outward warning device 40 to perform a warn-
ing operation pertaining to a warning directed at another
vehicle traveling in the vicinity of the host vehicle. The
inward warning device control unit 33 causes the inward
warning device 50 to perform a warning operation per-
taining to a warning directed at the driver of the host ve-
hicle.

[0029] The outward warning device 40 performs the
warning operation pertaining to a warning directed at the
other vehicle traveling in the vicinity of the host vehicle.
The outward warning device 40 includes a warning dis-
play unit 41, a warning sound output unit 42, and a warn-
ing signal transmission unit 43.

[0030] The warning display unit 41 makes a warning
by lighting a lamp, displaying an image, or the like, for
example. Here, the lamp is not limited to a lamp originally
provided in the vehicle to satisfy traffic regulations. In
addition to displaying an image or lighting alamp, flashing
a lamp may be carried out (for example, flashing brake
lamps). The display of animage is carried out by display-
ing a predetermined message on a display device using
known LEDs, a liquid crystal display, or the like, for ex-
ample.

[0031] The warning sound output unit 42 makes a
warning by outputting a warning sound. The warning
sound includes synthesized voice.

[0032] The warning signal transmission unit 43 wire-
lessly transmits, to another vehicle such as a following
vehicle, a warning signal for causing another warning
device provided in the other vehicle to operate.

[0033] Thevehiclethathasreceived the warning signal
from the warning signal transmission unit 43 causes the
warning device provided therein to operate so as to make
a warning to the driver thereof.

[0034] The inward warning device 50 performs the
warning operation pertaining to a warning directed at the
driver of the host vehicle. The inward warning device 50
includes a warning display unit 51, a warning sound out-
put unit 52, and a warning vibration unit 53.

[0035] The warning display unit 51 makes a warning
by lighting a lamp, displaying an image, or the like, for
example. The display of the image is carried out by dis-
playing a predetermined message on a display device
using known LEDs, a liquid crystal display, or the like,
for example. When the host vehicle is provided with a
navigation device, the image may be displayed on a liquid
crystal display of the navigation device.

[0036] The warning sound output unit 52 makes a
warning by outputting a warning sound. The warning
sound includes synthesized voice.

[0037] The warning vibration unit 53 makes a warning
by vibrating equipment in the host vehicle. For example,
the warning is made to the driver by partially vibrating
the steering wheel gripped by the driver.

[0038] FIG. 2 is a schematic diagram of an example
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vehicle provided with the collision avoidance system ac-
cording to the present embodiment. As illustrated in FIG.
2, the host vehicle 10 is a four-wheeled vehicle in the
present embodiment. The host vehicle 10 has two front
wheels 12F and two rear wheels 12R. The host vehicle
10 has a driver cab that a driver occupies. Note that the
host vehicle 10 may be a vehicle other than four-wheeled
vehicles.

[0039] FIG.3isaschematicdiagram of operations per-
formed by the collision avoidance system according to
the present embodiment. In FIG. 3, the host vehicle 10
travels in the direction of the arrow Y1, and a following
vehicle 100 travels in the direction of the arrow Y2.
[0040] Inthe host vehicle 10, the control device 30 ac-
tivates the outward warning device 40, and the outward
warning device 40 then performs the warning operation.
The warning operation performed by the outward warning
device 40 is at least one of a warning by lighting a lamp
or displaying an image by the warning display unit 41, a
warning by outputting a warning sound by the warning
sound output unit 42, or a warning using the warning
device in another vehicle through transmission of a warn-
ing signal from the warning signal transmission unit 43.
[0041] The warning by lighting a lamp or displaying an
image by the warning display unit41 appeals to the sense
of sight of the driver of the following vehicle 100.

[0042] The warning by outputting a warning sound by
the warning sound output unit 42 appeals to the sense
of hearing of the driver of the following vehicle 100.
[0043] The warning signal transmitted from the warn-
ing signal transmission unit 43 is received by a warning
signal reception unit 110 of the following vehicle 100.
This operation enables a warning appealing to the sense
of sight or hearing of the driver in the following vehicle
100.

[0044] Such warnings may be made to a vehicle
traveling on the left or right side (including diagonally for-
ward and backward areas) of the host vehicle 10 in ad-
dition to the following vehicle 100. The following vehicle
100 or the vehicle traveling on the left or right side (in-
cluding diagonally forward and backward areas) of the
host vehicle 10 may make a warning to another vehicle
traveling further behind.

[0045] FIG. 4 is a schematic diagram of an example of
another vehicle traveling in the vicinity of the host vehicle
provided with the collision avoidance system according
to the present embodiment. FIG. 4 illustrates an example
in which the other vehicle is a following vehicle.

[0046] AsillustratedinFIG. 4, the following vehicle 100
is afour-wheeled vehicle in the presentembodiment. The
following vehicle 100 has two front wheels 12F and two
rear wheels 12R. The following vehicle 100 has a driver
cab that a driver occupies. The following vehicle 100 in-
cludes a warning signal reception unit 110, a control de-
vice 130, and an inward warning device 150 that are dis-
posedinavehicle body 11. Note that the following vehicle
100 may be a vehicle other than four-wheeled vehicles.
[0047] The warning signal reception unit 110 is dis-
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posed in a front part 13F of the vehicle body 11 and re-
ceives the warning signal transmitted from the host ve-
hicle 10 in FIG. 3. Upon receiving the warning signal, the
warning signal reception unit 110 activates the control
device 130.

[0048] The control device 130 activated by the warning
signal reception unit 110 causes the inward warning de-
vice 150 to make a warning to the driver of the following
vehicle 100.

[0049] The inward warning device 150 is disposed in
a rear part 13R of the vehicle body 11 and includes a
warning display unit 151 and a warning sound output unit
152. The warning display unit 151 makes a warning by
lighting a lamp, displaying an image, or the like, to the
driver of the following vehicle 100. The warning sound
output unit 152 makes a warning by outputting a warning
sound, to the driver of the following vehicle 100. The
warning sound includes synthesized voice.

[0050] Operations of the collision avoidance system
according to the present embodiment will now be de-
scribed. The driver state detection unit 21 detects a state
of the driver of the host vehicle 10. The driver state de-
termination unit 31 determines whether the state of the
driver detected by the driver state detection unit 21 is a
drowsing state.

[0051] When the driver state determination unit 31 de-
termines that the driver of the host vehicle 10 is in a
drowsing state, the outward warning device control unit
32 activates the outward warning device 40. The outward
warning device 40 makes a warning to the other vehicle.
Then, the inward warning device control unit 33 activates
the inward warning device 50. The inward warning device
50 makes a warning to the driver of the host vehicle. That
is, after the outward warning device 40 makes a warning
to the other vehicle, the inward warning device 50 makes
a warning to the driver of the host vehicle.

[0052] These operations enable a warning to the other
vehicle in the vicinity of the host vehicle and then a warn-
ing to the driver of the host vehicle on the basis of the
state of the driver of the host vehicle, such as a drowsing
state. When a warning is made to the driver first, the
driver having awakened from the drowsing state may
suddenly brake or turn the steering wheel. The opera-
tions described above enable a warning to the other ve-
hicle and then a warning to the driver of the host vehicle.
Thus, evenwhen the driver who has received the warning
from the inward warning device 50 awakens from the
drowsing state and then suddenly brakes or turns the
steering wheel, it can be expected that the driver of the
other vehicle appropriately operates the brake or accel-
erator or turns the steering wheel because the outward
warning device 40 makes a warning to the other vehicle
before the warning to the host vehicle. This results in
avoidance of a collision.

Second Embodiment

[0053] FIG. 5is a function block diagram of a collision
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avoidance system according to a second embodiment.
The collision avoidance system 1 according to the
present embodiment illustrated in FIG. 5 has the same
configuration as that of the collision avoidance system
according to the first embodiment described with refer-
ence to FIGS. 1 and 2 and further includes a distance
measurement unit 22 and a distance determination unit
34.

[0054] The distance measurement unit 22 measures
a distance between a vehicle (host vehicle) and another
vehicle traveling in the vicinity of the host vehicle in a
non-contact manner. The vehicle traveling in the vicinity
of the host vehicle is, for example, one or both of a fol-
lowing vehicle traveling behind the host vehicle and a
vehicle traveling on a side (left or right side) of the host
vehicle. In addition to a vehicle traveling directly behind
the host vehicle, the following vehicle for the measure-
ment by the distance measurement unit 22 may be, for
example, a vehicle traveling diagonally backward. The
vehicle traveling on a side for the measurement by the
distance measurement unit 22 may be, for example, a
vehicle traveling diagonally forward. The distance meas-
urement unit 22 performs the measurement at predeter-
mined cycles (for example, every second).

[0055] The distance measurement unit 22 includes a
radar device (a millimeter wave radar device, a Doppler
radar device). The radar device can measure a distance
between the host vehicle and the other vehicle by emitting
radio waves (or ultrasonic waves) and then receiving ra-
dio waves (or ultrasonic waves) reflected by an object.
Note that the distance measurement unit 22 may include
at least one of a laser scanner or a three-dimensional
range sensor. The distance measurement unit 22 may
include an imaging device (a camera) capable of detect-
ing an object in a non-contact manner by acquiring an
optical image of the object. The distance measurement
unit 22 including the imaging device may measure a dis-
tance on the basis of the acquired image. For example,
the distance between the host vehicle and the other ve-
hicle can be acquired on the basis of the size of the other
vehicle in the acquired image. The distance measure-
ment unit 22 performs the measurement at predeter-
mined cycles (for example, every second).

[0056] The distance determination unit 34 determines
whether the distance between the host vehicle and the
other vehicle traveling in the vicinity of the host vehicle,
measured by the distance measurement unit 22 is within
a predetermined range (for example, within 20 m). When
the distance between the host vehicle and the other ve-
hicle measured by the distance measurement unit 22 is
within the predetermined range (for example, within 20
m), the distance determination unit 34 activates the out-
ward warning device control unit 32 and inward warning
device control unit 33. The outward warning device con-
trol unit 32 causes the outward warning device 40 to make
a warning, and the inward warning device control unit 33
causes the inward warning device 50 to make a warning.
[0057] When the distance between the host vehicle
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and the other vehicle measured by the distance meas-
urement unit 22 is out of the predetermined range (for
example, exceeds 20 m), the distance determination unit
34 does not activate either the outward warning device
control unit 32 or inward warning device control unit 33.
Thus, the inward warning device control unit 33 does not
cause the inward warning device 50 to make a warning.
[0058] FIG. 6 is a schematic diagram of an example
vehicle provided with the collision avoidance system ac-
cording to the present embodiment. As illustrated in FIG.
6, avehicle body 11 according to the presentembodiment
has the same configuration as that described with refer-
ence to FIG. 2 and further includes the distance meas-
urement unit 22. That is, a host vehicle 10 includes the
distance measurement unit 22 disposed in a rear part
13R of the vehicle body 11. The distance measurement
unit 22 can thus detect a distance from the host vehicle
10 to a following vehicle traveling behind the host vehicle
10 in a non-contact manner. In addition to a vehicle
traveling directly behind the host vehicle, the distance
measurement unit 22 may detect a distance to, for ex-
ample, a vehicle traveling diagonally backward or on a
side in a non-contact manner.

[0059] The other vehicle traveling in the vicinity of the
host vehicle 10, such as a following vehicle, has the same
configuration as that described above with reference to
FIGS. 3 and 4.

[0060] Operations of the collision avoidance system
according to the present embodiment will now be de-
scribed. The driver state detection unit 21 detects a state
of the driver of the host vehicle 10. The driver state de-
termination unit 31 determines whether the state of the
driver detected by the driver state detection unit 21 is a
drowsing state.

[0061] When the driver state determination unit 31 de-
termines that the driver of the host vehicle 10 is in a
drowsing state, the distance determination unit 34 deter-
mines whether the distance between the host vehicle and
another vehicle traveling in the vicinity of the host vehicle,
measured by the distance measurement unit 22 is within
a predetermined range.

[0062] When the distance determination unit 34 deter-
mines that the distance between the host vehicle and the
other vehicle traveling in the vicinity of the host vehicle
is within the predetermined range, the outward warning
device control unit 32 activates the outward warning de-
vice 40. The outward warning device 40 makes a warning
to the other vehicle. Then, the inward warning device
control unit 33 activates the inward warning device 50.
The inward warning device 50 makes a warning to the
driver of the host vehicle. That is, after the outward warn-
ing device 40 makes a warning to the other vehicle, the
inward warning device 50 makes a warning to the driver
of the host vehicle.

[0063] In contrast, when the distance determination
unit 34 determines that the distance between the host
vehicle and the other vehicle traveling in the vicinity of
the host vehicle is out of the predetermined range (ex-
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ceeds the predetermined range), the outward warning
device control unit 32 and inward warning device control
unit 33 do not activate the outward warning device 40
and inward warning device 50, respectively. Thus, the
outward warning device 40 and inward warning device
50 do not make a warning.

[0064] When a determination is made that the host ve-
hicle being operated by a driver in a drowsy state and
the distance between the host vehicle and the other ve-
hicle traveling in the vicinity of the host vehicle is within
the predetermined range, these operations enable a
warning to the other vehicle and then a warning to the
driver of the host vehicle. Thus, even when the driver
who has received the warning from the inward warning
device 50 awakens from the drowsing state and then
suddenly brakes or turns the steering wheel, it can be
expected that the driver of the other vehicle appropriately
operates the brake or accelerator or turns the steering
wheel because the outward warning device 40 makes a
warning to the other vehicle, such as a following vehicle,
before the warning to the host vehicle. This results in
avoidance of a collision.

[0065] With the collision avoidance system according
to the second embodiment, differing from the first em-
bodiment, when the distance between the host vehicle
and the other vehicle exceeds the predetermined range,
it is assumed that a collision hardly occurs, which elimi-
nates the need to make a warning and thus prevents the
outward warning device 40 and inward warning device
50 from making a warning. Thus, an ineffective warning
can be prevented.

Third Embodiment

[0066] FIG. 7 is a function block diagram of a collision
avoidance system according to a third embodiment. The
collision avoidance system 1 according to the present
embodiment illustrated in FIG. 7 has the same configu-
ration as that of the collision avoidance system according
to the second embodiment described with reference to
FIGS. 5 and 6 and further includes a time determination
unit 35.

[0067] The time determination unit 35 determines the
time elapsed since a warning is made to the other vehicle
by the outward warning device 40. When a predeter-
mined time (for example, one second) has elapsed since
the warning to the other vehicle by the outward warning
device 40, the time determination unit 35 activates the
inward warning device 50 to make a warning to the driver
of the host vehicle.

[0068] The predetermined time may be set preliminar-
ily or may be set by the driver. The predetermined time
may be adjusted depending on the travel speed of the
host vehicle. It is desirable that the predetermined time
be shorter as the host vehicle travels faster and longer
as the host vehicle travels slower.

[0069] In the present embodiment, the control device
30 includes the time determination unit 35, and a vehicle
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body 11 has the same configuration as that described
above with reference to FIG. 6. The other vehicle
traveling in the vicinity of the host vehicle 10, such as a
following vehicle, has the same configuration as that de-
scribed above with reference to FIGS. 3 and 4.

[0070] Operations of the collision avoidance system
according to the present embodiment will now be de-
scribed. The driver state detection unit 21 detects a state
of the driver of the host vehicle 10. The driver state de-
termination unit 31 determines whether the state of the
driver detected by the driver state detection unit 21 is a
drowsing state.

[0071] When the driver state determination unit 31 de-
termines that the driver of the host vehicle 10 is in a
drowsing state, the distance determination unit 34 deter-
mines whether the distance between the host vehicle and
another vehicle traveling in the vicinity of the host vehicle,
measured by the distance measurement unit 22 is within
a predetermined range.

[0072] When the distance determination unit 34 deter-
mines that the distance between the host vehicle and the
other vehicle traveling in the vicinity of the host vehicle
is within the predetermined range, the outward warning
device control unit 32 activates the outward warning de-
vice 40. The outward warning device 40 makes a warning
to the other vehicle. Then, when the time determination
unit 35 determines that a predetermined time has
elapsed, the inward warning device control unit 33 acti-
vates the inward warning device 50. The inward warning
device 50 makes a warning to the driver of the host ve-
hicle. That is, after the elapse of the predetermined time
since the outward warning device 40 makes a warning
to the other vehicle, the inward warning device 50 makes
a warning to the driver of the host vehicle.

[0073] In contrast, when the distance determination
unit 34 determines that the distance between the host
vehicle and the other vehicle traveling in the vicinity of
the host vehicle is out of the predetermined range (ex-
ceeds the predetermined range), the outward warning
device control unit 32 and inward warning device control
unit 33 do not activate the outward warning device 40
and inward warning device 50, respectively. Thus, the
outward warning device 40 and inward warning device
50 do not make a warning.

[0074] The collision avoidance system according to the
third embodiment, differing from the first embodiment,
considers that a collision hardly occurs in the case where
the distance between the host vehicle and the other ve-
hicle exceeds the predetermined range. Since a warning
is not required in this case, the outward warning device
40 and inward warning device 50 do not make a warning.
Thus, an ineffective warning can be prevented.

[0075] The collision avoidance system according to the
third embodiment, differing from the second embodi-
ment, sufficiently ensures the time from when the out-
ward warning device 40 makes a warning to the other
vehicle until when the inward warning device 50 makes
a warning to the driver of the host vehicle. This indicates
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that the time for the driver of the other vehicle to appro-
priately operate the brake or accelerator or turn the steer-
ing wheel can be sufficiently ensured, resulting in avoid-
ance of a collision.

[0076] Modified examples of the collision avoidance
system according to the present embodiment will now be
described.

First Modified Example

[0077] The driver state detection unit 21 and driver
state determination unit 31 may respectively detect and
determine the time elapsed from the starting time of driv-
ing. For example, when the host vehicle 10 is a rented
vehicle, the driver may not be accustomed to driving the
host vehicle 10 immediately after the start of driving
(when the time elapsed from the starting time of driving
is short). In this case, making a warning to the other ve-
hicle sufficiently ensures the time for the driver of the
other vehicle to appropriately operate the brake or accel-
erator or turn the steering wheel, resulting in avoidance
of a collision.

Second Modified Example

[0078] A warning to the other vehicle may be made
depending on the attribute of the driver. For example, the
driver may preliminarily input the driving experience,
color of the driver’s license (for example, gold or the other
colors), and type of the driver’s license (for example,
whether the driver has a license for large vehicles), to
adjust the predetermined time to be determined by the
time determination unit 35.

Third Modified Example

[0079] A warning to the other vehicle may be made
when a mobile phone or smartphone of the driver has an
incoming call during driving. Even when the driver reacts
to (is surprised with) sounding of a ringtone and then
suddenly brakes or turns the steering wheel, it can be
expected that the driver of the other vehicle appropriately
operates the brake or accelerator or turns the steering
wheel, because the outward warning device 40 makes a
warning to the other vehicle and then the inward warning
device 50 makes a warning to the driver of the host ve-
hicle 10. This results in avoidance of a collision. A ring-
tone can be detected with a microphone provided in the
vehicle.

Fourth Modified Example

[0080] The driver state detection unit 21 and driver
state determination unit 31 may respectively detect and
determine another state of the driver in addition to a
drowsing state. For example, a state of the driver looking
aside while driving or a state of a fit of a chronic disease
of the driver (for example, epilepsy) may be detected,
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and the outward warning device 40 may make a warning
to the other vehicle and then the inward warning device
50 may make a warning to the driver of the host vehicle
10. The state of the driver looking aside while driving can
be detected through an analysis of a captured image of
the driver’s face. The fit of a chronic disease of the driver
can be detected with, for example, an electromyogram.

Collision Avoidance Method

[0081] FIG. 8 is a flowchart illustrating an example of
a collision avoidance method carried out by the collision
avoidance system according to the present embodiment.
As illustrated in FIG. 8, the driver state detection unit 21
detects a state of the driver of the host vehicle 10 (Step
S101). The driver state determination unit 31 determines
whetherthe state of the driver detected by the driver state
detection unit 21 is a drowsing state (Step S102).
[0082] When the driver state determination unit 31 de-
termines that the driver of the host vehicle 10 is in a
drowsing state (Yes in Step S102), the distance deter-
mination unit 34 determines whether the distance be-
tween the host vehicle and another vehicle traveling in
the vicinity of the host vehicle, measured by the distance
measurement unit 22 is within a predetermined range
(Step S103).

[0083] When the distance determination unit 34 deter-
mines that the distance between the host vehicle and the
other vehicle traveling in the vicinity of the host vehicle
is within the predetermined range (Yes in Step S103),
the outward warning device control unit 32 activates the
outward warning device 40 to make a warning (Step
S104).

[0084] Thereafter, the time determination unit 35 de-
termines whether a predetermined time has elapsed
(Step S105). When the time determination unit 35 deter-
mines that the predetermined time has elapsed (Yes in
Step S105), the inward warning device control unit 33
activates the inward warning device 50 to make awarning
(Step S106).

[0085] Thereafter, a determination is made as to
whether the procedure of this system terminates (Step
S107). When it is determined that the procedure of the
system terminates (Yes in Step S107), the procedure of
the system terminates. When it is determined that the
procedure of the system does not terminate (No in Step
S107), the procedure of the system continues.

[0086] When the driver state determination unit 31 de-
termines that the driver of the host vehicle 10 is notin a
drowsing state in Step S102 (No in Step S102) or when
the distance determination unit 34 determines that the
distance between the host vehicle and the other vehicle
traveling in the vicinity of the host vehicle is out of the
predetermined range in Step S103 (No in Step S103),
the procedure of the system goes back to Step S101 and
continues.

[0087] When the time determination unit 35 deter-
mines that the predetermined time has not elapsed in
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Step S105 (No in Step S105), the procedure goes back
to Step S105 and the time determination unit 35 contin-
ues determination.

[0088] The processes in Steps S103, S105 may be
omitted. In the case of omitting the processes in Steps
S103, S105 (which corresponds to the first embodiment),
when the driver state determination unit 31 determines
that the driver of the host vehicle 10 is in a drowsing state
(Yes in Step S102), the outward warning device control
unit 32 activates the outward warning device 40 to make
awarning (Step S104), and then the inward warning de-
vice control unit 33 activates the inward warning device
50 to make a warning (Step S106), regardless of the dis-
tance between the host vehicle and the other vehicle
traveling in the vicinity of the host vehicle.

[0089] In the case of performing the process in Step
S103 and omitting the process in Step S105 (which cor-
responds to the second embodiment), when the driver
state determination unit 31 determines that the driver of
the host vehicle 10 is in a drowsing state (Yes in Step
S102) and when the distance determination unit 34 de-
termines that the distance between the host vehicle and
the other vehicle traveling in the vicinity of the host vehicle
is within the predetermined range (Yes in Step S103),
the outward warning device control unit 32 activates the
outward warning device 40 to make a warning (Step
S104), and then the inward warning device control unit
33 activates the inward warning device 50 to make a
warning (Step S106).

Reference Signs List

[0090]

10 Host vehicle

11 Vehicle body

12F Front wheel

12R Rear wheel

13F Front part

13R Rear part

21 Driver state detection unit

22 Distance measurement unit
30,130  Control device

31 Driver state determination unit
32 Outward warning device control unit
33 Inward warning device control unit
34 Distance determination unit

35 Time determination unit

40 Outward warning device

41 Warning display unit

42 Warning sound output unit

43 Warning signal transmission unit
50, 150 Inward warning device

51,151  Warning display unit

52,152  Warning sound output unit

53 Warning vibration unit
100 Following vehicle
110 Warning signal reception unit
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Claims

1.

A collision avoidance system comprising:

a driver state detection unit configured to detect
a state of a driver of a host vehicle;

an outward warning device configured to per-
form an outward warning operation pertaining
toawarning directed at another vehicle traveling
in a vicinity of the host vehicle;

an inward warning device configured to perform
an inward warning operation pertaining to a
warning directed at the driver of the host vehicle;
and

a control unit configured to control the outward
warning device and the inward warning device
on the basis of the state of the driver detected
by the driver state detection unit,

the control unit being configured to cause the out-
ward warning device and the inward warning device
to perform the outward warning operation and then
performs the inward warning operation on the basis
of the state of the driver.

The collision avoidance system according to claim
1, further comprising

a distance measurement unit configured to measure
a distance between the host vehicle and the other
vehicle,

upon the distance measured by the distance meas-
urement unit being within a predetermined range,
the control unit being configured to cause the out-
ward warning device and the inward warning device
to perform the outward warning operation and the
inward warning operation.

The collision avoidance system according to claim
1 or 2, wherein

the other vehicle includes a following vehicle
traveling behind the host vehicle.

The collision avoidance system according to any one
of claims 1 to 3, wherein

the driver state detection unit is configured to detect
a drowsing state of the driver.

The collision avoidance system according to claim
4, wherein

the driver state detection unit includes a brainwave
sensor configured to detect brainwaves of the driver
and is configured to detect the drowsing state of the
driver on the basis of the brainwaves of the driver.

The collision avoidance system according to claim
4, wherein

the driver state detection unit includes an imaging
unit configured to detect an image of the driver and
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10.

is configured to detectthe drowsing state of the driver
on the basis of the image of the driver.

The collision avoidance system according to any one
of claims 1 to 6, wherein

the control unit is configured to perform the outward
warning operation and then, after a predetermined
time elapses, perform the inward warning operation.

The collision avoidance system according to any one
of claims 1 to 7, wherein

the outward warning operation includes at least one
of displaying a predetermined display directed at the
other vehicle or emitting a predetermined sound to-
ward the other vehicle.

The collision avoidance system according to any one
of claims 1 to 8, wherein

the outward warning operation includes transmitting
a signal to the other vehicle for activating another
warning device provided in the other vehicle.

A collision avoidance method comprising the steps
of:

detecting a state of a driver of a host vehicle;
performing an outward warning operation per-
taining to a warning directed at another vehicle
traveling in a vicinity of the host vehicle; and per-
forming an inward warning operation pertaining
to a warning directed at the driver of the host
vehicle,

the outward warning operation being performed and
then the inward warning operation being performed
on the basis of the state of the driver.

Patentanspriiche

1.

Kollisionsvermeidungssystem, umfassend:

eine Fahrerzustandserfassungseinheit, die kon-
figuriert ist, um einen Zustand eines Fahrers ei-
nes Tragerfahrzeugs zu erfassen;

eine duflere Warnvorrichtung, die konfiguriert
ist, um einen duferen Warnbetrieb in Bezug auf
eine Warnung durchzufiihren, die auf ein ande-
res Fahrzeug gerichtet ist, das in der Nahe des
Tragerfahrzeugs fahrt;

eine innere Warnvorrichtung, die konfiguriertist,
umeineninneren Warnbetrieb in Bezug aufeine
Warnung durchzufiihren, die an den Fahrer des
Tragerfahrzeugs gerichtet ist; und

eine Steuereinheit, die konfiguriert ist, um die
auliere Warnvorrichtung und die innere Warn-
vorrichtung aufder Grundlage des Zustands des
Fahrers, der von der Fahrerzustandserfas-
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sungseinheit erfasst wird, zu steuern,

wobei die Steuereinheit konfiguriert ist, um die
aulere Warnvorrichtung und die innere Warn-
vorrichtung dazu zu veranlassen, den aul3eren
Warnbetrieb durchzufiihren und dann deninne-
ren Warnbetrieb auf der Grundlage des Zu-
stands des Fahrers durchzufiihren.

Kollisionsvermeidungssystem gemafy Anspruch 1,
ferner umfassend

eine Abstandsmesseinheit, die konfiguriert ist, um
einen Abstand zwischen dem Tragerfahrzeug und
dem anderen Fahrzeug zu messen,

wobei der Abstand, der von der Abstandsmessein-
heit gemessen wird, innerhalb eines vorbestimmten
Bereichs liegt, wobei die Steuereinheit konfiguriert
ist, um die aulRere Warnvorrichtung und die innere
Warnvorrichtung dazu zu veranlassen, den auf3eren
Warnbetrieb und den inneren Warnbetrieb durchzu-
fuhren.

Kollisionsvermeidungssystem gemafl Anspruch 1
oder 2, wobei das andere Fahrzeug ein folgendes
Fahrzeug einschlief3t, das hinter dem Tragerfahr-
zeug fahrt.

Kollisionsvermeidungssystem gemaR einemder An-
spriiche 1 bis 3, wobei

die Fahrerzustandserfassungseinheit konfiguriert
ist, um einen Schlafrigkeitszustand des Fahrers zu
erfassen.

Kollisionsvermeidungssystem gemaf Anspruch 4,
wobei

die Fahrerzustandserfassungseinheit einen Gehirn-
wellensensor einschlielt, der konfiguriertist, um Ge-
hirnwellen des Fahrers zu erfassen, und der konfi-
guriertist, um den Schlafrigkeitszustand des Fahrers
auf der Grundlage der Gehirnwellen des Fahrers zu
erfassen.

Kollisionsvermeidungssystem gemaf Anspruch 4,
wobei

die Fahrerzustandserfassungseinheit eine Bildein-
heit einschliet, die konfiguriert ist, um ein Bild des
Fahrers zu erfassen, und konfiguriert ist, um den
Schlafrigkeitszustand des Fahrers auf der Grundla-
ge des Bildes des Fahrers zu erfassen.

Kollisionsvermeidungssystem gemaR einemder An-
spriiche 1 bis 6, wobei

die Steuereinheit konfiguriert ist, um den auleren
Warnbetrieb durchzufiihren und dann, nach Ablauf
einer vorbestimmten Zeit, den inneren Warnbetrieb
durchzufiihren.

Kollisionsvermeidungssystem gemaR einemder An-
spriiche 1 bis 7, wobei
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10

10.

der duRere Warnbetrieb mindestens eines von An-
zeigen einer vorbestimmten Anzeige, die aufdas an-
dere Fahrzeug gerichtetist, oder Abgeben eines vor-
bestimmten Tons in Richtung des anderen Fahr-
zeugs einschlief3t.

Kollisionsvermeidungssystem gemaf einem der An-
spriiche 1 bis 8, wobei

der duRere Warnbetrieb das Ubertragen eines Sig-
nals an das andere Fahrzeug zum Aktivieren einer
weiteren Warnvorrichtung, die in dem anderen Fahr-
zeug vorgesehen ist, einschlief3t.
Kollisionsvermeidungsverfahren, umfassend die
Schritte:

Erfassen eines Zustands eines Fahrers eines
Tragerfahrzeugs;

Durchfiihren eines duReren Warnbetriebs in Be-
zug auf eine Warnung, die auf ein anderes Fahr-
zeug gerichtet ist, das in der Nahe des Trager-
fahrzeugs fahrt; und Durchfiihren eines inneren
Warnbetrieb in Bezug auf eine Warnung, die an
den Fahrer des Tragerfahrzeugs gerichtet ist,
wobei der duflere Warnbetrieb durchgefiihrt
wird und dann der innere Warnbetrieb auf der
Grundlage des Zustands des Fahrers durchge-
fuhrt wird.

Revendications

1.

Systéme d’évitement de collision comprenant :

une unité de détection d’état du conducteur con-
figurée pour détecter un état d’'un conducteur
d’un véhicule hote ;

un dispositif d’avertissement vers I'extérieur
configuré pour effectuer une opération d’aver-
tissement vers I'extérieur qui avertit un autre vé-
hicule se déplagant a proximité du véhicule
hote ;

un dispositif d’avertissement vers I'intérieur con-
figuré pour effectuer une opération d’avertisse-
ment vers l'intérieur qui avertit le conducteur du
véhicule hote ; et

une unité de commande configurée pour com-
mander le dispositif d’avertissement vers I'exté-
rieur et le dispositif d’avertissement vers l'inté-
rieur en fonction de I'état du conducteur détecté
par l'unité de détection d’état du conducteur,
'unité de commande étant configurée pour
amener le dispositif d’avertissement vers I'exté-
rieur et le dispositif d’avertissement vers l'inté-
rieur a effectuer 'opération d’avertissement vers
I’extérieur puis a effectuer I'opération d’avertis-
sement vers l'intérieur en fonction de I'état du
conducteur.
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Systeme d’évitement de collision selon la revendi-
cation 1, comprenant en outre

une unité de mesure de distance configurée pour
mesurer une distance entre le véhicule héte et I'autre
véhicule,

lorsque la distance mesurée par l'unité de mesure
de distance est dans une plage prédéterminée, l'uni-
té de commande étant configurée pour amener le
dispositif d’avertissement vers I'extérieur et le dis-
positif d’avertissement vers l'intérieur a effectuer
'opération d’avertissement vers I'extérieur et 'opé-
ration d’avertissement vers l'intérieur.

Systeme d’évitement de collision selon la revendi-
cation 1 ou 2, dans lequel I'autre véhicule inclut un
véhicule suivant se déplagant derriére le véhicule
hoéte.

Systeme d’évitement de collision selon 'une quel-
conque des revendications 1 a 3, dans lequel
I'unité de détection d’état du conducteur est confi-
gurée pour détecter un état de somnolence du con-
ducteur.

Systeme d’évitement de collision selon la revendi-
cation 4, dans lequel

'unité de détection d’état du conducteur inclut un
capteur d’'ondes cérébrales configuré pour détecter
des ondes cérébrales du conducteur et est configu-
rée pour détecter I'état de somnolence du conduc-
teur en fonction des ondes cérébrales du conduc-
teur.

Systeme d’évitement de collision selon la revendi-
cation 4, dans lequel

I'unité de détection d’état du conducteur inclut une
unité d’imagerie configurée pour détecter une image
du conducteur et est configurée pour détecter I'état
de somnolence du conducteur enfonction de 'image
du conducteur.

Systeme d’évitement de collision selon 'une quel-
conque des revendications 1 a 6, dans lequel
I'unité de commande est configurée pour effectuer
I'opération d’avertissement vers I'extérieur puis,
aprés écoulement d’'un temps prédéterminé, effec-
tuer 'opération d’avertissement vers l'intérieur.

Systeme d’évitement de collision selon 'une quel-
conque des revendications 1 a 7, dans lequel
I'opération d’avertissement vers I'extérieur inclut au
moins 'unde I'affichage d’un affichage prédéterminé
vers l'autre véhicule ou de I'émission d’un son pré-
déterminé en direction de I'autre véhicule.

Systeme d’évitement de collision selon 'une quel-
conque des revendications 1 a 8, dans lequel
I'opération d’avertissement vers I'extérieur inclut la
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1"

transmission d’un signal a 'autre véhicule pour ac-
tiver un autre dispositif d’avertissement fourni dans
I'autre véhicule.

10. Procédé d’évitement de collision comprenant les

étapes consistant a :

détecter un état d’'un conducteur d’'un véhicule
hote ;

effectuer une opération d’avertissement vers
I’extérieur qui avertit un autre véhicule se dépla-
¢ant a proximité du véhicule hote ; et effectuer
une opération d’avertissement vers l'intérieur
qui avertit le conducteur du véhicule hote,
I'opération d’avertissement vers I'extérieur étant
effectuée puis 'opération d’avertissement vers
I'intérieur étant effectuée en fonction de I'état du
conducteur.
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