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SYSTEM AND METHOD FOR ASSESSING
AROUSAL LEVEL OF DRIVER OF VEHICLE
THAT CAN SELECT MANUAL DRIVING
MODE OR AUTOMATED DRIVING MODE

BACKGROUND

1. Technical Field

[0001] The present disclosure relates to an arousal level
assessment system and an arousal level assessment method.
The present disclosure relates particularly to an arousal level
assessment system and an arousal level assessment method
for assessing arousal level of a driver of a vehicle.

2. Description of the Related Art

[0002] In recent years, automated driving systems that
automatically perform travel control of a vehicle such as
acceleration, steering, and braking of the vehicle have been
actively researched and developed.

[0003] For example, Japanese Unexamined Patent Appli-
cation Publication No. 6-171391 discloses an arousal level
estimation device that estimates the arousal level of a driver
based on a driving operation which is detected by a driving
operation detection sensor which monitors the driving
operation by the driver in automated driving by using
adaptive cruise control (ACC). Note that the arousal level
indicates the scale that indicates the degree of awakening.
For example, in a case where sleepiness occurs to the driver,
the arousal level lowers.

[0004] The arousal level estimation device disclosed in
Japanese Unexamined Patent Application Publication No.
6-171391 estimates the arousal level of the driver by using
a fluctuation pattern in the steering angle that corresponds to
the steering operation by the driver, assumes that the driver
experiences sleepiness in a case where the arousal level of
the driver is estimated to be low, actuates an alarm or the
like, and thereby awakes the driver. Further, in a case where
the frequency of alarm actuation becomes a prescribed
frequency or more, the vehicle is decelerated by actuating a
brake device of the vehicle or is further forcibly stopped. In
such a manner, the arousal level estimation device disclosed
in Japanese Unexamined Patent Application Publication No.
6-171391 may realize certain safe travel.

SUMMARY

[0005] Inone general aspect, the techniques disclosed here
feature a system for assessing arousal level of a driver of a
vehicle, the system including at least one first sensor, at least
one second sensor, and a processor. The processor (A)
acquires driving mode information that indicates a driving
mode of the vehicle, the driving mode being selectable by
the vehicle and/or the driver from a first mode in which
travel control of the vehicle is performed by the driver and
a second mode in which at least a portion of the travel
control of the vehicle is automatically performed, (B)
assesses which of the first mode or the second mode is
selected based on the driving mode information, (C) in a
case where the first mode is selected, (c1) acquires driving
information that indicates a driving operation by the driver
and/or indicates a driving state of the vehicle via the at least
one first sensor, (c2) acquires physiological information of
the driver via the at least one second sensor, and (c3)
assesses the arousal level based on the driving information
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and the physiological information, and (D) in a case where
the second mode is selected, (d1) acquires the physiological
information via the at least one second sensor, and (d2)
assesses the arousal level based on the physiological infor-
mation without referring to the driving information.

[0006] It should be noted that general or specific embodi-
ments may be implemented as a system, a method, an
integrated circuit, a computer program, a storage medium, or
any selective combination thereof.

[0007] Additional benefits and advantages of the disclosed
embodiments will become apparent from the specification
and drawings. The benefits and/or advantages may be indi-
vidually obtained by the various embodiments and features
of the specification and drawings, which need not all be
provided in order to obtain one or more of such benefits
and/or advantages.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a block diagram that illustrates one
example of a configuration of a driving support device in an
embodiment;

[0009] FIG. 2A is a block diagram that illustrates one
example of a specific configuration of a driving operation
unit illustrated in FIG. 1,

[0010] FIG. 2B is a block diagram that illustrates one
example of a specific configuration of a surrounding envi-
ronment recognition unit illustrated in FIG. 1;

[0011] FIG. 2C is a block diagram that illustrates one
example of a specific configuration of a subject vehicle
position detection unit illustrated in FIG. 1;

[0012] FIG. 3 is a block diagram that illustrates examples
of specific configurations of a vehicle behavior detection
unit and a first arousal level recognition unit, which are
illustrated in FIG. 1;

[0013] FIG. 4 is a block diagram that illustrates examples
of specific configurations of a physiological information
detection unit and a second arousal level recognition unit,
which are illustrated in FIG. 1;

[0014] FIG. 5 is a flowchart that illustrates an outline of a
process that is performed by an arousal level estimation
device in the embodiment;

[0015] FIGS. 6A and 6B are flowcharts that illustrate an
action that is performed by the arousal level estimation
device in the embodiment; and

[0016] FIG. 7 is a block diagram that illustrates one
example of a configuration of the driving support device in
a modification example.

DETAILED DESCRIPTION
of Present

(Underlying Knowledge Forming Basis
Disclosure)

[0017] The underlying knowledge forming basis of the
present disclosure will hereinafter be described.

[0018] As described above, in recent years, automated
driving systems that automatically perform travel control of
a vehicle such as acceleration, steering, and braking of the
vehicle have been actively researched and developed. The
automated driving system has automation levels, and
widely-used automation levels are defined in view of divi-
sion of roles related to driving between a driver and a
system. For example, the automation levels that are defined
by the National Highway Traffic Safety Administration of
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the U.S. Department of Transportation are categorized into
five levels. Manual driving is categorized as level 0, and
fully automated driving is categorized as level 4.

[0019] At the present time, the automation level of the
automated driving systems that are installed in many
vehicles is level 1. Level 1 is defined not as automated
driving but as safe driving support. Level 1 indicates a state
where adaptive cruise control (ACC), lane keeping assist
(LKA), or the like is independently used for the vehicle.
Accordingly, at level 1, the automated driving system per-
forms vehicle control in either one of the front-rear direction
or the left-right direction of the vehicle, and the driver
performs the other vehicle control and monitoring of the
traffic situation. Further, at level 1, the responsibility for safe
driving is on the driver.

[0020] For example, the automated driving system of a
vehicle that is equipped with the ACC automatically per-
forms travel control that causes the vehicle to travel at a
preset vehicle speed in a case where a preceding vehicle is
not present and that adjusts the vehicle speed so as to
maintain a preset vehicular gap in a case where a preceding
vehicle is detected in the front. While the travel control is
automatically performed by the automated driving system,
because the driver does not have to perform pedal opera-
tions, the driving operations by the driver are only steering
operations and are quite monotonous. Thus, the driver may
become less mindful, and it is possible that the driver
performs other work than driving or the arousal level lowers
(sleepiness occurs). That is, it is possible that, although the
driver is responsible for safe driving with the automated
driving system of the vehicle equipped with the ACC, the
driver excessively trusts the ACC and becomes careless
about attention to and monitoring of a surrounding environ-
ment.

[0021] In such a manner, in a case where the automated
driving system suddenly falls into a functional limit when
the consciousness of the driver about driving lowers, it may
be considered that the possibility that the response of the
driver to a target object to which attention has to be paid in
driving is delayed or the driver misses the target object
becomes high. Further, in the worst case, this possibly
results in a traffic accident.

[0022] Accordingly, in order to simultaneously satisfy
comfort by use of the ACC and safe driving by the driver, a
technique has been suggested which monitors the state of the
driver, particularly, the arousal level and alerts the driver in
a case where the arousal level becomes lower than an
acceptable value when a function of the automated driving
such as the ACC is used (For example, Japanese Unexam-
ined Patent Application Publication No. 6-171391).

[0023] As described above, Japanese Unexamined Patent
Application Publication No. 6-171391 discloses an arousal
level estimation device that estimates the arousal level of a
driver based on a driving operation which is detected by a
driving operation detection sensor in automated driving by
using the ACC. Specifically, the arousal level estimation
device disclosed in Japanese Unexamined Patent Applica-
tion Publication No. 6-171391 monitors a fluctuation pattern
in the steering angle of the steering by the driver and
estimates the arousal level of the driver based on a frequency
feature of the pattern. In a case where the arousal level of the
driver is estimated to be low, an alarm or the like is actuated,
and the driver is thereby awoken. Further, in a case where
the frequency of alarm actuation becomes a prescribed
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frequency or more, the vehicle is decelerated by actuating a
brake device or is further forcibly stopped. In such a manner,
the arousal level estimation device disclosed in Japanese
Unexamined Patent Application Publication No. 6-171391
may realize certain safe travel.

[0024] At the present time, as a next generation automated
driving system, automated driving systems whose automa-
tion level is level 2 are being partially put to practical use.
Because the automated driving system at level 2 performs
the vehicle control in the front-rear direction and the left-
right direction of the vehicle by fully using of the ACC, the
LKA, and so forth, the driver does not have to perform pedal
operations or steering operations. However, because the
responsibility for safe driving at level 2 is on the driver
similarly to level 1, the driver has to regularly monitor the
automated driving system and the surrounding environment
in case of the functional limit of the automated driving
system.

[0025] However, at level 2, because the driver has to
perform few driving operations as long as the automated
driving system stably acts, the possibility that the conscious-
ness about driving or arousal level lowers becomes higher
than level 1. For example, in a case where the automated
driving system falls into the functional limit or fails, the
driver has to take over the driving operation from the
automated driving system. However, in a case where switch-
ing is made to manual driving when the arousal level of the
driver lowers, it is possible that the response of the driver to
a target object to which attention has to be paid in driving of
the vehicle is delayed or the driver misses the target object,
and this further results in a traffic accident in the worst case.
[0026] Accordingly, in order to realize the automated
driving system at level 2 or higher, the state of the driver in
the automated driving, particularly, the arousal level is
monitored, the driver is alerted in a case where the arousal
level becomes lower than the acceptable value, and the
accident due to lowering in the arousal level has to be
thereby prevented. Particularly, a method for precisely esti-
mating the arousal level of the driver in the automated
driving is an important problem.

[0027] Meanwhile, in the arousal level estimation device
disclosed in Japanese Unexamined Patent Application Pub-
lication No. 6-171391, as described above, a method is
disclosed which estimates the arousal level of the driver
based on the driving operation by the driver in the automated
driving at level 1 by using the ACC, that is, based on the
fluctuation pattern in the steering angle which corresponds
to the steering operation by the driver. Usually, in a case
where the arousal level lowers, the driver may not accurately
perform the steering operation and frequently performs rapid
correction of the steering angle. Accordingly, the rapid
correction of the steering angle in the steering operation by
the driver may be detected by using a frequency feature of
the fluctuation pattern in the steering angle in a unit time.
Thus, based on the detection result, the arousal level of the
driver may be estimated.

[0028] However, as described above, there is a problem in
that the arousal level estimation device disclosed in Japanese
Unexamined Patent Application Publication No. 6-171391
may not estimate the arousal level for the automated driving
system at level 2 or higher in which the driver performs few
driving operations such as the steering operation.

[0029] Meanwhile, for example, Japanese Unexamined
Patent Application Publication No. 2014-181020 or Japa-
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nese Unexamined Patent Application Publication No. 2016-
38768 discloses a method for estimating the arousal level of
the driver by using physiological information of the driver
that is other information than the driving operation. More
specifically, Japanese Unexamined Patent Application Pub-
lication No. 2014-181020 discloses a method in which the
state of the driver such as an eye opening ratio that is an
opening magnitude of an eye of the driver, for example, is
detected from a face image of the driver in the automated
driving, which is acquired by using an in-vehicle camera,
and the arousal level of the driver is thereby estimated.
Japanese Unexamined Patent Application Publication No.
2016-38768 discloses a method in which the arousal level of
the driver is estimated based on the physiological informa-
tion of the driver in the automated driving such as heart rate
information or brain wave information, for example, which
is detected by using a wearable physiological sensor. Using
the method disclosed in Japanese Unexamined Patent Appli-
cation Publication No. 2014-181020 or Japanese Unexam-
ined Patent Application Publication No. 2016-38768 enables
the arousal level of the driver to be estimated without using
the driving operation by the driver. That is, it is possible to
estimate the arousal level of the driver even for the auto-
mated driving system at level 2 or higher in which the driver
performs few driving operations.

[0030] However, there is a problem in that sufficient
precision may not be obtained because in general the physi-
ological information widely varies due to individual differ-
ences. For example, in the method disclosed in Japanese
Unexamined Patent Application Publication No. 2014-
181020, the sleepiness of the driver is estimated to become
higher, that is, the arousal level is estimated to become lower
as the eye opening ratio, which is the opening magnitude of
the eye of the driver, becomes lower. However, because the
driver who habitually opens his/her eye widely and the
driver who does not are present, the arousal level of all the
drivers may not be estimated precisely based on the eye
opening ratio that uses the same reference. Similarly, in the
method disclosed in Japanese Unexamined Patent Applica-
tion Publication No. 2016-38768, the arousal level is esti-
mated by using the heart rate information or the brain waves
of the driver. However, the precision of those pieces of
physiological information related to the autonomic nervous
system and the central nervous system more widely varies
due to individual differences than the eye opening ratio.
Accordingly, in order to precisely estimate the arousal level
by using the physiological information of the driver, an
estimation method that absorbs variations of the physiologi-
cal information due to individual differences is requested.

[0031] Regarding the request, as a method that absorbs
variations due to individual differences among the drivers, a
method has been contrived which causes an arousal level
estimation model for estimating the arousal level to have a
learning function and thereby generates the arousal level
estimation model of an individual driver. Specifically, a
method has been contrived in which model learning is
successively performed for the arousal level estimation
model common to the drivers by using teacher data of the
individual driver and thereby the arousal level estimation
model for the individual driver is finally generated.

[0032] However, there is a problem in that how the teacher
data of the individual driver are generated for the driver in
driving may not be known. At the present time, as the
teacher data for the arousal level estimation model, for
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example, a subjective evaluation value that is reported by the
driver himself/herself or a facial expression evaluation value
that is obtained from subjective estimation of a facial
expression video of the driver by a third party is most
frequently used. However, it is very difficult to acquire such
data in real time from the driver in driving.

[0033] Incidentally, at the present time, it is considered to
be technically very difficult for the vehicle to regularly travel
in usual urban areas in an automated driving mode at level
2 or higher after the driver rides on the vehicle and starts
driving and until the vehicle arrives at a destination and the
driver finishes driving. This is because the automated driv-
ing system has to completely recognize the traffic situation
around the vehicle but infrastructure construction for com-
plete recognition of the traffic situation around the vehicle is
not realized. Thus, for the time being, it is considered that
the travel control of the vehicle is performed by using a
manual driving mode at level 0 or a safe driving support
mode at level 1 in the urban areas and by using the
automated driving mode at level 2 or higher in suburban
areas and on highways. That is, for the time being, it is
considered that the driver performs driving by appropriately
switching the manual driving mode and the automated
driving mode in accordance with the surrounding environ-
ment.

[0034] Accordingly, as a result of intensive studies, the
inventor has found that in manual driving, the arousal level
estimation model that uses the physiological information of
the driver learns estimation results of the arousal level
estimation model, which uses driving information such as
the driving operations by the driver or vehicle behavior, as
the teacher data and the variations in the arousal level
estimation model that uses the physiological information
due to individual differences may thereby be absorbed.
[0035] An arousal level estimation device according to
one aspect of the present disclosure is an arousal level
estimation device that estimates arousal level of a driver of
a vehicle, the vehicle being capable of switching an auto-
mated driving mode in which travel control of the vehicle is
automatically performed and a manual driving mode in
which the travel control of the vehicle is performed by the
driver. The arousal level estimation device includes a vehicle
behavior detection unit that detects driving information of
the vehicle, a first arousal level recognition unit that recog-
nizes first arousal level of the driver from the driving
information detected by the vehicle behavior detection unit,
a physiological information detection unit that detects one or
more pieces of physiological information of the driver, a
second arousal level recognition unit that recognizes second
arousal level of the driver from the one or more pieces of
physiological information detected by the physiological
information detection unit, and an arousal level estimation
unit that estimates third arousal level of the driver in
traveling of the vehicle from at least one of the first arousal
level recognized by the first arousal level recognition umt
and the second arousal level recognized by the second
arousal level recognition unit. The arousal level estimation
unit estimates the third arousal level from the first arousal
level and the second arousal level in the manual driving
mode and estimates the third arousal level from the second
arousal level in the automated driving mode.

[0036] Consequently, the recognition units each of which
recognizes the arousal level of the driver may selectively be
used in the manual driving mode and the automated driving
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mode. Thus, the arousal level of the driver of the vehicle that
has the automated driving mode and the manual driving
mode may be estimated highly precisely.

[0037] Further, in the automated driving mode, the arousal
level estimation unit may set the second arousal level as the
third arousal level and may thereby estimate the third
arousal level from the second arousal level.

[0038] Further, in the manual driving mode, the arousal
level estimation unit may assess whether or not reliability of
each of the first arousal level and the second arousal level is
equal to or higher than a threshold value, set one of the first
arousal level and the second arousal level, whose reliability
is equal to or higher than the threshold value, as the third
arousal level, and thereby estimate the third arousal level.

[0039] Further, in the manual driving mode, in a case
where the reliability of each of the first arousal level and the
second arousal level is equal to or higher than the threshold
value and the first arousal level is different from the second
arousal level, the arousal level estimation unit may set the
first arousal level as the third arousal level and thereby
estimate the third arousal level.

[0040] Further, in the manual driving mode, in a case
where the first arousal level is different from the second
arousal level, the arousal level estimation unit may cause the
second arousal level recognition unit to perform a learning
process such that the second arousal level recognition unit
outputs the first arousal level as a recognition result by using
teacher data that are generated based on the first arousal
level.

[0041] Consequently, in the manual driving mode, an
estimation model of the second arousal level is learned by
using the teacher data generated from the first arousal level,
and variations in precision due to individual differences in
the physiological information may thereby be absorbed.
Accordingly, it is possible to precisely estimate the arousal
level of the driver even in the automated driving system at
level 2 or higher in which the driving information of the
driver may not be used.

[0042] Further, in the learning process, an arousal level
identification model for recognizing the second arousal
level, which indicates the relationship between one or more
pieces of physiological information of the driver and the
arousal level of the driver, may be updated such that the
arousal level identification model for recognizing the second
arousal level outputs the first arousal level as an identifica-
tion result.

[0043] Further, the second arousal level recognition unit
may include a physiological feature extraction unit that
extracts a physiological information feature related to a
physiological state of the driver from each of plural pieces
of physiological information detected by the physiological
information detection unit and a physiological feature selec-
tion unit that selects the physiological information feature,
which is highly correlated with the teacher data generated
from the first arousal level, among plural physiological
information features extracted by the physiological feature
extraction unit, and the arousal level estimation unit may
cause the second arousal level recognition unit to perform
the learning process such that the second arousal level
recognition unit outputs the first arousal level as a recogni-
tion result by using the physiological information feature
that is selected by the physiological feature selection unit as
the teacher data.
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[0044] Further, the physiological information may be
information that indicates a heart rate fluctuation of the
driver.

[0045] Further, the physiological information may be a
face image in which a face of the driver appears.

[0046] Further, the physiological information may be
information that indicates body movement of the driver.
[0047] Further, the driving information may be informa-
tion that indicates a steering angle of the vehicle.

[0048] Further, the driving information may be informa-
tion that indicates positions of an accelerator pedal and a
brake pedal of the vehicle.

[0049] Further, the driving information may be informa-
tion that indicates acceleration of the vehicle.

[0050] Further, an arousal level estimation method accord-
ing to one aspect of the present disclosure is an arousal level
estimation method for estimating arousal level of a driver of
a vehicle, the vehicle being capable of switching an auto-
mated driving mode in which travel control of the vehicle is
automatically performed and a manual driving mode in
which the travel control of the vehicle is performed by the
driver. The arousal level estimation method includes a
vehicle behavior detection step of detecting driving infor-
mation of the vehicle, a first arousal level recognition step of
recognizing first arousal level of the driver from the driving
information detected in the vehicle behavior detection step,
a physiological information detection step of detecting
physiological information of the driver, a second arousal
level recognition step of recognizing second arousal level of
the driver from the physiological information detected in the
physiological information detection step, and an arousal
level estimation step of estimating third arousal level of the
driver in traveling of the vehicle from at least one of the first
arousal level recognized in the first arousal level recognition
step and the second arousal level recognized in the second
arousal level recognition step. In the arousal level estimation
step, the third arousal level is estimated based on the first
arousal level and the second arousal level in the manual
driving mode, and the third arousal level is estimated based
on the second arousal level in the automated driving mode.

[0051] Note that the present disclosure may be realized not
only as a device but also realized as an integrated circuit that
includes a processing section which is included in such a
device, a method including steps using the processing sec-
tion which configures the device, a program that causes a
computer to execute the steps, and information, data, or
signals that indicate the program. Further, the program,
information, data, and signals may be delivered via a record-
ing medium such as a CD-ROM or a communication
medium such as the Internet.

[0052] Embodiments of the present disclosure will here-
inafter be described with reference to drawings.

[0053] Note that all the embodiments described below
illustrate general or specific examples. Values, shapes, mate-
rials, configuration elements, arrangement positions or con-
nection manners of configuration elements, steps, orders of
steps, and so forth that are described in the following
embodiments are examples and are not intended to limit the
present disclosure. Further, the configuration elements that
are not described in the independent claims which provide
the most superordinate concepts among the configuration
elements in the following embodiments will be described as
arbitrary configuration elements.
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EMBODIMENT

[0054] A driving support device according to an embodi-
ment will hereinafter be described.

[1. Configuration of Driving Support Device 1]

[0055] FIG. 1 is a block diagram that illustrates one
example of a configuration of a driving support device 1 in
this embodiment.

[0056] The driving support device 1 is a device that is
installed in a vehicle, estimates the arousal level of a driver
in driving, alerts the driver in a case where the estimated
arousal level is lower than a prescribed value, and thereby
inhibits drowsy driving by the driver. In this embodiment, a
description will be made in the following on an assumption
that the vehicle is capable of switching an automated driving
mode in which travel control of the vehicle is automatically
performed and a manual driving mode in which the travel
control of the vehicle is performed by a driving operation by
the driver.

[0057] As illustrated in FIG. 1, the driving support device
1 includes a driving operation unit 2, a surrounding envi-
ronment recognition unit 3, a subject vehicle position detec-
tion unit 4, a target travel state decision unit 5, a driving
mode selection unit 6, a vehicle control unit 7, a notification
unit 8, and an arousal level estimation device 10.

<Driving Operation Unit 2>

[0058] FIG. 2A is a block diagram that illustrates one
example of a specific configuration of the driving operation
unit 2 illustrated in FIG. 1.

[0059] The driving operation unit 2 is operated in order for
the driver to drive the vehicle. For example, as illustrated in
FIG. 2A, the driving operation unit 2 includes a steering
wheel 21, an accelerator pedal 22, a brake pedal 23, a
steering lever 24 such as a shift lever, and a driving mode
selection switch 25 for selecting a driving mode, Note that
the pedals included in the driving operation unit 2 are not
limited to the accelerator pedal 22 and the brake pedal 23.
Further, the driving operation unit 2 may include other
components than the above.

<Surrounding Environment Recognition Unit 3>

[0060] FIG. 2B is a block diagram that illustrates one
example of a specific configuration of the surrounding
environment recognition unit 3 illustrated in FIG. 1.

[0061] The surrounding environment recognition unit 3
includes plural sensors and plural recognition units and
recognizes a surrounding environment of the subject
vehicle.

[0062] The plural sensors detect various kinds of infor-
mation for monitoring an outside situation of the subject
vehicle. For example, as illustrated in FIG. 2B, the plural
sensors include a camera 31 and a radar 32. At least one or
more cameras 31 are arranged on an external surface of the
vehicle, for example, and image an outside environment of
the vehicle such as a lane, a road surface, and a surrounding
obstacle. The radar 32 is a millimeter-wave radar or a laser
radar that is arranged in a front portion or a rear portion of
the vehicle, for example, and measures the distances to and
the positions of a vehicle or an obstacle that is present
around the subject vehicle, and so forth.
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[0063] The plural recognition units recognize the sur-
rounding environment of the subject vehicle based on the
information detected from each of the sensors. For example,
as illustrated in FIG. 2B, the plural recognition units include
a road shape recognition unit 33, a road surface state
recognition unit 34, and a surrounding object recognition
unit 35. The road shape recognition unit 33 recognizes a road
shape around the subject vehicle. The road shape recognition
unit 33 recognizes the lane such as a white line on a road
from a photographed image by the camera 31 and detects the
width, the curvature, and so forth of the lane. The road
surface state recognition unit 34 recognizes a road surface
state in front of the subject vehicle. The road surface state
recognition unit 34 recognizes the road surface state such as
a snow accumulation or black ice from a photographed
image by the camera 31. The surrounding object recognition
unit 35 recognizes an object that is present around the
subject vehicle. The surrounding object recognition unit 35
recognizes a pedestrian, a bicycle, a motorcycle, or another
surrounding vehicle by using photographed images by the
camera 31 and radar information by the radar 32 and detects
the size, position, speed, movement direction, or the like of
the recognized object.

<Subject Vehicle Position Detection Unit 4>

[0064] FIG. 2C is a block diagram that illustrates one
example of a specific configuration of the subject vehicle
position detection unit 4 illustrated in FIG. 1.

[0065] As illustrated in FIG. 2C, the subject vehicle posi-
tion detection unit 4 includes a global positioning system
(GPS) 41, a vehicle travel position calculation unit 42, and
a map data storage unit 43 and detects the position of the
subject vehicle on the map. The GPS 41 receives GPS
information that indicates the position of the subject vehicle
from GPS satellites. The map data storage unit 43 in advance
stores map data. The vehicle travel position calculation unit
42 calculates the travel position of the subject vehicle on the
map data that are stored in the map data storage unit 43
based on the received GPS information.

<Target Travel State Decision Unit 5>

[0066] The target travel state decision unit 5 decides a
target travel state that is a travel state of the subject vehicle
to be a target. In the example illustrated in FIG. 1, the target
travel state decision unit 5 calculates information of the
target travel state based on present surrounding environment
information that is obtained from the surrounding environ-
ment recognition unit 3, a present subject vehicle position
that is obtained from the subject vehicle position detection
unit 4, and present subject vehicle behavior that is obtained
from a vehicle behavior detection unit 11. Note that infor-
mation of the travel state includes information related to
travel of the vehicle such as the position of the vehicle or the
speed or orientation of the vehicle in the position. The target
travel state may be calculated by a method in related art, and
a description thereof will thus not be made here.

<Driving Mode Selection Unit 6>

[0067] The driving mode selection unit 6 switches the
driving mode of the vehicle to either one of the automated
driving mode and the manual driving mode. In the example
illustrated in FIG. 1, the driving mode selection unit 6
switches the driving mode to either one of the automated
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driving mode and the manual driving mode in accordance
with the operation of the driving mode selection switch 25
of the driving operation unit 2 by the driver.

<Vehicle Control Unit 7>

[0068] The vehicle control unit 7 is configured with a CPU
or the like that realizes a prescribed function in cooperation
with software, for example, and performs the travel control
of the vehicle based on the presently-selected driving mode.
For example, in the automated driving mode, the vehicle
control unit 7 controls various actuators for acceleration,
steering, and braking of the subject vehicle, an ECU, and so
forth based on the target travel state that is obtained from the
target travel state decision unit 5. Further, for example, in the
manual driving mode, the vehicle control unit 7 controls the
various actuators for acceleration, steering, and braking of
the subject vehicle, the ECU, and so forth in accordance with
the operation of the driving operation unit 2 by the driver.

<Notification Unit 8>

[0069] The notification unit 8 is configured with various
in-vehicle displays such as a car navigation system, a
speaker, a driver seat that has a vibration actuator built
therein, or the like, for example. The notification unit 8
provides notification of the driving mode that is selected by
the driver or information that indicates the present vehicle
position. Further, the notification unit 8 notifies the driver of
predetermined information in accordance with the arousal
level that is estimated by an arousal level estimation unit 15.
For example, the notification unit 8 provides notification of
an alert or a warning that suppresses the sleepiness of the
driver in a case where a determination is made that the
arousal level of the driver becomes lower than a prescribed
value, that is, the sleepiness equal to or higher than a
prescribed value occurs to the driver.

<Arousal Level Estimation Device 10>

[0070] The arousal level estimation device 10 is one
example of an arousal level estimation device in the present
disclosure and estimates the arousal level of the driver in
driving of the vehicle. A specific configuration and so forth
of the arousal level estimation device 10 will hereinafter be
described with reference to the drawings.

[Configuration of Arousal Level Estimation Device 10]

[0071] FIG. 3 is a block diagram that illustrates examples
of specific configurations of the vehicle behavior detection
unit 11 and a first arousal level recognition unit 12, which are
illustrated in FIG. 1. FIG. 4 is a block diagram that illustrates
examples of specific configurations of a physiological infor-
mation detection unit 16 and a second arousal level recog-
nition unit 17, which are illustrated in FIG. 1.

[0072] Asillustrated in FIG. 1, the arousal level estimation
device 10 includes the vehicle behavior detection unit 11, the
first arousal level recognition unit 12, the arousal level
estimation unit 15, the physiological information detection
unit 16, and the second arousal level recognition unit 17.
Note that the arousal level (sleepiness) of the driver that is
estimated by the arousal level estimation device 10 is
decided as any one of five levels of level 1 to level 5, for
example. For example, level 1 indicates “not sleepy state”,
and level 2 indicates “slightly sleepy state”. Level 3 indi-
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cates “sleepy state”, and level 4 indicates “fairly sleepy
state”. Level 5 indicates “very sleepy state”.

<Vehicle Behavior Detection Unit 11>

[0073] The vehicle behavior detection unit 11 detects
driving information. In this embodiment, the vehicle behav-
ior detection unit 11 is configured with a sensor group for
detecting the driving information that indicates the driving
operation by the driver and the behavior of the vehicle. This
sensor group includes a sensor that detects the driving
operation by the driver and a sensor that detects the behavior
of the vehicle.

[0074] Forexample, as illustrated in FIG. 3, the sensor that
detects the driving operation by the driver includes a steet-
ing angle sensor 111, an accelerator pedal position sensor
112, and a brake pedal position sensor 113. The steering
angle sensor 111 detects the rotational angle of the steering
wheel 21 in the driving operation unit 2, that is, the steering
angle. The accelerator pedal position sensor 112 detects the
position of the accelerator pedal 22 or the brake pedal 23.
The brake pedal position sensor 113 detects the position of
the brake pedal 23.

[0075] Further, the sensor that detects the behavior of the
vehicle includes a vehicle speed sensor 114, an acceleration
sensor 115, and a yaw rate sensor 116. The vehicle speed
sensor 114 detects the speed of the vehicle. The acceleration
sensor 115 detects the acceleration in the front-rear direction
of the vehicle and the acceleration in the lefi-right direction
of the vehicle. The yaw rate sensor 116 detects the rotational
angle (yaw rate) with respect to the perpendicular direction
of the vehicle.

<First Arousal Level Recognition Unit 12>

[0076] The first arousal level recognition unit 12 recog-
nizes first arousal level of the driver from the driving
information that is detected by the vehicle behavior detec-
tion unit 11. Here, for example, the driving information may
be information that indicates the steering angle of the
vehicle, may be information that indicates the positions of
the accelerator pedal 22 and the brake pedal 23 of the
vehicle, or may be information that indicates the accelera-
tion of the vehicle. Here, for example, the driving informa-
tion may be information that indicates the speed of the
vehicle or may be information that indicates the yaw rate. In
this embodiment, as illustrated in FIG. 3, the first arousal
level recognition unit 12 includes a driving information
feature extraction unit 121 and a first arousal level identi-
fication unit 122 and recognizes the first arousal level of the
driver by using the surrounding environment of the subject
vehicle that is recognized by the surrounding environment
recognition unit 3 and the driving information that is
detected by the vehicle behavior detection unit 11.

<<Driving Information Feature Extraction Unit 121>>

[0077] The driving information feature extraction unit 121
extracts a driving information feature from the surrounding
environment of the subject vehicle that is recognized by the
surrounding environment recognition unit 3 and the driving
information that is detected by the vehicle behavior detec-
tion unit 11.

[0078] Here, the surrounding environment of the subject
vehicle is information that indicates the vehicular gap
between a preceding vehicle and the subject vehicle or the
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distance between the subject vehicle and the lane such as the
white line of the road, for example. Further, as described
above, the driving information is information that is detected
by the sensor group included in the vehicle behavior detec-
tion unit 11 and that indicates the driving operation by the
driver such as the steering angle of the steering wheel 21 or
the behavior of the subject vehicle such as the speed of the
vehicle, for example. Further, the driving information fea-
ture is a feature for identifying the first arousal level of the
driver, the feature being related to a driving activity of the
driver. Specifically, for example, the driving information
features are statistical features such as average values and
standard deviations that are obtained from fluctuation pat-
terns in the steering angle of the steering wheel 21 which is
operated by the driver and in the positions of the accelerator
pedal 22 and the brake pedal 23 and fluctuation patterns in
the vehicular gap from the preceding vehicle, the lateral
displacement amount of the vehicle, the vehicle speed, the
accelerations of the vehicle in the front-rear and left-right
directions, the yaw rate, and so forth, in a prescribed unit
time such as one minute.

[0079] Inthis embodiment, the driving information feature
extraction unit 121 includes one or more feature extraction
units and extracts at least one or more features that are
related to the driving activity of the driver as the driving
information features. For example, in the example illustrated
in FIG. 3, the driving information feature extraction unit 121
has a vehicular gap feature extraction unit 131, a vehicle
lateral displacement amount feature extraction unit 132, a
steering angle feature extraction unit 133, an accelerator
pedal position feature extraction unit 134, a brake pedal
position feature extraction unit 135, a vehicle speed feature
extraction unit 136, a vehicle front-rear direction accelera-
tion feature extraction unit 137, a vehicle left-right direction
acceleration feature extraction unit 138, and a yaw rate
feature extraction unit 139.

[0080] The vehicular gap feature extraction unit 131
extracts a vehicular gap feature, which is the average value,
standard deviation, or the like of the vehicular gap in a
prescribed unit time, as the driving information feature by
using the vehicular gap between the preceding vehicle and
the subject vehicle that is obtained from the surrounding
environment recognition unit 3.

[0081] The vehicle lateral displacement amount feature
extraction unit 132 acquires, from the surrounding environ-
ment recognition unit 3, information of the road shape such
as the width, the curvature, or the like of the lane and
information that indicates the distance between the vehicle
and the lane such as the distance from the white line of the
road. The vehicle lateral displacement amount feature
extraction unit 132 calculates the displacement amount of
the vehicle from a center line of the road (hereinafter
referred to as vehicle lateral displacement amount) based on
the information of the road shape and the distance that is
obtained from the surrounding environment recognition unit
3. Then, the vehicle lateral displacement amount feature
extraction unit 132 extracts a vehicle lateral displacement
feature, which is the average value, standard deviation, or
the like of the vehicle lateral displacement amount in a
prescribed unit time which is calculated by using the pieces
of information and the displacement amount, as the driving
information feature. Note that the vehicle lateral displace-
ment amount may not be a simple displacement amount
from the center line but may be the displacement amount
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from the travel position that is set as a target at the time after
a prescribed unit time by the driver. Further, for example, as
disclosed in Japanese Unexamined Patent Application Pub-
lication No. 2015-219771, a target travel position of the
driver may be calculated based on the steering angle of the
steering wheel 21, the speed of the vehicle, or the yaw rate,
which is obtained from the vehicle behavior detection unit
11.

[0082] The steering angle feature extraction unit 133
extracts a steering angle feature, which is the average value
or standard deviation of the displacement amount of the
steering angle in a prescribed unit time, as the driving
information feature by using the steering angle of the
steering wheel 21 that is obtained from the steering angle
sensor 111. Note that the steering angle feature extraction
unit 133 may extract the steering angle feature, which is a
frequency feature or the like of the displacement amount of
the steering angle, as the driving information feature.

[0083] The accelerator pedal position feature extraction
unit 134 extracts an accelerator pedal position feature, which
is the average value, standard deviation, or the like of the
displacement amount of the position of the accelerator pedal
in a prescribed unit time, as the driving information feature
by using the position of the accelerator pedal 22 that is
obtained from the accelerator pedal position sensor 112.

[0084] The brake pedal position feature extraction unit
135 extracts a brake pedal position feature, which is calcu-
lated by using the position of the brake pedal 23 which is
obtained from the brake pedal position sensor 113, as the
driving information feature. Here, the brake pedal position
feature is the average value or standard deviation of the
displacement amount of the position of the brake pedal in a
prescribed unit time, the frequency of brake operations, or
the like.

[0085] The vehicle speed feature extraction unit 136
extracts a vehicle speed feature, which is the average value,
standard deviation, or the like of the displacement amount of
the vehicle speed in a prescribed unit time, as the driving
information feature by using the vehicle speed that is
obtained from the vehicle speed sensor 114.

[0086] The vehicle front-rear direction acceleration fea-
ture extraction unit 137 calculates the acceleration of the
vehicle in the front-rear direction of the vehicle accelera-
tions that are obtained from the acceleration sensor 115.
Further, the vehicle front-rear direction acceleration feature
extraction unit 137 extracts a vehicle front-rear direction
acceleration feature, which is the average value, standard
deviation, or the like of the displacement amount of the
acceleration of the vehicle in the front-rear direction in a
prescribed unit time, as the driving information feature by
using the calculated acceleration of the vehicle in the
front-rear direction.

[0087] The vehicle left-right direction acceleration feature
extraction unit 138 calculates the acceleration of the vehicle
in the left-right direction of the vehicle accelerations that are
obtained from the acceleration sensor 115. Further, the
vehicle left-right direction acceleration feature extraction
unit 138 extracts a vehicle left-right direction acceleration
feature, which is the average value, standard deviation, or
the like of the displacement amount of the acceleration of the
vehicle in the left-right direction in a prescribed unit time, as
the driving information feature by using the calculated
acceleration of the vehicle in the left-right direction.
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[0088] The yaw rate feature extraction unit 139 extracts a
yaw rate feature. which is the average value, standard
deviation, or the like of the displacement amount of the yaw
rate in a prescribed unit time, as the driving information
feature by using the yaw rate that is obtained from the yaw
rate sensor 116.

<<First Arousal Level Identification Unit 122>>

[0089] The first arousal level identification unit 122 iden-
tifies the first arousal level of the driver by using the driving
information features that are extracted by the driving infor-
mation feature extraction unit 121.

[0090] In this embodiment, the first arousal level identi-
fication unit 122 identifies the arousal level of the driver by
using at least one or more features that are obtained from one
or more feature extraction units of the driving information
feature extraction unit 121 and outputs identification results
as the first arousal level. The identification results include
the arousal level that indicates any of level 1 to level 5 and
the reliability of the arousal level, for example.

[0091] Here, a specific description will be made about an
identification method of the first arousal level that is pet-
formed by the first arousal level identification unit 122.
[0092] It has been known that the driving operation of the
vehicle by the driver becomes monotonous in a case where
the arousal level of the driver lowers (the sleepiness
becomes high) in driving. For example, the operations of the
steering wheel 21, the accelerator pedal 22, or the brake
pedal 23 by the driver lessen in a case where the sleepiness
becomes high compared to a time before the sleepiness
becomes high. Further, in a case where the sleepiness of the
driver becomes high, the vehicle in driving wobbles, and the
fluctuation in the lateral displacement amount of the vehicle,
the vehicular gap, or the like tends to become large. For
example, in a case where the sleepiness of the driver
temporarily becomes high, a case occurs where the opera-
tions of the steering wheel 21 decrease and the vehicle
wobbles hard. However, in a moment when the vehicle
wobbles hard, the driver often awakes temporarily and takes
an activity to rapidly operate the steering wheel 21 in order
to correct the travel state of the vehicle to a right travel state.
Further, in such a case, the fluctuation pattern in the dis-
placement amount of the steering angle of the steering wheel
21 or the lateral displacement amount of the vehicle exhibit
a feature pattern in which the displacement amount becomes
comparatively small for a certain time and the displacement
amount thereafter rapidly and largely changes due to a rapid
correction, for example.

[0093] Accordingly, a specific fluctuation pattern in each
of the driving information features due to the sleepiness is
detected, and the sleepiness of the driver may thereby be
detected (identified). More specifically, an arousal level
identification model which may associate such a specific
fluctuation pattern in each motion feature due to the sleepi-
ness with the arousal level in such a case is generated, the
generated arousal level identification model is used, and the
sleepiness of the driver may thereby be identified.

[0094] In this embodiment, the first arousal level identi-
fication unit 122 uses the arousal level identification model
that is generated in such a manner, thereby identifies the first
arousal level from driving information features, and outputs
the first arousal level as identification results to the arousal
level estimation unit 15. Note that, as described above, the
identification results include the arousal level that indicates
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any of level 1 to level 5 and the reliability that indicates the
certainty of the arousal level in addition, for example. For
example, as the identification results, arousal level: 3, reli-
ability: 0.8, and so forth are output. Further, the generated
arousal level identification model uses at least one or more
driving information features, which are selected from the
driving information features obtained from the driving infor-
mation feature extraction unit 121, as input data and outputs
the arousal level of the driver. The arousal level identifica-
tion model may be generated by using a machine learning
algorithm in related art such as a neural network, a support
vector machine, or a random forest.

<Physiological Information Detection Unit 16>

[0095] The physiological information detection unit 16
detects one or more pieces of physiological information of
the driver. In this embodiment, the physiological informa-
tion detection unit 16 is configured with a sensor group for
detecting the physiological information of the driver. For
example, as illustrated in FIG. 4, the sensor group has an
in-vehicle camera 161, a microphone 162, a heart rate sensor
163, a blood pressure sensor 164, and a body movement
sensor 165. Note that the sensor group may further have a
respiration sensor (not illustrated) that detects a respiration
fluctuation of the driver, a skin temperature sensor (not
illustrated) that detects the skin temperature of the driver,
and so forth.

[0096] The in-vehicle camera 161 is arranged in the
vehicle and images an internal portion of the vehicle. Then,
the in-vehicle camera 161 generates image data that indicate
a photographed image. For example, the in-vehicle camera
161 photographs the driver in driving. More specifically, the
in-vehicle camera 161 is arranged to be capable of photo-
graphing the vicinity of a driver seat in the vehicle and
photographs the driver on the driver seat.

[0097] The microphone 162 collects sound in the vehicle.
More specifically, the microphone 162 is arranged in the
vehicle to collect surrounding sound. Then, the microphone
162 generates data (audio data) that indicate the collected
sound.

[0098] The heart rate sensor 163 detects a heart rate
fluctuation of the driver. More specifically, the heart rate
sensor 163 measures the heart rate of the driver and gener-
ates a sensor signal of the measurement result. Note that the
heart rate sensor 163 may be a contact type sensor device
that is attached to the body such as the earlobe or may be a
contactless type sensor device such as a camera that extracts
the change in the complexion which corresponds to a pulse
wave. Further, the heart rate sensor 163 may be substituted
by a pulse wave sensor and detect the heart rate fluctuation
of the driver.

[0099] The blood pressure sensor 164 measures the blood
pressure of the driver and generates a sensor signal of the
measurement result. Here, the blood pressure sensor 164 is
configured with a wearable device, for example, and is in
advance attached to a person in charge who is to perform
driving in the manual driving mode, that is, the driver.
[0100] The body movement sensor 165 detects the body
movement such as the change in the posture of the driver.
More specifically, the body movement sensor 165 is con-
figured with a load sensor that is arranged in an internal
portion of a backrest or a seating surface of the driver seat,
for example. The body movement sensor 165 senses the
change in the posture of a person on the driver seat and
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generates a sensor signal of the sensing result. Note that the
body movement sensor 165 may be configured with an
acceleration sensor, an angular velocity sensor, or the like.

<Second Arousal Level Recognition Unit 17>

[0101] The second arousal level recognition unit 17 rec-
ognizes second arousal level of the driver from one or more
pieces of physiological information that are detected by the
physiological information detection unit 16. Here, the physi-
ological information may be information that indicates the
heart rate fluctuation of the driver, may be a face image in
which the face of the driver appears, or may be information
that indicates the body movement of the driver, for example.
Further, the physiological information may be information
that indicates the respiration of the driver or may be infor-
mation that indicates the blood pressure of the driver, for
example. In this embodiment, as illustrated in FIG. 4, the
second arousal level recognition unit 17 includes a physi-
ological feature extraction unit 171 and a second arousal
level identification unit 172. Note that in a case where the
second arousal level recognition unit 17 receives the teacher
data from a teacher data generation unit 152, which will be
described later, the second arousal level recognition unit 17
performs learning for the second arousal level identification
unit 172 based on the teacher data.

<<Physiological Feature Extraction Unit 171>>

[0102] The physiological feature extraction unit 171
extracts a physiological information feature related to the
physiological state of the driver from each of plural pieces
of physiological information that are detected by the physi-
ological information detection unit 16.

[0103] Here, the physiological information feature is a
feature for identifying the arousal level of the driver and a
feature that is related to physiological information of the
driver. The physiological information is an index that indi-
cates a physiological state of a person such as sleepiness or
fatigue and includes visual system physiological informa-
tion, autonomic nervous system physiological information,
skeletal system physiological information, or the like, for
example. The visual system physiological information is a
statistical feature such as the average value, standard devia-
tion, or the like that is obtained from the fluctuation pattern
in the eye opening ratio of the driver which indicates the
opening degree of the eye of the driver, the frequency or
time of eye blink of the driver, the position of the head of the
driver, or the like in a prescribed unit time such as one
minute, for example. Further, the autonomic nervous system
physiological information is a statistical feature that is
obtained from the fluctuation patterns in the respiration rate,
the depth of respiration, the heart rate, the blood pressure, or
the like in a prescribed unit time. Further, the skeletal system
physiological information is a statistical feature that is
obtained from the fluctuation pattern in the position of the
center of gravity of the body in a prescribed unit time.
[0104] In this embodiment, the physiological feature
extraction unit 171 includes one or more feature extraction
units and extracts at least one or more features that indicate
the physiological state of the driver. For example, as illus-
trated in FIG. 4, the physiological feature extraction unit 171
has a face image extraction unit 181, an eye opening ratio
detection unit 182, an eye opening ratio feature extraction
unit 183, an eye blink detection unit 184, an eye blink
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feature extraction unit 185, a head position detection unit
186, a head position feature extraction unit 187, a respiratory
sound detection unit 188, a respiration feature extraction
unit 189, a heart rate fluctuation detection unit 190, a heart
rate fluctuation feature extraction unit 191, a blood pressure
fluctuation detection unit 192, a blood pressure fluctuation
feature extraction unit 193, a body movement detection unit
194, and a body movement feature extraction unit 195.

[0105] For example, the physiological feature extraction
unit 171 uses the face image extraction unit 181 to the head
position feature extraction unit 187 and may thereby extract
an eye opening ratio feature, an eye blink feature, or a head
position feature, which is related to the visual system
physiological information of the driver, from an image
which is photographed by the in-vehicle camera 161 and
includes the driver, as the physiological information feature.
Specifically, the face image extraction unit 181 consecu-
tively acquires the image data from the in-vehicle camera
161 and extracts a face image region of the driver from the
image data. The eye opening ratio detection unit 182 extracts
the image region of the eye from the face image region
extracted by the face image extraction unit 181, thereafter
detects the upper and lower eyelids, and detects the eye
opening ratio that indicates the opening degree of the
eyelids, that is, the eye from the shapes of the eyelids. The
eye opening ratio feature extraction unit 183 calculates an
eye opening ratio feature, which is the average value,
standard deviation, maximum value, minimum value, or the
like of the eye opening ratio in a prescribed unit time, from
the fluctuation pattern in the eye opening ratio that is
detected by the eye opening ratio detection unit 182. Further,
the eye blink detection unit 184 extracts the image region of
the eye from the face image region extracted by the face
image extraction unit 181, thereafter detects the upper and
lower eyelids, and detects a blink (eye blink) from the
movement of the upper and lower eyelids. The eye blink
feature extraction unit 185 calculates an eye blink feature,
which is the average value, standard deviation, or the like of
the eye blink frequency or the eye blink time in a prescribed
unit time. In addition, the head position detection unit 186
detects the fluctuation pattern in the head position of the
driver based on the position in the image in the face image
region extracted by the face image extraction unit 181. The
head position feature extraction unit 187 calculates a head
position feature, which is the average value, standard devia-
tion, maximum value, minimum value, or the like of the
head position in a prescribed unit time, from the fluctuation
pattern in the head position.

[0106] Further, for example, the physiological feature
extraction unit 171 uses the respiratory sound detection umt
188 and the respiration feature extraction unit 189 and may
thereby extract a respiration feature, which 1s one of pieces
of the autonomic nervous system physiological information
of the driver, as the physiological information feature from
collected sound data from the microphone 162 in the
vehicle. Specifically, the respiratory sound detection unit
188 detects a respiratory sound pattern of the driver from the
collected sound data from the microphone 162. The respi-
ration feature extraction unit 189 calculates a respiration
feature, which is the average value, standard deviation,
maximum value, or the like of the respiration rate or the
depth of respiration in a prescribed unit time, from the
respiratory sound pattern that is detected by the respiratory
sound detection unit 188.
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[0107] Further, for example, the physiological feature
extraction unit 171 uses the heart rate fluctuation detection
unit 190 and the heart rate fluctuation feature extraction unit
191 and may thereby extract a heart rate fluctuation feature,
which is one of pieces of the autonomic nervous system
physiological information of the driver, as the physiological
information feature from the heart rate sensor 163. Specifi-
cally, the heart rate fluctuation detection unit 190 detects an
R wave that has the highest peak from an electrocardio-
graphic waveform obtained from the heart rate sensor 163
and thereafter detects the fluctuation in a heartbeat interval
that is the interval between the R waves (RR interval (RRI))
as a heart rate fluctuation pattern. The heart rate fluctuation
feature extraction unit 191 calculates a heart rate fluctuation
feature, which is the average value, standard deviation, or
the like of the heartbeat interval (RRI) in a prescribed unit
time, from the detected heart rate fluctuation pattern. Note
that, as the heart rate fluctuation feature, after the frequency
spectrum of the heart rate fluctuation pattern in a prescribed
unit time is obtained, the ratio of power between a low
frequency component (LF component) and a high frequency
component (HF component) or the ratio between the LF
component and the HF component (LF/HF ratio) may be
used.

[0108] Further, for example, the physiological feature
extraction unit 171 uses the blood pressure fluctuation
detection unit 192 and the blood pressure fluctuation feature
extraction unit 193 and may thereby extract a blood pressure
fluctuation feature, which is one of pieces of the autonomic
nervous system physiological information of the driver, as
the physiological information feature from the blood pres-
sure sensor 164. Specifically, the blood pressure fluctuation
detection unit 192 detects a blood pressure fluctuation
pattern of the driver from data obtained from the blood
pressure sensor 164. The blood pressure fluctuation feature
extraction unit 193 calculates a blood pressure fluctuation
feature, which is the average value, standard deviation,
maximum value, minimum value, or the like of the blood
pressure in a prescribed unit time, from the detected blood
pressure fluctuation pattern.

[0109] Further, for example, the physiological feature
extraction unit 171 uses the body movement detection umt
194 and the body movement feature extraction unit 195 and
may thereby extract a body movement feature, which is one
of pieces of the skeletal system physiological information of
the driver, as the physiological information feature from the
body movement sensor 165. Specifically, the body move-
ment detection unit 194 detects a body movement pattern
that indicates the body movement of the driver from data
obtained from the body movement sensor 165. The body
movement feature extraction unit 195 calculates a body
movement feature, which is the average value, standard
deviation, maximum value, minimum value, or the like of
the body movement frequency, the fluctuation amount of the
position of the center of gravity of the body (body movement
fluctuation amount), or the like in a prescribed unit time,
from the detected body movement pattern.

<<Second Arousal Level Identification Unit 172>>

[0110] The second arousal level identification unit 172
identifies the second arousal level of the driver by using the
physiological information features that are extracted by the
physiological feature extraction unit 171.
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[0111] In this embodiment, the second arousal level iden-
tification unit 172 identifies the arousal level of the driver by
using at least one or more features that are obtained from one
or more feature extraction units of the physiological feature
extraction unit 171 and outputs identification results as the
second arousal level. Note that the identification results
include the arousal level that indicates any of level 1 to level
5 and the reliability of the arousal level, for example.
[0112] Here, a specific description will be made about an
identification method of the second arousal level that is
performed by the second arousal level identification unit
172.

[0113] It has been known that in a case where the arousal
level of the driver lowers (the sleepiness becomes high) in
driving, the visual system physiological information such as
the eye opening ratio and the eye blink of the driver, the
autonomic nervous system physiological information such
as the heart rate and the pulse wave, and the skeletal system
physiological information such as the body movement
exhibit particular tendencies. First, a description will be
made about the particular tendencies due to the sleepiness in
relation to the visual system physiological information.
Because the eyelids tend to close in a case where the
sleepiness of the driver becomes high, a tendency is exhib-
ited in which the eye opening ratio which indicates the
opening degree of the eyelids becomes low. Further, a
tendency is exhibited in which in a case where the sleepiness
of the driver becomes high, the eye blink time of closing the
eyelids for one eye blink becomes long, and the eye blink
frequency in a prescribed unit time decreases. Further,
because the head movement become unstable in a case
where the sleepiness of the driver becomes high, a tendency
1s exhibited in which the head position unstably fluctuates.
[0114] Next, a description will be made about the particu-
lar tendencies due to the sleepiness in relation to the auto-
nomic nervous system physiological information. Because
one respiratory stroke becomes deep and the respiratory
interval becomes long in a case where the sleepiness of the
driver becomes high, a tendency is exhibited in which the
respiration rate in a prescribed unit time decreases. Further,
because the heart rate lowers in a case where the sleepiness
of the driver becomes high, a tendency is exhibited in which
the heartbeat interval (RRI) in a prescribed unit time
becomes long. Further, as for the frequency spectrum of the
heart rate fluctuation pattern (RRI), it has been known that
the high frequency (HF: 0.15 to 0.4 Hz) component is low
in an active condition and the HF component becomes high
in a relaxed condition. Thus, the ratio between the low
frequency (LF: 0.04 to 0.15 Hz) component and the HF
component (LF/HF) is often used as an index of sleepiness.
That is, a tendency is exhibited in which the LF/HF ratio of
the driver becomes low in a case where the sleepiness of the
driver becomes high. Further, a tendency is exhibited in
which the blood pressure temporarily rises because the
driver resists the sleepiness in a case where the driver starts
feeling the sleepiness but the blood pressure gradually falls
in a case where the sleepiness of the driver further becomes
high.

[0115] Finally, a description will be made about the par-
ticular tendencies due to the sleepiness in relation to the
skeletal system physiological information. A tendency is
exhibited in which the body movement frequency increases
in order to resist the sleepiness and the body movement
fluctuation amount also increases in a case where the driver
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starts feeling the sleepiness. Further, a tendency is exhibited
in which in a case where the sleepiness of the driver further
becomes high, the driver may not resist the sleepiness, and
the body movement frequency and the body movement
fluctuation amount decrease.

[0116] In such a manner, each of the physiological infor-
mation features due to the sleepiness exhibits a particular
tendency, that is, a specific fluctuation pattern. Accordingly,
the specific fluctuation pattern in each of the physiological
information features due to the sleepiness is detected, and
the sleepiness of the driver may thereby be detected (iden-
tified). More specifically, an arousal level identification
model which may associate such a specific fluctuation
pattern in each of the physiological information features due
to the sleepiness with the arousal level in such a case is
generated, the generated arousal level identification model is
used, and the sleepiness of the driver may thereby be
identified.

[0117] In this embodiment, the second arousal level iden-
tification unit 172 uses the arousal level identification model
that is generated in such a manner, thereby identifies the
second arousal level from physiological information fea-
tures, and outputs the second arousal level as identification
results to the arousal level estimation unit 15. Note that, as
described above, the identification results include the
arousal level that indicates any of level 1 to level 5 and the
reliability that indicates the certainty of the arousal level in
addition, for example. For example, as the identification
results, arousal level: 3, reliability: 0.8, and so forth are
output. Further, the generated arousal level identification
model uses at least one or more physiological information
features, which are selected from the physiological infor-
mation features obtained from the physiological feature
extraction unit 171, as input data and outputs the arousal
level of the driver. The arousal level identification model
may be generated by using the machine learning algorithm
in related art such as the neural network, the support vector
machine, or the random forest.

[0118] Note that the second arousal level identification
unit 172 performs learning based on the teacher data gen-
erated by the teacher data generation unit 152, which will be
described later. More specifically, in the second arousal level
identification unit 172, in a case where the first arousal level
is different from the second arousal level in the manual
driving mode, a learning process is performed by using the
teacher data that are generated by the teacher data generation
unit 152 based on the first arousal level. That is, in the
learning, model update is performed such that the arousal
level identification model of the second arousal level iden-
tification unit 172, which indicates the relationship between
one or more pieces of physiological information of the
driver and the arousal level of the driver, outputs the first
arousal level as the identification result from the teacher
data.

[0119] In this embodiment, in a case where the second
arousal level identification unit 172 acquires the teacher data
from the teacher data generation unit 152, the second arousal
level identification unit 172 performs learning for the
arousal level identification model that is used for identifying
the second arousal level by using the teacher data. Note that,
as a specific learning method, for example, a backpropaga-
tion method or the like may be used in a case where the
arousal level identification model is a hierarchical neural
network.
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<Arousal Level Estimation Unit 15>

[0120] The arousal level estimation unit 15 estimates third
arousal level of the driver in driving of the vehicle from at
least one of the first arousal level that is recognized by the
first arousal level recognition unit 12 and the second arousal
level that is recognized by the second arousal level recog-
nition unit 17.

[0121] Here, the arousal level estimation unit 15 may
estimate the third arousal level from the first arousal level
and the second arousal level in the manual driving mode and
estimate the third arousal level from the second arousal level
in the automated driving mode. More specifically, the
arousal level estimation unit 15 may set the second arousal
level as the third arousal level and thereby estimate the third
arousal level from the second arousal level in the automated
driving mode. Further, in the manual driving mode, the
arousal level estimation unit 15 may assess whether or not
the reliability of each of the first arousal level and the second
arousal level is a threshold value or higher, set either one of
the first arousal level and the second arousal level, whose
reliability is the threshold value or higher, as the third
arousal level, and thereby estimate the third arousal level.
More specifically, in the manual driving mode, in a case
where the reliability of each of the first arousal level and the
second arousal level is the threshold value or higher and the
first arousal level is different from the second arousal level,
the arousal level estimation unit 15 may set the first arousal
level as the third arousal level and thereby estimate the third
arousal level.

[0122] Note that in a case where the first arousal level is
different from the second arousal level in the manual driving
mode, the arousal level estimation unit 15 performs a
learning process by using the teacher data that are generated
based on the first arousal level.

[0123] In this embodiment, as illustrated in FIG. 1, the
arousal level estimation unit 15 includes an arousal level
verification unit 151 and the teacher data generation unit
152. The arousal level estimation unit 15 estimates the third
arousal level as final arousal level of the driver based on the
first arousal level that is obtained from the first arousal level
recognition unit 12 or the second arousal level that is
obtained from the second arousal level recognition unit 17.

<<Arousal Level Verification Unit 151>>

[0124] The arousal level verification unit 151 verifies the
validity of the first arousal level that is obtained from the
first arousal level recognition unit 12 or the validity of the
second arousal level that is obtained from the second arousal
level recognition unit 17. Here, as for a verification method
of the validity of the first arousal level, in a case where the
reliability of the arousal level included in the identification
results obtained from the first arousal level identification
unit 122 is a predetermined threshold value or higher, the
first arousal level may be assessed as valid. Further, as for a
verification method of the validity of the second arousal
level, the same method as the above-described first arousal
level may be used.

[0125] The arousal level verification unit 151 outputs
either one of the first arousal level and the second arousal
level as the final arousal level of the driver, that is, the third
arousal level based on the verification results and the driving
mode selected by the driving mode selection unit 6. For
example, in a case where the driving mode is the manual
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driving mode, the arousal level verification unit 151 may
output the first arousal level as the third arousal level after
confirmation of the validity of the first arousal level. Further,
for example, in a case where the driving mode is the
automated driving mode, the arousal level verification unit
151 may output the second arousal level as the third arousal
level after confirmation of the validity of the second arousal
level.

[0126] Further, in a case where the driving mode is the
manual driving mode, the arousal level verification unit 151
performs a comparison about whether the value of the first
arousal level is different from the value of the second arousal
level. In a case where those are different, a learning trigger
signal is output to the teacher data generation unit 152.

<<Teacher Data Generation Unit 152>>

[0127] The teacher data generation unit 152 generates the
teacher data from the first arousal level in the manual driving
mode, outputs the teacher data to the second arousal level
recognition unit 17, thereby causes the second arousal level
identification unit 172 to perform the learning process. More
specifically, in a case where the teacher data generation unit
152 receives the learning trigger signal from the arousal
level verification unit 151, the teacher data generation unit
152 generates the teacher data by using the first arousal level
and outputs the teacher data to the second arousal level
identification unit 172. Note that the teacher data generation
unit 152 generates the teacher data such that the teacher data
conform to the arousal level identification model that is used
by the second arousal level identification unit 172.

[0128] Consequently, the teacher data generation unit 152
may cause the second arousal level identification unit 172 to
perform the learning process by using the teacher data that
are generated based on the first arousal level. Note that, as
described above, the learning process is performed by the
second arousal level recognition unit 17 based on the teacher
data in a case where the second arousal level recognition unit
17 acquires (receives) the teacher data from the teacher data
generation unit 152.

[Action of Arousal Level Estimation Device 10]

[0129] Next, a description will be made about an action of
the arousal level estimation device 10 that is configured as
described earlier.

[0130] FIG. 5 is a flowchart that illustrates an outline of a
process that is performed by the arousal level estimation
device 10 in this embodiment.

[0131] Asillustrated in FI1G. 5, the arousal level estimation
device 10 first detects the driving information (S1). Note that
the details are described above and will thus not be described
here. Next, the arousal level estimation device 10 recognizes
the first arousal level of the driver from the driving infor-
mation that is detected in S1 (S3). Next, the arousal level
estimation device 10 detects the physiological information
of the driver (S5). Next, the arousal level estimation device
10 recognizes the second arousal level of the driver from the
physiological information that is detected in S5 (S7).
Finally, the arousal level estimation device 10 estimates the
third arousal level of the driver in driving of the vehicle from
at least one of the first arousal level that is recognized in S3
and the second arousal level that is recognized in S7 (S9). In
S9, as described above, the arousal level estimation device
10 estimates the third arousal level from the first arousal
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level and the second arousal level in the manual driving
mode and estimates the third arousal level from the second
arousal level in the automated driving mode.

[0132] Note that a process of S5 may be performed after
a process of S1 or a process of S3 but may be performed
simultaneously with the process of S1 or the process of S3
or may be performed in parallel with the process of S1.
Further, a process of S7 may be performed in parallel with
the process of S3 in a case where the process of S7 is
performed after the process of S5.

[Action of Driving Support Device 1]

[0133] FIGS. 6A and 6B are flowcharts that illustrate an
action that is performed by the driving support device 1 in
this embodiment. Note that, as described above, the driving
support device 1 is capable of switching the automated
driving mode in which the travel control of the vehicle is
automatically performed and the manual driving mode by
the driver, in the driving mode selection unit 6. Further,
regardless of the driving mode, the driving support device 1
regularly monitors the information related to the surround-
ing environment around the traveling vehicle such as the
vehicular gap from the preceding vehicle by the surrounding
environment recognition unit 3 or the subject vehicle posi-
tion detection unit 4.

[0134] Referring to FIGS. 6A and 6B, a description will
first be made about an action that is performed by the driving
support device 1 in the manual driving mode while the
action of the arousal level estimation device 10 is focused.
[0135] It is assumed that in S101, the arousal level esti-
mation device 10 assesses whether or not the driving mode
1s the manual driving mode and assesses the driving mode as
the manual driving mode (Y in S101). More specifically, in
a case where the manual driving mode is selected by the
driving mode selection unit 6, the arousal level estimation
unit 15 assesses the driving mode as the manual driving
mode. In this case, the driver performs driving of the
vehicle, that s, the travel control of the vehicle by using the
driving operation unit 2.

[0136] Next, the arousal level estimation device 10 detects
the driving information and the physiological information of
the driver (S102). Specifically, while the driver is perform-
ing driving in the manual driving mode, the vehicle behavior
detection unit 11 detects the driving information of the
driving operation by the driver, and the physiological infor-
mation detection unit 16 detects the physiological informa-
tion of the driver.

[0137] Next, the arousal level estimation device 10
extracts the driving information features from the surround-
ing environment and the driving information and thereby
recognizes the first arousal level (S103). Specifically, the
first arousal level recognition unit 12 recognizes the first
arousal level of the driver by using the surrounding envi-
ronment of the subject vehicle that is obtained from the
surrounding environment recognition unit 3 and the driving
information that is obtained from the vehicle behavior
detection unit 11. More specifically, as described above, the
driving information feature extraction unit 121 extracts the
driving information features based on the surrounding envi-
ronment of the subject vehicle and the driving information,
and the first arousal level identification unit 122 identifies
the first arousal level by using the driving information
features that are extracted by the driving information feature
extraction unit 121.
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[0138] Next, the arousal level estimation device 10
extracts the physiological information features from the
physiological information and thereby recognizes the sec-
ond arousal level (S104). Specifically, the second arousal
level recognition unit 17 recognizes the second arousal level
by using the physiological information that is obtained from
the physiological information detection unit 16. More spe-
cifically, as described above, the physiological feature
extraction unit 171 extracts the physiological information
features based on the physiological information, and the
second arousal level identification unit 172 identifies the
second arousal level by using the physiological information
features that are extracted by the physioclogical feature
extraction unit 171.

[0139] Next, the arousal level estimation unit 15 estimates
the third arousal level as the final arousal level of the driver
based on the first arousal level and the second arousal level
(8105 and S106). Specifically, first, the arousal level veri-
fication unit 151 of the arousal level estimation unit 15
verifies the validity of the first arousal level that is recog-
nized in S103 (S105). Note that, as for the verification
method of the validity of the first arousal level, in a case
where the reliability of the arousal level included in the
identification results obtained from the first arousal level
identification unit 122 is a predetermined threshold value or
higher, the first arousal level may be assessed as valid. In
S105, in a case where the first arousal level is assessed as
valid (Y in S105), the first arousal level is output as the
estimation result, that is, the third arousal level (S106).
[0140] Next, the arousal level verification unit 151 verifies
the validity of the second arousal level that is recognized in
S104 (S107). Note that, as for the verification method of the
validity of the second arousal level, the same method as the
above-described first arousal level may be used.

[0141] In S107, in a case where the second arousal level
is assessed as valid (Y in S107), the comparison is per-
formed between the first arousal level and the second arousal
level, and an assessment whether or not those are different
1s performed (S108).

[0142] In S108, in a case where the first arousal level is
different from the second arousal level (Y in S108), the
arousal level verification unit 151 outputs the result to the
teacher data generation unit 152. In this embodiment, in a
case where the first arousal level is different from the second
arousal level as a result of the comparison, the arousal level
verification unit 151 outputs the learning trigger signal to the
teacher data generation unit 152.

[0143] Next, the teacher data generation unit 152 gener-
ates the teacher data from the first arousal level (S109) and
outputs the generated teacher data to the second arousal
level recognition unit 17. In this embodiment, in a case
where the teacher data generation unit 152 receives the
learning trigger signal from the arousal level verification
unit 151, the teacher data generation unit 152 generates the
teacher data by using the first arousal level and outputs the
teacher data to the second arousal level identification unit
172. Note that the teacher data generation unit 152 generates
the teacher data such that the teacher data conform to the
arousal level identification model that is used by the second
arousal level identification unit 172.

[0144] Next, the second arousal level recognition unit 17
performs the learning process based on the teacher data that
are obtained from the teacher data generation unit 152
(S110). Then, the action returns to a process of S101, and the
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processes are repeated. In this embodiment, in a case where
the second arousal level identification unit 172 acquires the
teacher data from the teacher data generation unit 152, the
second arousal level identification unit 172 performs learn-
ing for the arousal level identification model that is used for
identifying the second arousal level by using the teacher
data. The action thereafter returns to the process of S101.
[0145] Note that in a case where the second arousal level
is not valid in 8107 (N in S107) or in a case where the first
arousal level matches the second arousal level in S108 (N in
S108), the learning process by the second arousal level
recognition unit 17 is not performed, the action returns to the
process of S101, and the processes are repeated.

[0146] Further, in S105, in a case where the first arousal
level recognized in S103 is not assessed as valid (N in S105),
the arousal level verification unit 151 verifies the validity of
the second arousal level recognized in S104 (S111). In S111,
in a case where the second arousal level recognized in S104
is assessed as valid (Y in S111), the arousal level verification
unit 151 outputs the second arousal level recognized in S104
as the estimation result, that is, the third arousal level (S112).
On the other hand, in S111, in a case where the second
arousal level recognized in $104 is not valid (N in S111), the
arousal level verification unit 151 outputs an error that
indicates that the third arousal level may not be estimated
(S113), and the action returns to the process of S101.
[0147] Referring to FIGS. 6A and 6B, a description will
next be made about an action that is performed by the
driving support device 1 in the automated driving mode
while the action of the arousal level estimation device 10 is
focused.

[0148] It is assumed that in S101, the arousal level esti-
mation device 10 assesses whether or not the driving mode
is the manual driving mode and assesses the driving mode as
not the manual driving mode (N in S101). More specifically,
in a case where the automated driving mode is selected by
the driving mode selection unit 6, the arousal level estima-
tion unit 15 assesses the driving mode as the automated
driving mode. In this case, the driver does not have to
perform the driving operation, and the vehicle control unit 7
automatically performs automated driving, that is, the travel
control of the vehicle based on the surrounding environ-
ment.

[0149] Next, the arousal level estimation device 10 detects
the physiological information of the driver (S121). Specifi-
cally, in the automated driving mode, the physiological
information detection unit 16 detects the physiological infor-
mation of the driver. Here, in the automated driving mode,
because the driver himself/herself does not perform the
driving operation, the vehicle behavior detection unit 11
may not obtain effective driving information based on the
driving operation by the driver such as the steering angle in
steering. On the other hand, the physiological information
detection unit 16 may obtain effective physiological infor-
mation of the driver even in the automated driving.

[0150] Next, the arousal level estimation device 10
extracts the physiological information features from the
physiological information and thereby recognizes the sec-
ond arousal level (S122). Specifically, the second arousal
level recognition unit 17 recognizes the second arousal level
by using the physiological information that is obtained from
the physiological information detection unit 16. More spe-
cifically, as described above, the physiological feature
extraction unit 171 extracts the physiological information
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features based on the physiological information, and the
second arousal level identification unit 172 identifies the
second arousal level by using the physiological information
features that are extracted by the physiological feature
extraction unit 171. In such a manner, the arousal level
estimation device 10 recognizes the arousal level of the
driver from the physiological information of the driver not
by using the first arousal level recognition unit 12 but by
using the second arousal level recognition unit 17.

[0151] Next, the arousal level estimation unit 15 estimates
the third arousal level as the final arousal level of the driver
based on the second arousal level (S123 and S124). Spe-
cifically, first, the arousal level verification unit 151 of the
arousal level estimation unit 15 verifies the validity of the
second arousal level that is recognized in $122 (S123). Note
that, as for the verification method of the validity of the
second arousal level, the same method as the above-de-
scribed first arousal level may be used. In S123, in a case
where the second arousal level is assessed as valid (Y in
S123), the second arousal level is output as the estimation
result, that is, the third arousal level (S124). Note that in a
case where the second arousal level is not valid in S123 (N
in S123), the arousal level verification unit 151 outputs the
error that indicates that the third arousal level may not be
estimated (S125), and the action returns to the process of
S101.

[Effects]

[0152] As described earlier, this embodiment may realize
an arousal level estimation device that may highly precisely
estimate the arousal level of the driver of the vehicle that has
the automated driving mode and the manual driving mode.
[0153] More specifically, the arousal level estimation
device 10 in this embodiment estimates the final estimation
result, that is, the third arousal level by using the first arousal
level that is recognized by using the driving information of
the driver and the second arousal level that is recognized by
using the physiological information of the driver in the
manual driving mode. Meanwhile, the arousal level estima-
tion device 10 sets the second arousal level, which is
recognized by using the physiological information of the
driver, as the final estimation result, that is, the third arousal
level in the automated driving mode. That is, in the arousal
level estimation device 10 in this embodiment, in the manual
driving mode and the automated driving mode, the third
arousal level of the driver is estimated by using the first
arousal level recognized by the first arousal level recognition
unit 12 and the second arousal level recognized by the
second arousal level recognition unit 17 while switching is
appropriately made between the first arousal level and the
second arousal level.

[0154] In addition, in the manual driving mode, the
arousal level estimation device 10 in this embodiment
causes the second arousal level recognition unit 17 to
perform the learning process by using recognition results of
the first arousal level recognition unit 12 as the teacher data.
Consequently, variations in the precision of recognition of
the second arousal level due to individual differences in the
physiological information may be absorbed. Consequently,
in the automated driving mode, the arousal level estimation
device 10 in this embodiment may precisely estimate the
arousal level of the driver based on the physiological infor-
mation of the driver. That is, it is possible to precisely
estimate the arousal level of the driver even in the automated
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driving at level 2 or higher in which the driving information
such as the driving operation by the driver or vehicle
behavior may not be used.

[0155] As described in the foregoing, because the arousal
level estimation device 10 in this embodiment may precisely
estimate the arousal level of the driver based on the physi-
ological information of the driver, the arousal level of the
driver may precisely be detected even in an automated
driving system that includes the automated driving mode at
level 2 or higher.

Modification Example

[0156] In the above embodiment, the method is described
in which the teacher data generated by the teacher data
generation unit 152 are used and the arousal level identifi-
cation model itself that is used by the second arousal level
identification unit 172 is thereby learned. However, embodi-
ments are not limited to this. The learning process may be
performed by using the first arousal level as the teacher data
and by selecting the physiological information features that
are effective for identification of the second arousal level
from plural physiological information features obtained
from the physiological feature extraction unit 171. This case
will be described as a modification example in the following.

[0157] FIG. 7 is a block diagram that illustrates one
example of a configuration of the driving support device in
the modification example. Note that the same wording is
used for similar contents to FIG. 1, and a detailed description
will not be made. In the driving support device 1 in the
modification example illustrated in FIG. 7, the configuration
of a second arousal level recognition unit 17A of an arousal
level estimation device 10A is different from the driving
support device 1 in the above embodiment. Specifically, in
the arousal level estimation device 10A in the modification
example, a physiological information feature storage umt
173 and a physiological feature selection unit 174 are added
to the second arousal level recognition unit 17 in the above
embodiment, and the configurations of a physiological fea-
ture extraction unit 171A and a second arousal level iden-
tification unit 172A are different.

<Physiological Feature Extraction Unit 171A>

[0158] The physiological feature extraction unit 171A
extracts the physiological information feature from each of
plural pieces of physiological information that are detected
by the physiological information detection unit 16. The
physiological feature extraction unit 171A outputs the
extracted physiological information features to the physi-
ological feature selection unit 174. Note that in the auto-
mated driving mode, the physiological feature extraction
unit 171A may output the extracted physiological informa-
tion features to the second arousal level identification unit
172A.

<Physiological Information Feature Storage Unit 173>

[0159] The physiological information feature storage unit
173 stores the physiological information features that are
obtained from the physiological feature extraction unit
171A. The physiological information feature storage unit
173 may store the teacher data that are obtained from the
teacher data generation unit 152.
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<Physiological Feature Selection Unit 174>

[0160] In the manual driving mode, the physiological
feature selection unit 174 selects the physiological informa-
tion features, which are highly correlated with the teacher
data generated from the first arousal level by the teacher data
generation unit 152, among the plural physiological infor-
mation features extracted by the physiological feature
extraction unit 171A.

[0161] More specifically, in the manual driving mode, the
physiological feature selection unit 174 stores teacher data
D(t) (t represents the time) that are obtained from the teacher
data generation unit 152 in a prescribed storage unit for
predetermined times (m times) as teacher data series D(1),
D(2), ..., D(m). In this modification example, a description
will be made in the following on an assumption that the
teacher data D(t) are stored in the physiological information
feature storage unit 173. Further, in the manual driving
mode, the physiological feature selection unit 174 stores n
kinds of physiological information features Bi(t) (i=1 to n)
that are obtained from the physiological feature extraction
unit 171A in the physiological information feature storage
unit 173 for predetermined times (m times) as physiological
information feature data series Bi(1), Bi(2), . . ., Bi(m).
[0162] In the manual driving mode, for example, in a case
where a predetermined number of data series are stored in
the physiological information feature storage unit 173, the
physiological feature selection unit 174 calculates the cor-
relation coeflicient between the teacher data series D(t) (t=1,
2, ..., m) stored in the physiological information feature
storage unit 173 and the n kinds of physiological informa-
tion feature data series Bi(t) (t=1, 2, . . ., m) stored in the
physiological information feature storage unit 173. Note that
the correlation coefficient may be calculated by a method in
related art such as calculation by dividing the covariance
between D(t) and Bi(t) by the product value of the standard
deviation of D(t) and the standard deviation of Bi(t), for
example.

[0163] In the manual driving mode, the physiological
feature selection unit 174 compares the calculated correla-
tion coefficient with a predetermined threshold value, selects
the physiological information features whose correlation
coeflicient is the threshold value or higher, and outputs the
physiological information features to the second arousal
level identification unit 172A. Note that in the automated
driving mode, the physiological feature selection unit 174
may output the physiological information features that are
selected in the manual driving mode to the second arousal
level identification unit 172A.

<Second Arousal Level Identification Unit 172A>

[0164] In the automated driving mode and the manual
driving mode, the second arousal level identification unit
172A identifies the second arousal level by using the physi-
ological information features that are selected by the physi-
ological feature selection unit 174.

[0165] In the manual driving mode, the second arousal
level identification unit 172A performs the learning process
based on the teacher data generated by the teacher data
generation unit 152. In this modification example, in a case
where the second arousal level recognition unit 17A receives
the teacher data from the teacher data generation unit 152,
the second arousal level identification unit 172A performs
the learning process by using the physiological information
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features that are selected by the physiological feature selec-
tion unit 174 as the teacher data. Note that in a case where
the kinds of physiological information features, which are
the physiological information features selected by the physi-
ological feature selection unit 174 and are used for identi-
fication of the second arousal level, are changed, the second
arousal level identification unit 172A has to generate (learn)
the arousal level identification model by using only the
selected physiological information features.

[Effects]

[0166] As described earlier, this modification example
may realize an arousal level estimation device that may
highly precisely estimate the arousal level of the driver of
the vehicle that has the automated driving mode and the
manual driving mode.

[0167] More specifically, in the arousal level estimation
device 10A in this modification example, in the manual
driving mode, the physiological feature selection unit 174
selects the physiological information features, which are
highly correlated with the first arousal level as the teacher
data, among the plural kinds of physiological information
features that are obtained from the physiological feature
extraction unit 171A. Further, the second arousal level may
be identified by using the arousal level identification model
that performs the learning process with the selected physi-
ological information features as the teacher data.

[0168] In such a manner, the arousal level estimation
device 10A in this modification example may generate
(learn) the arousal level identification model while selecting
physiological information features that are effective for
identification of the arousal level and may thus absorb
variations due to individual differences in the physiological
information.

[0169] In addition, in this modification example, the sec-
ond arousal level identification unit 172A may reduce the
processing amount compared to a case where the second
arousal level is identified by using all the physiological
information features that are obtained from the physiological
feature extraction unit 171A and may thus increase the
processing speed of the second arousal level identification
unit 172A.

Other Embodiments

[0170] The present disclosure is not limited to the above
embodiment. For example, other embodiments that are
realized by arbitrarily combining the configuration elements
described herein or omitting several configuration elements
may be provided as embodiments of the present disclosure.
Further, the present disclosure includes modification
examples that are obtained by applying various modifica-
tions conceived by persons having ordinary skill in the art
within the scope which does not depart from the gist of the
present disclosure in relation to the above embodiment, that
is, the meanings indicated by the wording described in the
claims.

[0171] For example, in the above-described driving sup-
port device 1, each configuration element in each of the units
such as the surrounding environment recognition unit 3, the
subject vehicle position detection unit 4, the target travel
state decision unit 5, the driving mode selection unit 6, the
vehicle control unit 7, the notification unit 8, and the vehicle
behavior detection unit 11, the first arousal level recognition
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unit 12, the physiological information detection unit 16, the
second arousal level recognition unit 17, and the arousal
level estimation unit 15, which are included in the arousal
level estimation device 10, may be configured with dedi-
cated hardware. Further, the configuration element may be
realized by executing a software program that is suitable for
each of the configuration elements. Further, a program
execution unit such as a CPU or a processor reads out and
executes a software program that is recorded in a recording
medium such as a hard disk or a semiconductor memory, and
each of the configuration elements may thereby be realized.
[0172] Further, the present disclosure also includes cases
described in the following.

[0173] (1) The above devices are computer systems that
are specifically configured with a microprocessor, a ROM, a
RAM., a hard disk unit, a display unit, a keyboard, a mouse,
and so forth. The RAM or the hard disk unit stores a
computer program. The microprocessor acts in accordance
with the computer program, and the devices thereby achieve
their functions. Here, the computer program is configured by
combining plural instruction codes that indicate commands
for a computer in order to achieve a prescribed function.
[0174] (2) In addition, a portion of or all configuration
elements that configure the above devices may be configured
with one system large scale integration (LSI). A system LSI
is a super multi-function LSI that is manufactured by
integrating plural configuration units on one chip and is
specifically a computer system configured to include a
microprocessor, a ROM, a RAM, and so forth. The RAM
stores a computer program. The microprocessor acts in
accordance with the computer program, and the system LSI
thereby achieves its function.

[0175] (3) A portion of or all configuration elements that
configure the above devices may be configured with IC
cards or individual modules that are removable from the
devices. The IC card or the module is a computer system that
is configured with a microprocessor, a ROM, a RAM, and so
forth. The IC card or the module may include the above
super multi-function LSI. The microprocessor acts in accor-
dance with a computer program, and the IC card or the
module thereby achieves its function. The IC card or the
module may be tamper-resistant.

[0176] (4) Further, one embodiment of the present disclo-
sure may be the methods that are described above. Further,
one embodiment of the present disclosure may be a com-
puter program that realizes those methods by a computer or
digital signals that are configured with the computer pro-
gram.

[0177] (5) Further, one embodiment of the present disclo-
sure may be the computer program or the digital signals that
are recorded in computer-readable recording media such as
a flexible disk, a hard disk, a CD-ROM, an MO, a DVD, a
DVD-ROM, a DVD-RAM, a Blu-ray® disc (BD), or a
semiconductor memory, for example. Further, one embodi-
ment of the present disclosure may be the digital signals that
are recorded in those recording media.

[0178] (6) Further, one embodiment of the present disclo-
sure may be the computer program or the digital signals that
are transmitted via an electric communication line, a wire-
less or wired communication line, a network represented by
the Internet, data broadcasting, and so forth.

[0179] (7) Further, one embodiment of the present disclo-
sure may be a computer system that includes a micropro-
cessor and a memory, in which the memory stores the
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computer program and the microprocessor acts in accor-
dance with the computer program.

[0180] (8) Further, one embodiment of the present disclo-
sure may be practiced by another independent computer
system by transferring the recording media that record the
program or the digital signals or by transferring the program
or the digital signals via the network or the like.

[0181] (9) Further, all the numerals used in the above are
exemplified for specifically describing the present disclo-
sure, and the present disclosure is not restricted by the
exemplified numerals.

[0182] (10) Further, the divisions of the function blocks in
the block diagrams are examples. Plural function blocks
may be realized as one function block, one function block
may be divided into plural function blocks, or a portion of
functions may be moved to another function block. Further,
the functions of plural function blocks that have similar
functions may be processed by a single piece of hardware or
software in parallel or in a time-division manner.

[0183] (11) Further, the order of execution of plural steps
included in the above arousal level estimation method is for
exemplification for specifically describing the present dis-
closure and may be another order than the above. Further, a
portion of the above steps may simultaneously (in parallel)
be executed with the other steps.

<<Supplement>>

[0184] Each of the various arousal level estimation
devices that are described in the above embodiments and
modification example is one example of “system for assess-
ing arousal level of a driver of a vehicle” according to the
present disclosure. Each of the arousal level estimation
methods that are described in the above embodiments and
modification example is one example of “method for assess-
ing arousal level of a driver of a vehicle” according to the
present disclosure.

[0185] The arousal level assessment device according to
one aspect of the present disclosure may not include sensors
such as the vehicle behavior detection unit and the physi-
ological information detection unit and may receive the
driving information and the physiological information from
sensors that are provided on the outside of the arousal level
assessment device, for example. In this case, the arousal
level assessment device includes a memory that records
programs and a processor, for example, and the processor
executes assessment of the arousal level of the driver in
accordance with the programs read out from the memory. In
addition, the arousal level assessment device according to
one aspect of the present disclosure may receive driving
features extracted from the driving information and/or
physiological features extracted from the physiological
information from outside sensors, for example.

[0186] “First mode” according to one aspect of the present
disclosure may be a mode in which control in both of the
front-rear direction and the left-right direction of the vehicle
is performed by the driver, for example. “Second mode”
may be a mode in which control of at least one of the
front-rear direction and the left-right direction of the vehicle
is performed automatically, for example.

[0187] An arousal level assessment system and an arousal
level assessment method according to one aspect of the
present disclosure may be installed in a driving support
system or the like that estimates arousal level of a driver in
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driving and alerts the driver in a case where the arousal level
becomes lower than a prescribed value.

What is claimed is:

1. A system for assessing arousal level of a driver of a
vehicle, the system comprising:

at least one first sensor;

at least one second sensor; and

a processor that

(A) acquires driving mode information that indicates a
driving mode of the vehicle, the driving mode being
selectable by the vehicle and/or the driver from a first
mode in which travel control of the vehicle is per-
formed by the driver and a second mode in which at
least a portion of the travel control of the vehicle is
automatically performed,

(B) assesses which of the first mode or the second mode
is selected based on the driving mode information,

(C) executes following (c1) to (¢3) in a case where the
first mode is selected,

(c1) acquiring driving information that indicates a
driving operation by the driver and/or indicates a
driving state of the vehicle via the at least one first
sensor,

(c2) acquiring physiological information of the
driver via the at least one second sensor, and

(c3) assessing the arousal level based on the driving
information and the physiological information,
and

(D) executes following (d1) and (d2) in a case where
the second mode is selected,

(d1) acquiring the physiological information via the
at least one second sensor, and

(d2) assessing the arousal level based on the physi-
ological information without referring to the driv-
ing information.

2. The system according to claim 1, wherein
the processor,
in the (¢3),

(c31) estimates first arousal level of the driver from the
driving information,

(c32) estimates second arousal level of the driver from
the physiological information, and

(c33) assesses the arousal level by referring to the first
arousal level and the second arousal level, and

in the (d2),

(d21) estimates second arousal level of the driver from
the physiological information, and

(d22) assesses the arousal level by referring to the
second arousal level.

3. The system according to claim 2, wherein

the processor, in the (d22), regards the second arousal
level as the arousal level.

4. The system according to claim 2, wherein

the processor, in the (¢33), selects one of the first arousal
level and the second arousal level as the arousal level.

5. The system according to claim 4, wherein

the processor, in the (¢33),

(c331) assesses whether or not reliabilities of the first
arousal level and the second arousal level each are
equal to or higher than a threshold value, and

(c332) selects one of the first arousal level and the
second arousal level whose reliability is equal to or
higher than the threshold value, as the arousal level.
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6. The system according to claim 5, wherein

the processor, in the (c332), regards the first arousal level
as the arousal level, in a case where the reliabilities of
the first arousal level and the second arousal level is
equal to or higher than the threshold value and where
the first arousal level and the second arousal level are
different from each other.

7. The system according to claim 2, wherein

the processor, in the (c32) and (d21), estimates the first
arousal level and the second arousal level from the
physiological information in accordance with a pro-
gram, and

the processor, after the (c31) and (c32), further

(c34) generates teacher data that indicate a correspon-
dence relationship between the first arousal level and
a prescribed feature in the physiological information,
in a case where the first arousal level and the second
arousal level are different from each other, and

(c35) causes the program to execute a learning process
by using the teacher data.

8. The system according to claim 7, wherein

the processor, in the (c35), generates or updates a model
that indicates a relationship between the physiological
information and the arousal level.

9. The system according to claim 8, wherein

after the update of the model, the program outputs same
arousal level as the first arousal level estimated in the

(c31) in a case where same physiological information

as the physiological information acquired in the (c2) is

input.
10. The system according to claim 7, wherein
the processor,
in the (c34),

(c341) calculates a correlation coeflicient between each
of plural physiological features in the physiological
information and the first arousal level, in a case
where the first arousal level and the second arousal
level are different from each other, and

(c342) selects at least one of the plural physiological
features as the prescribed feature in accordance with
the correlation coeflicient, and

in the (c35),

generates or updates a model that indicates a relation-
ship between the prescribed feature and the arousal
level.

11. The system according to claim 1, wherein

the at least one second sensor includes a heart rate sensor
that detects a heart rate of the driver.

12. The system according to claim 1, wherein

the at least one second sensor includes a camera that
detects a facial expression of the driver.

13. The system according to claim 1, wherein

the at least one second sensor includes a body movement
sensor that detects body movement of the driver.

14. The system according to claim 1, wherein

the at least one first sensor includes a steering angle sensor
that detects a steering angle of a steering wheel of the
vehicle.

15. The system according to claim 1, wherein

the at least one first sensor includes a position sensor that
detects positions of an accelerator pedal and/or a brake
pedal of the vehicle.

16. The system according to claim 1, wherein

the at least one first sensor includes an acceleration sensor
that detects an acceleration of the vehicle.
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17. A method for assessing arousal level of a driver of a

vehicle, the method comprising:

(A) acquiring driving mode information that indicates a
driving mode of the vehicle, the driving mode being
selectable by the vehicle and/or the driver from a first
mode in which travel control of the vehicle is per-
formed by the driver and a second mode in which at
least a portion of the travel control of the vehicle is
automatically performed,

(B) assessing which of the first mode or the second mode
is selected based on the driving mode information;

(C) in a case where the first mode is selected,

(c1) acquiring driving information that indicates a
driving operation by the driver and/or indicates a
driving state of the vehicle via at least one first
sensor,

(¢2) acquiring physiological information of the driver
via at least one second sensor, and

(c3) assessing the arousal level based on the driving
information and the physiological information; and
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(D) in a case where the second mode is selected,
(d1) acquiring the physiological information via the at
least one second sensor, and
(d2) assessing the arousal level based on the physi-
ological information without referring to the driving
information.
18. The method according to claim 17, wherein
the (c3) includes:
(c31) estimating first arousal level of the driver from
the driving information;
(c32) estimating second arousal level of the driver from
the physiological information; and
(c33) assessing the arousal level by referring to the first
arousal level and the second arousal level, and
the (d2) includes:
(d21) estimating second arousal level from the physi-
ological information; and
(d22) assessing the arousal level by referring to the
second arousal level.
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