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An information processing system is provided with a mod-
eling unit. The modeling unit models, based on a degree of
similarity among individual travel histories of a plurality of
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drivers from among the individual travel histories of the
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FIG. 16
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FIG. 48
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FIG. 51
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INFORMATION PROCESSING SYSTEM,
INFORMATION PROCESSING METHOD,
AND READABLE MEDIUM

TECHNICAL FIELD

[0001] The present invention relates to an information
processing system, an information processing method, and a
program for processing information pertaining to a vehicle.

BACKGROUND ART

[0002] Recently, there have been proposed various tech-
nologies relating to a vehicle which can be driven in a
manual driving mode in which a driver oneself drives the
vehicle or in an autonomous driving mode in which a portion
of or all of driving operations are autonomously performed,
or technologies relating to a fully automated self-driving
vehicle, based on a surrounding situation of the vehicle or a
travel state (for example, the speed of the vehicle or control
information such as steering, acceleration, braking, turn
signal indicator, or actuator) of the vehicle, and these
technologies have been put into practical use.

[0003] For example. PTL 1 discloses a travel control
device configured to allow a driver to visually recognize the
operating state of autonomous steering control or autono-
mous acceleration/deceleration control, in the autonomous
steering control or the autonomous acceleration/deceleration
control of a host vehicle.

CITATION LIST

Patent Literature

[0004] PTL 1: Unexamined Japanese Patent Publication
No. 2005-67483

SUMMARY OF THE INVENTION

Technical Problem

[0005] However, the travel control device (that is, an
information processing system) disclosed in PTL 1 entails a
problem of being difficult to estimate a condition of a driver.
[0006] In view of this, the present invention provides an
information processing system or the like capable of esti-
mating a condition of a driver. Solution to problem

[0007] An information processing system according to
one aspect of the present invention is an information pro-
cessing system including at least one processor, wherein the
at least one processor models, based on a degree of simi-
larity among individual travel histories of a plurality of
drivers, individual travel histories of at least one or more
drivers from among the individual travel histories of the
plurality of drivers to construct a driver model indicating a
relationship between driver conditions of the at least one or
more drivers and travel environments of at least one or more
vehicles.

[0008] According to this configuration, the driver model
indicating the relationship between a driver condition of a
driver and a travel environment of a vehicle is constructed,
whereby a condition of a driver can be estimated from a
travel environment of a vehicle by using this driver model.
[0009] For example, the information processing system
may further include an environment acquisition unit that
acquires a travel environment of a vehicle driven by a driver
to be estimated, and the at least one processor may estimate
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a driver condition associated with the travel environment
acquired by the environment acquisition unit, from among
the driver conditions of the at least one or more drivers, in
the driver model as a condition of the driver to be estimated.
[0010] The information processing system may also
include a notification unit that provides notification to the
driver to be estimated, wherein the at least one processor
may determine whether or not an estimated condition of the
driver to be estimated is dangerous, and when determining
that the estimated condition of the driver to be estimated is
dangerous, the at least one processor may execute a danger
avoidance process for causing the notification unit to pro-
vide information for avoiding danger to the driver to be
estimated.

[0011] According to this configuration, if the estimated
condition of the driver to be estimated is dangerous, infor-
mation for avoiding the danger is presented to the driver,
whereby the danger can be avoided in advance.

[0012] In addition, the at least one processor may estimate
a direction of a gaze of the driver to be estimated as the
condition of the driver to be estimated, and when an esti-
mated gaze is not turned to an advancing direction of the
vehicle driven by the driver to be estimated, the at least one
processor may determine that the estimated gaze is danger-
ous, and execute the danger avoidance process to cause the
notification unit to issue a warning to the driver to be
estimated.

[0013] Thus, visual distraction of the driver can be
avoided in advance, for example.

[0014] In addition, the at least one processor may estimate
an intensity level of drowsiness of the driver to be estimated
as the condition of the driver to be estimated, and when an
estimated intensity level of drowsiness is higher than a
threshold, the at least one processor may determine that the
estimated intensity level of drowsiness is dangerous, and
execute the danger avoidance process to cause the notifica-
tion unit to play predetermined music.

[0015] Thus, the driver can be prevented from dozing off
in advance.
[0016] In addition, the notification unit may provide a

display of a travel route of the vehicle driven by the driver
to be estimated, and the at least one processor may estimate
a heart rate of the driver to be estimated as the condition of
the driver to be estimated, and when an estimated heart rate
is higher than a threshold, the at least one processor may
determine that the estimated heart rate is dangerous, and
execute the danger avoidance process to cause the notifica-
tion unit to change the travel route of the vehicle to a travel
route for avoiding danger.

[0017] Thus, an elevation of the heart rate of the driver can
be suppressed in advance by making a detour around a road
having heavy traffic, for example.

[0018] In addition, the at least one processor may estimate
a posture of the driver to be estimated as the condition of the
driver to be estimated, and when an estimated posture is a
predetermined posture, the at least one processor may deter-
mine that the estimated posture is dangerous, and execute
the danger avoidance process to cause the notification unit to
issue a warning to the driver to be estimated.

[0019] Thus, a dangerous posture of the driver, such as a
posture while the driver searches a baggage on a passenger
seat, can be avoided in advance, for example.

[0020] Further, in constructing the driver model, the at
least one processor may construct the driver model indicat-
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ing a relationship among the driver conditions of the at least
one or more drivers, the travel environments of the at least
one or more vehicles, and behaviors of the at least one or
more vehicles, and estimate a behavior of a vehicle associ-
ated with the travel environment of the vehicle driven by the
driver to be estimated and the condition of the driver to be
estimated in the driver model as a behavior of the vehicle
driven by the driver to be estimated.

[0021] Thus, a behavior of the vehicle is estimated not
merely based on a travel environment of the vehicle but
based on the travel environment and a condition of the
driver, whereby a more accurate behavior of the vehicle can
be estimated.

[0022] Note that those comprehensive or specific aspects
may be implemented by a system, a method, an integrated
circuit, a computer program, or a non-transitory computet-
readable recording medium such as a CD-ROM, or may be
implemented by any combination of the system, the method,
the integrated circuit, the computer program, and the record-
ing medium.

Advantageous Effect of Invention

[0023] According to the present invention, a condition of
a driver can be estimated.

BRIEF DESCRIPTION OF DRAWINGS

[0024] FIG. 1 is a block diagram illustrating a configura-
tion of a main part of a vehicle including an information
notification device according to a first exemplary embodi-
ment of the present invention.

[0025] FIG. 2 is a view for describing a first example of a
travel environment, a display on a notification unit for the
first example of the travel environment, and an operation to
an operating unit.

[0026] FIG. 3 is a view illustrating another example of a
display on the notification unit.

[0027] FIG. 4 is a flowchart illustrating a procedure of an
information notification process according to the first exem-
plary embodiment of the present invention.

[0028] FIG. 5 is a view illustrating the first example of a
travel environment, and display control for the first example
of the travel environment.

[0029] FIG. 6is a view illustrating the first example of the
travel environment, and another display control for the first
example of the travel environment.

[0030] FIG. 7 is a view illustrating a second example of
the travel environment, and display control for the second
example of the travel environment.

[0031] FIG. 8 is a view illustrating a third example of the
travel environment, and display control for the third
example of the travel environment.

[0032] FIG.9is a view illustrating a fourth example of the
travel environment, and display control for the fourth
example of the travel environment.

[0033] FIG. 10 is a view illustrating a fifth example of the
travel environment, and display control for the fifth example
of the travel environment.

[0034] FIG. 11 is a view illustrating another display con-
trol for the first exaniple of the travel environment illustrated
in FIG. 5.

[0035] FIG. 12 is a view illustrating another display con-
trol for the second example of the travel environment
illustrated in FIG. 7.
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[0036] FIG. 13 is a block diagram illustrating a configu-
ration of a main part of a vehicle including an information
notification device according to a second exemplary
embodiment of the present invention.

[0037] FIG. 14 is a view for describing a display on a
touch panel in the second exemplary embodiment.

[0038] FIG. 15 is a view for describing a display on a
notification unit according to a third exemplary embodiment
of the present invention.

[0039] FIG. 16 is a diagram illustrating one example of a
travel history.
[0040] FIG. 17 is a diagram illustrating a method for

constructing a clustering-type driver model.

[0041] FIG. 18 is a diagram illustrating one example of the
constructed clustering-type driver model.

[0042] FIG. 19 is a diagram illustrating another example
of the constructed clustering-type driver model.

[0043] FIG. 20 is a diagram illustrating a method for
constructing an individually-adapted-type driver model.
[0044] FIG. 21 is a diagram illustrating one example of the
constructed individually-adapted-type driver model.

[0045] FIG. 22 is a diagram illustrating one example of a
driving characteristic model.

[0046] FIG. 23 is a view for describing a display on a
notification unit according to a fourth exemplary embodi-
ment of the present invention.

[0047] FIG. 24 is a view for describing a display on the
notification unit according to the fourth exemplary embodi-
ment of the present invention.

[0048] FIG. 25 is a view for describing a display on the
notification unit according to the fourth exemplary embodi-
ment of the present invention.

[0049] FIG. 26 is a view for describing a display on the
notification unit according to the fourth exemplary embodi-
ment of the present invention.

[0050] FIG. 27 is a diagram illustrating one example of a
travel history.
[0051] FIG. 28 is a diagram illustrating a method for using

a driver model according to a present modification.

[0052] FIG. 29 is a block diagram illustrating one example
of a cache arrangement in the present modification.

[0053] FIG. 30 is a diagram illustrating one example of a
method for generating a cache in the present modification.
[0054] FIG. 31 is a diagram illustrating one example of the
method for generating a cache in the present modification.
[0055] FIG. 32 is a block diagram illustrating a configu-
ration of a main part for estimating a vehicle speed, an
inter-vehicular distance, and an acceleration rate according
to a fifth exemplary embodiment.

[0056] FIG. 33 is a diagram illustrating a timing at which
a vehicle speed and an environmental parameter are col-
lected in the fifth exemplary embodiment.

[0057] FIG. 34 is a diagram illustrating a timing at which
an inter-vehicular distance and an environmental parameter
are collected in a sixth exemplary embodiment.

[0058] FIG. 35 is a diagram illustrating a timing at which
an acceleration rate and an environmental parameter are
collected in the fifth exemplary embodiment.

[0059] FIG. 36 is a diagram illustrating an example of an
acceleration rate pattern in the fifth exemplary embodiment.
[0060] FIG. 37 is a diagram illustrating one example of
information stored in a storage unit in the fifth exemplary
embodiment.
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[0061] FIG. 38 is a diagram illustrating one example of
another information stored in the storage unit in the fifth
exemplary embodiment.

[0062] FIG. 39 is a diagram illustrating a configuration of
an information processing system according to one exem-
plary embodiment of the present invention.

[0063] FIG. 40 is a diagram illustrating an example of a
steering angle pattern in the information processing system
according to one exemplary embodiment of the present
invention.

[0064] FIG. 41 is a diagram illustrating a timing at which
a steering angle and an environmental parameter are col-
lected in the information processing system according to one
exemplary embodiment of the present invention.

[0065] FIG. 42 is a diagram illustrating a configuration of
an information processing system for constructing a vehicle
characteristic model according to one exemplary embodi-
ment of the present invention.

[0066] FIG. 43 is a diagram illustrating vehicle character-
istics according to one exemplary embodiment of the present
invention.

[0067] FIG. 44 is a flowchart illustrating an information
processing method according to one exemplary embodiment
of the present invention.

[0068] FIG. 45 is a diagram illustrating a configuration of
an information processing system according to a modifica-
tion of one exemplary embodiment of the present invention.
[0069] FIG. 46 is a diagram illustrating one example of a
danger travel history stored in a danger travel history storage
unit in an information processing system according to the
modification of one exemplary embodiment of the present
invention.

[0070] FIG. 47 is a block diagram illustrating a configu-
ration of an information processing system according to the
sixth exemplary embodiment.

[0071] FIG. 48 is a block diagram illustrating a configu-
ration of a main part of a vehicle according to the sixth
exemplary embodiment.

[0072] FIG. 49 is a diagram illustrating one example of a
travel history in the sixth exemplary embodiment.

[0073] FIG. 50 is a diagram illustrating another example
of a travel history in the sixth exemplary embodiment.
[0074] FIG. 51 is a flowchart illustrating a processing
operation of the information processing system according to
the sixth exemplary embodiment.

[0075] FIG. 52 is a block diagram illustrating a configu-
ration of an information processing system according to a
modification of the sixth exemplary embodiment.

[0076] FIG. 53 is a diagram illustrating one example of a
travel history in the modification of the sixth exemplary
embodiment.

DESCRIPTION OF EMBODIMENTS

[0077] Hereinafter, exemplary embodiments of the present
invention will be described in detail with reference to the
drawings. First to third exemplary embodiments describe an
information notification device, an information notification
method, or an information notification program capable of
appropriately transmitting information so as to enable com-
fortable autonomous driving in which a vehicle operation
and a driver’s operation are difficult to be incompatible with
each other. Fourth and fifth exemplary embodiments
describe an information processing system, an information
processing method, and a program capable of estimating a
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driving action suitable for a driver. A sixth exemplary
embodiment describes an information processing system, an
information processing method, and a program for estimat-
ing a condition of a driver and performing a process accord-
ing to the estimated condition.

[0078] Note that each of the exemplary embodiments
described below is only illustrative, and does not limit the
present invention. Specifically, the following exemplary
embodiments provide a comprehensive, specific example of
the present invention. Numerical values, shapes, materials,
constituent elements, arrangement positions and connection
modes of the constituent elements, steps, and order of the
steps, for example, illustrated in the following exemplary
embodiments are merely examples, and therefore are not
intended to limit the present invention. Furthermore, among
constituent elements in the following exemplary embodi-
ments, constituent elements not recited in the independent
claim indicating the broadest concept are described as
optional constituent elements.

[0079] It should be noted that each of the diagrams is
schematic, and is not necessarily strictly accurate. Further, in
each diagram, the same components are denoted by the same
reference marks.

First Exemplary Embodiment

[0080] Firstly, knowledge which has led up to an infor-
mation processing device according to the first exemplary
embodiment will be described.

[0081] During autonomous driving (including both full
autonomous driving and limited autonomous driving), a
driver relies on a vehicle to autonomously drive, so that a
trust relationship between the vehicle and the driver is
significantly important, and it is necessary to transmit appro-
priate information between the vehicle and the driver (occu-
pant). In PTL 1, a driver is notified of only a current
operating state.

[0082] There arises a first problem in which the driver has
a large amount of anxiety, if he/she is notified of only a
current behavior (operating state or control content) of the
vehicle and not notified of a behavior that the vehicle is
about to perform (for example, a control content such as a
lane change, acceleration, or deceleration, which is about to
be performed by the vehicle particularly before merging,
before entering an intersection, when an emergency vehicle
is close to the vehicle, or when other vehicles around the
vehicle are about to do or have done a certain action), during
autonomous driving.

[0083] In addition, there is a second problem as follows.
During full autonomous driving, it is highly likely that the
driver takes actions other than monitoring driving. There-
fore, when only the current operating state is suddenly
displayed, the driver is unable to recognize the current
surrounding situation of the vehicle or the travel state of the
vehicle, and even if the driver tries to issue a driving
instruction by his/her own will, he/she is unable to promptly
respond, and he/she cannot smoothly give an instruction to
the vehicle.

[0084] There is also a third problem in which the driver is
notified of only the current operating state, and even if the
driver tries to directly and manually drive the vehicle, the
driving mode is not promptly switched from the autonomous
driving to the manual driving.

[0085] In addition, there is a fourth problem as follows.
Even if the vehicle takes the same action by the driver or an
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occupant, a timing of the action or an operation amount is
different for each person, and it is likely to be deviated from
a sense of the driver when the driver actually manually
drives the vehicle. In the worst case. an unnecessary intet-
vention of the driver may be induced during autonomous
driving.

[0086] In view of this, the present invention provides an
information notification device, an information notification
method, an information notification program, and an infor-
mation processing system capable of solving at least one of
the foregoing problems during full autonomous driving or
limited autonomous driving.

[0087] Specifically, an information notification device
according to one aspect of the present invention is mounted
to a vehicle including a detector that detects a surrounding
situation of the vehicle and a travel state of the vehicle, and
a vehicle controller that determines a behavior of the vehicle
based on the surrounding situation of the vehicle and the
travel state of the vehicle which have been detected by the
detector, the information notification device being provided
with: an information acquisition unit that, when it is deter-
mined that there is a possibility of updating a behavior of the
vehicle during autonomous driving, acquires information of
the behavior to be executed; and a notification unit that
provides notification regarding the behavior to be executed
before the behavior of the vehicle is updated.

[0088] An information notification method according to
one aspect of the present invention is an information noti-
fication method executed in a vehicle which detects a
surrounding situation of the vehicle and a travel state of the
vehicle, and determines a behavior of the vehicle based on
the surrounding situation of the vehicle and the travel state
of the vehicle which have been detected, the method includ-
ing: when it is determined that there is a possibility of
updating a behavior of the vehicle during autonomous
driving, acquiring information of the behavior to be
executed; and providing notification regarding the behavior
to be executed before the behavior of the vehicle is updated.
[0089] An information notification program according to
one aspect of the present invention is an information noti-
fication program executed by a computer in a vehicle which
detects a surrounding situation of the vehicle and a travel
state of the vehicle, and determines a behavior of the vehicle
based on the surrounding situation of the vehicle and the
travel state of the vehicle which have been detected, the
program causing the computer to function as: information
acquisition means for, when it is determined that there is a
possibility of updating a behavior of the vehicle during
autonomous driving, acquiting information of the behavior
to be executed; and notification means for providing noti-
fication regarding the behavior to be executed before the
behavior of the vehicle is updated.

[0090] According to the information notification device,
the information notification method, or the information
notification program described above, information can be
appropriately transmitted so as to enable comfortable
autonomous driving in which a vehicle operation and a
driver’s operation are difficult to be incompatible with each
other.

[0091] Hereinafter, the information processing device and
the like according to the first exemplary embodiment will be
described.

[0092] FIG. 1 is a block diagram illustrating a configura-
tion of a main part of vehicle 1 including the information
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notification device according to the first exemplary embodi-
ment of the present invention. Vehicle 1 enables all of or a
portion of driving control autonomously without requiring
an operation by a driver.

[0093] Vehicle 1 includes brake pedal 2, accelerator pedal
3, indicator lever 4, steering wheel 5, detector 6, vehicle
controller 7, storage unit 8, and information notification
device 9.

[0094] Brake pedal 2 receives a brake operation performed
by the driver to decelerate vehicle 1. Brake pedal 2 may also
receive a result of control performed by vehicle controller 7,
and vary in an amount corresponding to the degree of
deceleration of vehicle 1. Accelerator pedal 3 receives an
acceleration operation performed by the driver to accelerate
vehicle 1. Accelerator pedal 3 may also receive a result of
control performed by vehicle controller 7, and vary in an
amount corresponding to the degree of acceleration of
vehicle 1. Indicator lever 4 receives a lever operation
performed by the driver to turn on an unillustrated turn
indicator of vehicle 1. Indicator lever 4 may also receive a
result of control performed by vehicle controller 7 to bring
indicator lever 4 into a state corresponding to the indicated
direction of vehicle 1 and turn on the unillustrated turn
indicator of vehicle 1.

[0095] Steering wheel 5 receives a steering operation
performed by the driver to change the travel direction of
vehicle 1. Steering wheel 5 may also receive a result of
control performed by vehicle controller 7, and vary in an
amount corresponding to the change in the travel direction
of vehicle 1. Steering wheel 5 includes operating unit 51.
[0096] Operating unit 51 is provided on a front face (face
facing the driver) of steering wheel 5, and receives an input
operation from the driver. Operating unit 51 is a device such
as a button, a touch panel, or a grip sensor, for example.
Operating unit 51 outputs the information about the input
operation received from the driver to vehicle controller 7.
[0097] Detector 6 detects a travel state of vehicle 1 and a
surrounding situation of vehicle 1. Then, detector 6 outputs
information about the detected travel state and the detected
surrounding situation to vehicle controller 7.

[0098] Detector 6 includes location information acquisi-
tion unit 61, sensor 62, speed information acquisition unit
63, and map information acquisition unit 64.

[0099] Location information acquisition unit 61 acquires,
as the information about the travel state, information about
the location of vehicle 1 by a global positioning system
(GPS) or the like.

[0100] Sensor 62 detects the surrounding situation of
vehicle 1, that is, the location of another vehicle present
around vehicle 1 and the determination of whether this
vehicle is a leading vehicle or not from information about
the location of this vehicle and lane position information, a
time to collision (TTC) from the speed of the other vehicle
and the speed of vehicle 1, or an obstacle present around
vehicle 1.

[0101] Speed information acquisition unit 63 acquires, as
information about the travel state, information about the
speed or the travel direction of vehicle 1 by an unillustrated
speed sensor or the like.

[0102] Map information acquisition unit 64 acquires, as
information about the surrounding situation of vehicle 1,
map information around vehicle 1 such as the road on which
vehicle 1 is traveling, a merging point with another vehicle



US 2018/0194280 Al

on the road, the lane in which vehicle 1 is currently
traveling, a position of an intersection, or the like.

[0103] Note that sensor 62 includes a millimeter-wave
radar, a laser radar, a camera, or a combination thereof.

[0104] Storage unit 8 is a storage device such as a read
only memory (ROM), a random access memory (RAM), a
hard disk drive, or a solid state drive (SSD), and stores a
correspondence between the travel environment at present
and a candidate of a behavior that can be performed next
(after a lapse of a first predetermined time).

[0105] The travel environment at present is an environ-
ment determined based on the location of vehicle 1, the road
on which vehicle 1 is traveling, and the location and speed
of another vehicle present around vehicle 1, for example.
Notably, for example, whether vehicle 1 is now accelerating
or decelerating, and in addition, even a possibility of colli-
sion with another vehicle after one second because of the
other vehicle cutting in front of vehicle 1 may also be
determined, according to the location or speed of the other
vehicle, based on not only momentary data but also data
before and after the moment. Thus, the action of the other
vehicle can be predicted, whereby the travel environment
can be recognized in more detail with higher accuracy. The
behavior candidate is a candidate of a behavior that can be
performed next by vehicle 1 (after a lapse of the first
predetermined time) in response to the travel environment at
present.

[0106] For example, storage unit 8 stores in advance three
behavior candidates which are acceleration of vehicle 1,
deceleration of vehicle 1, and lane change of vehicle 1 to the
right, in association with a travel environment in which there
is a merging lane ahead on the lane in which vehicle 1 is
traveling, there is a vehicle merging from the left side of the
lane, and it is possible to change lanes to the right relative
to the lane in which vehicle 1 is traveling.

[0107] Storage unit 8 also stores in advance, in association
with a travel environment in which a vehicle traveling in
front of vehicle 1 in the same lane of vehicle 1 (hereinafter
such a vehicle will be referred to as a “leading vehicle”) is
traveling with the speed lower than the speed of vehicle 1,
and it is possible to change the lane to the adjacent lane,
three behavior candidates which are a travel mode for
overtaking the leading vehicle, a travel mode for changing
the lane to the adjacent lane, and a travel mode for decel-
erating vehicle 1 to follow the leading vehicle.

[0108] In addition, storage unit 8§ may store the priority
order of each of the behavior candidates. For example,
storage unit 8 may store the number of times each behavior
has been actually selected for the same previous travel
environment, and may store such that the most frequently
selected behavior has a higher priority order.

[0109] Vehicle controller 7 can be implemented as a part
of a large scale integration (LSI) circuit or an electronic
control unit (ECU) that controls the vehicle, for example.
Vehicle controller 7 controls the vehicle based on informa-
tion about the travel state and the surrounding situation
acquired from detector 6, and controls brake pedal 2, accel-
erator pedal 3, indicator lever 4, and information notification
device 9 according to the result of the vehicle control. Note
that the target to be controlled by vehicle controller 7 is not
limited to those described above.

[0110] Firstly, vehicle controller 7 determines the travel
environment at present based on the information about the
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travel state and the surrounding situation. Conventionally
proposed various methods can be used for this determina-
tion.

[0111] For example, vehicle controller 7 determines the
travel ervironment at present to be “a travel environment in
which there is a merging lane ahead on the lane in which
vehicle 1 is traveling, there is a vehicle merging from the left
side of the lane, and it is possible to change the lane to the
right relative to the lane in which vehicle 1 is traveling”,
based on the information about the travel state and the
surrounding situation.

[0112] Further, vehicle controller 7 determines, for
example, that the time sequence of the travel environment is
a “travel environment in which a vehicle traveling in front
of vehicle 1 in the same lane of vehicle 1 is traveling with
the speed lower than the speed of vehicle 1, and it is possible
to change the lane to the adjacent lane”, based on the
information about the travel state and the surrounding situ-
ation.

[0113] Vehicle controller 7 causes notification unit 92 of
information notification device 9 to provide notification
regarding information pertaining to the travel environment
indicating the travel state and the surrounding situation.
Vehicle controller 7 also reads, from storage unit 8, behavior
candidates that can be performed next by vehicle 1 (after a
lapse of the first predetermined time) in response to the
determined travel environment.

[0114] Vehicle controller 7 determines which is the most
suitable for the current travel environment from among the
read behavior candidates, and sets the behavior most suit-
able for the current travel environment as a first behavior.
Notably, the first behavior may be the same as the behavior
the vehicle 1 is currently doing, that is, vehicle 1 may
continue the current behavior. Then, vehicle controller 7
sets, as a second behavior (different from the behavior to be
performed), the behavior candidate executable by the driver
other than the first behavior in the current travel environ-
ment.

[0115] For example, vehicle controller 7 may set the most
suitable behavior as the first behavior using a conventional
technology for determining the most suitable behavior based
on the information about the travel state and the surrounding
situation.

[0116] Alternatively, vehicle controller 7 may set, from
among a plurality of behavior candidates, a predefined
behavior as the most suitable behavior, or vehicle controller
7 may store in storage unit 8 the information about the last
selected behavior, and determine this behavior as the most
suitable behavior. Alternatively, vehicle controller 7 may
store in storage unit 8 the number of times each behavior has
been previously selected, and determine the most frequently
selected behavior as the most suitable behavior.

[0117] Then, vehicle controller 7 causes notification unit
92 of information notification device 9 to provide notifica-
tion regarding the information about the first behavior and
the second behavior. Note that, when determining that there
is no second behavior, vehicle controller 7 causes notifica-
tion unit 92 to provide notification regarding only the first
behavior.

[0118] Itis to be noted that vehicle controller 7 may cause
notification unit 92 to simultaneously provide notifications
regarding the information about the first behavior and the
second behavior and the information about the travel state
and the surrounding situation.
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[0119] In addition, vehicle controller 7 acquires informa-
tion about the operation received by operating unit 51 from
the driver. Vehicle controller 7 determines whether or not
operating unit 51 has received an operation within a second
predetermined time after the notification regarding the first
behavior and the second behavior. This operation corre-
sponds to an operation for selecting one of behaviors
included in the second behavior, for example.

[0120] When operating unit 51 has not received an opera-
tion within the second predetermined time, vehicle control-
ler 7 controls the vehicle such that the vehicle executes the
first behavior, and controls brake pedal 2, accelerator pedal
3, and indicator lever 4 according to the result of the vehicle
control.

[0121] When operating unit 51 has received an operation
within the second predetermined time, vehicle controller 7
performs the control corresponding to the received opera-
tion.

[0122] Information notification device 9 acquires various
types of information regarding the traveling of vehicle 1
from vehicle controller 7, and provides notification regard-
ing the acquired information. Information notification
device 9 includes information acquisition unit 91 and noti-
fication unit 92.

[0123] Information acquisition unit 91 acquires various
types of information regarding the traveling of vehicle 1
from vehicle controller 7. For example, when determining
that vehicle controller 7 may update the behavior of vehicle
1, information acquisition unit 91 acquires the information
about the first behavior and the information about the second
behavior from vehicle controller 7.

[0124] Then, information acquisition unit 91 temporarily
stores the acquired information in an unillustrated storage
unit, and reads the stored information from the storage unit
and outputs the read information to notification unit 92 as
needed.

[0125] Notification unit 92 notifies the driver of the infor-
mation regarding the traveling of vehicle 1. Notification unit
92 may be: a display for displaying information, including
a light emitting element such as a light emitting diode (LED)
provided on, for example, a car navigation system, a head-up
display, a center display, steering wheel 5, and a pillar
installed in the vehicle; a speaker for notifying the driver of
information by converting the information into a sound; or
a vibrator provided on a position (for example, a seat for the
driver, steering wheel 5, and the like) where the driver can
sense the vibration. In addition, notification unit 92 may be
a combination of these elements.

[0126] In the following description, notification unit 92 is
described as a display device.

[0127] In this case, notification unit 92 is, for example, a
head up display (HUD), a liquid crystal display (LCD), a
head-mounted display or a helmet-mounted display (HMD),
smart glasses, and other exclusive displays. HUD may be a
windshield of vehicle 1, or a glass surface or a plastic surface
(for example, combiner) separately provided, for example.
Further, the windshield may be a front windscreen, or a side
windscreen or a rear windscreen of vehicle 1, for example.
[0128] In addition, the HUD may be a transmission dis-
play provided on the surface or the inside of the windshield.
Herein, the transmission display is, for example, a transmis-
sion organic electroluminescence (EL) display or a trans-
parent display using glass that emits light when being
irradiated with light of a specific wavelength. The driver can

Jul. 12,2018

visually recognize the display on the transmission display
while viewing a background. As described above, notifica-
tion unit 92 may be a display medium that transmits light. In
any case, an image is displayed on notification unit 92.
[0129] Notification unit 92 notifies the driver of the infor-
mation regarding the traveling acquired from vehicle con-
troller 7 through information acquisition unit 91. For
example, notification unit 92 notifies the driver of the
information about the first behavior and the second behavior
acquired from vehicle controller 7.

[0130] Hereinafter, a specific display content and an
operation performed on operating unit 51 will be described.
[0131] FIG. 2 is a view for describing a first example of a
travel environment, a display on notification unit 92 for the
first example, and an operation to operating unit 51.
[0132] Part (a) of FIG. 2 is an overhead view illustrating
the travel environment of vehicle 1. Specifically, part (a) of
FIG. 2 illustrates a travel environment in which there is a
merging lane ahead on the lane in which vehicle 1 is
traveling, there is a vehicle merging from the left side of the
lane, and it is possible to change lanes to the right relative
to the lane in which vehicle 1 is traveling.

[0133] Vehicle controller 7 determines that the travel
environment is the one illustrated in part (a) of FIG. 2 based
on the information about the travel state and the surrounding
situation. Note that vehicle controller 7 may generate the
overhead view illustrated in part (a) of FIG. 2, and may
cause notification unit 92 to provide notification regarding
the generated overhead view in addition to the information
about the first behavior and the second behavior.

[0134] Part (b) of FIG. 2 illustrates one example of the
display on notification unit 92 in response to the travel
environment illustrated in part (a) of FIG. 2. In a display
range of notification unit 92, options involved with the
behavior of vehicle 1 are displayed on the right, and infor-
mation for switching from autonomous driving to manual
driving is displayed on the left.

[0135] The first behavior is “lane change” displayed in
highlighted display region 294 in display regions 29a to 29¢
and 29g. The second behavior is “acceleration” and “decel-
eration” respectively displayed in display regions 29a and
29¢. In addition, “end autonomous driving” indicating that
the driving mode is switched from autonomous driving to
manual driving is displayed in display region 29g.

[0136] Part (¢) of FIG. 2 illustrates one example of oper-
ating unit 51 provided on steering wheel 5. Operating unit 51
includes operation buttons 51a to 51d provided on the right
side of steering wheel 5 and operation buttons 51e to 51k
provided on the left side of steering wheel 5. Note that the
number, shape, and other conditions of operating units 51
provided to steering wheel 5 are not limited to those
described above.

[0137] In the present exemplary embodiment, display
regions 29a to 29¢ illustrated in part (b) of FIG. 2 correspond
to operation buttons 51a to 51¢, respectively, and display
region 29g corresponds to operation button 51g.

[0138] In this configuration, when selecting any one of
displays displayed in each display region, the driver presses
the operation button corresponding to each display region.
For example, to select the behavior of “acceleration” dis-
played in display region 29a, the driver presses operation
button 51a.

[0139] Although only character information is displayed
in each display region in part (b) of FIG. 2, a symbol or an
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icon involved with drive of the vehicle may be displayed as
described next. According to this configuration, the driver
can recognize the display content at a glance.

[0140] FIG. 3 is a view illustrating another example of a
display on notification unit 92. As illustrated in FIG. 3,
character information and symbols indicating the informa-
tion are both displayed in display regions 39a to 39¢ and
39g. Note that only symbols may be displayed.

[0141] Next, a display control flow will be described,
using a specific travel environment as one example.
[0142] FIG. 4 is a flowchart illustrating a procedure of an
information notification process according to the present
exemplary embodiment. FIG. 5 is a view illustrating the first
example of the travel environment, and display control for
this environment.

[0143] As illustrated in FIG. 4, detector 6 detects a travel
state of the vehicle (step S11). Then, detector 6 detects a
surrounding situation of the vehicle (step S12). Detector 6
outputs to vehicle controller 7 the information about the
travel state of the vehicle and the surrounding situation of
the vehicle which have been detected.

[0144] Next, vehicle controller 7 determines the travel
environment at present based on the information about the
travel state and the surrounding situation (step S13). In the
example in part (a) of FIG. 5, vehicle controller 7 determines
the travel environment at present to be “a travel environment
in which there is a merging lane ahead on the lane in which
vehicle 1 is traveling, there is a vehicle merging from the left
side of the lane, and it is possible to change lanes to the right
relative to the lane in which vehicle 1 is traveling”.

[0145] Then, vehicle controller 7 causes notification unit
92 of information notification device 9 to provide notifica-
tion regarding the information about the determined travel
environment (step S14). In the example in part (b) of FIG.
5, vehicle controller 7 outputs the information about the
determined travel environment to information acquisition
unit 91. Notification unit 92 acquires the information about
the travel environment from information acquisition unit 91,
and displays the acquired information as character informa-
tion 59. Notably, vehicle controller 7 may cause a speaker or
the like to notify the driver, with a sound, of the information
about the travel environment, instead of causing notification
unit 92 to display the information about the travel environ-
ment. Accordingly, the information can reliably be transmit-
ted to the driver, even if the driver does not see or fails to see
the display or a monitor.

[0146] Next, vehicle controller 7 determines whether or
not there is a possibility of updating the behavior for the
determined travel environment. When determining that there
is a possibility of updating, vehicle controller 7 then detet-
mines the first behavior and the second behavior (step S15).
Whether or not there is a possibility of updating the behavior
for the travel environment is determined based on whether
or not the travel environment has been changed. Conceiv-
able behaviors to be executed after the updating include
decelerating the vehicle because of a possibility of collision
between the vehicle and another vehicle or the like, chang-
ing the speed when a leading vehicle disappears in adaptive
cruise control (ACC), and changing lanes when the adjacent
lane is vacant, for example. Whether or not to perform
updating is determined using the conventional technology.
[0147] Inthis case, vehicle controller 7 reads, from storage
unit 8, the behavior candidates that can be performed next by
vehicle 1 (after a lapse of the first predetermined time) in
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response to the determined travel environment. Then,
vehicle controller 7 determines which is the most suitable
for the current travel environment from among the read
behavior candidates, and sets the behavior most suitable for
the current travel environment as the first behavior. There-
after, vehicle controller 7 sets the behavior candidates
excluding the first behavior as the second behavior.

[0148] In the example in part (b) of FIG. 5, vehicle
controller 7 reads, from storage unit 8, three behavior
candidates which are acceleration of vehicle 1, deceleration
of vehicle 1, and lane change of vehicle 1 to the right. Then,
vehicle controller 7 determines that the lane change of
vehicle 1 to the right is the most suitable behavior based on
the speed of the vehicle merging from the left and the
condition of the right lane of vehicle 1, and sets this behavior
as the first behavior. Thereafter, vehicle controller 7 sets the
behavior candidates excluding the first behavior as the
second behavior.

[0149] Next, vehicle controller 7 causes notification unit
92 of information notification device 9 to provide notifica-
tion regarding the first behavior and the second behavior
(step S16). In the example in part (b) of FIG. 5, notification
unit 92 displays character information of “lane change”
which is the information about the first behavior in display
region 594 in a highlighted manner, and displays “accelera-
tion” and “deceleration”, which are the information about
the second behavior, in display regions 59a and 59¢, respec-
tively.

[0150] Next, vehicle controller 7 determines whether or
not operating unit 51 receives an operation from the driver
within a second predetermined time (step S17).

[0151] For example, vehicle controller 7 sets, as the first
predetermined time, the time from when vehicle controller
7 determines that the travel environment at present is the one
illustrated in part (a) of FIG. 5 until vehicle 1 reaches the
merging point. Vehicle controller 7 then sets a second
predetermined time shorter than the first predetermined time
as a time in which the operation for the behavior to be
executed next before the merging point can be received.

[0152] When operating unit 51 has received the operation
from the driver within the second predetermined time (YES
in step S17). vehicle controller 7 determines whether the
received operation is an operation for ending autonomous
driving or a behavior selecting (in other words, updating)
operation (step S18).

[0153] As described with reference to FIG. 2, each of the
display regions of notification unit 92 corresponds to a
corresponding one of the operation buttons of operating umt
51. When selecting “end autonomous driving” in part (b) of
FIG. 5, the driver presses operation button 51g illustrated in
part (c) of FIG. 2. When performing behavior selection, the
driver presses any one of operation buttons 5la to Slc
illustrated in part (c) of FIG. 2.

[0154] When the operation received by operating unit 51
is an operation for ending autonomous driving (that is, when
the depression of operation button 51g is detected), vehicle
controller 7 ends autonomous driving (step S19). When the
operation received by operating unit 51 is the operation for
behavior selection (that is, the depression of any one of
operation buttons 51a to 51c¢ is detected), vehicle controller
7 controls vehicle 1 such that vehicle 1 performs the
behavior corresponding to the depressed operation button
(step S20).
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[0155] When operating unit 51 has not received any
operation performed by the driver within the second prede-
termined time (NO in step S17), vehicle controller 7 controls
vehicle 1 such that vehicle 1 performs the first behavior (step
S21).

[0156] FIG. 61s a view illustrating the first example of the
travel environment, and another display control for this
environment. Part (a) of FIG. 6 is similar to part (a) of FIG.
5, but the display control in part (b) of FIG. 6 is different
from the display control in part (b) of FIG. 5.

[0157] As in the case described with reference to part (b)
of FIG. 5, vehicle controller 7 reads, from storage unit 8,
three behavior candidates which are acceleration of vehicle
1, deceleration of vehicle 1, and lane change of vehicle 1 to
the right, in response to the travel environment illustrated in
part (a) of FIG. 6. In this case, it is supposed that storage unit
8 stores the lane change of vehicle 1 to the right as the
behavior with the highest priority.

[0158] In this case, vehicle controller 7 causes notification
unit 92 to provide notification regarding the information
about the travel environment and the information about the
first behavior. In part (b) of FIG. 6, vehicle controller 7
creates character information 69 indicating the information
about the travel environment and the information about the
first behavior, and causes notification unit 92 to display
character information 69.

[0159] Then, vehicle controller 7 displays, in display
regions 69a and 69c¢, displays for encouraging the driver to
determine whether to use the first behavior. Vehicle control-
ler 7 also displays, in display region 69g, the display of “end
autonomous driving” indicating that the driving is switch-
able from autonomous driving to manual driving.

[0160] In this case, vehicle controller 7 displays “YES”
corresponding to using the first behavior in a highlighted
manner. Which one of “YES” and “NO” is displayed in a
highlighted manner may be set in advance, the last selected
option may be displayed in a highlighted manner, or storage
unit 8 may store the number of times each behavior has been
previously selected and notification unit 92 may display the
most frequently selected behavior in a highlighted manner.
[0161] By learning the previously selected behavior in this
way, vehicle controller 7 can appropriately notify the driver
of information. In addition, the display to be displayed on
notification unit 92 can be less than the display in part (b) of
FIG. 5, whereby the burden on the driver can be reduced.

[0162] FIG. 7 is a view illustrating a second example of
the travel environment, and display control for this environ-
ment. Part (a) of FIG. 7 is an overhead view illustrating the
travel environment. The travel environment illustrated in
part (a) of FIG. 7 is similar to those in part (a) of FIG. 5 and
part (a) of FIG. 6 in that there is a merging lane ahead, but
different from those in part (a) of FIG. 5 and part (a) of FIG.
6 in that there is a traveling vehicle on the right of vehicle
1. In such a case, vehicle controller 7 determines that it is
impossible to change lanes.

[0163] When determining that the travel environment of
vehicle 1 is the one illustrated in part (a) of FIG. 7, vehicle
controller 7 causes notification unit 92 to display informa-
tion about the determined travel environment as character
information 79 as illustrated in part (b) of FIG. 7.

[0164] Further, vehicle controller 7 selects only accelera-
tion of vehicle 1 and deceleration of vehicle 1 from among
three behavior candidates read from storage unit 8, which
are acceleration of vehicle 1, deceleration of vehicle 1, and
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lane change of vehicle 1 to the right, because the lane change
of vehicle 1 to the right is impossible.

[0165] In addition, vehicle controller 7 predicts that
vehicle 1 becomes too close to the merging vehicle if vehicle
1 is traveling with the current speed, and determines that the
deceleration of vehicle 1 is the most suitable behavior, that
is, the first behavior.

[0166] In this case, which is the most suitable behavior
among the three behavior candidates is determined using a
conventional technology for determining the most suitable
behavior based on the information about the travel state and
the surrounding situation. Alternatively, which is the most
suitable behavior may be determined in advance, or vehicle
controller 7 may store the information about the last selected
behavior in storage unit 8, and determine this behavior as the
most suitable behavior. Alternatively, vehicle controller 7
may store in storage unit 8 the number of times each
behavior has been previously selected, and determine the
most frequently selected behavior as the most suitable
behavior.

[0167] Thereafter, vehicle controller 7 displays “decelera-
tion” in display region 79¢ as the first behavior, and displays
“acceleration” in display region 79a as the second behavior.
Vehicle controller 7 also displays, in display region 79¢, the
display of “end autonomous driving” indicating that the
driving is switched from autonomous driving to manual
driving.

[0168] With this display control, vehicle controller 7 can
notify the driver of the behavior most suitable for the travel
environment as the first behavior according to the travel
environment,

[0169] The information about the first behavior may be
disposed on an upper side, the information about the second
behavior may be disposed on a lower side, and functions of
selecting the first behavior and the second behavior may be
assigned to operation buttons 51a and 51c, respectively. In
addition, the information about a behavior of acceleration
may be disposed on an upper side, the information about a
behavior of deceleration may be disposed on a lower side,
the information about the behavior of lane change to the
right may be disposed on a right side, the information about
the behavior of lane change to the left may be disposed on
a left side, and functions of selecting the behavior of
acceleration, the behavior of deceleration, the behavior of
lane change to the right, and the behavior of lane change to
the left may be assigned to operation buttons 51a, 514, 51c¢,
and 51d, respectively. Furthermore, these displays may be
switchable, and whether priority is placed on action or
priority is placed on operation may be displayed separately.
In addition, the display size of the first behavior information
may be larger, and the display size of the second behavior
information may be smaller. It is to be noted that, when
behavior information display is arranged corresponding to
the behavior in the front-rear direction and left-right direc-
tion of the vehicle, the driver can have intuitive recognition
and perform operation.

[0170] Next, an example of a travel environment other
than the travel environment where there is a merging lane
ahead will be described.

[0171] FIG. 8 is a view illustrating a third example of the
travel environment, and display control for this environ-
ment. Part (a) of FIG. 8 is an overhead view illustrating the
travel environment of vehicle 1. Specifically, part (a) of FIG.
8 illustrates the travel environment where a leading vehicle



US 2018/0194280 Al

is traveling with a speed lower than the speed of vehicle 1,
and a lane change to the adjacent lane is possible.

[0172] Vehicle controller 7 determines that the travel
environment is the one illustrated in part (a) of FIG. 8 based
on the information about the travel state and the surrounding
situation. In this case, vehicle controller 7 causes notification
unit 92 to display the information about the determined
travel environment as character information 89.

[0173] Vehicle controller 7 also reads, as behavior candi-
dates corresponding to the determined travel environment,
three behavior candidates which are a travel mode for
overtaking the leading vehicle, a travel mode for performing
a lane change to the adjacent lane, and a travel mode for
decelerating vehicle 1 to follow the leading vehicle, from
storage unit 8.

[0174] For example, vehicle controller 7 determines that
the travel mode for decelerating vehicle 1 to follow the
leading vehicle is the most suitable behavior, that is, the first
behavior, because the speed of the leading vehicle after
deceleration is higher than a predetermined value and is
allowable.

[0175] In this case, which is the most suitable behavior
among the three behavior candidates is determined using a
conventional technology for determining the most suitable
behavior based on the information about the travel state and
the surrounding situation. Alternatively, which is the most
suitable behavior may be determined in advance, or vehicle
controller 7 may store the information about the last selected
behavior in storage unit 8, and determine this behavior as the
most suitable behavior. Alternatively, vehicle controller 7
may store in storage unit 8 the number of times each
behavior has been previously selected, and determine the
most frequently selected behavior as the most suitable
behavior.

[0176] Vehicle controller 7 also displays character infor-
mation of “follow” indicating the first behavior in display
region 89¢ in a highlighted manner, and character informa-
tion items of “overtake” and “lane change” indicating the
second behavior in display regions 89a and 895, respec-
tively, as illustrated in part (b) of FIG. 8. Vehicle controller
7 also displays, in display region 89¢, the display of “end
autonomous driving” indicating that the driving is switched
from autonomous driving to manual driving.

[0177] The information about the first behavior may be
disposed on an upper side, the information about the second
behavior may be disposed on a lower side, and functions of
selecting the first behavior and the second behavior may be
assigned to operation buttons 51a and 51¢, respectively; the
information about the overtaking behavior may be disposed
on an upper side, the information about the following
behavior may be disposed on a lower side, the information
about the behavior of lane change to the right may be
disposed on a right side, the information about the behavior
of lane change to the left may be disposed on a left side, and
functions of selecting the overtaking behavior, the following
behavior, the behavior of lane change to the right, and the
behavior of lane change to the left may be assigned to
operation buttons 51a, 51¢, 515, and 51d, respectively.
Furthermore, these displays may be switchable, and whether
priority is placed on action or priority is placed on operation
may be displayed separately. In addition, the display size of
the first behavior information may be larger, and the display
size of the second behavior information may be smaller.
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[0178] FIG. 9 is a view illustrating a fourth example of the
travel environment, and display control for this environ-
ment. Part (a) of FIG. 9 is an overhead view illustrating the
travel environment of vehicle 1. Specifically, part (a) of FIG.
9 illustrates the travel environment where the lane in which
vehicle 1 is traveling ends ahead.

[0179] Vehicle controller 7 determines that the travel
environment is the one illustrated in part (a) of FIG. 9 based
on the information about the travel state and the surrounding
situation. In this case, vehicle controller 7 causes notification
unit 92 to display the information about the determined
travel environment as character information 99.

[0180] Vehicle controller 7 also reads, as behavior candi-
dates corresponding to the determined travel environment,
two behavior candidates which are a travel mode for per-
forming a lane change to the adjacent lane, and a travel mode
for keeping traveling in the current lane, from storage umit
8.

[0181] For example, vehicle controller 7 determines that
the travel mode for performing a lane change to the adjacent
lane is the most suitable behavior, that is, the first behavior,
because TTC to the point where the lane ends is shorter than
a predetermined value.

[0182] In this case, which is the most suitable behavior
between the two behavior candidates is determined using a
conventional technology for determining the most suitable
behavior based on the information about the travel state and
the surrounding situation. Alternatively, which is the most
suitable behavior may be determined in advance, or vehicle
controller 7 may store the information about the last selected
behavior in storage unit 8, and determine this behavior as the
most suitable behavior. Alternatively, vehicle controller 7
may store in storage unit 8 the number of times each
behavior has been previously selected, and determine the
most frequently selected behavior as the most suitable
behavior.

[0183] Vehicle controller 7 also displays character infor-
mation of “lane change” indicating the first behavior in
display region 995 in a highlighted manner, and character
information of “keep” indicating the second behavior in
display region 99¢, as illustrated in part (b) of FIG. 9.
Vehicle controller 7 also displays, in display region 99g, the
display of “end autonomous driving” indicating that the
driving is switched from autonomous driving to manual
driving.

[0184] The information about the first behavior may be
disposed on an upper side, the information about the second
behavior may be disposed on a lower side, and functions of
selecting the first behavior and the second behavior may be
assigned to operation buttons 51a and 51c, respectively;
information about a behavior of doing nothing may be
disposed on a lower side, the information about the behavior
of lane change to the right may be disposed on a right side,
the information about the behavior of lane change to the left
may be disposed on a left side, and functions of selecting the
behavior of doing nothing, the behavior of lane change to the
right, and the behavior of lane change to the left may be
assigned to operation buttons 51¢, 51b, and 51d, respec-
tively; or these displays may be switchable, and whether
priority is placed on action or priority is placed on operation
may be displayed separately. In addition, the display size of
the first behavior information may be larger, and the display
size of the second behavior information may be smaller.
Notably, due to the configuration in which a different
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function is assigned to each display region depending on a
different travel environment as illustrated in FIGS. 7, 8, and
9, notification of information or operation is enabled with
fewer regions.

[0185] It has been described above that vehicle controller
7 causes notification unit 92 to provide notification regard-
ing a behavior according to the information about the travel
environment and surrounding situation. However, the pres-
ent invention is not limited thereto. For example, it may be
configured such that vehicle controller 7 causes notification
unit 92 to provide notification regarding a behavior when the
driver performs a predetermined operation.

[0186] FIG. 10 is a view illustrating a fifth example of the
travel environment, and display control for this environ-
ment. Part (a) of FIG. 10 is an overhead view illustrating the
travel environment of vehicle 1. Specifically, part (a) of FIG.
10 illustrates the travel environment where vehicle 1 can
change lanes to the left and right.

[0187] Part (a) of FIG. 10 illustrates the travel environ-
ment where, different from the travel environments illus-
trated in part (a) of FIG. 5 to part (a) of FIG. 9, vehicle 1 can
travel in a normal way without requiring a lane change or
acceleration and deceleration of the vehicle. In this case,
vehicle controller 7 may cause notification unit 92 not to
display the information about the travel environment as
character information as indicated by display 109 in part (b)
of FIG. 10.

[0188] When the driver depresses any of the operation
buttons on operating unit 51 under the above-described
condition where character information is not displayed on
notification unit 92, vehicle controller 7 reads the behavior
candidates in a normal travel from storage unit 8.

[0189] Specifically, storage unit 8 stores four behavior
candidates which are acceleration of vehicle 1, deceleration
of vehicle 1, lane change of vehicle 1 to the right, and lane
change of vehicle 1 to the left, in association with the travel
environment of normal travel as illustrated in part (a) of FIG.
10. Vehicle controller 7 reads these behavior candidates, and
causes notification unit 92 to display these behavior candi-
dates in display regions 109a to 1094, respectively.

[0190] In addition, vehicle controller 7 displays the dis-
play of “end autonomous driving” indicating that the driving
is switched from autonomous driving to manual driving in
display region 109¢, and a display of “cancel” indicating
that updating of the behavior is canceled in display region
109e in a highlighted manner.

[0191] The present exemplary embodiment described
above can effectively notify the driver of the behavior
candidates to be executed next, thereby enabling the driver
to select a more preferable behavior.

[0192] Note that the driver may directly perform a manual
operation on the steering wheel or the like, instead of
selecting the behavior he/she desires to do. Thus, the driver
can quickly switch to a manual driving operation according
to his/her intention.

Modification

[0193] In the present exemplary embodiment described
above, character information is displayed on notification
unit 92. However, the present invention is not limited
thereto. For example, information may be displayed using a
symbol indicating the behavior for enabling the driver to
visually recognize the information. Hereinafter, a display
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using a symbol for enabling the driver to visually recognize
information will be described, using the displays in FIGS. §
and 7 as one example.

[0194] FIG. 11 is a view illustrating another display con-
trol for the first example of the travel environment illustrated
in FIG. 5. In this example, the above-described first behavior
is a lane change of vehicle 1 to the right, and the second
behavior is acceleration of vehicle 1 and deceleration of
vehicle 1.

[0195] In this case, symbol 111 indicating “lane change”
which is the first behavior is displayed bigger on the center,
and symbol 112 indicating “acceleration of vehicle 1” and
symbol 113 indicating “deceleration of vehicle 1” which are
the second behavior are displayed smaller on the right. In
addition, symbol 114 indicating ending of autonomous driv-
ing is displayed smaller on the left.

[0196] If an instruction for changing the behavior of
vehicle 1 is not received from the driver, the lane change is
performed.

[0197] FIG. 12 is a view illustrating another display con-
trol for the second example of the travel environment
illustrated in FIG. 7. In this example, different from the first
example, a lane change is impossible because another
vehicle is traveling on the right of vehicle 1. Therefore,
“deceleration of vehicle 17 is set as the first behavior, and
“acceleration of vehicle 1 is set as the second behavior, for
example.

[0198] In this case, as illustrated in part (a) of FIG. 12,
symbol 121 indicating “deceleration of vehicle 1” which is
the first behavior is displayed bigger on the center, and
symbol 122 indicating “acceleration of vehicle 1” which is
the second behavior is displayed smaller on the right. In
addition, symbol 123 indicating ending of autonomous
driving is displayed smaller on the left.

[0199] It is supposed here that operating unit 51 receives
an operation for selecting “acceleration of vehicle 1” from
the driver. In this case, as illustrated in part (b) of FIG. 12,
symbol 122" indicating “acceleration of vehicle 1 which is
the first behavior is displayed bigger on the center, and
symbol 121" indicating “deceleration of vehicle 1 which is
the second behavior is displayed smaller on the right.
[0200] The present exemplary embodiment described
above can effectively notify the driver of the behavior
candidates to be executed next, thereby enabling the driver
to select a more preferable behavior. On the other hand, the
driver can recognize the behaviors to be executed by vehicle
1 or other selectable behaviors, thereby being capable of
continuing autonomous driving with a feeling of trust.
Alternatively, the driver can smoothly issue an instruction to
the vehicle.

[0201] In addition, according to the present exemplary
embodiment, the options notified by the notification unit,
that is, the second behavior, can be variable according to the
travel environment.

Second Exemplary Embodiment

[0202] The first exemplary embodiment has described the
configuration in which an operation according to the display
on notification unit 92 is performed using operating unit 51
provided on steering wheel 5. The present exemplary
embodiment describes a configuration in which a touch
panel is provided in place of operating unit 51 provided on
steering wheel 5.
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[0203] FIG. 13 is a block diagram illustrating a configu-
ration of a main part of vehicle 1 including an information
notification device according to the second exemplary
embodiment. It should be noted that constituent elements in
FIG. 13 which are substantially identical to the constituent
elements in FIG. 1 are denoted by the identical reference
numerals used in FIG. 1 and will not be described in detail.
Vehicle 1 illustrated in FIG. 13 is provided with touch panel
10 in place of operating unit 51 on steering wheel 5.
[0204] Touch panel 10 is a device including a liquid
crystal panel or the like and capable of displaying and
inputting information, and is connected to vehicle controller
7. Touch panel 10 includes display 101 that displays infor-
mation based on control by vehicle controller 7, and input
unit 102 that receives an operation from a driver or the like
and outputs the received operation to vehicle controller 7.
[0205] Next, display control for touch panel 10 will be
described. Herein, the display control will be described for
the case where vehicle 1 is traveling on the center lane of
three lanes, and vehicle 1 is capable of changing the lane to
the right lane or the left lane.

[0206] FIG. 14 is a view for describing the display on
touch panel 10 according to the second exemplary embodi-
ment. Part (a) of FIG. 14 illustrates an initial display on
display 101 of touch panel 10. When determining that
vehicle 1 is capable of changing the lane to the right lane or
the left lane, vehicle controller 7 causes display 101 of touch
panel 10 to execute the display illustrated in part (a) of FIG.
14. Herein, the display of “Touch” in display region 121
indicates that touch panel 10 is in a mode where a touch
operation performed by the driver is acceptable.

[0207] When the driver performs the touch operation for
touching display region 121 with the display illustrated in
part (a) of FIG. 14 being displayed therein, input unit 102
receives this operation, and outputs to vehicle controller 7
information indicating that this operation is performed.
When receiving this information, vehicle controller 7 causes
display 101 to display the display illustrated in part (b) of
FIG. 14, and also causes notification unit 92 to display the
display illustrated in part (¢) of FIG. 14.

[0208] In part (b) of FIG. 14, display region 1214 having
therein a display of “Move” which is an operation for
instructing vehicle 1 to move is illustrated. In addition,
display regions 1215 to 1214 indicating that it is possible for
vehicle 1 to travel in each of three lanes are illustrated in part
(b) of FIG. 14. Note that display regions 1215 to 121d
respectively correspond to traveling in lanes indicated by
arrows X, Y, and Z in part (¢) of FIG. 14.

[0209] In addition, each display region in part (b) of FIG.
14 and the corresponding arrow in part (c) of FIG. 14 have
the same manner (for example, color, arrangement, and the
like). This makes the display easy to be understood by the
driver.

[0210] In addition, the lanes indicated by arrows X, Y, and
7 may be displayed by varying thickness or the like such that
the behavior to be executed by the vehicle determined by the
vehicle controller and other behaviors selectable by the
driver can be distinguished.

[0211] The driver touches the display region correspond-
ing to the lane he/she wishes to travel, from among display
regions 1215 to 1214, to select the behavior of vehicle 1. In
this case, input unit 102 receives the behavior selecting
operation performed by the driver, and outputs information
about the selected behavior to vehicle controller 7. Then,
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vehicle controller 7 controls vehicle 1 such that vehicle 1
executes the selected behavior. Thus, vehicle 1 travels in the
lane the driver wishes to travel.

[0212] It is to be noted that the driver may swipe touch
panel 10 instead of touching touch panel 10. For example,
when the driver wishes to change the lane to the lane
indicated by arrow X in part (¢) of FIG. 14 in the example
in FIG. 14, the driver swipes right on touch panel 10.
[0213] In this case, input unit 102 receives the swipe
operation, and outputs the information indicating the swipe
operation content to vehicle controller 7. Then, vehicle
controller 7 controls vehicle 1 such that vehicle 1 executes
the selected behavior of changing the lane to the lane
indicated by arrow X.

[0214] In addition, when display region 121a displaying
“Move” which indicates the operation for instructing vehicle
1 to move is displayed, the driver may utter “behavior
selection” in a voice. Thus, the driver can operate by seeing
only the display on the HUD without seeing the touch panel
at his/her hand.

[0215] In addition, when the driver performs the touch
operation or swipe operation, the display manner of the lane
corresponding to the selected display region of the touch
panel may be changed such that the driver can confirm
which lane he/she is about to select before the selection. For
example, the moment the driver touches display region
1215, the thickness of lane X may be enlarged, and if the
driver immediately releases his/her hand, lane X may not be
selected and the thickness of lane X may be returned to the
original size; and the moment the driver then touches display
region 121¢, the thickness of lane Y may be enlarged, and if
the driver keeps this state for a while, lane Y may be selected
and may flicker to indicate that lane Y is determined.
According to this configuration, the driver can perform the
selecting operation or determining operation without view-
ing his/her hands.

[0216] Notably, as in the first exemplary embodiment,
vehicle control functions such as acceleration, deceleration,
overtake, and keep may be assigned to display regions
according to the travel environment.

[0217] According to the present exemplary embodiment
described above, the driver can perform an intuitive opera-
tion due to the touch panel being provided in place of the
operating unit. Furthermore, because the number, shape,
color, and the like of display regions in the touch panel
receiving an operation can freely be changed, the degree of
freedom of a user interface is improved.

Third Exemplary Embodiment

[0218] The first exemplary embodiment has described the
case where the first behavior and the second behavior are
simultaneously displayed. The present exemplary embodi-
ment describes a configuration in which a first behavior is
displayed first on notification unit 92, and when a driver’s
operation is received, a second behavior is displayed.
[0219] The configuration of the present exemplary
embodiment is achieved such that a grip sensor for detecting
whether or not the driver holds steering wheel 5 is further
included in operating unit 51 in the configuration, illustrated
in FIG. 1, described in the first exemplary embodiment.
[0220] FIG. 15 is a view for describing a display on
notification unit 92 according to the third exemplary
embodiment of the present invention. FIG. 15 illustrates an
example of a display in a travel environment, similar to that
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illustrated in part (a) of FIG. 8, where a vehicle traveling
ahead of vehicle 1 in the same lane is traveling with a speed
lower than the speed of vehicle 1, and a lane change to the
adjacent lane is possible.

[0221] When determining that the travel environment is
the one illustrated in part (a) of FIG. 8, vehicle controller 7
firstly causes notification unit 92 to execute the display
illustrated in part (a) of FIG. 15.

[0222] In part (a) of FIG. 15, symbol 131 indicating
“overtake” which is the first behavior among behavior
candidates to be executed after a lapse of a first predeter-
mined time is illustrated in a first manner (for example, in a
first color).

[0223] When a second predetermined time has elapsed
after vehicle controller 7 causes notification unit 92 to
execute the display illustrated in part (a) of FIG. 15, vehicle
controller 7 causes notification unit 92 to display symbol
131 in a second manner different from the first manner (for
example, in a second color different from the first color)
from the first manner. Herein, the second predetermined
time is similar to the second predetermined time described
in the first exemplary embodiment.

[0224] Specifically, while symbol 131 is displayed in the
first manner, the driver is able to select the second behavior,
but when symbol 131 is changed to the second manner, it
becomes impossible for the driver to select the second
behavior.

[0225] Part (a) of FIG. 15 also illustrates steering-wheel-
shaped symbol 132 indicating that the second behavior is
selectable. When the driver holds steering wheel 5 while
symbol 132 is displayed, the second behavior is displayed.
Symbol 132 is a display indicating that the second behavior
is selectable. However, such configuration may be applied
that the driver is notified of the second behavior being
selectable by symbol 131 being displayed in the first manner.
In this case, symbol 132 may not be displayed.

[0226] Part (a) of FIG. 15 also illustrates symbol 133
indicating that vehicle 1 is now in an autonomous driving
mode. Symbol 133 is an auxiliary display notifying the
driver that vehicle 1 is now traveling in the autonomous
driving mode. However, symbol 133 may not be displayed.
[0227] When the driver holds steering wheel 5 in response
to the display in part (a) of FIG. 15, the grip sensor detects
the holding, and outputs information about the detection
result to vehicle controller 7. In this case, vehicle controller
7 causes notification unit 92 to execute the display illustrated
in part (b) of FIG. 15.

[0228] In part (b) of FIG. 15, symbol 131 indicating
“overtake” which is the first behavior is illustrated in the first
manner (for example, in the first color) as in part (a) of FIG.
15. In addition, symbol 134 indicating “lane change” which
is the second behavior and symbol 135 indicating “decel-
eration” which is the second behavior are also illustrated.

[0229] The driver performs changing from the first behav-
ior to the second behavior by operating operating unit 51 on
steering wheel 5. For example, the driver updates the
behavior to “lane change” (symbol 134) or “deceleration”
(symbol 135) by pressing operation button 51a or operation
button S1c¢ (see part (c) of FIG. 2) on operating unit 51.

[0230] Further, symbol 136 indicating that vehicle con-
troller 7 is learning the behavior of vehicle 1 is illustrated in
part (b) of FIG. 15. While symbol 136 is displayed, vehicle
controller 7 learns the behavior selected by the driver.
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Symbol 136 may not be displayed. Further, vehicle control-
ler 7 may constantly learn behaviors.

[0231] Specifically, vehicle controller 7 stores the behav-
ior selected by the driver into storage unit 8, and when
vehicle 1 encounters again the similar travel environment,
vehicle controller 7 causes notification unit 92 to display the
stored behavior as the first behavior. Alternatively. vehicle
controller 7 may store, in storage unit 8, the number of times
each behavior has been previously selected, and cause
notification unit 92 to display the most frequently selected
behavior as the first behavior.

[0232] In part (b) of FIG. 15, symbol 137 indicating that
vehicle 1 is not in the autonomous driving mode is also
illustrated. When symbol 137 is displayed, vehicle controller
7 waits until the behavior to be executed after a lapse of the
first predetermined time is selected by the driver.

[0233] When the driver presses operation button 51a on
operating unit 51 in response to the display illustrated in part
(b) of FIG. 15 to select “lane change”, vehicle controller 7
receives the information about the selecting operation, and
causes notification unit 92 to execute the display illustrated
in part (c) of FIG. 15.

[0234] Inpart (c) of FIG. 15, symbol 134" indicating “lane
change” is illustrated in the first manner. When receiving the
information about the operation for selecting “lane change”,
vehicle controller 7 determines that the selected behavior is
the behavior that is to be executed next, and causes notifi-
cation unit 92 to display symbol 134' indicating “lane
change” in the first manner.

[0235] Further, symbol 131 which has been displayed as
the first behavior in part (b) of FIG. 15 is switched to symbol
134, and displayed as symbol 131" in part (c) of FIG. 15.
[0236] When the driver presses twice in succession any
one of the operation buttons in response to the display
illustrated in part (c) of FIG. 15, the selecting operation
previously conducted by the driver may be canceled. In this
case, vehicle controller 7 receives the information about the
operation for pressing any one of the operation buttons twice
in succession, and causes notification unit 92 to execute
changing from the display illustrated in part (c) of FI1G. 15
to the display illustrated in part (b) of FIG. 15.

[0237] In a period from the time when vehicle controller
7 causes notification unit 92 to execute the display illustrated
in part (a) of FIG. 15 until the second predetermined time
has elapsed, vehicle controller 7 changes the display on
notification unit 92 to the display illustrated in part (b) of
FIG. 15 and the display illustrated in part (¢) of FIG. 15
based on the operation performed by the driver. Then,
vehicle controller 7 causes notification unit 92 to execute the
display illustrated in part (d) of FIG. 15 when the second
predetermined time has elapsed after vehicle controller 7
causes notification unit 92 to execute the display illustrated
in part (a) of FIG. 15.

[0238] Notably, when acquiring, from the grip sensor, the
information indicating that the driver releases his/her hand
from steering wheel 5, vehicle controller 7 may cause
notification unit 92 to display the display illustrated in part
(d) of FIG. 15 before the second predetermined time has
elapsed.

[0239] In this case, part (d) of FIG. 15 illustrates the state
where symbol 134' indicating “lane change” selected by the
driver as the next behavior is displayed in the second
manner, and symbol 133 indicating that vehicle 1 is traveling
in the autonomous driving mode is displayed again.
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[0240] According to the present exemplary embodiment
described above, vehicle controller 7 changes the display on
notification unit 92 such that the driver can confirm the other
behavior candidates, only when the driver intends to update
the behavior to be executed next. According to this configu-
ration, the display visually confirmed by the driver can be
reduced, whereby the burden on the driver can be reduced.

Fourth Exemplary Embodiment

[0241] The above-mentioned exemplary embodiments
have described some of the methods for determining which
is the most suitable behavior from among a plurality of
behavior candidates executable by vehicle 1. The present
exemplary embodiment describes a case where a driver
model constructed in advance by learning is used as the
method for determining the most suitable behavior.

[0242] The method for constructing the driver model will
now be described. The driver model is constructed in such
a way that the tendency of an operation performed by a
driver for each travel environment is modeled based on
information relating to the frequency of each operation.
Travel histories of a plurality of drivers are aggregated, and
the driver model is constructed from the aggregated travel
histories.

[0243] The travel history of each driver is formed such
that the frequency of a behavior actually selected by the
driver from among behavior candidates corresponding to
each travel environment is aggregated for each behavior
candidate, for example.

[0244] FIG. 16 is a diagram illustrating one example of the
travel history. FIG. 16 illustrates that driver x selects the
behavior candidate of “deceleration” three times, “accelera-
tion” once, and “lane change” five times, in a travel envi-
ronment where “the vehicle approaches a merging lane”.
FIG. 16 also illustrates that driver x selects the behavior
candidate of “follow” twice, “overtake” twice, and “lane
change” once, in a travel environment where “there is a
low-speed vehicle ahead”. The same is applied to driver y.

[0245] The travel history of the driver may be formed by
aggregating the behaviors selected during autonomous driv-
ing, or by aggregating the behaviors actually executed by the
driver during manual driving. Thus, a travel history can be
collected according to a driving state, i.e., autonomous
driving or manual driving.

[0246] The driver model is classified into a clustering type
constructed by clustering travel histories of a plurality of
drivers, and an individually-adapted type in which a driver
model of a specific driver (for example, driver x) is con-
structed from a plurality of travel histories similar to the
travel history of driver x.

[0247] Firstly, the clustering type will be described. The
clustering-type driver model is constructed in such a way
that travel histories of a plurality of drivers illustrated in
FIG. 16 are aggregated in advance. Then, a plurality of
drivers having a high degree of similarity between the travel
histories, that is, a plurality of drivers having a similar
driving operation tendency, is grouped to construct a driver
model.

[0248] FIG. 17 is a diagram illustrating a method for
constructing the clustering-type driver model. FIG. 17 illus-
trates the travel histories of drivers a to f in tabular form.
FIG. 17 illustrates that, from the travel histories of drivers a
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to f, model A is constructed based on the travel histories of
drivers a to ¢, and model B is constructed based on the travel
histories of drivers d to f.

[0249] The degree of similarity between travel histories
may be obtained such that: for example, frequencies (nu-
merical values) in the travel histories of driver a and driver
b are treated as frequency distributions; a correlation value
in the respective frequency distributions is calculated; and
the calculated correlation value is set as the degree of
similarity. In this case, when the correlation value calculated
from the travel histories of driver a and driver b is higher
than a predetermined value, for example, the travel histories
of driver a and driver b are grouped into a single group.
[0250] Note that the calculation of the degree of similarity
is not limited thereto. For example, the degree of similarity
may be calculated based on the same number of the behavior
having the highest frequency in the travel history of driver
a and the travel history of driver b.

[0251] Then, the clustering-type driver model is con-
structed by calculating the average of the frequencies in the
travel histories of the drivers in each group, for example.
[0252] FIG. 18 is a diagram illustrating one example of the
constructed clustering-type driver model. The average fre-
quency of the travel history in each group is derived by
calculating the average of the frequencies in the travel
histories of the drivers in each group illustrated in FIG. 17.
In this way, the clustering-type driver model is constructed
using the average frequency for the behavior determined for
each travel environment.

[0253] Tt is to be noted that the driver model may be
constructed using only the behavior having the highest
frequency from among the calculated average frequencies.
FIG. 19 is a diagram illustrating another example of the
constructed clustering-type driver model. As illustrated in
FIG. 19, the most frequent behavior is selected for each
travel environment, and the driver model is constructed
using the selected behavior.

[0254] Now, a method for using the constructed cluster-
ing-type driver model will be described with examples.
[0255] The driver model illustrated in FIG. 18 is stored in
advance in storage unit 8 of vehicle 1. In addition, vehicle
controller 7 stores, in storage unit 8, the travel history of
driver y in previous driving. Notably, driver y is detected by
a camera or the like (not illustrated) installed in the vehicle
interior.

[0256] Then, vehicle controller 7 calculates the degree of
similarity between the travel history of driver y and the
travel history of each model in the driver model to determine
which model is the most suitable for driver y. For example,
regarding the travel history of driver y illustrated in F1G. 16
and the driver model illustrated in FIG. 18, vehicle control-
ler 7 determines that model B is the most suitable for driver
y.

[0257] Vehicle controller 7 determines that, in actual
autonomous travel, the behavior having the highest fre-
quency is the behavior most suitable for driver y, that is, the
first behavior, in each travel environment in model B.
[0258] In this way, the notification regarding the behavior
more suitable for the driver can be provided by constructing
in advance the driver model from the travel histories of a
plurality of drivers.

[0259] For example, even when the frequency of the
behavior for the travel environment of “there is a low-speed
vehicle ahead” is zero in the travel history of driver y as
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illustrated in FIG. 16, that is, even when the driver has never
selected the behavior of “follow”, “overtake”, and “lane
change” in the travel environment of “there is a low-speed
vehicle ahead”, vehicle controller 7 can determine the
behavior of “follow” as the first behavior in the travel
environment of “there is a low-speed vehicle ahead” based
on model B illustrated in FIG. 18.

[0260] Next, the individually-adapted type will be
described. The individually-adapted-type driver model is
constructed in such a way that travel histories of a plurality
of drivers illustrated in FIG. 16 are aggregated in advance,
as in the method for constructing the clustering-type. The
different point from the clustering-type is such that the driver
model is constructed for each driver. Hereinafter, an
example of constructing the driver model for driver y will be
described.

[0261] Firstly, travel histories of a plurality of drivers
having a high degree of similarity with the travel history of
driver y are extracted from the aggregated travel histories of
a plurality of drivers. Then, the driver model for driver y is
constructed from the extracted travel histories of a plurality
of drivers.

[0262] FIG. 20 is a diagram illustrating a method for
constructing the individually-adapted-type driver model. As
in FIG. 17, FIG. 20 illustrates the travel histories of drivers
ato f in tabular form. FIG. 20 also illustrates that the driver
model for driver y is constructed from the travel histories of
drivers ¢ to e having a high degree of similarity with the
travel history of driver y illustrated in FIG. 16.

[0263] The individually-adapted-type driver model is con-
structed by calculating the average of the frequencies in the
extracted travel histories of the drivers.

[0264] FIG. 21 is a diagram illustrating one example of the
constructed individually-adapted-type driver model. In the
travel history of driver y illustrated in FIG. 16 and the travel
histories of drivers ¢ to e illustrated in FIG. 20, the average
frequency of each behavior is derived for each travel envi-
ronment. In this way, the individually-adapted-type driver
model for driver y is constructed using the average fre-
quency for the behavior corresponding to each travel envi-
ronment.

[0265] Now, a method for using the constructed individu-
ally-adapted-type driver model will be described with
examples.

[0266] The driver model for driver y illustrated in FIG. 21
is stored in advance in storage unit 8 of vehicle 1. In
addition, vehicle controller 7 stores, in storage unit 8, the
travel history of driver y in previous driving. Notably, driver
y is detected by a camera or the like (not illustrated) installed
in the vehicle interior.

[0267] Vehicle controller 7 then determines that, in actual
autonomous travel, the behavior having the highest fre-
quency is the behavior most suitable for driver y, that is, the
first behavior, in each travel environment in the driver model
for driver y.

[0268] In this way, the notification regarding the behavior
more suitable for the driver can be provided by constructing
in advance the driver model for each driver from the travel
histories of a plurality of drivers.

[0269] For example. even when the frequency of the
behavior for the travel environment of “there is a low-speed
vehicle ahead” is zero in the travel history of driver y as
illustrated in FIG. 16, that is, even when the driver has never
selected the behavior of “follow”, “overtake”, and “lane
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change” in the travel environment of “there is a low-speed
vehicle ahead”, vehicle controller 7 can determine the
behavior of “lane change” as the first behavior in the travel
environment of “there is a low-speed vehicle ahead” based
on the driver model illustrated in FIG. 21.

[0270] A description will next be given of a case where
driving characteristics of a driver (habit in driving) are
acquired, and autonomous driving according to the taste of
the driver is performed. In general, the actual action (for
example, the level of acceleration or deceleration, or an
operation amount of a steering wheel) for one behavior (for
example, lane change) differs for each driver. Therefore, if
autonomous driving according to the taste of the driver is
enabled, more comfortable driving for the driver can be
implemented.

[0271] Notably, while the case where the driving charac-
teristics of the driver are acquired during manual driving,
and the acquired driving characteristics are reflected in
autonomous driving will be described below, the present
invention is not limited to this case.

[0272] Vehicle controller 7 extracts a characteristic
amount indicating the driving characteristics of the driver
based on the content of an operation performed by the driver
for each component in vehicle 1, and stores the acquired
amount in storage unit 8. Herein, examples of the charac-
teristic amount include a characteristic amount pertaining to
a speed, a characteristic amount pertaining to steering, a
characteristic amount pertaining to an operation timing, a
characteristic amount pertaining to vehicle exterior sensing,
and a characteristic amount pertaining to vehicle interior
sensing.

[0273] The characteristic amount pertaining to a speed is
the speed, acceleration, deceleration, or the like of the
vehicle, for example, and these characteristic amounts are
acquired from a speed sensor or the like mounted to the
vehicle.

[0274] The characteristic amount pertaining to steering
includes a steering angle, angular velocity, angular accel-
eration, and the like of the steering, for example, and these
characteristic amounts are acquired from steering wheel 5.
[0275] The characteristic amount pertaining to an opera-
tion timing includes an operation timing of the brake,
accelerator, indicator lever, steeting wheel, and the like, for
example, and these characteristic amounts are acquired
respectively from brake pedal 2, accelerator pedal 3, indi-
cator lever 4, and steering wheel 5.

[0276] The characteristic amount pertaining to vehicle
external sensing includes the distance between vehicle 1 and
a vehicle present in front of, at the side of, or at the back of
vehicle 1, for example, and these characteristic amounts are
acquired from sensor 62 or the like.

[0277] The characteristic amount pertaining to vehicle
interior sensing includes personal identification information
indicating who the driver is and who the fellow passenger is,
for example, and these characteristic amounts are acquired
from a camera or the like installed in the vehicle interior.
[0278] For example, when the driver manually performs a
lane change, vehicle controller 7 detects that the driver
manually performs the lane change. The detection is per-
formed by analyzing operation time-series data which is
acquired from controller area network (CAN) information
by establishing rules on operation time-series data for a lane
change in advance. Upon detection, vehicle controller 7
acquires the characteristic amount. Vehicle controller 7
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stores characteristic amounts in storage unit 8§ for each
driver, and constructs a driving characteristic model.

[0279] Note that vehicle controller 7 may construct the
driver model based on the characteristic amount for each
driver. Specifically, vehicle controller 7 extracts a charac-
teristic amount pertaining to a speed, a characteristic amount
pertaining to steering, a characteristic amount pertaining to
an operation timing, a characteristic amount pertaining to
vehicle exterior sensing, and a characteristic amount pet-
taining to vehicle interior sensing, and stores the extracted
characteristic amounts into storage unit 8. Then, vehicle
controller 7 may construct, based on the characteristic
amounts stored in storage unit 8, a driver model in which the
operation tendency of the driver for each travel environment
and information about the frequency of each operation are
associated with each other.

[0280] FIG. 22 is a diagram illustrating one example of a
driving characteristic model. FIG. 22 illustrates the charac-
teristic amounts for each driver in tabular form. FIG. 22 also
illustrates the number of times each driver has previously
selected each behavior. Although FIG. 22 illustrates only
some of the characteristic amounts described above, any of
or all of the characteristic amounts described above may be
illustrated.

[0281] The characteristic amounts illustrated in FIG. 22
will be described in detail. Numerical values in terms of the
speed represent the actual speed in stages. Numerical values
in terms of the steering wheel, the brake, and the accelerator
represent operation amounts in stages. These numerical
values are obtained, for example, by calculating the averages
of the speed and the operation amounts for the steering
wheel, the brake, and the accelerator during a predetermined
previous time period, and by showing the averages in stages.

[0282] Forexample, when driver x performs a lane change
without having a fellow passenger in FIG. 22, the speed
level is 8, and the operation amount levels for the steering
wheel, the brake, and the accelerator are respectively 4, 6,
and 8.

[0283] While in autonomous driving, vehicle controller 7
selects, from the driving characteristic models in FIG. 22,
the driving characteristic model corresponding to the driver,
behavior, and fellow passenger, according to who the driver
is, what behavior is executed, and who the fellow passenger
is.

[0284] Then, vehicle controller 7 causes vehicle 1 to travel
with the speed corresponding to the selected driving char-
acteristic model, and controls vehicle 1 in combination of
the operation amounts and operation timings for the steering
wheel, the brake, and the accelerator. Thus, autonomous
driving according to the taste of the driver can be imple-
mented. Note that the notification regarding the information
about the driving characteristic model illustrated in FIG. 22
can be provided by notification unit 92.

[0285] FIG. 23 is a view for describing a display on
notification unit 92 according to the fourth exemplary
embodiment of the present invention. FIG. 23 is a view
illustrating a display in response to the first example of the
travel environment illustrated in FIG. 5.

[0286] Part (a) of FIG. 23 illustrates a display on notifi-
cation unit 92 when vehicle 1 performs normal travel
without requiring a lane change or acceleration/deceleration
of the vehicle. In part (a) of FIG. 23, symbol 231 indicating
that the driver has a driving characteristic of “frequently
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decelerating” and symbol 232 indicating that the vehicle is
now in an autonomous driving mode are illustrated.

[0287] Vehicle controller 7 determines the driving char-
acteristic of the driver based on the number of times the
driver has previously selected each behavior included in the
driving characteristic model illustrated in FIG. 22, for
example. In this case, vehicle controller 7 causes notification
unit 92 to display a display including symbol 231 as illus-
trated in FIG. 23 for the driver who frequently “decelerates”
(that is, the driver who frequently selects the behavior of
“deceleration™) based on the driving characteristic, for
example.

[0288] When determining that the travel environment is
the one in the first example illustrated in FIG. 5, vehicle
controller 7 determines that the first behavior is “decelera-
tion” based on the driver’s driving characteristic of “fre-
quently decelerating”, and causes notification unit 92 to
execute the display in part (b) of FIG. 23.

[0289] In part (b) of FIG. 23, symbol 233 indicating
“deceleration” which is the first behavior is illustrated in the
first manner (for example, in the first color). In addition,
symbol 234 indicating “acceleration” which is the second
behavior and symbol 235 indicating “lane change” which is
the second behavior are illustrated.

[0290] When the driver changes the behavior to the behav-
ior of “acceleration” by the operation described in the first
exemplary embodiment, vehicle controller 7 causes notifi-
cation unit 92 to execute the display in part (c) of FIG. 23.
[0291] In part (c) of FIG. 23, symbol 234" indicating
“acceleration” which is the selected behavior is illustrated in
the first manner. Further, symbol 233 which has been
displayed as the first behavior in part (b) of FIG. 23 is
switched to symbol 234 and displayed as symbol 233"
[0292] Then, vehicle controller 7 causes notification unit
92 to execute the display illustrated in part (d) of FIG. 23
when the second predetermined time has elapsed after
vehicle controller 7 causes noftification unit 92 to execute the
display illustrated in part (a) of FIG. 23. In part (d) of FIG.
23, symbol 234' indicating “acceleration” selected as the
next behavior by the driver is displayed in the second
mannet.

[0293] When the behavior to be executed next is deter-
mined to be “acceleration”, vehicle controller 7 reads char-
acteristic amounts corresponding to the behavior of “accel-
eration” included in the driving characteristic model, and
controls vehicle 1 such that vehicle 1 performs “accelera-
tion” with these characteristic amounts being reflected
thereon.

[0294] FIG. 24 is a view for describing a display on
notification unit 92 according to the fourth exemplary
embodiment of the present invention. FIG. 24 is a view
illustrating a display in response to the second example of
the travel environment illustrated in FIG. 7. It should be
noted that constituent elements in FIG. 24 which are sub-
stantially identical to the constituent elements in FIG. 23 are
denoted by the identical reference numerals used in FIG. 23
and will not be described in detail. FIG. 24 is formed by
deleting symbol 235 indicating “lane change” from FIG. 23.
[0295] As mentioned previously, in the second example
(FIG. 7), different from the first example (FIG. 5), a lane
change is impossible because another vehicle is traveling on
the right of vehicle 1. Therefore, “lane change” is not
displayed in parts (b) and (c) of FIG. 24. Further, in the
example in part (c) of FIG. 24, because “acceleration” is
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selected as in part (¢) of FIG. 23, vehicle controller 7 reads
characteristic amounts corresponding to the behavior of
“acceleration” included in the driving characteristic model,
and controls vehicle 1 such that vehicle 1 performs “accel-
eration” with these characteristic amounts being reflected
thereon, as in part (¢) of FIG. 23.

[0296] FIG. 25 is a view for describing a display on
notification unit 92 according to the fourth exemplary
embodiment of the present invention. FIG. 25 is a view
illustrating a display in response to the third example of the
travel environment illustrated in FIG. 8.

[0297] Part (a) of FIG. 25 is the same as part (a) of FIG.
23. When determining that the travel environment is the one
in the third example illustrated in FIG. 8, vehicle controller
7 determines that the first behavior is “deceleration” based
on the driver’s driving characteristic of “frequently decel-
erating”, and causes notification unit 92 to execute the
display in part (b) of FIG. 25.

[0298] In part (b) of FIG. 25, symbol 251 indicating
“deceleration” which is the first behavior is illustrated in the
first manner (for example, in the first color). In addition,
symbol 252 indicating “overtake” which is the second
behavior and symbol 253 indicating “lane change” which is
the second behavior are illustrated.

[0299] When the driver changes the behavior to the behav-
ior of “overtake” by the operation described in the first
exemplary embodiment, vehicle controller 7 causes notifi-
cation unit 92 to execute the display in part (c) of FIG. 25.
[0300] In part (c) of FIG. 25, symbol 252" indicating
“overtake” which is the selected behavior is illustrated in the
first manner. Further, symbol 251 which has been displayed
as the first behavior in part (b) of FIG. 25 is switched to
symbol 252 and displayed as symbol 251'.

[0301] Then, vehicle controller 7 causes notification unit
92 to execute the display illustrated in part (d) of FIG. 25
when the second predetermined time has elapsed after
vehicle controller 7 causes noftification unit 92 to execute the
display illustrated in part (a) of FIG. 25. In part (d) of FIG.
25, symbol 252" indicating “overtake” selected as the next
behavior by the driver is displayed in the second manner.
[0302] When the behavior to be executed next is deter-
mined to be “overtake”, vehicle controller 7 reads charac-
teristic amounts corresponding to the behavior of “overtake”
included in the driving characteristic model, and controls
vehicle 1 such that vehicle 1 performs “acceleration” with
these characteristic amounts being reflected thereon.
[0303] A description will next be given of an example of
a display when the driving characteristic of the driver is not
the driving characteristic of “frequently decelerating”.
[0304] FIG. 26 is a view for describing a display on
notification unit 92 according to the fourth exemplary
embodiment of the present invention. FIG. 26 is a view
illustrating a display in response to the first example of the
travel environment illustrated in FIG. 5. It is to be noted that
part () of FIG. 26 illustrates an example of a case where the
driver has a driving characteristic of “frequently accelerat-
ing”, and part (b) of FIG. 26 illustrates an example of a case
where the driver has a driving characteristic of “frequently
performing a lane change”.

[0305] In part (a) of FIG. 26, symbol 261 indicating that
the driver has a driving characteristic of “frequently accel-
erating” is illustrated. Symbol 262 indicating “acceleration”
which is the first behavior is also illustrated in the first
manner (for example, in the first color). In addition, symbol
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263 indicating “lane change” which is the second behavior
and symbol 264 indicating “deceleration” which is the
second behavior are also illustrated.

[0306] Vehicle controller 7 causes notification unit 92 to
execute a display including symbol 261 as illustrated in part
(a) of FIG. 26 for the driver who has frequently “acceler-
ated” previously (that is, the driver who has frequently
selected the behavior of “acceleration” previously) based on
the driving characteristic, for example. In addition, vehicle
controller 7 determines the first behavior as “acceleration”
and causes notification unit 92 to execute the display in part
(a) of FIG. 26 based on the driver’s driving characteristic of
“frequently accelerating”.

[0307] In part (b) of FIG. 26, symbol 265 indicating that
the driver has a driving characteristic of “frequently per-
forming a lane change” is illustrated. Symbol 266 indicating
“lane change” which is the first behavior is also illustrated
in the first manner (for example, in the first color). In
addition, symbol 267 indicating “acceleration” which is the
second behavior and symbol 268 indicating “deceleration”
which is the second behavior are also illustrated.

[0308] Vehicle controller 7 causes notification unit 92 to
execute a display including symbol 265 as illustrated in part
(b) of FIG. 26 for the driver who has frequently performed
“lane change” previously (that is, the driver who has fre-
quently selected the behavior of “lane change” previously)
based on the driving characteristic, for example. Vehicle
controller 7 determines the first behavior as “lane change”
and causes notification unit 92 to execute the display in part
(b) of FIG. 26 based on the driver’s driving characteristic of
“frequently performing a lane change”.

[0309] The description has been given only using the
driving characteristic model. However, the driver model
may also be considered, and symbol 231 in FIGS. 23 and 25,
and symbols 261, 265 in FIG. 26 may indicate the type of the
driver model selected from the operation history of the
driver. For example, for the driver model to be applied to a
driver frequently selecting “deceleration” for the first
example of the travel environment illustrated in FIG. 5,
vehicle controller 7 causes noftification unit 92 to execute the
display including symbol 231 as in FIG. 23 and determines
the first behavior as “deceleration”. For the driver model to
be applied to a driver frequently selecting “acceleration”,
vehicle controller 7 causes notification unit 92 to execute the
display including symbol 261 as in part (a) of FIG. 26 and
determines the first behavior as “acceleration”. For the
driver model to be applied to a driver frequently selecting
“lane change”, vehicle controller 7 causes notification unit
92 to execute the display including symbol 265 as in part (b)
of FIG. 26 and determines the first behavior as “lane
change”.

[0310] According to the present exemplary embodiment
described above, when determining a future behavior of the
vehicle, the vehicle can learn the previous travel history of
the driver and reflect the result in determining the future
behavior. In addition, when controlling the vehicle, vehicle
controller can learn the driving characteristic (driving taste)
of the driver and reflect the result in controlling the vehicle.

[0311] Thus, the vehicle can control the autonomous driv-
ing at a timing or with an operation amount favored by the
driver or the occupant, thereby being capable of suppressing
unnecessary operation intervention of the driver during the
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autonomous driving without causing deviation from a sense
of the driver when he/she actually manually drives the
vehicle.

[0312] Note that, in the present invention, the function
similar to the function executed by vehicle controller 7 may
be executed by a cloud server or a server device. In addition,
storage unit 8 may be provided in the cloud server or the
server device, not in vehicle 1. Alternatively, storage unit 8
may store a driver model which has already been con-
structed, and vehicle controller 7 may determine a behavior
by referring to the driver model stored in storage unit 8.
[0313] As described above, in the fourth exemplary
embodiment, vehicle controller 7 acquires the information
about the characteristic amount indicating the driving char-
acteristic of the driver; storage unit 8 stores the information
about the characteristic amount; and vehicle controller 7
constructs, for each travel environment of the vehicle, the
driver model which indicates the tendency of the behavior of
the vehicle selected by the driver in terms of the frequency
of the selected behavior, based on the information about the
characteristic amount stored in storage unit 8.

[0314] In addition, vehicle controller 7 determines, among
from a plurality of drivers, the group of the drivers having
similar behavior selection, and constructs the driver model
for each group or each travel environment of the vehicle.
[0315] Further, vehicle controller 7 calculates the average
of the frequency of the behavior selected by each driver for
each group of the drivers performing a similar operation, and
constructs, for each travel environment of the vehicle, a
driver model in which the tendency of the behavior of the
vehicle selected by the driver is indicated in terms of the
calculated average.

[0316] Moreover, vehicle controller 7 constructs, based on
the vehicle behavior which is selected by another driver
having a similar tendency to the vehicle behavior selected by
a specific driver, a driver model in which the tendency of the
vehicle behavior selected by the specific driver is indicated
in terms of the frequency of each selected behavior, for each
travel environment of the vehicle.

[0317] Accordingly, vehicle controller 7 can construct a
driver model more suitable for the driving tendency of the
driver, and can perform autonomous driving more appropri-
ate for the driver based on the constructed driver model.

Modification of Driver Model

[0318] The driver model described above is constructed in
such a way that the operation (behavior) tendency of a driver
for each travel environment is modeled based on informa-
tion relating to the frequency of each operation. However,
the present invention is not limited thereto.

[0319] For example, the driver model may be constructed
based on a travel history in which an environmental param-
eter indicating a travel environment (i.e., situation) through
which the vehicle has previously traveled and the operation
(behavior) actually selected by the driver in this travel
environment are associated with each other. When the
environmental parameter is incorporated into the driver
model, options can be decided without going through the
procedure for individually performing detection and label-
ing of the travel environment and inputting (storing) the
labeling result in the driver model. Specifically, when the
difference in travel environment as in FIGS. 23 and 24 is
acquired as environmental parameters, and the acquired
parameters are directly input (stored) in the driver model,
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“acceleration”, “deceleration”, and “lane change™ are deter-
mined as options in FIG. 23, and “acceleration” and “decel-
eration” are determined as options in FIG. 24. Hereinafter,
an example of constructing such a driver model will be
described. Note that the driver model described below may
be restated as a situation database.

[0320] Now, a travel history for constructing the driver
model in the present modification will be described. FIG. 27
is a diagram illustrating one example of the travel history.
FIG. 27 illustrates the travel history in which environmental
parameters indicating a travel environment through which
the vehicle driven by driver x has previously traveled and the
operation (behavior) actually selected by the driver in this
travel environment are associated with each other.

[0321] The environmental parameters in (a) to (c) in the
travel history in FIG. 27 respectively indicate the travel
environment when the vehicle behavior is presented to the
driver as in part (b) of FIG. 8, part (b) of FIG. 5, and part (b)
of FIG. 7, for example. The environmental parameters in the
travel history are acquired from sensing information or
infrastructure information.

[0322] The sensing information is information detected by
sensors or radars in the vehicle. The infrastructure informa-
tion includes information from GPS, map information, infor-
mation acquired through road-to-vehicle communication,
for example.

[0323] For example, the environmental parameters in the
travel history in FIG. 27 include: “host vehicle information™;
“leading vehicle information” indicating information about
a vehicle traveling in front of host vehicle a in a lane of host
vehicle a; “adjacent lane information” indicating informa-
tion about an adjacent lane of the lane in which the host
vehicle is traveling; “merging lane information” indicating,
when there is a merging lane on a location where the host
vehicle travels, the information about the merging lane; and
“location information” indicating information about the
location of the host vehicle and the surrounding thereof. In
addition, following vehicle information may be included. In
this case, a relative speed of the following vehicle relative to
the host vehicle, head-to-head spacing, rate of change of the
head-to-head spacing, and the like may be used. In addition,
vehicle presence information may be included.

[0324] For example, the ‘“host vehicle information”
includes information about speed Va of the host vehicle. The
“leading vehicle information” includes information about
relative speed Vba of leading vehicle b relative to the host
vehicle, distance DRba between the leading vehicle and the
host vehicle, and rate of change RSh of the size of the
leading vehicle.

[0325] Herein, speed Va of the host vehicle is detected by
a speed sensor mounted to the host vehicle. Relative speed
Vba and distance DRba between the host vehicle and the
leading vehicle are detected by a sensor, radar, or the like.
Rate of change RSb of the size is calculated from a relational
expression of RSb=-Vba/DRba.

[0326] The “adjacent lane information” includes informa-
tion about adjacent following vehicle ¢ traveling behind the
host vehicle in the adjacent lane, information about adjacent
leading vehicle d traveling in front of the host vehicle in the
adjacent lane, and information about remaining adjacent
lane length DRda for the host vehicle.

[0327] The adjacent following vehicle information
includes information about relative speed Vca of the adja-
cent following vehicle relative to the host vehicle, head-to-
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head spacing Dca between the adjacent following vehicle
and the host vehicle, and rate of change Rea of the head-
to-head spacing. Head-to-head spacing Dca between the
adjacent following vehicle and the host vehicle is the
distance between the front part (head) of the host vehicle and
the front part (head) of the adjacent following vehicle
measured in the direction along the travel direction of the
host vehicle (and the adjacent following vehicle). Note that
the head-to-head spacing may be calculated from the inter-
vehicular distance or vehicle length. In addition, the head-
to-head spacing may be replaced by the inter-vehicular
distance.

[0328] Relative speed Vca and head-to-head spacing Dca
are detected by a sensor, radar, or the like. Rate of change
Rca of the head-to-head spacing is calculated from a rela-
tional expression of Rca=Vca/Dea.

[0329] In addition, the adjacent leading vehicle informa-
tion includes information about relative speed Vda of the
adjacent leading vehicle relative to the host vehicle, head-
to-head spacing Dda between the adjacent leading vehicle
and the host vehicle, and rate of change Rda of the head-
to-head spacing. Head-to-head spacing Dda between the
adjacent leading vehicle and the host vehicle is the distance
between the front part (head) of the host vehicle and the
front part (head) of the adjacent leading vehicle measured
along the travel direction of the host vehicle (and the
adjacent leading vehicle).

[0330] Relative speed Vda and head-to-head spacing Dda
are detected by a sensor, radar, or the like. In addition, rate
of change Rda of the head-to-head spacing is calculated
from a relational expression of Rda=Vda/Dda.

[0331] Remaining adjacent lane length DRda for the host
vehicle is a parameter indicating the degree of possibility of
a lane change to the adjacent lane. Specifically, when the
distance between the front part (head) of the host vehicle and
the rear part of the adjacent leading vehicle measured along
the travel direction of the host vehicle (and the adjacent
leading vehicle) is longer than distance DRba between the
leading vehicle and the host vehicle, remaining adjacent lane
length DRda for the host vehicle is the distance between the
front part (head) of the host vehicle and the rear part of the
adjacent leading vehicle, and when the distance between the
front part (head) of the host vehicle and the rear part of the
adjacent leading vehicle is shorter than DRba, remaining
adjacent lane length DRda is DRba. Remaining adjacent
lane length DRda for the host vehicle is detected by a sensor,
radar, or the like.

[0332] The “merging lane information” includes informa-
tion about relative speed Vma of a merging vehicle relative
to the host vehicle, head-to-head spacing Dma between the
merging vehicle and the host vehicle, and rate of change
Rma of the head-to-head spacing. Head-to-head spacing
Dma between the merging vehicle and the host vehicle is the
distance between the front part (head) of the host vehicle and
the front part (head) of the merging vehicle measured in the
direction along the travel direction of the host vehicle (and
the merging vehicle).

[0333] Relative speed Vma and head-to-head spacing
Dma are detected by a sensor, radar, or the like. Rate of
change Rma of the head-to-head spacing is calculated from
a relational expression of Rma=Vma/Dma.

[0334] In the example of the travel history illustrated in
FIG. 27, the numerical values of the speed, distance, and rate
of change described above are classified into a plurality of
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levels, and the numerical values indicating the classified
levels are stored. Note that the numerical values of the
speed, distance, and rate of change may be stored without
being classified into levels.

[0335] The location information includes, for example,
“host vehicle location information”, “number of travel
lanes”, “host vehicle travel lane”, “distance to start/end point
of merging section”, “distance to start/end point of branch
section”, “distance to start/end point of road work section”,
“distance to start/end point of lane end section”, and “dis-
tance to accident spot”. FIG. 27 illustrates, as examples of
the location information, the “host vehicle travel lane”
(travel lane in FIG. 27) and the “distance to start/end point
of merging section”.

[0336] For example, numerical information indicating the
latitude and longitude acquired from the GPS is stored in the
part of the “host vehicle location information”. The number
of travel lanes on the road where the host vehicle is traveling
is stored in the part of the “number of travel lanes”.
Numerical information indicating the location of the lane
where the host vehicle is traveling is stored in the part of the
“host vehicle travel lane”. When there are start and end
points of a merging section within a predetermined distance,
the distances to the start and end points of the merging
section are classified into a plurality of predetermined levels,
and the numerical values of the classified levels are stored in
the part of the “distance to start/end point of merging
section”. When there are no start and end points of a merging
section within the predetermined distance, “0” is stored in
the part of the “distance to start/end point of merging
section”.

[0337] When there are start and end points of a branch
section within a predetermined distance, the distances to the
start and end points of the branch section are classified into
aplurality of predetermined levels, and the numerical values
of the classified levels are stored in the part of the “distance
to start/end point of branch section”. When there are no start
and end points of a branch section within the predetermined
distance, “0” 1s stored in the part of the “distance to start/end
point of branch section”. When there are start and end points
of a road work section within a predetermined distance, the
distances to the start and end points of the road work section
are classified into a plurality of predetermined levels, and the
numerical values of the classified levels are stored in the part
of the “distance to start/end point of road work section”.
When there are no start and end points of a road work section
within the predetermined distance, “0” is stored in the part
of the “distance to start/end point of road work section”.
[0338] When there are start and end points of a lane end
section within a predetermined distance, the distances to the
start and end points of the lane end section are classified into
a plurality of predetermined levels, and the numerical values
of the classified levels are stored in the part of the “distance
to start/end point of lane end section”. When there are no
start and end points of a lane end section within the
predetermined distance, “0” is stored in the part of the
“distance to start/end point of lane end section”.

[0339] When there is an accident spot within a predeter-
mined distance, the distance to the accident spot is classified
into a plurality of predetermined levels, and the numerical
values of the classified levels are stored in the part of the
“distance to accident spot”. When there is no accident spot
within the predetermined distance, “0” is stored in the part
of the “distance to accident spot”.
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[0340] In addition, the location information may include
information indicating which lane, out of all lanes on the
road where the host vehicle is traveling, is the merging lane,
the branch lane, the lane having a road work, the lane which
ends, and the lane having an accident spot.

[0341] Note that the travel history illustrated in FIG. 27 is
merely one example, and the present invention is not limited
thereto. For example, when the adjacent lane information is
information about the right adjacent lane, the travel history
may further include “left adjacent lane information” oppo-
site to the right adjacent lane.

[0342] The “left adjacent lane information” includes infor-
mation about a left adjacent following vehicle traveling
behind the host vehicle in the left adjacent lane, information
about a left adjacent leading vehicle traveling in front of the
host vehicle in the left adjacent lane, and information about
remaining left adjacent lane length DRda for the host
vehicle.

[0343] The left adjacent following vehicle information
includes information about relative speed Vfa of the left
adjacent following vehicle relative to the host vehicle,
head-to-head spacing Dfa between the left adjacent follow-
ing vehicle and the host vehicle, and rate of change Rfa of
the head-to-head spacing. Head-to-head spacing Dfa
between the left adjacent following vehicle and the host
vehicle is the distance between the front part (head) of the
host vehicle and the front part (head) of the left adjacent
following vehicle measured in the direction along the travel
direction of the host vehicle (and the left adjacent following
vehicle).

[0344] Here, relative speed Vfa and head-to-head spacing
Dfa are detected by a sensor, radar, or the like. In addition,
rate of change Rfa of the head-to-head spacing is calculated
from a relational expression of Rfa=Vfa/Dfa.

[0345] In addition, the left adjacent leading vehicle infor-
mation includes information about relative speed Vga of the
left adjacent leading vehicle relative to the host vehicle,
head-to-head spacing Dga between the left adjacent leading
vehicle and the host vehicle, and rate of change Rga of the
head-to-head spacing. Head-to-head spacing Dga between
the left adjacent leading vehicle and the host vehicle is the
distance between the front part (head) of the host vehicle and
the front part (head) of the left adjacent leading vehicle
measured along the travel direction of the host vehicle (and
the left adjacent leading vehicle).

[0346] Here, relative speed Vga and head-to-head spacing
Dga are detected by a sensor, radar, or the like. In addition,
rate of change Rga of the head-to-head spacing is calculated
from a relational expression of Rga=Vga/Dga.

[0347] Itis to be noted that, while the description has been
given of the case where the vehicle is in the left side of the
road, the similar process is also applied for the case where
the vehicle is in the right side of the road by inverting left
to right.

[0348] In addition, the travel history illustrated in F1G. 27
may include “following vehicle information” indicating
information about a vehicle traveling behind the host vehicle
in the travel lane of the host vehicle.

[0349] The following vehicle information includes infor-
mation about relative speed Vea of the following vehicle
relative to the host vehicle, head-to-head spacing Dea
between the following vehicle and the host vehicle, and rate
of change Rea of the head-to-head spacing. Head-to-head
spacing Dea between the following vehicle and the host
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vehicle is the distance between the front part (head) of the
host vehicle and the front part (head) of the following
vehicle measured in the direction along the travel direction
of the host vehicle (and the following vehicle).

[0350] Here, relative speed Vea and head-to-head spacing
Dea are detected by a sensor, radar, or the like. Rate of
change Rea of the head-to-head spacing is calculated from
a relational expression of Rea=Vea/Dea.

[0351] It is to be noted that, if the head-to-head spacing
cannot be measured because of the vehicles being hidden by
amoving body, the measurable distance between vehicles or
an approximate value obtained by adding a predetermined
vehicle length to the distance between vehicles may be
substituted for the head-to-head spacing, or the head-to-head
spacing may be calculated by adding the vehicle length of
each recognized vehicle type to the distance between
vehicles. Alternatively, regardless of whether the head-to-
head spacing can be measured, the measurable distance
between vehicles or an approximate value obtained by
adding a predetermined vehicle length to the distance
between vehicles may be substituted for the head-to-head
spacing, or the head-to-head spacing may be calculated by
adding the vehicle length of each recognized vehicle type to
the distance between vehicles.

[0352] The travel history may include various types of
other information pertaining to the travel environment of the
vehicle. For example, the travel history may include infor-
mation about the size or the type of a leading vehicle, an
adjacent vehicle, or a merging vehicle, and information
about the relative position relative to the host vehicle. For
example, when the vehicle approaching from behind is an
emergency vehicle as a result of recognition of the type of
the vehicle by a camera sensor, information indicating the
vehicle being an emergency vehicle may be included.
According to this configuration, notification regarding infor-
mation for responding to the emergency vehicle can be
provided. Alternatively, numerical values indicating, in
stages, operation amounts of the steering wheel, the brake,
and the accelerator or the information pertaining to a fellow
passenger as described with reference to FIG. 22 may be
included in the travel history.

[0353] In addition, the travel history of the driver may be
formed by aggregating the behaviors selected during autono-
mous driving, or by aggregating the behaviors actually
executed by the driver during manual driving. Thus, a travel
history can be collected according to a driving state, i.e.,
autonomous driving or manual driving.

[0354] Further, although the environmental parameters
included in the travel history in the example in FIG. 27 show
the travel environment when a vehicle behavior is presented
to the driver, the environmental parameters may show a
travel environment when the driver performs behavior selec-
tion. Alternatively, the travel history may include both
environmental parameters showing the travel environment
when a vehicle behavior is presented to the driver and
environmental parameters showing the travel environment
when the driver performs behavior selection.

[0355] Moreover, the following configuration may be
applied when vehicle controller 7 generates the display of
the overhead view illustrated in part (a) of FIG. 2, part (a)
of FIG. 5, part (a) of FIG. 6, part (a) of FIG. 7, part (a) of
FIG. 8, part (a) of FIG. 9, or part (a) of FIG. 10 or the display
illustrated in part (c) of FIG. 14. Specifically, vehicle con-
troller 7 may generate, as one notification information item,
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the information about the environmental parameter having a
high rate of contribution by which the first behavior and the
second behavior are selected, and/or the information (for
example, icon) pertaining to this environmental parameter,
and may cause notification unit 92 to provide the generated
notification information such that, for example, the gener-
ated notification information is displayed on the overhead
view.

[0356] In this case, if distance DRba between the leading
vehicle and the host vehicle or rate of change RSb of the size
of the leading vehicle has a high rate of contribution, for
example, vehicle controller 7 may cause notification unit 92
to display a high luminance region or a color-changed region
between the leading vehicle and the host vehicle in the
overhead view so as to provide the notification information.

[0357] Alternatively, vehicle controller 7 may display, as
the notification information, an icon indicating that distance
DRba or rate of change RSb has a high rate of contribution,
in a region between the leading vehicle and the host vehicle.
Still alternatively, vehicle controller 7 may cause notifica-
tion unit 92 to depict, as the notification information, a line
segment connecting the leading vehicle and the host vehicle
in the overhead view, or to depict line segments connecting
all surrounding vehicles and the host vehicle as the notifi-
cation information and to highlight only the line segment
connecting the leading vehicle and the host vehicle in the
overhead view.

[0358] Alternatively, vehicle controller 7 may cause noti-
fication unit 92 to display, between the leading vehicle and
the host vehicle, as the notification information, a region
having higher luminance than the surrounding region or a
region having a different color from the surrounding region,
not in the overhead view, but in a viewpoint image viewed
by the driver, thereby implementing augmented reality (AR)
display. Alternatively, vehicle controller 7 may cause noti-
fication unit 92 to display in the viewpoint image, as the
notification information, an AR image of an icon indicating
an environmental parameter having a high rate of contribu-
tion in a region between the leading vehicle and the host
vehicle.

[0359] Still alternatively, vehicle controller 7 may cause
notification unit 92 to display in the viewpoint image, as the
notification information, an AR image of a line segment
connecting the leading vehicle and the host vehicle, or to
display in the viewpoint image, as the notification informa-
tion, an AR image of line segments connecting all surround-
ing vehicles and the host vehicle and to highlight only the
line segment connecting the leading vehicle and the host
vehicle.

[0360] It should be noted that the method for providing
notification regarding the environmental parameter having a
high rate of contribution or the information pertaining to the
environmental parameter is not limited to the methods
described above. For example, vehicle controller 7 may
generate, as the notification information, an image in which
the leading vehicle involved with an environmental param-
eter having a high rate of contribution is displayed in a
highlighted manner, and may cause notification unit 92 to
display this image.

[0361] In addition, vehicle controller 7 may generate, as
the notification information, information indicating the
direction of the leading vehicle or the like involved with an
environmental parameter having a high rate of contribution
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in the overhead view or AR display, and display this
information in the host vehicle or around the host vehicle.
[0362] Alternatively, in place of providing the notification
regarding the information about the environmental param-
eter having a high rate of contribution or the information
pertaining to this environmental parameter, vehicle control-
ler 7 may make a leading vehicle or the like which is
involved with an environmental parameter having a low rate
of contribution unnoticeable by lowering the display lumi-
nance of the leading vehicle or the like, generate, as the
notification information, the information about the environ-
mental parameter having a high rate of contribution which
becomes relatively noticeable or the information pertaining
to the environmental parameter, and cause notification unit
92 to display the generated information, for example.
[0363] Next, the construction of a driver model based on
the travel history of the driver will be described. The driver
model is classified into a clustering type constructed by
clustering travel histories of a plurality of drivers, and an
individually-adapted type in which a driver model of a
specific driver (for example, driver x) is constructed from a
plurality of travel histories similar to the travel history of
driver x.

[0364] Firstly, the clustering type will be described. The
clustering-type driver model is constructed in such a way
that the travel history of the driver illustrated in FIG. 27 is
aggregated in advance for each driver. Then, a plurality of
drivers having a high degree of similarity between the travel
histories, that is, a plurality of drivers having a similar
driving operation tendency, is grouped to construct a driver
model.

[0365] The degree of similarity between travel histories
can be determined, for example, based on a correlation value
of a vector having, when the behaviors in the travel histories
of driver a and driver b are quantified according to a
predetermined rule, the numerical value of the environmen-
tal parameter and the numerical value of the behavior as an
element. In this case, when the correlation value calculated
from the travel histories of driver a and driver b is higher
than a predetermined value, for example, the travel histories
of driver a and driver b are grouped into a single group. Note
that the calculation of the degree of similarity is not limited
thereto.

[0366] Next, the individually-adapted type will be
described. The individually-adapted-type driver model is
constructed in such a way that travel histories of a plurality
of drivers illustrated in FIG. 27 are aggregated in advance,
as in the method for constructing the clustering-type. The
different point from the clustering-type is such that the driver
model is constructed for each driver. For example, when a
driver model is constructed for driver y, the travel history of
driver y and travel histories of the other drivers are com-
pared, and the travel histories of the drivers having a high
degree of similarity are extracted. Then, the individually-
adapted-type driver model for driver y is constructed from
the extracted travel histories of a plurality of drivers.
[0367] Notably, the driver model (situation database)
based on the travel history in FIG. 27 is not limited to the
clustering type or the individually-adapted type, and may be
constructed to include travel histories of all drivers, for
example.

[0368] Now, a method for using the constructed driver
model] will be described with examples. A description will
next be given of a case where a driver model formed by



US 2018/0194280 Al

aggregating travel histories of four drivers a to d is used for
driver x. Note that the driver model is constructed by vehicle
controller 7.

[0369] FIG. 28 is a diagram illustrating a method for using
the driver model in the present modification. Part (a) of FIG.
28 illustrates environmental parameters indicating the cur-
rent travel environment of the vehicle driven by driver x.
Part (b) of FIG. 28 illustrates one example of a driver model
for driver x.

[0370] As illustrated in part (a) of FIG. 28, the behavior
(operation) for the environmental parameters indicating the
current travel environment is blank. Vehicle controller 7
acquires environmental parameters at predetermined inter-
vals, and determines the next behavior from the driver model
illustrated in part (b) of FIG. 28 by using any one of the
environmental parameters as a trigger.

[0371] For example, the environmental parameter indicat-
ing the need to change the operation of the vehicle, such as
the case where the distance to the start point of the merging
section becomes shorter than or equal to a predetermined
distance or the case where the relative speed relative to the
leading vehicle becomes less than or equal to a predeter-
mined value, may be used as a trigger.

[0372] Vehicle controller 7 compares the environmental
parameters illustrated in part (a) of FIG. 28 with the envi-
ronmental parameters in the travel history of the driver
model illustrated in part (b) of FIG. 28, and determines the
behavior associated with the most similar environmental
parameters as the first behavior. In addition, vehicle con-
troller 7 determines some behaviors associated with the
other similar environmental parameters as the second behav-
ior.

[0373] The similarity between environmental parameters
can be determined from a correlation value of a vector
having the numerical values of the environmental param-
eters as elements. For example, when the correlation value
calculated from the vector having the numerical values of
the environmental parameters illustrated in part (a) of FIG.
28 as an element and the vector having the numerical values
of the environmental parameters in part (b) of FIG. 28 as an
element is larger than a predetermined value, these environ-
mental parameters are determined to be similar to each other.
Note that the method for determining similarity between
environmental parameters is not limited thereto.

[0374] Inthe above, a behavior is determined based on the
degree of similarity between environmental parameters.
However, for example, a group of environmental parameters
having a high degree of similarity may be firstly generated,
statistics of the environmental parameters in this group may
be taken, and a behavior may be determined from this
statistical data.

[0375] In this way, the notification regarding the behavior
more suitable for the driver can be provided by constructing
in advance the driver model for each driver from the travel
histories of a plurality of drivers. Notably, to register a safer
travel history into a database, it may be configured such that:
storage unit 8 stores information indicating a safe travel
standard; vehicle controller 7 determines whether or not the
travel history satisfies this standard; and vehicle controller 7
further registers the travel history satisfying this standard
into the database and does not register the travel history not
satisfying this standard.

[0376] In addition, due to the association between the
parameter indicating the travel environment and the behav-

Jul. 12,2018

ior, vehicle controller 7 can determine the next behavior with
high accuracy without determining a specific travel envi-
ronment, i.e., without performing labeling of travel envi-
ronments.

[0377] It is to be noted that the driver model (situation
database) may be constructed from the travel history in
which the behavior selected by the driver during autono-
mous driving and the environmental parameters indicating
the travel environment when this behavior is presented are
associated with each other. Alternatively, the driver model
(situation database) may be constructed from the travel
history in which the behavior selected by the driver during
autonomous driving and the environmental parameters indi-
cating the travel environment when the vehicle performs this
behavior are associated with each other.

[0378] When the environmental parameters indicate the
travel environment when the vehicle performs the behavior
selected by the driver, the following configuration may be
applied. Specifically, environmental parameters indicating a
future travel environment are predicted from the environ-
mental parameters indicating the current travel environment.
Then, from among the environmental parameters indicating
the travel environment when the vehicle performs the behav-
ior selected by the driver, the behavior associated with the
environmental parameter most similar to the predicted envi-
ronmental parameters may be determined as the first behav-
ior, and some behaviors associated with the other similar
environmental parameters may be determined as the second
behavior.

[0379] For example, the above prediction is conducted by
extrapolating the environmental parameters in the future
from the environmental parameters indicating the travel
environments at the present moment and before the present
moment.

[0380] Alternatively, the driver model (situation database)
may be constructed from both the travel history in which the
behavior selected by the driver during autonomous driving
and the environmental parameters indicating the travel envi-
ronment when this behavior is presented are associated with
each other, and the travel history in which the behavior
selected by the driver during autonomous driving and the
environmental parameters indicating the travel environment
when the vehicle performs this behavior are associated with
each other.

[0381] In this case, both of the travel histories are stored
in the form illustrated in part (b) of FIG. 28, for example,
and vehicle controller 7 determines the next behavior from
these travel histories. In this case, vehicle controller 7 may
place priority between these travel histories, and may pref-
erentially determine the next behavior from the travel his-
tory in which the behavior selected by the driver during
autonomous driving and the environmental parameters indi-
cating the travel environment when the vehicle performs this
behavior are associated with each other, for example.
[0382] Note that, in the present invention, the function
similar to the function executed by vehicle controller 7 may
be executed by a cloud server or a server device. Particu-
larly, storage unit 8 may be mounted in a server device such
as a cloud server, not in vehicle 1, because it has an
enormous amount of data with accumulation of travel his-
tories. Alternatively, storage unit 8 may store a driver model
which has already been constructed, and vehicle controller
7 may determine a behavior by referring to the driver model
stored in storage unit 8.
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[0383] Tt is to be noted that, in the configuration in which
storage unit 8 is mounted in a cloud server, a cache is
desirably provided in case of storage unit 8 being inacces-
sible due to a drop in a communication speed or disruption
of communication.

[0384] FIG. 29 is a block diagram illustrating one example
of a cache arrangement. Vehicle controller 7 causes storage
unit 8 to store the travel history through communication unit
291, and causes cache 292 to store a portion of the driver
model (situation database) stored in storage unit 8 through
communication unit 291.

[0385] Vehicle controller 7 accesses the driver model in
cache 292. Conceivable methods for creating a cache in this
case include a method for limitation according to presence
or absence of an environmental parameter, a method using
location information, and a method for processing data.
Each of the methods will be described below.

[0386] Firstly, the method for limitation according to
presence or absence of an environmental parameter will be
described. It is possible to extract similar situations through
comparison with surrounding situations, if there are suffi-
cient travel environments (situations) having only the same
environmental parameters. Therefore, vehicle controller 7
extracts travel environments having only the same environ-
mental parameters from among the travel environments
stored in storage unit 8, sorts these travel environments, and
holds the resultant in cache 292.

[0387] In this case, vehicle controller 7 updates a primary
cache at the timing at which the environmental parameters
acquired from the detected situation are changed. According
to this process, vehicle controller 7 can extract similar
surrounding conditions even if the communication speed
drops. Notably, the environmental parameters which are
determined to be changed may be all environmental param-
eters or some of the environmental parameters described
previously.

[0388] Moreover, because the environmental parameters
vary from hour to hour, a primary cache and a secondary
cache may be prepared in cache 292. For example, vehicle
controller 7 holds travel environments having the same
environmental parameters in the primary cache. Further,
vehicle controller 7 holds, in the secondary cache, a travel
environment in which one environmental parameter is added
to the travel environment held in the primary cache and/or
a travel environment in which one environmental parameter
is reduced from the travel environment held in the primary
cache.

[0389] Accordingly, vehicle controller 7 can extract a
similar situation only by using the data in cache 292, even
if temporal communication disruption occurs.

[0390] This case will be more specifically described with
reference to FIG. 30. When sensor 62 detects surrounding
situation 303 in which only adjacent leading vehicle 302 is
present around host vehicle 301, vehicle controller 7 extracts
travel environments (travel environments having the same
environmental parameters) where only adjacent leading
vehicle 302 is present, from storage unit 8 in which all travel
environments (situations) are stored, and stores the extracted
travel environments in primary cache 304.

[0391] In addition, vehicle controller 7 extracts a travel
environment where only one vehicle other than adjacent
leading vehicle 302 is added (travel environment where one
environmental parameter is added to the same environmen-
tal parameter) or a travel environment where there is no
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adjacent leading vehicle 302 (travel environment where one
environmental parameter is reduced from the same environ-
mental parameters) from storage unit 8, and stores the
extracted travel environments in secondary cache 305.
[0392] When surrounding situation 303 detected by sensor
62 is changed, vehicle controller 7 copies the travel envi-
ronment corresponding to changed surrounding situation
303 to primary cache 304 from secondary cache 305,
extracts, from storage unit 8, a travel environment where one
environmental parameter is added and a travel environment
where one environmental parameter is reduced relative to
the travel environment corresponding to changed surround-
ing situation 303, and stores the extracted travel environ-
ments into secondary cache 305. Thus, vehicle controller 7
updates secondary cache 305. Accordingly, vehicle control-
ler 7 can smoothly extract more similar surrounding situa-
tions through comparison with the surrounding situations.
[0393] Next, the method using location information will
be described. When location information is included in
environmental parameters, vehicle controller 7 can extract,
from storage unit 8, the travel environment (situation) where
the location indicated by the location information is included
within a certain range around the location of the host
vehicle, and store the extracted travel environment in cache
292.

[0394] In this case, vehicle controller 7 updates cache 292
when the location indicated by the location information
corresponding to the travel environment falls outside the
certain range. Accordingly, vehicle controller 7 can extract
a similar surrounding situation as long as the location falls
within a certain range, even if long-term communication
disruption occurs.

[0395] In addition, the method for processing data will be
described. Operation histories including environmental
parameters are accumulated in storage unit 8. Vehicle con-
troller 7 divides the respective environmental parameters for
each predetermined range to form a mesh on a multidimen-
sional space. Then, vehicle controller 7 creates a table in
which behaviors included in each mesh are counted for each
type.

[0396] A description will be given of the case where the
environmental parameters to be used are limited to two, for
example. Vehicle controller 7 maps the environmental
parameters included in the operation history on a plane as
illustrated in part (a) of FIG. 31, and each axis is equally
divided, whereby the plane is divided into a plurality of
blocks. This is called a mesh.

[0397] Vehicle controller 7 counts the number of behav-
iors included in each mesh for each type (for example, the
type such as acceleration, deceleration, lane change, or
overtake). Part (b) of FIG. 31 illustrates a table where the
number of behaviors included in each mesh is counted for
each type.

[0398] Vehicle controller 7 stores this content in cache
292. Then, when extracting a similar surrounding situation
through the comparison with surrounding situations, vehicle
controller 7 determines in which mesh the detected envi-
ronmental parameter is located, selects the behavior having
the highest number from the behaviors included in the
determined mesh, and determines the selected behavior as
the behavior to be provided as notification.

[0399] For example, when determining that the detected
environmental parameter is in No. 3 mesh, vehicle controller
7 determines operation of the behavior (here, “acceleration™)



US 2018/0194280 Al

showing the highest number among the behaviors included
in the No. 3 mesh as the behavior to be provided as
notification. If this method is used, cache 292 can be updated
at any timing, and the capacity of cache 292 can be made
constant.

[0400] The cache is created by using one of these methods
or a combination thereof. It is to be noted that the methods
described above are merely one example, and the method for
creating a cache is not limited thereto.

[0401] As described above, in the example of extending
the driver model in the fourth exemplary embodiment,
vehicle controller 7 acquires information about characteris-
tic amounts indicating a driver’s driving characteristic
including information about a previous travel environment,
storage unit 8 stores the information about the characteristic
amounts, and when it is determined that a vehicle behavior
is needed to be changed, vehicle controller 7 determines
information similar to characteristic amounts indicating the
driver’s driving characteristic including information about a
newly-acquired travel environment, from the information
about characteristic amounts stored in storage unit 8, and
provides notification regarding the behavior corresponding
to the determined information.

[0402] In addition, in the example of extending the driver
model according to the fourth exemplary embodiment, the
information about characteristic amounts indicating the
driver’s driving characteristic including the information
about the previous travel environment is information about
characteristic amounts when a vehicle behavior s presented
to the driver and/or information about characteristic amounts
when the driver performs behavior selection.

[0403] In addition, in the example of extending the driver
model according to the fourth exemplary embodiment, when
the information about characteristic amounts indicating the
driver’s driving characteristic including the information
about the previous travel environment is both the informa-
tion about characteristic amounts when a vehicle behavior is
presented to the driver and the information about character-
istic amounts when the driver performs behavior selection,
vehicle controller 7 determines information similar to char-
acteristic amounts indicating the driver’s driving character-
istic including information about a newly-acquired travel
environment, from both information items about character-
istic amounts, and provides notification regarding the behav-
ior corresponding to the determined information.

[0404] In addition, in the example of extending the driver
model according to the fourth exemplary embodiment, when
the information about characteristic amounts indicating the
driver’s driving characteristic including the information
about the previous travel environment is both the informa-
tion about characteristic amounts when a vehicle behavior is
presented to the driver and the information about character-
istic amounts when the driver performs behavior selection,
vehicle controller 7 determines information similar to char-
acteristic amounts indicating the driver’s driving character-
istic including information about a newly-acquired travel
environment, preferentially from the information about
characteristic amounts when the driver performs behavior
selection, and provides notification regarding the behavior
corresponding to the determined information.

[0405] In addition, in the example of extending the driver
model according to the fourth exemplary embodiment, the
information about characteristic amounts indicating the
driver’s driving characteristic including the information
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about the previous travel environment is information about
characteristic amounts indicating the driver’s driving char-
acteristic when the vehicle is under one or both of autono-
mous driving and manual driving.

[0406] Accordingly, vehicle controller 7 can construct a
driver model more suitable for the driving tendency of the
driver, and can perform autonomous driving more appropri-
ate for the driver based on the constructed driver model. Due
to the association between parameters indicating the travel
environment and the behavior, vehicle controller 7 can
determine the next behavior with high accuracy without
requiring a process for determining a specific travel envi-
ronment, i.e., without performing labeling of travel envi-
ronments.

Fifth Exemplary Embodiment

[0407] Hereinafter, a fifth exemplary embodiment will be
described. The above-mentioned exemplary embodiments
have described a method for estimating a driver’s driving
action. On the other hand, the present exemplary embodi-
ment will describe vehicle speed control, inter-vehicular
distance control, and acceleration rate control. Regarding a
vehicle speed, an inter-vehicular distance, and an accelera-
tion rate, driving characteristics (habit in driving) of a driver
during manual driving are collected, and the collected char-
acteristics are reflected during autonomous driving.

[0408] This will be described in more details with refer-
ence to FIG. 32. Firstly, a method for collecting data during
manual driving will be described.

Collection of Vehicle Speed

[0409] Vehicle behavior detector 282 in the present exem-
plary embodiment acquires speed information (vehicle
speed) of the host vehicle from speed information acquisi-
tion unit 63 during manual driving, and detects the presence/
absence of a leading vehicle by sensor 62. When detecting
that no leading vehicle is detected and the host vehicle is
turned into a constant-speed travel state, vehicle behavior
detector 282 stores the vehicle speed and the environmental
parameters at this moment into storage units 8, 8a. For
example, as illustrated in FIG. 33, vehicle behavior detector
282 obtains a speed change, that is, an acceleration rate, and
determines a travel state where the state in which the
acceleration rate falls within a certain range (threshold +A1)
continues for T1 second as a constant-speed travel state.
Then, vehicle behavior detector 282 acquires the vehicle
speed and the environmental parameters upon the start of the
constant-speed travel state, stores the obtained speed and
parameters into storage units 8, 8a, and again starts search-
ing the constant-speed travel state. By repeating such a
process, vehicle behavior detector 282 accumulates infor-
mation into storage units 8, 8a. The environmental param-
eters are the parameters described in the fourth exemplary
embodiment, and they are inter-vehicular distances and
relative change rates with vehicles around the host vehicle,
a number of lanes, a lane position, a lane width, and a road
condition. The lane width is a value of the width of the lane
acquired by a sensor or an infrastructure, and the road
condition is indicated by a value of showing how slippery
the road surface is acquired by a sensor or an infrastructure
(for example, O=normal condition, 1=rainy weather, and
2=icy condition).
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Collection of Inter-Vehicular Distance

[0410] Further, as described above, vehicle behavior
detector 282 acquires speed information of the host vehicle
from speed information acquisition unit 63 during manual
driving, and detects the presence/absence of a leading
vehicle by sensor 62. When detecting that there is a leading
vehicle and that the host vehicle is turned into a constant
inter-vehicular distance travel state, vehicle behavior detec-
tor 282 stores the inter-vehicular distance and the environ-
mental parameters at this moment into storage units 8, 8a.
For example, as illustrated in FIG. 34, vehicle behavior
detector 282 obtains a change in the inter-vehicular distance,
and when the state where the change in the inter-vehicular
distance falls within a certain range (threshold +A2) is
continued for T2 second, vehicle behavior detector 282
determines that the vehicle is turned into the constant
inter-vehicular distance travel state. Then, vehicle behavior
detector 282 acquires the distance between the host vehicle
and the leading vehicle and the environmental parameters
upon the start of the constant inter-vehicular distance travel
state, stores the obtained distance and parameters into stor-
age units 8, 8a, and again starts searching the constant
inter-vehicular distance travel state. By repeating such a
process, vehicle behavior detector 282 accumulates infor-
mation into storage units 8, 8a. The environmental param-
eters in this case are the speed of the host vehicle, inter-
vehicular distances and relative change rates with vehicles
around the host vehicle (note that the distance between the
host vehicle and the leading vehicle is excluded), a number
of lanes, a lane position, a lane width, and a road condition.

Collection of Acceleration Rate

[0411] In addition, vehicle behavior detector 282 acquires
speed information of the host vehicle from speed informa-
tion acquisition unit 63 during manual driving, and detects
the presence/absence of a leading vehicle by sensor 62.
When detecting acceleration with an acceleration rate equal
to or larger than a certain acceleration rate or deceleration
with an acceleration rate equal to or less than a certain
acceleration rate, vehicle behavior detector 282 stores accel-
eration rate patterns before and after the acceleration/decel-
eration into storage units 8, 8a together with the environ-
mental parameters. For example, as illustrated in FIG. 35,
vehicle behavior detector 282 acquires the environmental
parameters at the time T3 second before the time when the
acceleration rate exceeds a certain threshold A3 as well as
the acceleration rate pattern until the acceleration rate
exceeds threshold A4 or until the speed becomes zero (when
the vehicle decelerates), and stores the obtained parameters
and pattern into storage units 8, 8¢. The environmental
parameters during deceleration are the speed of the host
vehicle, inter-vehicular distances and relative change rates
with vehicles around the host vehicle (note that the distance
between the host vehicle and the leading vehicle is
excluded), a number of lanes, a lane position, a lane width,
a road condition, a distance to a target stop position (when
the vehicle is about to stop), a distance to a next traffic
signal, and a lighting state of a traffic signal. The distance to
a target stop position is the distance to a target stop position
when an autonomous driving system determines to stop, and
in other cases, it is set to be zero. The distance to a next
traffic signal is set to an actual distance to a next traffic signal
when the distance to the next traffic signal is equal to or less
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than a certain value, and in other cases, it is set to be zero.
The lighting state of a traffic signal is set such that (red=0,
yellow=1, green=2), for example. It is to be noted that, as
illustrated in FIG. 36, the acceleration rate pattern is a
pattern classified according to an acceleration or decelera-
tion period, a position of a peak of an acceleration rate, and
a number of peaks, for example. Alternatively, the accelera-
tion rate pattern indicates an average acceleration rate during
deceleration or acceleration, a period in which the accelera-
tion rate exceeds a certain threshold in such an acceleration
or deceleration period, and a speed at that time.

[0412] When autonomous driving is set by a driver,
autonomous driving controller 281 controls the vehicle
speed, inter-vehicular distance, and acceleration rate of the
vehicle according to a surrounding situation by using the
information items (FIGS. 37 and 38) stored in storage units
8, 8a. The control method therefor is similar to the method
in the fourth exemplary embodiment, wherein a client
uploads in advance the data stored in storage unit 8a to a
cloud through communication unit 291. The cloud compares
the driving characteristic with the driving characteristics of
other drivers, and creates a driver model based on a group
of drivers having similar driving characteristics. In this case,
a driver model may individually be created for each of the
vehicle speed, the inter-vehicular distance, and the accel-
eration rate, or a driver model including all of these param-
eters may be created. The created driver model is transmitted
to the client. These processes are performed at a timing such
as just after an engine is started.

[0413] The driver model may be created according to the
method described in the fourth exemplary embodiment. In
addition, a model with environmental parameters being an
input and a vehicle speed, an inter-vehicular distance, and an
acceleration rate pattern being an output may be created by
using machine learning, for example. In this case, a com-
bination of environmental parameters and a vehicle speed is
learned from the history as supervised data. Examples of an
algorithm to be used include a random forest, a support
vector machine, and gradient boosting. The model obtained
by learning is used as a driver model.

[0414] Further, a method for creating a driver model by
collecting drivers similar to a certain driver may be the
method described in the fourth exemplary embodiment.
However, for example, there is a method for constructing a
plurality of driver models in such a way that, if a plurality
of local peaks is detected in the distribution of driving
characteristic (for example, vehicle speed) data on a cloud,
a plurality of clusters is considered to be present based on
these local peaks, and a model is created considering that the
distribution with each local peak being a peak thereof is
regarded as one cluster. According to this method: a driver
model] most matching the history of the driver on the client
side may be selected to estimate a vehicle speed; or a
plurality of driver models having a high match rate may be
used and a vehicle speed may be obtained by using the
average of these driver models.

[0415] When the driver sets autonomous driving, autono-
mous driving controller 281 inputs environmental param-
eters to the driver model, and performs vehicle control
according to the obtained vehicle speed, inter-vehicular
distance, and acceleration/deceleration rate pattern. Accord-
ing to this control, there is no need for the driver to set the
inter-vehicular distance, for example, during autonomous
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driving by use of a steering switch or the like, whereby the
driver can implement autonomous driving close to his/her
driving.

Summary of Fourth and Fifth Exemplary
Embodiments

[0416] FIG. 39 is a diagram illustrating a configuration of
an information processing system according to one exem-
plary embodiment of the present invention.

[0417] Information processing system 1000 is provided
with history acquisition unit 1001 and modeling unit 1002.
[0418] History acquisition unit 1001 acquires an indi-
vidual travel history of each of a plurality of drivers. The
travel history including the individual travel histories is the
one illustrated in FIG. 16, 17, or 20, for example, and the
individual travel history may be the travel history of driver
x illustrated in FIG. 27. The individual travel history indi-
cates, in association with each other, one or a plurality of
vehicle behaviors selected by the driver and the travel
environment of the vehicle when the one or each of the
plurality of behaviors is selected. In the present exemplary
embodiment, the behavior indicates a driving action, a
driving operation, or an operating state of the vehicle.
Further, the one or each of the plurality of vehicle behaviors
selected by the driver is the second behavior selected by the
driver during autonomous driving in the first exemplary
embodiment. Alternatively, the one or each of the plurality
of vehicle behaviors selected by the driver may be a behav-
ior executed by the driver during manual driving, that is, a
behavior selected during manual driving.

[0419] Modeling unit 1002 models the individual travel
histories of at least one or more drivers in the travel history,
thereby constructing a driver model indicating a relationship
between a behavior and a travel environment of the vehicles
of the at least one or more drivers. This driver model is the
driver model illustrated in FIG. 18, FIG. 21, or part (b) of
FIG. 28, for example.

[0420] Information processing system 1000 may also be
provided with environment acquisition unit 1003 and behav-
ior estimating unit 1004. Environment acquisition unit 1003
acquires a travel environment of a vehicle driven by a driver
to be estimated. The travel environment is the one illustrated
in FIG. 16, 17, or 20, for example. It is to be noted that
environment acquisition unit 1003 may be detector 6 illus-
trated in FIG. 1. That is, a travel environment may be
generated based on the information detected by detector 6,
and the generated travel environment may be acquired.
[0421] Behavior estimating unit 1004 estimates (or deter-
mines) a behavior associated with the travel environment
acquired by environment acquisition unit 1003 in the con-
structed driver model as a behavior of the vehicle driven by
the driver to be estimated.

[0422] Thus, a behavior of the vehicle driven by the driver
to be estimated is estimated by using the driver model,
whereby even if the individual travel history of the driver to
be estimated is insufficient for behavior estimation, a behav-
ior of the vehicle driven by the driver can appropriately be
estimated. That is, a driving action suitable for the driver can
be estimated.

[0423] Herein, modeling unit 1002 may construct a clus-
tering-type driver model. Specifically, modeling unit 1002
models, for each of groups consisting of a plurality of
individual travel histories similar to one another in the travel
history, the plurality of individual travel histories similar to
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one another, to thereby construct a driver model showing a
relationship between a behavior and a travel environment of
the vehicle for each model driver. Such a clustering-type
driver model is the driver model illustrated in FIG. 18, for
example.

[0424] In this case, behavior estimating unit 1004 selects,
from the driver model, a model driver having a relationship
of a behavior and a travel environment similar to the
individual travel history of the driver to be estimated. Then,
behavior estimating unit 1004 estimates, based on the
selected model driver’s relationship of the behavior and the
travel environment, a behavior associated with the travel
environment acquired by environment acquisition unit 1003
as a behavior of the vehicle driven by the driver to be
estimated.

[0425] Thus, the model driver having a relationship of a
behavior and a travel environment similar to the individual
travel history of the driver to be estimated is selected, and a
behavior of the vehicle driven by the driver to be estimated
is estimated by using the relationship of the model driver,
whereby a behavior (that is, driving action) suitable for the
driver can be estimated.

[0426] In this case, the individual travel history of each of
the plurality of drivers may indicate, for each travel envi-
ronment, how many times a predetermined one or each of a
plurality of behaviors has been selected under the corre-
sponding travel environment.

[0427] In this case, for each travel environment, modeling
unit 1002 averages, for the predetermined one or each of the
plurality of behaviors, frequencies of the behavior indicated
in the plurality of individual travel histories similar to one
another, thereby modeling the individual travel histories
similar to one another.

[0428] Thus, the modeling can simply and appropriately
be performed.
[0429] In addition, modeling unit 1002 may construct an

individually-adapted-type driver model. Specifically, mod-
eling unit 1002 constructs a driver model corresponding to
the driver to be estimated by modeling a plurality of indi-
vidual travel histories, in the travel history, similar to the
individual travel history of the driver to be estimated. Such
an individually-adapted-type driver model is the driver
model illustrated in FIG. 21, for example.

[0430] According to this, the plurality of individual travel
histories similar to the individual travel history of the driver
to be estimated in the travel history is modeled, whereby a
behavior (that is, driving action) more suitable for the driver
can be estimated.

[0431] In addition, as illustrated in FIG. 27, the individual
travel history of each of the plurality of drivers may indicate
a travel environment of the vehicle at the time when one or
each of a plurality of behaviors is selected, as a first
parameter set which is a parameter set consisting of each
numerical value of at least one environmental parameter.
[0432] In this case, modeling unit 1002 models the
numerical values of the environmental parameters included
in the first parameter set indicated by the individual travel
histories of at least one or more drivers, thereby constructing
a driver model indicating a relationship between a behavior
and the first parameter set for the vehicles of the at least one
or more drivers. The driver model constructed at this time is
the driver model illustrated in part (b) of FIG. 28, for
example. Environment acquisition unit 1003 acquires a
travel environment of the vehicle driven by the driver to be
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estimated as a parameter set. Note that this parameter set
consists of numerical values of at least one environmental
parameter as in the first parameter set. Behavior estimating
unit 1004 estimates a behavior associated with the first
parameter set similar to the parameter set acquired by
environment acquisition unit 1003 in the constructed driver
model, as a behavior of the vehicle driven by the driver to
be estimated.

[0433] Accordingly, because of a travel environment
being indicated by using parameters, the travel environment
can be categorized in a more detailed manner, and therefore,
whatever the travel environment is, a behavior (that is,
driving action) according to the travel environment can be
estimated.

[0434] Information processing system 1000 may also be
provided with display 1005 for displaying a behavior can-
didate. Note that display 1005 may be included in notifica-
tion unit 92 illustrated in FIG. 1. In addition, the individual
travel history of each of the plurality of drivers may further
indicate, for each vehicle behavior selected by the driver, a
second parameter set as a travel environment at the time
when the behavior is displayed as a candidate, in association
with the behavior, wherein the second parameter set is a
parameter set consisting of each numerical value of at least
one environmental parameter. Specifically, the individual
travel history indicates, in association with a selected behav-
ior, the first parameter set which shows a travel environment
at the time when the behavior is selected, and a second
parameter set which shows a travel environment at the time
when the behavior is displayed as a candidate. In other
words, the second parameter set indicates a travel environ-
ment at the time before the first parameter set. Notably, the
first parameter set shows a travel environment when the
behavior 1s selected, but also shows a travel environment
when the behavior is executed. That is, there is no significant
difference between a travel environment at the time when the
behavior is selected and a travel environment at the time
when the behavior is executed.

[0435] In this case, modeling unit 1002 models the
numerical values of the environmental parameters included
in the first parameter set indicated by the individual travel
histories of at least one or more drivers described above, and
models the numerical values of the environmental param-
eters included in the second parameter set, thereby con-
structing a driver model indicating a relationship between a
vehicle behavior and the first or second parameter set for the
vehicles of at least one or more drivers described above.
Behavior estimating unit 1004 then estimates a behavior
associated with the first parameter set or the second param-
eter set similar to the parameter set acquired by environment
acquisition unit 1003 in the constructed driver model as a
behavior of the vehicle driven by the driver to be estimated.
[0436] The timing at which a behavior candidate is dis-
played (display timing) is before the timing at which a
behavior is selected or executed (selection timing). Also, the
travel environment may differ between at the display timing
and at the selection timing. At the display timing, a travel
environment at that timing can be acquired, but a travel
environment at the subsequent selection timing cannot be
acquired. Further, it is desirable to estimate a behavior at the
display timing.

[0437] In view of this, modeling unit 1002 constructs the
driver model indicating a relationship among the first param-
eter set which shows a travel environment at the selection
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timing, the second parameter set which shows a travel
environment at the display timing, and the selected behavior.
Further, the parameter set acquired by environment acqui-
sition unit 1003 may be a parameter set at the display timing
or a parameter set, at the selection timing, predicted from the
parameter set at the display timing through extrapolation.
Therefore, when the parameter set acquired by environment
acquisition unit 1003 is the parameter set at the display
timing, behavior estimating unit 1004 estimates a behavior
associated with the second parameter set similar to the
parameter set as a behavior of the vehicle driven by the
driver to be estimated. Thus, a more suitable behavior (that
is, driving action) can be estimated in advance. On the other
hand, when the parameter set acquired by environment
acquisition unit 1003 is the parameter set at the selection
timing, behavior estimating unit 1004 estimates a behavior
associated with the first parameter set similar to the param-
eter set as a behavior of the vehicle driven by the driver to
be estimated. Thus, a more suitable behavior (that is, driving
action) can be estimated in advance, that is, at the display
timing.

[0438] In this case, behavior estimating unit 1004 may
preferentially estimate a behavior associated with the first
parameter set similar to the parameter set acquired by
environment acquisition unit 1003 in the constructed driver
model as a behavior of the vehicle driven by the driver to be
estimated.

[0439] Thus, the process for estimating a behavior can be
appropriately performed.

[0440] The individual travel history may indicate traveling
with one or more kinds of vehicle speeds as one or more
behaviors as illustrated in FIG. 37. In this case, as illustrated
in FIG. 33, environment acquisition unit 1003 acquires a
travel environment of the vehicle, which is driven by the
driver to be estimated and which is continuously traveling
for only a first period with an acceleration rate falling within
a predetermined range including zero, as a parameter set.
Such a travel state is regarded as a constant-speed travel
state. In addition, the first period is T1 second illustrated in
FIG. 33, for example. Behavior estimating unit 1004 then
estimates traveling at a vehicle speed associated with a first
parameter set similar to the parameter set acquired by
environment acquisition unit 1003 in the constructed driver
model as a behavior of the vehicle driven by the driver to be
estimated. Information processing system 1000 is also pro-
vided with vehicle controller 1006 that controls the vehicle
such that the vehicle travels at the vehicle speed estimated
by behavior estimating unit 1004.

[0441] Thus, this configuration enables the vehicle to
travel at a vehicle speed according to a travel environment
and suitable for the driver.

[0442] The individual travel history may also indicate
traveling with one or more kinds of inter-vehicular distances
as one or more behaviors as illustrated in FIG. 37. In this
case, as illustrated in FIG. 34, environment acquisition unit
1003 acquires, as a parameter set, a travel environment of
the vehicle, which is driven by the driver to be estimated and
which is traveling such that a state where an amount of
change (inter-vehicular distance change [m/s]) in the dis-
tance between the vehicle and another vehicle per unit time
falls within a predetermined range including zero continues
for a second period. Note that the second period is T2 second
illustrated in FIG. 34, for example. Behavior estimating unit
1004 then estimates traveling with an inter-vehicular dis-
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tance associated with a first parameter set similar to the
parameter set acquired by environment acquisition unit 1003
in the constructed driver model as a behavior of the vehicle
driven by the driver to be estimated. Vehicle controller 1006
controls the vehicle driven by the driver to be estimated such
that the vehicle travels while keeping the inter-vehicular
distance estimated by behavior estimating unit 1004.
[0443] Thus, this configuration enables the vehicle to
travel while keeping an inter-vehicular distance according to
a travel environment and suitable for the driver.

[0444] The individual travel history may also indicate
traveling with one or more kinds of acceleration rate patterns
(for example, the acceleration rate patterns illustrated in
FIG. 36) as one or more behaviors. In this case, as illustrated
in FIG. 35, environment acquisition unit 1003 acquires, as a
parameter set, a travel environment of the vehicle at a point
corresponding to a period from the time when an absolute
value of an acceleration rate of the vehicle driven by the
driver to be estimated exceeds a first threshold until the
absolute value of the acceleration rate becomes equal to or
less than a second threshold lower than the first threshold.
For example, the first threshold is acceleration rate threshold
A3 in FIG. 35, and the second threshold is acceleration rate
threshold Ad in FIG. 35. The point corresponding to the
above-mentioned period is the point T3 second before this
period in FIG. 35. Behavior estimating unit 1004 then
estimates traveling with an acceleration rate pattern associ-
ated with a first parameter set similar to the parameter set
acquired by environment acquisition unit 1003 in the con-
structed driver model as a behavior of the vehicle driven by
the driver to be estimated. Vehicle controller 1006 controls
the vehicle driven by the driver to be estimated such that the
vehicle travels with the acceleration rate pattern estimated
by behavior estimating unit 1004.

[0445] Thus, this configuration enables the vehicle to
travel with an acceleration rate pattern according to a travel
environment and suitable for the driver. In the example
described above, traveling is represented by using an accel-
eration rate pattern. However, traveling may be represented
by using an average acceleration rate.

[0446] The individual travel history may also indicate
traveling with a steering angle pattern (for example, a
steering angle pattern illustrated in FIG. 40) upon a lane
change or right/left turn as one or more behaviors. In this
case, as illustrated in FIG. 41, environment acquisition unit
1003 acquires, as a parameter set, a travel environment of
the vehicle driven by the driver to be estimated at a point
corresponding to a period from the time when an absolute
value of a steering angle of the vehicle exceeds a first
threshold until it becomes zero. For example, the first
threshold is steering angle threshold A5 in FIG. 41. Behavior
estimating unit 1004 then estimates traveling with a steering
angle pattern associated with a first parameter set similar to
the parameter set acquired by environment acquisition unit
1003 in the constructed driver model as a behavior of the
vehicle driven by the driver to be estimated. Vehicle con-
troller 1006 controls the vehicle driven by the driver to be
estimated such that the vehicle travels with the steering
angle pattern estimated by behavior estimating unit 1004.
[0447] Thus, this configuration enables the vehicle to
travel with a steering angle pattern according to a travel
environment and suitable for the driver. In the example
described above, traveling is represented by using a steering
angle pattern. However, traveling may be represented by
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using a maximum steering angle and a maximum angular
velocity of the steering angle.

[0448] Information processing system 1000 may also be
provided with characteristic acquisition unit 1007. Charac-
teristic acquisition unit 1007 acquires a driving characteris-
tic including an individual driving characteristic of each of
a plurality of drivers. As illustrated in FIG. 22, for example,
the individual driving characteristic indicates, in association
with each other, one or a plurality of behaviors of a vehicle
executed by a driving operation performed by the driver and
a characteristic amount in the driving operation of the
vehicle performed for executing the one or each of the
plurality of behaviors. For example, the characteristic
amount may be a speed of the vehicle or an operation
amount of the steering wheel, brake, and accelerator. In this
case, modeling unit 1002 models the individual driving
characteristics of at least one or more drivers in the driving
characteristic, thereby constructing a driving characteristic
model indicating a relationship between a behavior and a
travel environment for the vehicles of at least one or more
drivers. Note that, similar to the driver model, the driving
characteristic model may be of a clustering type or an
individually-adapted type. When the one or any of the
plurality of behaviors is selected by the driver or behavior
estimating unit 1004 as the behavior to be executed, vehicle
controller 1006 controls the behavior of the vehicle driven
by the driver to be estimated according to the characteristic
amount associated with the behavior to be executed in the
constructed driving characteristic model. For example, when
a behavior of “lane change” is estimated for driver X in a
state of having no fellow passenger, vehicle controller 1006
controls the vehicle behavior of “lane change” according to
the characteristic amounts such as “8” for the speed, <“4” for
the steering wheel, “6” for the brake, and “8” for the
accelerator, as illustrated in FIG. 22.

[0449] Accordingly, a behavior of a vehicle of a driver is
performed according to the driving characteristic of the
driver, that is, the habit in driving, whereby a driving action
more suitable for the driver can be executed.

[0450] Notably, a vehicle characteristic model can also be
constructed at that time.

[0451] FIG. 42 is a diagram illustrating a configuration of
an information processing system for constructing a vehicle
characteristic model. FIG. 43 is a diagram illustrating
vehicle characteristics.

[0452] Specifically, an effect on the vehicle behavior due
to a depressing amount of the brake and accelerator greatly
differs for each vehicle. The estimation of such an amount
can implement smooth vehicle control. For example, an
amount of depression of the brake and a travel environment
of the vehicle are acquired as a parameter set together with
the acceleration rate when the brake is depressed. The
parameter set herein includes a vehicle type 1D, vehicle
speed, road surface condition (how slippery the road surface
is is represented by numerical values in stages), gradient,
wind speed (wind speed relative to the advancing direction
of the host vehicle), and a total load weight (including
occupants). Characteristic acquisition unit 1007a acquires
an individual vehicle characteristic of each of a plurality of
vehicles. The vehicle characteristic including the individual
vehicle characteristics is the one illustrated in FIG. 43, for
example. The vehicle characteristic indicates, for each
vehicle ID, a situation description parameter (characteristic
amount) of the vehicle having the vehicle 1D and the amount
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of depression (behavior) when the vehicle travels with the
situation description parameter, in association with each
other.

[0453] Modeling unit 1002 models the individual vehicle
characteristics of at least one or more vehicles in the vehicle
characteristic, thereby constructing a vehicle characteristic
model indicating a relationship between an amount of
depression and a situation description parameter for the at
least one or more vehicles. Behavior estimating unit 1004
estimates an amount of depression of the brake as a behavior
of the vehicle to be estimated by using the vehicle charac-
teristic model in the manner same as the manner of using the
driver model. Specifically, behavior estimating unit 1004
estimates an amount of depression of the brake associated
with a first parameter set similar to the parameter set
acquired by environment acquisition unit 1003 and the
acceleration rate estimated based on the driving character-
istic in the constructed vehicle characteristic model as a
behavior of the vehicle to be estimated. Vehicle controller
1006 controls the vehicle according to the amount of depres-
sion of the brake estimated by behavior estimating unit
1004. The similar control can be applied for the accelerator.

[0454] Thus, the vehicle performs a behavior according to
the prediction based on the vehicle characteristic, whereby
the vehicle control can smoothly be performed.

[0455] Information processing system 1000 may also be
provided with notification unit 1008 that notifies the driver
to be estimated of a behavior estimated by behavior esti-
mating unit 1004 before this behavior is executed. Note that
notification unit 1008 may be notification unit 92 in FIG. 1.

[0456] According to this configuration, notification
regarding the estimated behavior is provided, whereby the
driver can easily recognize in advance what behavior is to be
executed, and thus, the driver’s anxiety can be removed.

[0457] It should be noted that all of or some of environ-
ment acquisition unit 1003, behavior estimating unit 1004,
display 1005, vehicle controller 1006, and notification unit
1008 may be provided to the vehicle driven by the driver to
be estimated or provided outside the vehicle. Similarly, all of
or some of history acquisition unit 1001, modeling umt
1002, and characteristic acquisition unit 1007 may be pro-
vided to the vehicle driven by the driver to be estimated or
provided outside the vehicle. When some of the components
included in information processing system 1000 are pro-
vided to the vehicle and the other components are provided
outside of the vehicle, the components outside and inside the
vehicle communicate with one another through a network,
for example, to execute the respective processes described
above.

[0458] Further, vehicle controller 1006 may be vehicle
controller 7 in FIG. 1. Moreover, history acquisition umit
1001, characteristic acquisition unit 1007, modeling unit
1002, and behavior estimating unit 1004 may be included in
vehicle controller 7 illustrated in FIG. 1.

[0459] Further, the individual travel history and the indi-
vidual driving characteristic are generated by vehicle con-
troller 1006 in each vehicle, for example. Vehicle controller
1006 may generate and accumulate the individual travel
history or the individual driving characteristic during
autonomous driving, or during manual driving.

[0460] FIG. 44 is a flowchart illustrating an information
processing method according to one exemplary embodiment
of the present invention.
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[0461] The information processing method according to
one exemplary embodiment of the present invention
includes step S1001 and step S1002.

[0462] In step S1001, a travel history is acquired which
includes an individual travel history of each of a plurality of
drivers, wherein each individual travel history indicates, in
association with each other, one or a plurality of vehicle
behaviors selected by the driver and a travel environment of
the vehicle when the one or each of the plurality of behaviors
is selected.

[0463] In step S1002, the individual travel histories of at
least one or more drivers in the travel history are modeled,
whereby a driver model indicating a relationship between a
behavior and a travel environment for the vehicles of the at
least one or more drivers is constructed.

[0464] Thus, a behavior of the vehicle driven by the driver
to be estimated is estimated by using the driver model,
whereby even if the individual travel history of the driver to
be estimated is insufficient for behavior estimation, a behav-
ior of the vehicle driven by the driver can appropriately be
estimated. That is, a driving action suitable for the driver can
be estimated.

Modification of Fourth and Fifth Exemplary
Embodiments

[0465] In the fourth and fifth exemplary embodiments, a
vehicle behavior of a driver (driving action) is estimated,
and the vehicle is controlled such that the estimated behavior
is executed. On the other hand, the present modification is
characterized in that, during manual driving, for example, a
dangerous behavior of the vehicle of the driver is estimated,
and a warning is issued to the driver so as to inhibit the
execution of the dangerous behavior.

[0466] FIG. 45 is a diagram illustrating a configuration of
an information processing system according to the present
modification.

[0467] Similar to information processing system 1000
described above, information processing system 1100
according to the present modification is provided with
history acquisition unit 1001, modeling unit 1002, environ-
ment acquisition unit 1003, and behavior estimating unit
1004. Information processing system 1100 is also provided
with danger determination unit 1010, danger history acqui-
sition unit 1011, travel history storage unit 1012, danger
travel history storage unit 1013, and warning processor
1016.

[0468] Danger determination unit 1010 acquires a behav-
ior of the vehicle selected by the driver together with a travel
environment for the vehicle at the time when the behavior is
selected, and determines whether or not the selected behav-
ior is dangerous based on a predetermined determination
reference. When being provided to the vehicle, danger
determination unit 1010 acquires not only the behavior and
the travel environment of the vehicle but also a behavior and
a travel environment of another vehicle, and determines
whether or not the behavior of the other vehicle is danger-
ous. Specifically, danger determination unit 1010 acquires,
for each of a plurality of drivers, a behavior of the vehicle
selected by the driver together with a travel environment for
the vehicle at the time when the behavior is selected, and
determines whether or not the selected behavior is danger-
ous based on a predetermined determination reference. Dan-
ger determination unit 1010 retains a rule base as the
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predetermined determination reference. This rule base indi-
cates whether each of a plurality of kinds of behaviors is
dangerous or not.

[0469] When determining that the behavior is not danger-
ous, danger determination unit 1010 outputs information
including the behavior and the travel environment as indi-
vidual travel information. On the other hand, when deter-
mining that the behavior is dangerous, danger determination
unit 1010 outputs information including the behavior and the
travel environment as individual danger travel information.
[0470] History acquisition unit 1001 acquires, for each of
a plurality of drivers, an information group consisting of a
plurality of individual travel information items output from
danger determination unit 1010 as the individual travel
history of the driver. History acquisition unit 1001 then
stores a travel history including the individual travel histo-
ries of the plurality of drivers into travel history storage unit
1012.

[0471] Danger history acquisition unit 1011 acquires, for
each of a plurality of drivers, an information group consist-
ing of a plurality of individual danger travel information
items output from danger determination unit 1010 as the
individual danger travel history of the driver. Danger history
acquisition unit 1011 then stores a danger travel history
including the individual danger travel histories of the plu-
rality of drivers into danger travel history storage unit 1013.
[0472] Modeling unit 1002 constructs not only a driver
model using the above-mentioned travel history, but also a
danger driver model using the above-mentioned danger
travel history. Specifically, modeling unit 1002 models the
individual danger travel histories of at least one or more
drivers in the danger travel history, thereby constructing a
danger driver model indicating a relationship between a
dangerous behavior and a travel environment for the at least
one or more vehicles. Similar to the driver model, the danger
driver model may be of a clustering type or an individually-
adapted type.

[0473] Warning processor 1016 estimates a dangerous
behavior associated with the travel environment acquired by
environment acquisition unit 1003 in the constructed driver
model as a behavior of the vehicle driven by the driver to be
estimated. Then, warning processor 1016 executes a process
for issuing a waring regarding the estimated dangerous
behavior to the driver. Notification unit 1008 issues a
warning to the driver according to the process of warning
processor 1016.

[0474] FIG. 46 is a diagram illustrating one example of a
danger travel history stored in danger travel history storage
unit 1013.

[0475] For example, the danger travel history indicates,
for each driver ID for identifying a driver, the driver ID, a
travel environment of the wvehicle driven by the driver
indicated by the driver ID, and a dangerous behavior (that is,
risk) selected under the travel environment. In addition, the
travel environment includes environmental parameters such
as a vehicle speed (km/h), an inter-vehicular distance (m)
with a leading vehicle, a relative change rate of a leading
vehicle, an inter-vehicular distance (m) with a leading
vehicle on the left side, and a relative change rate of a
leading vehicle on the left side, for example. The relative
change rate of a leading vehicle is a rate of change of the
head-to-head spacing between the head of the host vehicle
and the head of the leading vehicle, and the relative change
rate of a leading vehicle on the left side is a rate of change
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of the head-to-head spacing between the head of the host
vehicle and the head of the leading vehicle on the left side.
Further, the risk includes rear-end collision, lane departure,
and minor collision with a following vehicle on the right
side, for example.

[0476] When a driver having an individual danger travel
history similar to the driver to be estimated has previously
performed dangerous driving, and the travel environment
during the dangerous driving is acquired in the vehicle
driven by the driver to be estimated, information processing
system 1100 described above issues a warning according to
the content of the risk.

[0477] For example, when a travel environment having a
high possibility of colliding with a leading vehicle is
acquired by environment acquisition unit 1003, warning
processor 1016 estimates rear-end collision as a dangerous
behavior. Specifically, this travel environment indicates a
distance between the vehicles and a timing of depressing a
brake. If the driver having an individual danger travel
history similar to that of the driver to be estimated has
previously had rear-end collision under the travel environ-
ment, warning processor 1016 determines that a possibility
of rear-end collision is high under the travel environment.
Warning processor 1016 then displays a warning message
for encouraging the driver to depress the brake earlier on
notification unit 1008 provided as an HUD, for example.
[0478] When a travel environment having a high possi-
bility of lane departure is acquired by environment acqui-
sition unit 1003, warning processor 1016 estimates lane
departure as a dangerous behavior. Specifically, this travel
environment indicates a vehicle speed, an operation amount
(steering angle) of a steering wheel upon braking, a lane
width, and a curvature radius of a curve of the road on which
the vehicle is traveling. If the driver having an individual
danger travel history similar to that of the driver to be
estimated has previously experienced lane departure under
the travel environment due to a failure to negotiate a curve,
for example, warning processor 1016 determines that a
possibility of lane departure is high under the travel envi-
ronment. Warning processor 1016 then displays a warning
message for encouraging the driver to reduce the speed of
the vehicle on notification unit 1008 provided as an HUD,
for example. In this case, warning processor 1016 may
display a desired operation amount (steering angle) of the
steering wheel or a travel line on notification unit 1008.
[0479] When a travel environment having a high possi-
bility of minor collision with another vehicle due to a lane
change is acquired by environment acquisition unit 1003,
warning processor 1016 estimates minor collision as a
dangerous behavior. Specifically, this travel environment
indicates a distance between the host vehicle and a following
vehicle on the right side, for example. If the driver having an
individual danger travel history similar to that of the driver
to be estimated has previously had minor collision with a
following vehicle on the right side under the travel envi-
ronment, warning processor 1016 determines that a possi-
bility of minor collision with a following vehicle on the right
side is high under the travel environment. Warning processor
1016 then displays a warning message for notifying the
driver of an approach of the following vehicle on the right
side on notification unit 1008 provided as an HUD, for
example.

[0480] When a travel environment having a high possi-
bility of minor collision with an obstacle such as a pedestrian
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is acquired by environment acquisition unit 1003, warning
processor 1016 estimates minor collision as a dangerous
behavior. Specifically, this travel environment indicates a
distance between the host vehicle and an obstacle, for
example. If the driver having an individual danger travel
history similar to that of the driver to be estimated has
previously had minor collision with an obstacle (or has
urgently avoided minor collision) under the travel environ-
ment, warning processor 1016 determines that a possibility
of minor collision with an obstacle is high under the travel
environment. Warning processor 1016 then displays a warn-
ing message for calling attention to an obstacle on notifica-
tion unit 1008 provided as an HUD, for example.

[0481] When a travel environment having a high possi-
bility of an accident while turning right or left is acquired by
environment acquisition unit 1003, warning processor 1016
estimates an accident while turning as a dangerous behavior.
Specifically, this travel environment indicates a spot where
the vehicle is traveling (specifically, an intersection), and a
distance between the host vehicle and an obstacle, for
example. If the driver having an individual danger travel
history similar to that of the driver to be estimated has
previously had an accident while turning under the travel
environment, warning processor 1016 determines that a
possibility of an accident while turning is high under the
travel environment. Warning processor 1016 then displays a
warning message for avoiding an accident while turning on
notification unit 1008 provided as an HUD, for example.
[0482] As described above, according to the present modi-
fication, when the driver to be estimated performs manual
driving, for example, a warning for avoiding a dangerous
behavior such as rear-end collision or lane departure can be
issued to the driver, whereby the occurrence of the danger-
ous behavior can be suppressed.

Sixth Exemplary Embodiment

[0483] In the fourth or fifth exemplary embodiment, a
driver model indicating a relationship between a travel
environment and a vehicle behavior is constructed. On the
other hand, in the present exemplary embodiment, a driver
model indicating a relationship between a travel environ-
ment and a driver’s condition (hereinafter referred to as a
driver condition) is constructed. Such a driver model is used
for estimating a driver condition of the driver to be esti-
mated, for example.

[0484] FIG. 47 is a block diagram illustrating a configu-
ration of an information processing system according to the
sixth exemplary embodiment of the present invention.

[0485] Information processing system 1200 is provided
with history acquisition unit 1201 and modeling unit 1202.
These components are disposed in a server, for example.

[0486] History acquisition unit 1201 acquires individual
travel histories of each of a plurality of drivers including an
individual travel history of a driver to be estimated who is
driving vehicle 1. The individual travel history indicates, for
each travel environment for a vehicle of each driver, the
travel environment and a driver condition at the time after a
lapse of a predetermined time from the point at which the
vehicle encounters the travel environment, in association
with each other. History acquisition unit 1201 then outputs
a travel history including the acquired individual travel
histories of each of the plurality of drivers to modeling unit
1202.
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[0487] Modeling unit 1202 acquires the travel history
from history acquisition unit 1201, and models the indi-
vidual travel histories of at least one or more drivers from
among the individual travel histories of the plurality of
drivers based on a degree of similarity among the individual
travel histories of the plurality of drivers included in the
travel history. A driver model is constructed by such a
modeling process. Specifically, modeling unit 1202 per-
forms the modeling process described above to construct a
driver model indicating a relationship between driver con-
ditions of at least one or more drivers and the travel
environments of at least one or more vehicles. Note that at
least one or more drivers may be only one driver. Further, if
the individual travel histories of M (M is an integer of two
or more) drivers are acquired by history acquisition unit
1201, at least one or more drivers are M drivers or less.
[0488] The driver model constructed by modeling unit
1202 may be a clustering-type driver model or an individu-
ally-adapted type driver model described in the fourth or
fifth exemplary embodiment. Specifically, the driver model
is a model constructed from an individual travel history of
at least one driver which is similar to the individual travel
history of the driver to be estimated.

[0489] Specifically, when an individually-adapted type
driver model is constructed, modeling unit 1202 performs
modeling by extracting an individual travel history of at
least one driver having a high degree of similarity (that is,
correlation) to the individual travel history of the driver to be
estimated. In the case where the individual travel history is
a vector (N-dimensional vector) consisting of N numerical
values, an individual travel history of at least one driver
having a vector which correlates highly with the vector of
the individual travel history of the driver to be estimated is
extracted. Then, a driver model indicating an average of the
vectors of the extracted individual travel history of at least
one driver is constructed.

[0490] Also, when a clustering-type driver model is con-
structed, modeling unit 1202 models the individual travel
histories of at least one or more drivers described above by
clustering such as k-means clustering. If the individual
travel history is a vector (N-dimensional vector) consisting
of N numerical values, points indicated by each individual
travel history in N dimensions are clustered. As a result of
clustering, a driver model indicating a centroid position of
the individual travel histories of at least one or more drivers
is constructed.

[0491] Information processing system 1200 is further pro-
vided with environment acquisition unit 1203, driver con-
dition estimating unit 1204, vehicle controller 1206, driver
condition acquisition unit 1208, and notification unit 1205.
These components are disposed in vehicle 1, for example.
[0492] Environment acquisition unit 1203 acquires a
travel environment of vehicle 1 driven by the driver to be
estimated. The travel environment may be the travel envi-
ronment of “approach to a merging lane” or the travel
environment where “there is a low-speed vehicle ahead” as
illustrated in FIGS. 16 to 21, or may be a travel environment
indicated by at least one environmental parameter as illus-
trated in FIGS. 27 and 28.

[0493] Driver condition acquisition unit 1208 is a driver
monitor, installed into vehicle 1, for acquiring a driver
condition of the driver to be estimated. Specifically, driver
condition acquisition unit 1208 is provided with a camera
that captures the driver. Driver condition acquisition unit
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1208 may also be provided with a pressure sensor or an
infrared sensor, mounted to a driver’s seat, for detecting a
posture or a heart rate of the driver, or may be provided with
other sensors.

[0494] The driver condition may be a condition of the
driver obtained from an image captured by the camera, a
parameter detected by the sensors described above, or a
condition of the driver derived from the parameter. Specifi-
cally, the driver condition includes visual distraction, gaze to
equipment in the vehicle such as a speedometer, drowsiness,
biological information, and posture of a driver, for example.
If driver condition acquisition unit 1208 has a face authen-
tication function, the driver condition may include identifi-
cation information for identifying a driver.

[0495] Specifically, driver condition acquisition unit 1208
detects a gaze direction of the driver by analyzing an image
captured by the camera. Driver condition acquisition unit
1208 then acquires, as a driver condition, a number of times
or atime in which the gaze is turned toward equipment in the
vehicle, or a number of times or a time (that is, the number
of times of visual distraction or visual distraction time) in
which the gaze is turned to a direction different from the
advancing direction of vehicle 1. Driver condition acquisi-
tion unit 1208 also acquires, as a driver condition, a per-
ception delay time from the time when a dangerous object
ahead of vehicle 1 is detected by, for example, sensor 62
provided as an advanced driver assistance system (ADAS)
until the driver turns his/her gaze to the dangerous object
ahead of vehicle 1. Driver condition acquisition unit 1208
also acquires, as a driver condition, a number of times, a
time, or an intensity level of drowsiness or doze of the driver
by analyzing the captured image. Driver condition acquisi-
tion unit 1208 also acquires, as a driver condition, biological
information and a posture of the driver through an analysis
of the captured image or an output signal from the pressure
sensor, for example. The biological information is informa-
tion indicating a heart rate or a stress intensity level of the
driver, or a level of emotion such as comfort or discomfort.
The posture indicates a number of times of an unsafe posture
of the driver, such as a posture while the driver searches a
baggage on a passenger seat, or a number of times or an
intensity level of loss of consciousness.

[0496] Driver condition estimating unit 1204 acquires the
driver model constructed by modeling unit 1202. Driver
condition estimating unit 1204 estimates a driver condition
associated with a travel environment most similar to the
current travel environment acquired by environment acqui-
sition unit 1203 in the constructed driver model as a driver
condition of the driver to be estimated.

[0497] Vehicle controller 1206 generates, for each travel
environment acquired by environment acquisition unit 1203,
an individual travel history indicating, in association with
each other, the travel environment and a driver condition
acquired by driver condition acquisition unit 1208 after a
lapse of a predetermined time from the acquisition of the
travel environment. Vehicle controller 1206 then transmits
the individual travel history to a server, for example. History
acquisition unit 1201 described above acquires the indi-
vidual travel history transmitted from vehicle controller
1206 as one individual travel history included in the travel
history.

[0498] When the driver condition is estimated by driver
condition estimating unit 1204, vehicle controller 1206
determines whether or not the estimated driver condition is
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dangerous. When determining that the estimated driver
condition is dangerous, vehicle controller 1206 executes a
danger avoidance process. The danger avoidance process is,
for example, a warning process for causing notification unit
1205 to issue a warning to the user. Alternatively, the danger
avoidance process is a route guidance process for causing
notification unit 1205 to provide the guidance of a route
where the driver condition determined to be dangerous does
not occur, for example. Notification unit 1205 that provides
such route guidance is implemented by a car navigation
system, for example. In other words, the car navigation
system has a function of notification unit 1205.

[0499] FIG. 48 is a block diagram illustrating a configu-
ration of a main part of vehicle 1 according to the sixth
exemplary embodiment. It should be noted that constituent
elements in FIG. 47 which are substantially identical to the
constituent elements in FIG. 1 or 13 are denoted by the
identical reference numerals used in FIG. 1 or 13 and will
not be described in detail.

[0500] Detector 6 in the present exemplary embodiment is
provided with location information acquisition unit 61,
sensor 62, speed information acquisition unit 63, and map
information acquisition unit 64, and further provided with
driver condition acquisition unit 1208 described above. That
is, a unit including location information acquisition unit 61,
sensor 62, speed information acquisition unit 63, and map
information acquisition unit 64 corresponds to environment
acquisition unit 1203 in FIG. 47. In addition, notification
unit 92 included in information notification device 9 corre-
sponds to notification unit 1205 in FIG. 47, and vehicle
controller 7 includes vehicle controller 1206 and driver
condition estimating unit 1204 in FIG. 47.

[0501] FIG. 49 is a diagram illustrating one example of a
travel history according to the sixth exemplary embodiment.

[0502] The travel history illustrated in FIG. 49 has a
configuration similar to the travel history in FIGS. 16 and
17, and indicates a frequency of an occurrence of a danger-
ous driver condition instead of the frequency of selection of
a predetermined behavior. The travel history also includes
identification information (that is, driver ID) of the driver
recognized by driver condition acquisition unit 1208. Spe-
cifically, this travel environment indicates that, under the
travel environment of “approach to a merging lane” or the
travel environment of “lane change”, the driver with driver
ID “01” has turned his/her gaze toward the speedometer five
times, has had a high stress ten times, and has taken an
unsafe posture twice. Note that the high stress means a stress
in an intensity level equal to or higher than a threshold. This
travel environment also indicates that, under the travel
environment of “urban area” or “traffic jam”, the driver with
driver ID “01” has been visually distracted seven times, has
dozed off three times, and has had loss of consciousness
once. This travel environment also indicates that, under the
travel environment where “there is a dangerous object
ahead”, the driver with driver ID “01” has had a delay
(perception delay) before he/she turns his/her gaze toward
the dangerous object four times, and has had a high heart rate
seven times. Note that the high heart rate means a heart rate
equal to or higher than a threshold.

[0503] Modeling unit 1202 constructs, for each of a plu-
rality of travel environments, a driver model indicating a
frequency of at least one dangerous driver condition based
on the travel history illustrated in FIG. 49.



US 2018/0194280 Al

[0504] Driver condition estimating unit 1204 estimates a
driver condition having a frequency equal to or larger than
the threshold from among at least one driver condition
associated with the travel environment acquired by environ-
ment acquisition unit 1203 in the driver model as a driver
condition of the driver to be estimated. Altematively, driver
condition estimating unit 1204 may estimate the driver
condition having the highest frequency from among at least
one driver condition associated with the acquired travel
environment as a driver condition of the driver to be
estimated. In this case, when the driver condition is esti-
mated by driver condition estimating unit 1204, vehicle
controller 1206 determines that the estimated driver condi-
tion is dangerous.

[0505] The travel history illustrated in FIG. 49 indicates
the frequency of occurrence of a dangerous driver condition.
However, the travel history may indicate the driver condi-
tion by using parameters.

[0506] FIG. 50 is a diagram illustrating another example
of a travel history according to the sixth exemplary embodi-
ment.

[0507] The travel history in FIG. 50 indicates a travel
environment by using a plurality of environmental param-
eters as in the travel histories in FIGS. 27 and 28, and
indicates a driver condition by using a plurality of condition
parameters.

[0508] For example, as illustrated in FIG. 50, the travel
history indicates an inter-vehicular distance, vehicle speed,
degree of lane departure, spot, time, temperature, and the
like by environmental parameters. The travel history also
indicates visual distraction, drowsiness, stress, heart rate,
discomfort level, unsafe posture, and loss of consciousness
by condition parameters. The condition parameters exclud-
ing the heart rate may be an intensity level or a number of
times.

[0509] Specifically, the travel history in FIG. 50 indicates
that, as the environmental parameters showing the travel
environment that the vehicle driven by the driver with driver
ID “01” encounters, the inter-vehicular distance is “3”, the
speed is “5”, the degree of lane departure is “0”, the spot is
“4”) the time is “6”, and the ambient temperature is “2”. It
is to be noted that these numerical values may be those
obtained by location information acquisition unit 61, sensor
62, speed information acquisition unit 63, or map informa-
tion acquisition unit 64, or normalized values.

[0510] The travel history in FIG. 50 indicates that, as
condition parameters associated with the above-mentioned
travel environment, the visual distraction is “1”, the drowsi-
ness is “57, the stress is “2”, the heart rate is “5”, the
discomfort level is “6”, the unsafe posture is “1”, and loss of
consciousness is “0”. It is to be noted that these numerical
values may be those obtained by driver condition acquisition
unit 1208, or normalized values.

[0511] Modeling unit 1202 constructs, for each of a plu-
rality of travel environments, a driver model indicating at
least one condition parameter based on the travel history
illustrated in FIG. 50. Notably, each of the plurality of travel
environments is a set of environmental parameters such as
an inter-vehicular distance, speed, and degree of lane depar-
ture.

[0512] Driver condition estimating unit 1204 estimates at
least one condition parameter associated with a travel envi-
ronment most similar to the travel environment acquired by
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environment acquisition unit 1203 in the driver model as a
driver condition of the driver to be estimated.

[0513] When the driver condition is estimated by driver
condition estimating unit 1204, vehicle controller 1206
determines whether or not each numerical value of at least
one condition parameter which indicates the driver condition
is larger than the threshold. When determining that any of
the numerical values of the condition parameter is larger
than the threshold, vehicle controller 1206 determines that
the driver condition of the type corresponding to the con-
dition parameter is dangerous. For example, vehicle con-
troller 1206 compares “5” of the drowsiness which is the
estimated condition parameter to the threshold “3”. The
value “5” of the drowsiness is larger than the threshold “3”,
and thus, vehicle controller 1206 determines that the driver
condition of the type corresponding to the condition param-
eter, that is, drowsiness, is dangerous.

[0514] FIG. 51 is a flowchart illustrating a processing
operation of information processing system 1200 according
to the sixth exemplary embodiment.

[0515] Firstly, history acquisition unit 1201 acquires a
plurality of individual travel histories (step S101). Then,
modeling unit 1202 constructs a driver model of the driver
to be estimated based on a travel history including the
plurality of individual travel histories acquired by history
acquisition unit 1201 (step S102).

[0516] Environment acquisition unit 1203 acquires a
travel environment of vehicle 1 driven by the driver to be
estimated (step S103). Driver condition estimating unit 1204
estimates, as a driver condition of the driver to be estimated,
a driver condition associated with a travel environment most
similar to the acquired travel environment in the driver
model constructed through modeling by modeling unit 1202
(step S104).

[0517] Vehicle controller 1206 determines whether or not
the driver condition estimated in step S104 is dangerous
(step S105). When determining that the driver condition is
dangerous in step S105 (Yes in step S105), vehicle controller
1206 executes the danger avoidance process (step S106).
[0518] After executing the danger avoidance process or
when determining that the driver condition is not dangerous
in step S105 (No in step S105), vehicle controller 1206
determines whether or not an end condition of the process
for estimating the driver condition is satisfied (step S107).
When the end condition is determined to be satisfied (Yes in
step S107), information processing system 1200 ends the
process for estimating the driver condition. On the other
hand, when the end condition is determined not to be
satisfied (No in step S107), environment acquisition unit
1203, driver condition estimating unit 1204, and vehicle
controller 1206 repeatedly execute the process from step
S103.

[0519] In more details, vehicle controller 1206 executes
the following processes as the danger avoidance process.

Visual Distraction

[0520] Forexample, in the driver model constructed based
on the travel environment illustrated in FIG. 49 or 50, a
travel environment (that is, a surrounding environment) is
associated with a frequency or a condition parameter of
visual distraction which is the driver condition. Therefore,
driver condition estimating unit 1204 may estimate the
visual distraction or the condition parameter of the visual
distraction as a driver condition of the driver to be estimated.



US 2018/0194280 Al

[0521] When the visual distraction is estimated as a driver
condition, vehicle controller 1206 determines that the visual
distraction is dangerous. Alternatively, when the condition
parameter of the visual distraction is estimated as a driver
condition, vehicle controller 1206 determines whether or not
the visual distraction is dangerous based on the numerical
value of the condition parameter. When determining that the
visual distraction is dangerous, vehicle controller 1206
executes the above-mentioned warning process as the dan-
ger avoidance process. That is, vehicle controller 1206
causes notification unit 1205 to issue a warning sound or to
display a warning image.

[0522] Thus, in an urban area where the driver to be
estimated is likely to be visually distracted, a warning sound
or the like can be output before the driver to be estimated is
visually distracted, whereby the visual distraction of the
driver to be estimated can be prevented in advance.

Gaze

[0523] Forexample, in the driver model constructed based
on the travel environment illustrated in FIG. 49, a travel
environment is associated with a frequency of a gaze to a
speedometer which is the driver condition. Therefore, driver
condition estimating unit 1204 may estimate the gaze to the
speedometer as a driver condition of the driver to be
estimated.

[0524] When the gaze to the speedometer is estimated as
a driver condition, vehicle controller 1206 determines that
the gaze to the speedometer is dangerous. In this case,
vehicle controller 1206 executes the above-mentioned warn-
ing process as the danger avoidance process. That is, vehicle
controller 1206 causes notification unit 1205 to issue a
warning sound or to display a warning image. Alternatively,
vehicle controller 1206 may execute a process for displaying
a running speed on a head-up display mounted to vehicle 1
as the danger avoidance process.

[0525] Thus, under a travel environment where the driver
is likely to turn his/her gaze toward the speedometer, a
running speed is displayed on the head-up display before the
driver to be estimated turns his/her gaze toward the speed-
ometer, whereby inattention of the driver to be estimated to
a forward environment can be suppressed in advance.

[0526] In addition, in the driver model constructed based
on the travel environment illustrated in FIG. 49, a travel
environment (specifically, a travel environment where “there
is a dangerous object ahead”) is associated with a frequency
of perception delay which is the driver condition. Therefore,
driver condition estimating unit 1204 may estimate the
perception delay as a driver condition of the driver to be
estimated.

[0527] When the perception delay is estimated as a driver
condition, vehicle controller 1206 determines that the per-
ception delay which is the driver condition is dangerous. In
this case, vehicle controller 1206 executes the above-men-
tioned warning process as the danger avoidance process.
That is, vehicle controller 1206 causes notification unit 1205
to issue a warning sound or to display a warning image.

[0528] Thus, before the driver to be estimated perceives
the dangerous object ahead, a warning sound or the like can
be output, whereby the driver to be estimated can perceive
the dangerous object earlier.
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Drowsiness

[0529] Forexample, in the driver model constructed based
on the travel environment illustrated in FIG. 49 or 50, a
travel environment is associated with a frequency of dozing
off or a condition parameter of drowsiness which is the
driver condition. Therefore, driver condition estimating umt
1204 may estimate the condition parameter of doze or
drowsiness as a driver condition of the driver to be esti-
mated.

[0530] When doze is estimated as a driver condition,
vehicle controller 1206 determines that the doze is danger-
ous. When the condition parameter of drowsiness is esti-
mated as a driver condition, vehicle controller 1206 deter-
mines whether or not the drowsiness is dangerous based on
the numerical value of the condition parameter. When deter-
mining that the drowsiness is dangerous, vehicle controller
1206 executes the above-mentioned warning process as the
danger avoidance process. That is, vehicle controller 1206
causes notification unit 1205 to issue a warning sound or to
display a warning image. Alternatively, vehicle controller
1206 may execute, as the danger avoidance process, a
process for causing notification unit 1205 configured as car
audio equipment to play high tempo music.

[0531] Thus, while in a traffic jam where the driver to be
estimated is likely to doze off, a warning sound, high tempo
music, or the like can be output before the driver to be
estimated begins to doze off, whereby the driver to be
estimated can be prevented from dozing off in advance. That
1s, the driver to be estimated can be awakened.

Heart Rate or Stress

[0532] Forexample, in the driver model constructed based
on the travel environment illustrated in FIG. 49 or 50, a
travel environment is associated with a frequency of a high
heart rate or a condition parameter of a heart rate which is
the driver condition. Therefore, driver condition estimating
unit 1204 may estimate a high heart rate or the condition
parameter of a heart rate as a driver condition of the driver
to be estimated.

[0533] When a high heart rate is estimated as a driver
condition, vehicle controller 1206 determines that the high
heart rate is dangerous. When the condition parameter of a
heart rate is estimated as a driver condition, vehicle con-
troller 1206 determines whether or not the heart rate is
dangerous based on the numerical value of the condition
parameter. When determining that the heart rate is danger-
ous, vehicle controller 1206 executes the above-mentioned
route guidance process as the danger avoidance process.
Specifically, when a destination and a route to the destina-
tion are set and displayed by a car navigation system, vehicle
controller 1206 causes notification unit 1205 to provide the
guidance of another route (that is, detour route) in place of
the current route.

[0534] Similarly, in the driver model constructed based on
the travel environment illustrated in FIG. 49 or 50, a travel
environment is associated with a frequency of a high stress
or a condition parameter of a stress which is the driver
condition. Therefore, driver condition estimating unit 1204
may estimate a high stress or the condition parameter of a
stress as a driver condition of the driver to be estimated.
[0535] When a high stress is estimated as a driver condi-
tion, vehicle controller 1206 determines that the high stress
is dangerous. When the condition parameter of a stress is
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estimated as a driver condition, vehicle controller 1206
determines whether or not the stress is dangerous based on
the numerical value of the condition parameter. When deter-
mining that the stress is dangerous, vehicle controller 1206
executes the above-mentioned route guidance process as the
danger avoidance process in the same manner as described
above.

[0536] Thus, before the heart rate or stress is increased due
to traveling in an urban area, another route for making a
detour around the urban area is displayed, which can prevent
the driver to be estimated from being in a dangerous
condition.

Emotion (Comfort or Discomfort)

[0537] Forexample, in the driver model constructed based
on the travel environment illustrated in FIG. 49 or 50, a
travel environment is associated with a discomfort fre-
quency or a condition parameter of discomfort level which
is the driver condition. Therefore, driver condition estimat-
ing unit 1204 may estimate discomfort or the condition
parameter of discomfort level as a driver condition of the
driver to be estimated.

[0538] When the discomfort is estimated as a driver con-
dition, vehicle controller 1206 determines that the discom-
fort is dangerous. When the condition parameter of discom-
fort level is estimated as a driver condition, vehicle
controller 1206 determines whether or not the discomfort
level is dangerous based on the numerical value of the
condition parameter. When determining that the discomfort
level is dangerous, vehicle controller 1206 executes the
above-mentioned route guidance process as the danger
avoidance process.

[0539] Thus, before the driver feels discomfort due to
traveling in an urban area, another route for making a detour
around the urban area is displayed, which can prevent the
driver to be estimated from feeling discomfort.

Unsafe Posture

[0540] For example, in the driver model constructed based
on the travel environment illustrated in FIG. 49 or 50, a
travel environment is associated with a frequency or a
condition parameter of an unsafe posture which 1s the driver
condition. Therefore, driver condition estimating unit 1204
may estimate the unsafe posture or the condition parameter
of the unsafe posture as a driver condition of the driver to be
estimated.

[0541] When the unsafe posture is estimated as a driver
condition, vehicle controller 1206 determines that the unsafe
posture is dangerous. When the condition parameter of an
unsafe posture is estimated as a driver condition, vehicle
controller 1206 determines whether or not the unsafe posture
is dangerous based on the numerical value of the condition
parameter. When determining that the unsafe posture is
dangerous, vehicle controller 1206 executes the above-
mentioned warning process as the danger avoidance process.
[0542] Thus, before the driver takes an unsafe posture
while performing a lane change, for example, a warning
sound or the like can be output, whereby the unsafe posture
of the driver to be estimated can be prevented in advance.

Loss of Consciousness

[0543] For example, in the driver model constructed based
on the travel environment illustrated in FIG. 49 or 50, a
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travel environment is associated with a frequency or a
condition parameter of loss of consciousness which is the
driver condition. Therefore, driver condition estimating unit
1204 may estimate loss of consciousness or the condition
parameter of the loss of consciousness as a driver condition
of the driver to be estimated.

[0544] When loss of consciousness is estimated as a driver
condition, vehicle controller 1206 determines that the loss of
consciousness is dangerous. When the condition parameter
of loss of consciousness is estimated as a driver condition,
vehicle controller 1206 determines whether or not the loss of
consciousness is dangerous based on the numerical value of
the condition parameter. When determining that the loss of
consciousness 1is dangerous, vehicle controller 1206
executes the above-mentioned warning process as the dan-
ger avoidance process.

[0545] Thus, before the driver to be estimated loses con-
sciousness, a warning sound or the like can be output,
whereby the loss of consciousness can be prevented in
advance.

[0546] It is to be noted that, if a chronic disease of the
driver is associated with a travel environment in the driver
model, a driver condition according to the chronic disease
and the travel environment can be estimated. Such a chronic
disease can be included in the driver model by an input
operation petformed by the driver.

Summary of Sixth Exemplary Embodiment

[0547] As described above, information processing sys-
tem 1200 according to the sixth exemplary embodiment is
an information processing system including at least one
processor, wherein the at least one processor models, based
on a degree of similarity among individual travel histories of
a plurality of drivers, individual travel histories of at least
one or more drivers from among the individual travel
histories of the plurality of drivers to construct a driver
model indicating a relationship between conditions of at
least one or more drivers and travel environments of at least
one or more vehicles. Note that the at least one processor has
a function of modeling unit 1202.

[0548] According to this configuration, the driver model
indicating the relationship between the condition of the
driver (that is, driver condition) and the travel environment
of the vehicle is constructed, whereby the condition of the
driver can be estimated from the travel environment of
vehicle 1 by using this driver model.

[0549] For example, information processing system 1200
may further include environment acquisition unit 1203 that
acquires a travel environment of a driver to be estimated.
The at least one processor may estimate a condition of a
driver associated with a travel environment acquired by
environment acquisition unit 1203 in the constructed driver
model as a condition of the driver to be estimated. Note that,
in this case, the at least one processor has a function of driver
condition estimating unit 1204.

[0550] Information processing system 1200 may further
include notification unit 1205 that provides notification to
the driver to be estimated. The at least one processor may
further determine whether or not the estimated condition of
the driver to be estimated is dangerous. When determining
that the estimated condition is dangerous, the at least one
processor may execute a danger avoidance process for
causing notification unit 1205 to provide information for
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avoiding danger to the driver to be estimated. Note that, in
this case, the at least one processor has a function of vehicle
controller 1206.

[0551] According to this configuration, if the estimated
condition of the driver to be estimated is dangerous, infor-
mation for avoiding the danger is presented to the driver,
whereby the danger can be avoided in advance.

[0552] For example, the at least one processor may esti-
mate a gaze direction of the driver to be estimated as a
condition of the driver. When the estimated gaze is not
directed to an advancing direction of the vehicle, the at least
one processor may determine that the estimated gaze is
dangerous, and execute the danger avoidance process.
Accordingly, notification unit 1205 issues a warning to the
driver to be estimated.

[0553] Thus, visual distraction of the driver can be
avoided in advance, for example.

[0554] Further, the at least one processor may estimate an
intensity level of drowsiness of the driver to be estimated as
a condition of the driver. When the estimated intensity level
of drowsiness is higher than a threshold, the at least one
processor may determine that the estimated intensity level is
dangerous, and execute the danger avoidance process.
Accordingly, notification unit 1205 plays predetermined
music, for example, high tempo music.

[0555] Thus, the driver can be prevented in advance from
dozing off.
[0556] Further, the at least one processor may estimate a

heart rate of the driver to be estimated as a condition of the
driver. When the estimated heart rate is higher than a
threshold, the at least one processor may determine that the
estimated heart rate is dangerous, and execute the danger
avoidance process. Accordingly, notification unit 1205
changes a currently displayed travel route of the vehicle.
[0557] Thus, an elevation of the heart rate of the driver can
be suppressed in advance by making a detour around a road
having heavy traffic, for example.

[0558] Further, the at least one processor may estimate a
posture of the driver to be estimated as a condition of the
driver. When the estimated posture is a predetermined
posture, the at least one processor may determine that the
estimated posture is dangerous, and execute the danger
avoidance process. Accordingly, notification unit 1205
issues a warning to the driver to be estimated.

[0559] Thus, a dangerous posture of the driver, such as a
posture while the driver searches a baggage on a passenger
seat, can be avoided in advance, for example.

Modification

[0560] The travel histories in FIGS. 49 and 50 indicate a
travel environment and a driver condition in association with
each other. However, a behavior may further be associated
with the travel environment and the driver condition.
[0561] FIG. 52 is a block diagram illustrating a configu-
ration of an information processing system according to a
modification of the sixth exemplary embodiment.

[0562] Information processing system 1210 is provided
with history acquisition unit 1211 and modeling unit 1212.
These components are disposed in a server, for example.
[0563] History acquisition unit 1211 acquires individual
travel histories of each of a plurality of drivers including an
individual travel history of a driver to be estimated who is
driving vehicle 1. The individual travel history indicates, for
each of travel environments and driver conditions that the
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vehicle driven by the driver encounters, the travel environ-
ment and the driver condition in association with a behavior
of vehicle 1 selected by the driver to be estimated after a
lapse of a predetermined time from the time at which the
vehicle encounters the travel environment and the driver
condition. History acquisition unit 1211 then outputs a travel
history including the acquired individual travel histories of
each of the plurality of drivers to modeling unit 1212.

[0564] Modeling unit 1212 acquires the travel history
from history acquisition unit 1211, and models the indi-
vidual travel histories of at least one or more drivers from
among the individual travel histories of the plurality of
drivers based on a degree of similarity among the individual
travel histories of the plurality of drivers included in the
travel history. A driver model is constructed by such a
modeling process. Specifically, modeling unit 1212 per-
forms the modeling process described above to construct a
driver model indicating a relationship among driver condi-
tions of at least one or more drivers, travel environments of
at least one or more vehicles, and behaviors of at least one
or more vehicles.

[0565] The driver model constructed by modeling unit
1212 may be a clustering-type driver model or an individu-
ally-adapted type driver model as described above. Specifi-
cally, the driver model is a model constructed from an
individual travel history of at least one driver which is
similar to the individual travel history of the driver to be
estimated.

[0566] In this way, modeling unit 1212 according to the
present modification constructs the driver model by further
using the behavior selected by a user.

[0567] Information processing system 1210 is further pro-
vided with environment acquisition unit 1203, behavior
estimating unit 1214, vehicle controller 1216, driver condi-
tion acquisition unit 1208, and notification unit 1205. These
components are disposed in vehicle 1, for example.

[0568] Behavior estimating unit 1214 acquires the driver
model constructed by modeling unit 1212. Behavior esti-
mating unit 1214 estimates a behavior of vehicle 1 driven by
the driver to be estimated by using the driver model, the
current travel environment acquired by environment acqui-
sition unit 1203, and the current driver condition acquired by
driver condition acquisition unit 1208. That is, behavior
estimating unit 1214 estimates a behavior associated with a
travel environment and a driver condition most similar to the
current travel environment and the driver condition which
have been acquired in the driver model as a behavior of
vehicle 1 driven by the driver to be estimated.

[0569] Vehicle controller 1216 generates an individual
travel history. Specifically, vehicle controller 1216 acquires
a travel environment from environment acquisition unit
1203, and acquires a driver condition from driver condition
acquisition unit 1208. Then, vehicle controller 1216 gener-
ates an individual travel history indicating the travel envi-
ronment and the driver condition being in association with
a behavior selected by the driver after a lapse of a prede-
termined time from the time at which the travel environment
and the driver condition are acquired.

[0570] Vehicle controller 1216 transmits the individual
travel history to a server, for example. History acquisition
unit 1211 described above acquires the individual travel
history transmitted from vehicle controller 1216 as one
individual travel history included in the travel history.
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[0571] FIG. 53 is a diagram illustrating one example of a
travel history according to the modification of the sixth
exemplary embodiment.

[0572] As illustrated in FIG. 53, for example, the travel
history in the present modification indicates a travel envi-
ronment by using a plurality of environmental parameters
and indicates a driver condition by using a plurality of
condition parameters, as in the travel history in FIG. 50. The
travel history indicates, for each of combinations of a travel
environment and a driver condition, the combination and a
behavior selected by the user in the combination, in asso-
ciation with each other. It is to be noted that, similar to the
travel history illustrated in FIG. 49, the travel history
according to the present modification may indicate a fre-
quency of occurrence of at least one predetermined danger-
ous driver condition for each of a plurality of travel envi-
ronments. That is, the travel history indicates, for each of
combinations of a travel environment and each frequency of
at least one dangerous driver condition, the combination and
a behavior selected by the driver in the combination, in
association with each other.

[0573] When a behavior is estimated by behavior estimat-
ing unit 1214, vehicle controller 1216 according to the
present modification controls vehicle 1 such that vehicle 1
executes the estimated behavior. Alternatively, vehicle con-
troller 1216 causes notification unit 1205 to provide the
estimated behavior.

[0574] As described above, in information processing
system 1210 according to the present modification, at least
one processor constructs a driver model indicating a rela-
tionship among conditions of at least one or more drivers,
travel environments of at least one or more vehicles, and
behaviors of at least one or more vehicles, when construct-
ing a driver model. Then, at least one processor estimates a
behavior of a vehicle associated with a travel environment
acquired by environment acquisition unit 1203 and a con-
dition of a driver to be estimated under the acquired travel
environment in the constructed driver model as a behavior of
vehicle 1 driven by the driver to be estimated. Note that at
least one processor has a function of modeling unit 1212 and
a function of behavior estimating unit 1214,

[0575] In this way, in information processing system 1210
according to the present modification, a driver model is
constructed by further using a behavior selected by a driver,
and a behavior of vehicle 1 driven by the driver to be
estimated is estimated by using the constructed driver
model. On the other hand, in the fourth and fifth exemplary
embodiments described above, a driver condition is not used
in constructing a driver model. However, in information
processing system 1210 according to the present modifica-
tion, a driver model is constructed by using a driver condi-
tion as well as a travel environment and a behavior. There-
fore, a behavior of vehicle 1 can be estimated with more
accuracy based on the travel environment and the driver
condition.

[0576] It should be noted that, while information process-
ing system 1210 in the present modification is not provided
with driver condition estimating unit 1204 in the sixth
exemplary embodiment, information processing system
1210 may be provided with driver condition estimating unit
1204. In addition, vehicle controller 1216 may have the
function of vehicle controller 1206 in the sixth exemplary
embodiment. According to this configuration, information
processing system 1210 can estimate a driver condition, and
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execute a danger avoidance process in response to the
estimated driver condition, and besides, it can estimate a
behavior of vehicle 1, and cause vehicle 1 to execute the
estimated behavior.

[0577] In the sixth exemplary embodiment and the present
modification, history acquisition units 1201 and 1211 and
modeling units 1202 and 1212 are disposed in a server.
However, all of or some of these units may be disposed in
vehicle 1. Similarly, while driver condition estimating unit
1204, behavior estimating unit 1214, and vehicle controllers
1206 and 1216 are disposed in vehicle 1 in the sixth
exemplary embodiment and in the present modification,
functions of all of or some of these units may be disposed in
a server.

[0578] While the exemplary embodiments according to
the present invention have been described above with ref-
erence to the drawings, the functions of the above-men-
tioned devices and processing units can be implemented by
a computer program.

[0579] A computer achieving the above-mentioned func-
tions through execution of a program is provided with an
input device such as a keyboard, a mouse, or a touch pad, an
output device such as a display or a speaker, a processor, or
a central processing unit (CPU), a read only memory
(ROM), a random access memory (RAM). The computer is
also provided with a storage device such as a hard disk drive
or a solid state drive (SSD), a reading device for reading
information from a recording medium such as a digital
versatile disk read only memory (DVD-ROM) or a universal
serial bus (USB) memory, a network card that performs
communication through a network, and the like. The respec-
tive components are interconnected with a bus.

[0580] The reading device reads the program from the
recording medium having the program recorded thereon,
and the storage device stores the program. Alternatively, the
network card performs communication with a server device
connected to a network, and a program, downloaded from
the server device, for achieving the functions of the respec-
tive devices is stored in the storage device.

[0581] Then, the processor or the CPU copies the program
stored in the storage device on the RAM, sequentially reads
commands included in the program from the RAM, and
executes the read commands, whereby the functions of the
respective devices are achieved.

INDUSTRIAL APPLICABILITY

[0582] The information processing system, information
processing method, and program according to the present
invention are applicable to a device or a system that pro-
cesses information pertaining to driving of vehicles.

REFERENCE MARKS IN THE DRAWINGS

[0583] 1: vehicle

[0584] 2: brake pedal

[0585] 3: accelerator pedal

[0586] 4: indicator lever

[0587] 5: steering wheel

[0588] 6: detector

[0589] 7. 1006: vehicle controller
[0590] 8: storage unit

[0591] 9: information notification device
[0592] 10: touch panel
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[0593] 29ato 29c, 29¢, 39a to 39¢, 39¢g, 594 to 59¢, 59g,
69a, 69¢, 69g, 794, 79¢, 79¢, 89a to 89¢, 89g, 995, 99¢, 99g,
109a to 1094, 109¢, 109¢, 121, 121a to 121d: display region

[0594] 51: operating unit

[0595] 51a to 51k: operation button

[0596] 59, 69, 79, 89, 99: character information

[0597] 91: information acquisition unit

[0598] 92, 1008: notification unit

[0599] 101, 1005: display

[0600] 102: input unit

[0601] 109: display

[0602] 111, 112, 113, 114, 121, 121", 122, 122', 123, 131,

131', 132, 133, 134, 134", 135 to 137, 231, 232, 233, 233',
234, 234", 235,251, 251", 252, 252", 253, 261, 262, 263, 264,
265, 266, 267, 268: symbol

[0603] 291: communication unit

[0604] 292: cache

[0605] 301: host vehicle

[0606] 302: adjacent leading vehicle

[0607] 303: detected surrounding condition

[0608] 304: primary cache

[0609] 305: secondary cache

[0610] 1000: information processing system
[0611] 1001: history acquisition unit

[0612] 1002: modeling unit

[0613] 1003: environment acquisition unit
[0614] 1004: behavior estimating unit
[0615] 1007: characteristic acquisition unit

1. An information processing system comprising at least
one processor,
wherein the at least one processor models, based on a
degree of similarity among individual travel histories of
a plurality of drivers, individual travel histories of at
least one or more drivers from among the individual
travel histories of the plurality of drivers to construct a
driver model indicating a relationship between driver
conditions of the at least one or more drivers and travel
environments of at least one or more vehicles.
2. The information processing system according to claim
1, further comprising an environment acquisition unit that
acquires a travel environment of a vehicle driven by a driver
to be estimated,
wherein the at least one processor further estimates a
driver condition associated with the travel environment
acquired by the environment acquisition unit, from
among the driver conditions of the at least one or more
drivers, in the driver model as a condition of the driver
to be estimated.
3. The information processing system according to claim
2, further comprising a notification unit that provides noti-
fication to the driver to be estimated,
wherein the at least one processor further determines
whether or not the estimated condition of the driver to
be estimated is dangerous, and when determining that
the estimated condition of the driver to be estimated is
dangerous, the at least one processor executes a danger
avoidance process for causing the notification unit to
provide information for avoiding danger to the driver to
be estimated.
4. The information processing system according to claim
3, wherein the at least one processor estimates a direction of
a gaze of the driver to be estimated as the condition of the
driver to be estimated, and when an estimated gaze is not
directed to an advancing direction of the vehicle driven by
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the driver to be estimated, the at least one processor deter-
mines that the estimated gaze is dangerous, and executes the
danger avoidance process to cause the notification unit to
issue a warning to the driver to be estimated.

5. The information processing system according to claim
3, wherein the at least one processor estimates the intensity
level of drowsiness of the driver to be estimated as the
condition of the driver to be estimated, and when an esti-
mated intensity level of drowsiness is higher than a thresh-
old, the at least one processor determines that the estimated
intensity level of drowsiness is dangerous, and executes the
danger avoidance process to cause the notification unit to
play predetermined music.

6. The information processing system according to claim
3, wherein

the notification unit provides a display of a travel route of
the vehicle driven by the driver to be estimated. and

the at least one processor estimates a heart rate of the
driver to be estimated as the condition of the driver to
be estimated, and when an estimated heart rate is higher
than a threshold, the at least one processor determines
that the estimated heart rate is dangerous, and executes
the danger avoidance process to cause the notification
unit to change the travel route of the vehicle to a travel
route for avoiding danger.

7. The information processing system according to claim
3, wherein the at least one processor estimates a posture of
the driver to be estimated as the condition of the driver to be
estimated, and when the estimated posture is a predeter-
mined posture, the at least one processor determines that the
estimated posture is dangerous, and executes the danger
avoidance process to cause the notification unit to issue a
warning to the driver to be estimated.

8. The information processing system according to claim
1,

wherein, in constructing the driver model,

the at least one processor

constructs the driver model indicating a relationship
among the driver conditions of the at least one or more
drivers, the travel environments of the at least one or
more vehicles, and behaviors of the at least one or more
vehicles, and

estimates a behavior of a vehicle associated with the
travel environment of the vehicle driven by the driver
to be estimated and the condition of the driver to be
estimated in the driver model as a behavior of the
vehicle driven by the driver to be estimated.

9. An information processing method, comprising mod-
eling, based on a degree of similarity among individual
travel histories of a plurality of drivers, individual travel
histories of at least one or more drivers from among the
individual travel histories of the plurality of drivers to
construct a driver model indicating a relationship between
driver conditions of the at least one or more drivers and
travel environments of at least one or more vehicles.

10. A non-transitory readable medium having instruc-
tions, the instructions including instructions that cause a
processor to perform modeling, based on a degree of simi-
larity among individual travel histories of a plurality of
drivers, individual travel histories of at least one or more
drivers from among the individual travel histories of the
plurality of drivers to construct a driver model indicating a
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relationship between driver conditions of the at least one or
more drivers and travel environments of at least one or more
vehicles.

11. The information processing system according to claim
4, wherein the at least one processor estimates the intensity
level of drowsiness of the driver to be estimated as the
condition of the driver to be estimated, and when an esti-
mated intensity level of drowsiness is higher than a thresh-
old, the at least one processor determines that the estimated
intensity level of drowsiness is dangerous, and executes the
danger avoidance process to cause the notification unit to
play predetermined music.
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