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(57) ABSTRACT

A vehicle control device has a processor configured to
determine whether or not a driver is attempting to move a
vehicle from a traveling lane in which the vehicle is trav-
eling to an adjacent lane, based on a monitor image taken of
an area near a driving seat, and to activate the engine when
it has been determined that the driver is attempting to move
the vehicle from the traveling lane to the adjacent lane and
the engine is stopped with drive power being obtained using
the electric motor, wherein the vehicle is accelerated using
the drive power of the engine when the engine is activated,
if movement of the vehicle from the traveling lane to the
adjacent lane has been requested by the driver.
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VEHICLE CONTROL DEVICE, STORAGE
MEDIUM FOR STORING COMPUTER
PROGRAM FOR VEHICLE CONTROL, AND
METHOD FOR CONTROLLING VEHICLE

FIELD

[0001] The present disclosure relates to a vehicle control
device, to a storage medium storing a computer program for
vehicle control, and to a method for controlling a vehicle.

BACKGROUND

[0002] An autonomous control system mounted in a
vehicle generates a navigation route for the vehicle based on
the current location of the vehicle, the destination location of
the vehicle, and a navigation map. The autonomous control
system estimates the current location of the vehicle using the
map information and controls the vehicle to travel along the
navigation route.

[0003] The drive unit of a hybrid vehicle has an engine and
an electric motor. An autonomous control system controls
operation of an engine and electric motor in response to the
running state of a vehicle, for appropriate acceleration of the
vehicle (see International Patent Publication No. W02019/
244261, for example). When the vehicle is traveling steady,
for example, the autonomous control system controls a drive
unit to stop the engine and generate drive power by the
electric motor.

SUMMARY

[0004] When the vehicle is traveling steady on a traveling
lane, the driver may sometimes decide to pass another
vehicle that is ahead in the traveling lane. The driver makes
a request to the autonomous control system of the vehicle for
movement between lanes, in order to move from the trav-
eling lane to the adjacent passing lane.

[0005] In response to the driver request, the autonomous
control system of the vehicle generates a driving plan for
movement from the traveling lane to the adjacent passing
lane, and movement between lanes is executed based on the
driving plan. When a request has been received from the
driver for movement from the traveling lane to the adjacent
passing lane, and if the engine was stopped, the autonomous
control system starts the engine for movement to the passing
lane and uses drive power of the engine for acceleration.
This has resulted in a problem, however, due to the delay
produced when the vehicle is accelerated using drive power
of the engine.

[0006] It is an object of the present disclosure to provide
a vehicle control device that can accelerate a vehicle at an
appropriate timing when the driver is attempting to move the
vehicle from the traveling lane to an adjacent lane.

[0007] One embodiment of the present disclosure provides
a vehicle control device for a vehicle having an engine and
an electric motor. The vehicle control device has a deter-
mining unit that determines whether or not a driver is
attempting to move the vehicle from a traveling lane in
which the vehicle is traveling to an adjacent lane, based on
a monitor image taken of an area near a driving seat, and a
control unit that activates the engine when it has been
determined by the determining unit that the driver is
attempting to move the vehicle from the traveling lane to the
adjacent lane and the engine is stopped with drive power
being obtained using the electric motor, in which the control
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unit accelerates the vehicle using the drive power of the
engine when the engine is activated, if movement of the
vehicle from the traveling lane to the adjacent lane has been
requested by the driver.

[0008] In this vehicle control device, preferably the deter-
mining unit determines the direction of the face of the driver
based on the monitor image, and if the elapsed time obtained
by summing the time that the face of the driver has been
facing the adjacent lane side within a predetermined assess-
ment cycle has reached a first reference time, the determin-
ing unit determines that the driver is attempting to move the
vehicle from the traveling lane to the adjacent lane.

[0009] The control unit in the vehicle control device also
preferably activates the engine when difference between
speed of the vehicle and average speed of another vehicle
traveling in the adjacent lane, or difference between the
speed of the vehicle and a traveling lane speed limit, is at or
above a predetermined reference speed difference, and when
it has been determined by the determining unit that the driver
is attempting to move the vehicle from the traveling lane to
the adjacent lane and the engine is stopped with drive power
being obtained using the electric motor.

[0010] According to another embodiment of the present
disclosure, a non-transitory storage medium storing a com-
puter program for vehicle control is provided. The computer
program for vehicle control causes a processor execute a
process and the process includes determining whether or not
a driver is attempting to move the vehicle from a traveling
lane in which the vehicle is traveling to an adjacent lane,
based on a monitor image taken of an area near a driving
seat, and activating the engine when it has been determined
that the driver is attempting to move the vehicle from the
traveling lane to the adjacent lane and the engine is stopped
with drive power being obtained using the electric motor, in
which the vehicle is accelerated using the drive power of the
engine when the engine is activated, if movement of the
vehicle from the traveling lane to the adjacent lane has been
requested by the driver.

[0011] Yet another embodiment of the present disclosure
provides a method for controlling a vehicle carried out by a
vehicle control device. The method includes determining
whether or not a driver is attempting to move the vehicle
from a traveling lane in which the vehicle is traveling to an
adjacent lane, based on a monitor image taken of an area
near a driving seat, and activating the engine when it has
been determined that the driver is attempting to move the
vehicle from the traveling lane to the adjacent lane and the
engine is stopped with drive power being obtained using the
electric motor, in which the vehicle is accelerated using the
drive power of the engine when the engine is activated, if
movement of the vehicle from the traveling lane to the
adjacent lane has been requested by the driver.

[0012] The vehicle control device of the present disclosure
can accelerate a vehicle at an appropriate timing by activat-
ing the stopped engine, when the driver is attempting to
move the vehicle from the traveling lane to an adjacent lane.

[0013] The object and advantages of the invention will be
realized and attained by means of the elements and combi-
nations particularly pointed out in the claims. It is to be
understood that both the foregoing general description and
the following detailed description are exemplary and
explanatory and are not restrictive of the invention, as
claimed.
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BRIEF DESCRIPTION OF DRAWINGS

[0014] FIG. 1A is a diagram showing operation of the
vehicle control device of the embodiment in overview, and
showing a vehicle traveling on a road.

[0015] FIG. 1B is a diagram illustrating operation of the
vehicle control device of the embodiment in overview, and
showing the vehicle control device and a drive unit.
[0016] FIG. 2 is a general schematic drawing of a vehicle
in which a vehicle control system of the embodiment is
mounted.

[0017] FIG. 3 is an example of an operation flow chart for
vehicle control processing by the vehicle control device of
the embodiment.

[0018] FIG. 4A is a diagram showing the relationship
between accelerator control signal and time.

[0019] FIG. 4B is a diagram showing the relationship
between acceleration and time.

[0020] FIG. 5 is an example of an operation flow chart for
driver assessment processing by the vehicle control device
of the embodiment.

[0021] FIG. 6 is a diagram illustrating operation of a first
modified example of the vehicle control device of the
embodiment.

[0022] FIG. 7 is an example of an operation flow chart for
driver assessment processing by a first modified example of
the vehicle control device of the embodiment.

[0023] FIG. 8 is an example of an operation flow chart for
vehicle control processing by a second modified example of
the vehicle control device of the embodiment.

DESCRIPTION OF EMBODIMENTS

[0024] FIG. 1A and FIG. 1B are diagrams illustrating in
overview the operation of the vehicle control device 16 of
the embodiment, FIG. 1A showing a vehicle traveling on a
road, and FIG. 1B showing the vehicle control device and a
drive unit. Operation relating to vehicle control processing
by the vehicle control device 16 disclosed herein will now
be described in overview with reference to FIG. 1A and FIG.
1B.

[0025] The vehicle 10 has a vehicle control device 16 and
a drive unit 17. The vehicle control device 16 controls the
drive unit 17 based on a predetermined driving plan. The
drive unit 17 has an engine 171, an electric motor 172 and
an automatic transmission 173. The drive unit 17 is con-
trolled by the vehicle control device 16 to regulate output
from the engine 171 and electric motor 172. The drive unit
17 is also controlled by the vehicle control device 16 to
regulate the gear stage or speed ratio of the automatic
transmission 173. Output from the engine 171 and electric
motor 172 is converted by the automatic transmission 173 to
rotary force with a predetermined rotational speed, and is
transmitted to the tires 20 via an output shaft 19.

[0026] The vehicle 10 is traveling on the road 50, as
shown in FIG. 1A. The road 50 has two lanes 51, 52. The
lane 51 and lane 52 are divided by a lane marking line 54.
The vehicle 10 is traveling in the lane 51 while another
vehicle 60 is traveling ahead of the vehicle 10.

[0027] The vehicle 10 is traveling steady on the lane 51 of
the road 50. While traveling steady, the vehicle 10 travels at
a constant speed with a relatively low load. Since the vehicle
10 is traveling steady, the vehicle control device 16 stops the
engine 171 and uses the electric motor 172 to obtain drive
power.
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[0028] The driver has decided to pass the other vehicle 60
ahead on the lane 51, and therefore directs the face several
times to the lane 52 in order to examine the state of the
adjacent passing lane 52.

[0029] Based on a monitor image taken of the area near the
driving seat of the vehicle 10 by the monitoring camera 3,
the vehicle control device 16 determines that the driver is
attempting to move the vehicle 10 from the lane 51 in which
the vehicle 10 is traveling to the adjacent lane 52.

[0030] Since the drive unit 17 had stopped the engine 171
and was obtaining drive power using the electric motor 172,
the vehicle control device 16 activates the engine 171. This
allows the drive unit 17 to use the engine 171 and electric
motor 172 for acceleration of the vehicle 10.

[0031] The driver also makes a request to the vehicle
control device 16 of the vehicle 10 for movement from the
lane 51 to the adjacent passing lane 52.

[0032] Since a request has been made by the driver for
movement of the vehicle 10 from the lane 51 to the adjacent
lane 52, the vehicle control device 16 accelerates the vehicle
10 using drive power of the engine 171 and electric motor
172.

[0033] The vehicle 10 is moved between lanes by gently
accelerating the vehicle 10 in response to the driver’s
request for a lane change. After having passed the other
vehicle 60, the vehicle 10 is then moved from the lane 52 to
the lane 51.

[0034] As explained above, when the driver is attempting
to move the vehicle 10 from the traveling lane 51 to the
adjacent lane 52, the vehicle control device 16 activates the
engine 171 in advance, thus allowing the vehicle 10 to be
accelerated at an appropriate timing by using the drive
power of the engine 171 and electric motor 172.

[0035] FIG. 2 is a general schematic drawing of a vehicle
10 in which a vehicle control system 1 of the embodiment
is mounted. The vehicle 10 has a front camera 2, a moni-
toring camera 3, a direction indicator 4, a positioning
information receiver 5, a navigation device 6, a user inter-
face (UI) 7, a map information storage device 11, a location
estimating device 12, an object detector 13, a traveling lane
planning device 14, a drive planning device 15, a vehicle
control device 16 and a drive unit 17. The vehicle 10 may
also have a LiDAR sensor, as a distance sensor (not shown)
for measurement of the distance of the vehicle 10 to sur-
rounding objects. The vehicle control system 1 has at least
the direction indicator 4, the traveling lane planning device
14, the drive planning device 15 and the vehicle control
device 16.

[0036] The front camera 2, monitoring camera 3, direction
indicator 4, positioning information receiver 5, navigation
device 6, UI 7, map information storage device 11, location
estimating device 12, object detector 13, traveling lane
planning device 14, drive planning device 15, vehicle con-
trol device 16 and drive unit 17 are connected in a commu-
nicable manner through an in-vehicle network 18 that con-
forms to controller area network standards.

[0037] The front camera 2 is an example of an imaging
unit provided in the vehicle 10. The front camera 2 is
mounted inside the vehicle 10 and directed toward the front
of the vehicle 10. The front camera 2, for example, takes a
camera image in which the environment of a predetermined
region ahead of the vehicle 10 is shown, at a predetermined
cycle. The camera image can show the road in the prede-
termined region ahead of the vehicle 10, and road features
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such as surface lane marking lines on the road. The front
camera 2 has a 2D detector composed of an array of
photoelectric conversion elements with visible light sensi-
tivity, such as a CCD or C-MOS, and an imaging optical
system that forms an image of the photographed region on
the 2D detector.

[0038] Each time a camera image is taken, the front
camera 2 outputs the camera image and the camera image
photograph time at which the camera image was taken,
through the in-vehicle network 18 to the location estimating
device 12 and object detector 13, etc. The camera image is
also used for processing at the location estimating device 12
to estimate the location of the vehicle 10. At the object
detector 13, the camera image is used for processing to
detect other objects surrounding the vehicle 10.

[0039] The monitoring camera 3 is disposed in the vehicle
compartment in a manner allowing it to photograph monitor
images including the area near the driving seat. The monitor
image also includes the face of the driver driving the vehicle
10. The monitoring camera 3 is an example of a photograph-
ing device that takes monitor images including the face of
the driver. The monitoring camera 3 may also be disposed on
the steering column, room mirror, meter panel or meter hood
(not shown), etc., for example.

[0040] The monitoring camera 3 takes monitor images in
a predetermined cycle, for example. The monitoring camera
3 has a 2D detector composed of an array of photoelectric
conversion elements with infrared sensitivity, such as a CCD
or C-MOS, and an imaging optical system that forms an
image of the photographed region on the 2D detector. Each
time a monitor image is taken, the monitoring camera 3
outputs the monitor image and the monitor imaging time at
which the monitor image was taken, to the vehicle control
device 16, etc. via the in-vehicle network 18.

[0041] The direction indicator 4 is disposed near the
steering wheel (not shown) to allow its operation by the
driver. When the vehicle 10 is being driven primarily by the
vehicle control system 1, the driver requesting movement of
the vehicle 10 between lanes operates the direction indicator
4 toward the lane to which movement of the vehicle 10 is
desired. The direction indicator 4 generates an operation
signal that corresponds to operation by the driver. The
direction indicator 4 outputs the operation signal to the
traveling lane planning device 14 and the vehicle control
device 16, etc. via the in-vehicle network 18. When the
vehicle 10 is being driven primarily by the driver, the driver
operates the direction indicator 4 toward the side to which
the vehicle 10 is to be moved, for movement of the vehicle
10 to the left, right or between lanes. A directional indicator
lamp (not shown) flashes based on the operation signal
output by the direction indicator 4.

[0042] The positioning information receiver 5 outputs
positioning information that represents the current location
of the vehicle 10. The positioning information receiver 5
may be a GNSS receiver, for example. The positioning
information receiver 5 outputs positioning information and
the positioning information acquisition time at which the
positioning information has been acquired, to the navigation
device 6 and map information storage device 11, etc., each
time positioning information is acquired at a predetermined
receiving cycle.

[0043] Based on the navigation map information, the
destination location of the vehicle 10 input through the UI 7,
and positioning information representing the current loca-
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tion of the vehicle 10 input from the positioning information
receiver 5, the navigation device 6 creates a navigation route
from the current location to the destination location of the
vehicle 10. The navigation route includes information relat-
ing to the locations of right turns, left turns, merging and
branching. When the destination location has been newly set
or the current location of the vehicle 10 has exited the
navigation route, the navigation device 6 creates a new
navigation route for the vehicle 10. Every time a navigation
route is created, the navigation device 6 outputs the navi-
gation route to the location estimating device 12 and the
traveling lane planning device 14, etc., via the in-vehicle
network 18.

[0044] The UI 7 is an example of the notification unit. The
Ul 7, controlled by the navigation device 6, drive planning
device 15 and vehicle control device 16, etc., notifies the
driver of the vehicle 10 traveling information. The traveling
information of the vehicle 10 includes information relating
to the current location of the vehicle, executing of lane
changes, and the current and future route of the vehicle, such
as the navigation route. The Ul 7 has a display device 7a
such as a liquid crystal display or touch panel, for display of
the traveling information. The Ul 7 may also have an
acoustic output device (not shown) to notify the driver of
traveling information. The UI 7 also generates an operation
signal in response to operation of the vehicle 10 by the
driver. The operation information may be, for example, a
destination location, transit points, vehicle speed or other
control information. The Ul 7 also has a touch panel or
operating button, for example, as an input device for input-
ting operation information from the driver to the vehicle 10.
The UI 7 outputs the input operation information to the
navigation device 6, the drive planning device 15 and the
vehicle control device 16, etc., via the in-vehicle network
18.

[0045] The map information storage device 11 stores
wide-area map information for a relatively wide area (an
area of 10 to 30 km?, for example) that includes the current
location of the vehicle 10. The map information preferably
has high precision map information including three-dimen-
sional information for the road surface, the speed limit for
the road, the curvature of the road, and information for the
types and locations of structures and road features such as
road lane marking lines.

[0046] The map information storage device 11 receives the
wide-area map information from an external server via a
base station, by wireless communication through a wireless
communication device (not shown) mounted in the vehicle
10, in relation to the current location of the vehicle 10, and
stores it in the storage device. Each time positioning infor-
mation is input from the positioning information receiver 5,
the map information storage device 11 refers to the stored
wide-area map information and outputs map information for
a relatively narrow area including the current location rep-
resented by the positioning information (for example, an
area of 100 m? to 10 km?), through the in-vehicle network
18 to the location estimating device 12, object detector 13,
traveling lane planning device 14, drive planning device 15
and vehicle control device 16.

[0047] The location estimating device 12 estimates the
location of the vehicle 10 at the camera image photograph
time, based on the road features surrounding the vehicle 10
represented in the camera image taken by the front camera
2. For example, the location estimating device 12 compares
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lane marking lines identified in the camera image with lane
marking lines represented in the map information input from
the map information storage device 11, and determines the
estimated location and estimated declination of the vehicle
10 at the camera image photograph time. The location
estimating device 12 estimates the road traveling lane where
the vehicle 10 is located, based on the lane marking lines
represented in the map information and on the estimated
location and estimated declination of the vehicle 10. Each
time the estimated location, estimated declination and trav-
eling lane of the vehicle 10 are determined at the camera
image photograph time, the location estimating device 12
outputs this information to the object detector 13, traveling
lane planning device 14, drive planning device 15 and
vehicle control device 16.

[0048] The object detector 13 detects other objects around
the vehicle 10 and their types (for example, vehicles) based
on the camera image. Other objects also include other
vehicles traveling around the vehicle 10. The object detector
13 tracks other detected objects and determines the trajec-
tories and speeds of the other objects. In addition, the object
detector 13 identifies the traveling lanes in which the other
objects are traveling, based on the lane marking lines
represented in the map information and the locations of the
objects. The object detector 13 also outputs object detection
information which includes information representing the
types of other objects that were detected, information indi-
cating their locations and speeds, and also information
indicating their traveling lanes, to the traveling lane plan-
ning device 14, drive planning device 15 and vehicle control
device 16.

[0049] At a traveling lane-planning creation time set in a
predetermined cycle, the traveling lane planning device 14
selects a traffic lane on the road on which the vehicle 10 is
traveling, within the nearest driving zone (for example, 10
km) selected from the navigation route, based on the map
information, the navigation route and surrounding environ-
ment information and the current location of the vehicle 10,
and creates a traveling lane plan representing the scheduled
traveling lane for traveling of the vehicle 10. The surround-
ing environment information includes the locations and
speeds of other vehicles traveling around the vehicle 10. For
example, the traveling lane planning device 14 creates a
traveling lane plan for the vehicle 10 to travel on a traffic
lane other than a passing lane. Each time a traveling lane
plan is created, the traveling lane planning device 14 outputs
the traveling lane plan to the drive planning device 15.

[0050] At a driving plan creation time set with a prede-
termined cycle, the drive planning device 15 carries out
driving plan processing in which it creates a driving plan
representing the scheduled traveling trajectory of the vehicle
10 up until a predetermined time (for example, 5 seconds),
based on the traveling lane plan, the map information, the
current location of the vehicle 10, the surrounding environ-
ment information and the vehicle status information. The
vehicle status information includes the current location of
the vehicle 10, and the vehicle speed, acceleration and
traveling direction. The driving plan is represented as a
combination of the target location of the vehicle 10 and the
target vehicle speed at the target location, at each time from
the current time until the predetermined time. The cycle in
which the driving plan is created is preferably shorter than
the cycle in which the traveling lane plan is created. The
drive planning device 15 generates a driving plan to main-
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tain a spacing of at least a predetermined distance between
the vehicle 10 and other objects (such as vehicles). The drive
planning device 15 outputs the driving plan to the vehicle
control device 16 for each driving plan generated.

[0051] The vehicle control device 16 carries out control
processing and assessment processing. For this purpose, the
vehicle control device 16 has a communication interface (IF)
21, a memory 22 and a processor 23. The communication
interface 21, memory 22 and processor 23 are connected via
signal wires 24. The communication interface 21 has an
interface circuit to connect the vehicle control device 16
with the in-vehicle network 18.

[0052] The memory 22 is an example of a memory unit,
and it has a volatile semiconductor memory and a non-
volatile semiconductor memory, for example. The memory
22 stores an application computer program and various data
to be used for information processing carried out by the
processor 23.

[0053] All or some of the functions of the vehicle control
device 16 are carried out by functional modules driven by a
computer program operating on the processor 23, for
example. The processor 23 has a control unit 231 and a
determining unit 232. Alternatively, the functional module
of the processor 23 may be a specialized computing circuit
in the processor 23. The processor 23 comprises one or more
CPUs (Central Processing Units) and their peripheral cir-
cuits. The processor 23 may also have other computing
circuits such as a logical operation unit, numerical calcula-
tion unit or graphic processing unit.

[0054] The control unit 231 controls each unit of the
vehicle 10 based on the current location of the vehicle 10
and the vehicle speed and yaw rate, as well as on the driving
plan generated by the drive planning device 15. For
example, the control unit 231 determines the steering angle,
acceleration and angular acceleration of the vehicle 10
according to the driving plan and the speed and yaw rate of
the vehicle 10, and sets the amount of steering, and the
accelerator or brake level so as to match that steering angle,
accelerator level and angular acceleration. The control unit
231 also outputs a control signal corresponding to a set
steering amount, to an actuator (not shown) that controls the
steering wheel for the vehicle 10, via the in-vehicle network
18. The vehicle control device 16 also outputs a control
signal corresponding to the set accelerator level, to the drive
unit 17 of the vehicle 10, via the in-vehicle network 18.
Alternatively, the vehicle control device 16 may output a
control signal corresponding to a set brake level to the brake
(not shown) of the vehicle 10, via the in-vehicle network 18.
Other operation by the vehicle control device 16 will be
described in detail below.

[0055] The drive unit 17 has an engine 171, an electric
motor 172 and an automatic transmission 173. Operation of
the rotational speed of the engine 171 and electric motor 172
is controlled by the vehicle control device 16. The gear stage
or speed ratio of the automatic transmission 173 is also
controlled by the vehicle control device 16. The gear stage
or speed ratio of the automatic transmission 173 can be set
according to the speed of the vehicle 10 and the required
rotary force. For example, when the speed of the vehicle 10
and gear stage are set, the rotational speed output from the
electric motor 172 to the automatic transmission 173
becomes set, and this rotational speed is used as the basis for
appropriately setting the rotational speed output from the
engine 171 to the electric motor 172. It is often the case
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when the vehicle 10 is traveling at a constant speed under
low load, that the engine 171 is stopped and drive power is
obtained from the electric motor 172. The electric motor 172
may consist of several motors.

[0056] The map information storage device 11, location
estimating device 12, object detector 13, traveling lane
planning device 14, drive planning device 15 and vehicle
control device 16 are electronic control units (ECU), for
example. For FIG. 2, the map information storage device 11,
location estimating device 12, object detector 13, traveling
lane planning device 14, drive planning device 15 and
vehicle control device 16 were explained as separate
devices, but all or some of them may be constructed in a
single device.

[0057] FIG. 3 is an example of an operation flow chart for
vehicle control processing by the vehicle control device 16
of the embodiment. Vehicle control processing by the
vehicle control device 16 will be described below with
reference to FIG. 3. The vehicle control device 16 carries out
vehicle control processing according to the operation flow
chart shown in FIG. 3, at a vehicle control time having a
predetermined cycle.

[0058] The determining unit 232 first acquires a monitor
image from the monitoring camera 3 (step S101). The area
near the driving seat is shown in the monitor image, and may
include the face of the driver.

[0059] Next, based on the monitor image, the determining
unit 232 determines whether or not the driver is attempting
to move the vehicle 10 from the traveling lane in which the
vehicle 10 is traveling to an adjacent lane (step S102). This
processing is described in detail below.

[0060] When the driver is attempting to move the vehicle
10 from the traveling lane in which the vehicle 10 is
traveling to an adjacent lane (step S102—Yes), the control
unit 231 determines whether or not the engine 171 is stopped
(step S103).

[0061] If the engine is stopped (step S103—Yes), the
control unit 231 activates the engine 171 (step S104). This
allows the drive unit 17 to use the engine 171 and electric
motor 172 for acceleration of the vehicle 10.

[0062] The control unit 231 then determines whether or
not movement between lanes has been planned, based on the
driving plan (step S105). In response to a movement request
by the driver for movement between lanes, the drive plan-
ning device 15 creates a driving plan including movement
between lanes and outputs it to the vehicle control device 16.
[0063] When movement between lanes has been planned
(step S104—Yes), the drive unit 17 is controlled by the
control unit 231 to accelerate the vehicle 10 using the engine
171 and electric motor 172 for movement between lanes
(step S106), and the series of processing steps is complete.
[0064] When movement of the vehicle between lanes has
not been planned (step S104—No), the series of processing
steps is complete.

[0065] When the driver is not attempting to move the
vehicle 10 from the traveling lane in which the vehicle 10 is
traveling to an adjacent lane (step S102—No), or when the
engine is not stopped (step S103—No), the control unit 231
determines whether or not movement between lanes is
planned, based on the driving plan (step S105).

[0066] When movement between lanes has been planned
(step S104—Yes), and if the engine 171 is activated, the
drive unit 17 is controlled by the control unit 231 to
accelerate the vehicle 10 using the engine 171 and electric
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motor 172 for movement between lanes (step S106), and the
series of processing steps is complete. When the engine 171
is not activated, on the other hand, the drive unit 17 activates
the engine 171 and then uses the engine 171 and electric
motor 172 to accelerate the vehicle 10 to move between
lanes (step S106), and the series of processing steps is
complete.

[0067] FIG. 4A is a diagram showing the relationship
between accelerator control signal and time, and FIG. 4B is
a diagram showing the relationship between acceleration
and time. When the drive unit 17 inputs the accelerator
control signal from the vehicle control device 16, output
from the engine 171 and/or electric motor 172 is increased.
When the vehicle 10 is being driven primarily by the vehicle
control system 1, the vehicle control device 16 generates an
accelerator control signal based on the driving plan. When
the vehicle 10 is being driven primarily by the driver, on the
other hand, the vehicle control device 16 generates an
accelerator control signal based on the degree of operation
of the accelerator pedal (not shown) by the driver.

[0068] As shown in FIG. 1A, when the driver has made a
request to the autonomous control system 1 of the vehicle 10
to move from the lane 51 to the adjacent passing lane 52, the
vehicle control device 16 generates an accelerator control
signal for increased acceleration, based on the driving plan.

[0069] FIG. 4A shows a graph where the accelerator
control signal has changed so as to increase to time T1.
When the engine 171 is activated, the drive unit 17 increases
the output from the engine 171 and electric motor 172
according to the increase in the accelerator control signal, to
accelerate the vehicle 10.

[0070] When the engine 171 was stopped, on the other
hand, the drive unit 17 first activates the engine 171 accord-
ing to the increase in the accelerator control signal, before
increasing the output from the engine 171 and electric motor
172 to accelerate the vehicle 10. Thus, as shown in FIG. 4B,
the degree of acceleration of the vehicle 10 is faster if the
engine 171 was activated than if the engine 171 was stopped.
This allows the drive unit 17 to rapidly accelerate the vehicle
10 in response to a request for lane change by the driver.

[0071] Driver assessment processing for determining
whether or not the driver is attempting to move the vehicle
10 from the traveling lane in which the vehicle 10 is
traveling to an adjacent lane in step S102 will now be
described with reference to FIG. 5.

[0072] First, the determining unit 232 determines whether
or not the face of the driver is oriented toward the adjacent
lane (step S201). The orientation of the face of the driver is
represented by the angle in the horizontal direction between
the traveling direction of the vehicle 10 and the direction in
which the face of the driver is facing, for example. The
determining unit 232 has a classifier that has been trained to
detect facial aspects such as eye corners, inner eye corners
and mouth angles from images. The determining unit 232
inputs monitor images into the classifier to determine the
locations of predetermined facial aspects in the monitor
images. The determining unit 232 also compares the loca-
tions of the predetermined facial aspects detected from the
monitor image against a standard facial three-dimensional
model. The angle of the face in a three-dimensional model
in which the location of each facial aspect maximally
matches the aspect location detected from the monitor image
is detected as the angle of the face in the monitor image.
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[0073] The classifier may be a convolutional neural net-
work (CNN) having multiple layers connected in series from
the input end to the output end, for example. Facial images
including predetermined facial aspects are previously input
into the CNN as teacher data for learning, whereby the CNN
functions as a classifier to identify the locations of prede-
termined facial aspects.

[0074] When the directional angle of the driver’s face is
directed at least at a predetermined angle (such as 30°) in the
right or left direction with respect to the traveling direction
of the vehicle 10, the determining unit 232 determines that
the driver is attempting to move the vehicle 10 from the
traveling lane in which the vehicle 10 is traveling to an
adjacent lane that is adjacent either to the left or right.

[0075] Publicly known technology may also be used to
determine the direction of the face of the driver based on
monitor images. For example, the technology disclosed in
Japanese Unexamined Patent Publication No. 2019-87150
may be used.

[0076] When the face of the driver is directed toward an
adjacent lane (step S201—Yes), the determining unit 232
determines whether or not the estimated elapsed time as the
time that the face of the driver has been facing the adjacent
lane side has reached the reference time (step S202). Count-
ing of the assessment time to confirm the assessment cycle
is initiated from the point at which it is initially determined
that the face of the driver is directed toward an adjacent lane.
When the elapsed time has reached the reference time within
the assessment cycle during driver assessment processing, it
is determined that the driver is attempting to move the
vehicle 10 from the traveling lane in which the vehicle 10 is
traveling to an adjacent lane.

[0077] When the elapsed time has reached the reference
time (step S202— Yes), the determining unit 232 determines
that the driver is attempting to move the vehicle 10 from the
traveling lane in which the vehicle 10 is traveling to an
adjacent lane (step S203).

[0078] The determining unit 232 then resets the assess-
ment time (step S204), and the series of processing steps is
complete.

[0079] When the elapsed time has not reached the refer-
ence time (step S202—No), the determining unit 232 deter-
mines whether or not the assessment time from the point at
which it was first determined that the face of the driver is
directed toward an adjacent lane is beyond the assessment
cycle (step S205). The assessment cycle is longer than the
reference time.

[0080] When the assessment time has not elapsed beyond
the assessment cycle (step S205—No), on the other hand,
processing returns to the start of step S201. During the
assessment cycle, the determining unit 232 determines
whether or not the face of the driver is directed to the same
adjacent lane (left or right) as before, from the second step
S201 and afterwards. If the face of the driver is directed to
the same adjacent lane as before, processing proceeds to step
S202. If the face of the driver is not directed to the same
adjacent lane as before, on the other hand, processing
proceeds to step S206.

[0081] When the face of the driver is not directed toward
an adjacent lane (step S201—No), or when the assessment
time is beyond the assessment cycle (step S205—Yes), the
determining unit 232 determines that the driver is not
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attempting to move the vehicle 10 from the traveling lane in
which the vehicle 10 is traveling to an adjacent lane (step
S206).

[0082] The determining unit 232 then resets the assess-
ment time (step S204), and the series of processing steps is
complete.

[0083] As explained above, the vehicle control device of
this embodiment can accelerate a vehicle at an appropriate
timing by activating the stopped engine when the driver is
attempting to move the vehicle from the traveling lane to an
adjacent lane.

[0084] A first modified example and second modified
example of the vehicle control device of this embodiment
will now be described with reference to FIG. 6 to FIG. 8.
FIG. 6 is a diagram illustrating an example of operation
according to a first modified example of the vehicle control
device of this embodiment, and FIG. 7 is an example of an
operation flow chart for driver assessment processing
according to the first modified example.

[0085] The vehicle 10 is traveling on the road 50, as
shown in FIG. 6. The road 50 has three lanes, lanes 51, 52
and 53. The lane 51 and lane 52 are divided by a lane
marking line 54, and the lane 52 and lane 53 are divided by
a lane marking line 55. The vehicle 10 is traveling in the lane
51 while another vehicle 60 is traveling ahead of the vehicle
10.

[0086] The driver has decided to pass the other vehicle 60
ahead on the lane 51, and therefore directs the face several
times to the lane 52 in order to examine the state of the
adjacent passing lane 52.

[0087] Based on a monitor image taken of the area near the
driving seat of the vehicle 10 by the monitoring camera 3,
the vehicle control device 16 determines that the driver is
attempting to move the vehicle 10 from the lane 51 in which
the vehicle 10 is traveling to the adjacent lane 52.

[0088] Since the drive unit 17 had stopped the engine 171
and was obtaining drive power using the electric motor 172,
the vehicle control device 16 activates the engine.

[0089] The driver also operates a direction indicator 4 and
makes a request to the vehicle control system 1 for move-
ment from the lane 51 to the adjacent passing lane 52.
[0090] Since a request has been made by the driver for
movement of the vehicle 10 from the lane 51 to the adjacent
lane 52, the vehicle control device 16 accelerates the vehicle
10 using drive power of the engine 171 and electric motor
172. The vehicle 10 is moved between lanes by gently
accelerating the vehicle 10 in response to the driver’s
request for a lane change.

[0091] The vehicle control device 16 activates the engine
171 to move from the lane 51 to the lane 52, after which it
carries out the driver assessment processing shown in FIG.
7 at a driver assessment time having a predetermined cycle,
during a predetermined time period. The driver assessment
processing for a modified example will now be explained
with reference to FIG. 7.

[0092] The determining unit 232 first acquires a monitor
image from the monitoring camera 3 (step S301). The area
near the driving seat is shown in the monitor image, and may
include the face of the driver.

[0093] Next, based on the monitor image, the determining
unit 232 determines whether or not the driver is attempting
to move the vehicle 10 from the traveling lane in which the
vehicle 10 is traveling to an adjacent lane (step S302).
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[0094] When the driver is attempting to move the vehicle
10 from the traveling lane in which the vehicle 10 is
traveling to an adjacent lane (step S302—Yes), the control
unit 231 controls the automatic transmission 173 of the drive
unit 17 to change the speed ratio or gear stage to a lower
speed than the current speed (step S303), and the series of
processing steps is complete.

[0095] When the driver is not attempting to move the
vehicle 10 from the traveling lane in which the vehicle 10 is
traveling to an adjacent lane (step S302—No), the series of
processing steps is complete.

[0096] The driver also operates a direction indicator 4 and
makes a request to the vehicle control system 1 of the
vehicle 10 for movement from the lane 52 to the adjacent
passing lane 53.

[0097] Since a request has been made by the driver for
movement of the vehicle 10 from the lane 52 to the adjacent
lane 53, the vehicle control device 16 accelerates the vehicle
10 using drive power of the engine 171 and electric motor
172, and using a lower-speed speed ratio or gear stage than
the current one.

[0098] The vehicle 10 is caused to move between lanes by
gently accelerating the vehicle 10 in response to the driver’s
request for a lane change.

[0099] When it has been determined that the driver is
attempting to move between lanes, the vehicle control
device 16 changes the speed ratio or gear stage to a lower
speed than the current speed, allowing the vehicle 10 to be
accelerated at an appropriate timing using drive power of the
engine 171 and electric motor 172.

[0100] FIG. 8 is an example of an operation flow chart for
vehicle control processing by a second modified example of
the vehicle control device of the embodiment.

[0101] The vehicle control processing shown in FIG. 8
differs from the vehicle control processing shown in FIG. 3
in that step S404 is carried out between step S103 and step
S104 of the vehicle control processing shown in FIG. 3. The
processing of steps S401 to S403 and S405 to S407 is the
same as that of steps S101 to S106 for the vehicle control
processing shown in FIG. 3.

[0102] When the engine is stopped (step S403—Yes), the
control unit 231 determines whether or not the speed of the
vehicle 10 satisfies a predetermined relationship (step S404).
The predetermined relationship is whether the difference
between the average speed of another vehicle traveling in
the adjacent lane and the speed of the vehicle 10, or the
difference between the speed limit of the traveling lane and
the speed of the vehicle 10, is at or above a predetermined
reference speed difference. The adjacent lane is the lane to
which movement of the vehicle 10 is being attempted by the
driver, when moving from the traveling lane in which the
vehicle 10 is traveling to an adjacent lane. The reference
speed difference may be 15 km/h, for example. Based on
object detection information, the control unit 231 ascertains
the existence of other vehicles traveling on the adjacent lane.
The control unit 231 also acquires the speed limit of the
traveling lane based on map information.

[0103] When the speed of the vehicle 10 satisfies the
predetermined relationship (step S404—Yes), the control
unit 231 activates the engine 171 (step S405).

[0104] When the speed of the vehicle 10 does not satisfy
the predetermined relationship (step S403—No), processing
proceeds to step S406.
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[0105] When the difference between the average speed of
another vehicle traveling in the adjacent lane and the speed
of the vehicle 10 is small, or the when difference between the
traveling road speed limit and the speed of the vehicle 10 is
small, the speed of the vehicle 10 will be close to the speed
of other vehicles traveling on the lane ahead, and therefore
drive power will likely be sufficient without activating the
engine 171. The vehicle control device 16 therefore does not
activate the engine 171 in such cases.

[0106] The vehicle control device, the computer program
for vehicle control and the method for controlling a vehicle
according to the embodiment described above may incor-
porate appropriate modifications that are still within the gist
of the disclosure. Moreover, the technical scope of the
disclosure is not limited to these embodiments, and includes
the invention and its equivalents as laid out in the Claims.
[0107] For example, the method for determining that the
driver is attempting to move the vehicle from the traveling
lane to the adjacent lane is not limited to the method
described for the embodiment. Instead, the direction of the
driver’s line of sight may be determined based on a monitor
image, determining whether or not the driver is attempting
to move the vehicle from the traveling lane to an adjacent
lane based on the direction of the line of sight.

1. The vehicle control device for a vehicle having an
engine and an electric motor, which comprises:

a processor configured to

determine whether or not a driver is attempting to move
the vehicle from a traveling lane in which the vehicle
is traveling to an adjacent lane, based on a monitor
image taken of an area near a driving seat, and

activate the engine when it has been determined that the
driver is attempting to move the vehicle from the
traveling lane to the adjacent lane and the engine is
stopped with drive power being obtained using the
electric motor,

wherein the vehicle is accelerated using the drive power

of the engine when the engine is activated, if movement
of the vehicle from the traveling lane to the adjacent
lane has been requested by the driver.

2. The vehicle control device according to claim 1,
wherein the processor is further configured to determine the
direction of the face of the driver based on the monitor
image, and if the elapsed time obtained by summing the time
that the face of the driver has been facing the adjacent lane
side within a predetermined assessment cycle has reached a
first reference time, to determine that the driver is attempting
to move the vehicle from the traveling lane to the adjacent
lane.

3. The vehicle control device according to claim 1,
wherein the processor is further configured to activate the
engine when difference between speed of the vehicle and
average speed of another vehicle traveling in the adjacent
lane, or difference between the speed of the vehicle and a
traveling lane speed limit, is at or above a predetermined
reference speed difference, and when it has been determined
that the driver is attempting to move the vehicle from the
traveling lane to the adjacent lane and the engine is stopped
with drive power being obtained using the electric motor.

4. A computer-readable, non-transitory storage medium
storing a computer program for vehicle control, that controls
a vehicle having an engine and an electric motor, and that
causes a processor execute a process and the process com-
prising:
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determining whether or not a driver is attempting to move
the vehicle from a traveling lane in which the vehicle
is traveling to an adjacent lane, based on a monitor
image taken of an area near a driving seat; and

activating the engine when it has been determined that the
driver is attempting to move the vehicle from the
traveling lane to the adjacent lane and the engine is
stopped with drive power being obtained using the
electric motor,

wherein the vehicle is accelerated using the drive power

of'the engine when the engine is activated, if movement
of the vehicle from the traveling lane to the adjacent
lane has been requested by the driver.
5. A method for controlling a vehicle which is carried out
by a vehicle control device that controls a vehicle having an
engine and an electric motor, and the method comprising:
determining whether or not a driver is attempting to move
the vehicle from a traveling lane in which the vehicle
is traveling to an adjacent lane, based on a monitor
image taken of an area near a driving seat; and

activating the engine when it has been determined that the
driver is attempting to move the vehicle from the
traveling lane to the adjacent lane and the engine is
stopped with drive power being obtained using the
electric motor,

wherein the vehicle is accelerated using the drive power

of'the engine when the engine is activated, if movement
of the vehicle from the traveling lane to the adjacent
lane has been requested by the driver.

#* #* #* #* #*
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