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(57) ABSTRACT

To improve fuel consumption of a vehicle by effectively
performing acceleration/deceleration suppression control of
a moving body such as a vehicle. A motion control device,
configured to control a motion of a vehicle, includes: a travel
distance acquisition unit which acquires a travel distance of
the vehicle from a stop state to the next stop state of the
vehicle; a travel distance storage unit which stores the travel
distance; a next travel distance prediction unit which pre-
dicts the next travel distance of the vehicle from a stop state
to the next stop state of the vehicle after having moved by
the travel distance based on the travel distance stored in the
travel distance storage unit; and a control determination unit
which determines whether to perform control to suppress
acceleration/deceleration in a movement direction of the
vehicle. The control determination unit is configured to
determine whether to perform control to suppress the accel-
eration/deceleration in the movement direction of the
vehicle based on the next movement distance and a position
of a preceding vehicle preceding the vehicle.
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MOTION CONTROL DEVICE FOR MOVING
BODY

TECHNICAL FIELD

[0001] The present invention relates to a motion control
device for a moving body.

BACKGROUND ART

[0002] In recent years, there is disclosed an automatic
driving technique that recognizes a preceding vehicle with a
camera or the like and automatically controls acceleration/
deceleration of a vehicle so as to maintain a constant
distance with the preceding vehicle.

[0003] As this kind of automatic driving technique, a
technique, which improves fuel consumption of a vehicle by
performing inertia deceleration (hereinafter sometimes
referred to as acceleration/deceleration suppression control)
that suppresses useless acceleration and decelerates by so-
called engine brake when a stop position of the vehicle is
detected, is disclosed (PTL 1).

[0004] In addition, a technique, which informs a driver of
a start timing of inertia deceleration to achieve a preset
vehicle speed based on a speed limit, a branch point (inter-
section) set in a travel route of a vehicle, a relative position
with a preceding vehicle, and the like, is disclosed (PTL 2).

CITATION LIST

Patent Literature

[0005] PTL 1: JP 2008-146377 A
[0006] PTL 2: JP 2016-203661 A
SUMMARY OF INVENTION
Technical Problem
[0007] In the technique disclosed in PTL 1, position

information (static information) of a predetermined stop line
is acquired from, for example, map information or the like,
and the acceleration/deceleration suppression control of the
vehicle is performed based on the position information of
the stop line.

[0008] However, a stop position of a host vehicle (a dotted
line in FIG. 1) is not always in the vicinity of the stop line
when a plurality of preceding vehicles (A to E) are stopped
between the vehicle and the stop line as illustrated in FIG.
1. For this reason, it is difficult to effectively perform the
acceleration/deceleration suppression control of the vehicle,
and it is difficult to improve the fuel consumption of the
vehicle.

[0009] In addition, in the technique disclosed in PTL 2,
acceleration/deceleration suppression control is performed
based on the speed limit of the travel route of the vehicle and
information on a relative position with respect to the pre-
ceding vehicle. However, the vehicle speed is determined
based on the speed limit of the travel route of the vehicle and
the relative position with respect to the preceding vehicle,
and thus, a deceleration (stop) position is greatly affected by
a vehicle speed variation of the preceding vehicle. In par-
ticular, there is a possibility that the host vehicle is decel-
erated or stopped at a position other than the stop line or the
like in a situation where the degree of congestion on a road
is large. For this reason, it is difficult to effectively perform

Jul. 9, 2020

the acceleration/deceleration suppression control of the
vehicle, and it is difficult to improve the fuel consumption of
the vehicle.

[0010] Therefore, the present invention has been made by
paying attention to the above problems, and an object
thereof is to improve fuel consumption of a vehicle by
effectively performing acceleration/deceleration suppres-
sion control of a moving body such as a vehicle.

Solution to Problem

[0011] In order to solve the above problems, a motion
control device, configured to control a motion of a moving
object, includes: a movement distance acquisition unit
which acquires a first movement distance of the moving
body from a first motion state to the next first motion state
of the moving body; a movement distance storage unit
which stores the first movement distance; a movement
distance prediction unit which predicts a second movement
distance of the moving body from the first motion state to the
next first motion state of the moving body after having
moved by the first movement distance based on the first
movement distance stored in the movement distance storage
unit; a control determination unit which determines whether
to perform control to suppress acceleration/deceleration in a
movement direction of the moving body; and an accelera-
tion/deceleration control unit which controls acceleration/
deceleration of the moving body. The acceleration/decelera-
tion control unit is configured to perform control of the
acceleration/deceleration in the movement direction of the
moving body based on a determination result on whether to
suppress the acceleration/deceleration of the moving body
performed by the control determination unit and the second
movement distance predicted by the movement distance
prediction unit.

Advantageous Effects of Invention

[0012] According to the present invention, the fuel con-
sumption of the vehicle can be improved by effectively
performing the acceleration/deceleration suppression con-
trol of the moving body such as a vehicle.

BRIEF DESCRIPTION OF DRAWINGS

[0013] FIG. 1 is a view for describing conventional accel-
eration/deceleration suppression control.

[0014] FIG. 2 is a block diagram for describing a vehicle
equipped with a motion control device according to a first
embodiment.

[0015] FIG. 3 is a functional block diagram of the motion
control device.
[0016] FIG. 4 is a graph for describing an example of

prohibition determination or permission determination of
acceleration/deceleration suppression control of the vehicle
performed by a control determination unit.

[0017] FIG. 5 is a functional block diagram of an accel-
eration/deceleration control unit.

[0018] FIG. 6 is a diagram for describing an example of
inter-vehicle distance control performed by an inter-vehicle
distance maintenance control unit.

[0019] FIG. 7 is a graph for describing an example of
acceleration/deceleration suppression control during vehicle
deceleration.
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[0020] FIG. 8 is a graph for describing an example of
acceleration/deceleration suppression control during vehicle
acceleration.

[0021] FIG. 9 is a graph for describing an example of
acceleration/deceleration suppression control during steady-
state driving of the vehicle.

[0022] FIG. 10 is a graph representing an output and an
efficiency characteristic of a vehicle engine.

[0023] FIG. 11 is a graph representing a relationship
between a target engine output and an optimum fuel con-
sumption engine speed.

[0024] FIG. 12 is a graph representing a relationship
between an engine speed and an engine friction torque.
[0025] FIG. 13 is a view for describing a vehicle driving
assistance function.

[0026] FIG. 14 is a block diagram for describing a vehicle
equipped with a motion control device according to a second
embodiment.

[0027] FIG. 15 is a functional block diagram of the motion
control device according to the second embodiment.
[0028] FIG. 16 is a graph for describing a method of
calculating a prediction value of a travel distance.

[0029] FIG. 17 is a block diagram for describing a vehicle
equipped with a motion control device according to a third
embodiment.

[0030] FIG. 18 is a functional block diagram of the motion
control device according to the third embodiment.

[0031] FIG. 19 is a flowchart of traffic volume change
position determination processing.

[0032] FIG. 20 is a schematic view for describing deter-
mination of a traffic volume change position.

[0033] FIG. 21 is a graph for describing an example of
prohibition determination or permission determination of
acceleration/deceleration suppression control of the vehicle
performed by a control determination unit according to the
third embodiment.

[0034] FIG. 22 is a functional block diagram of a motion
control device according to a fourth embodiment.

[0035] FIG. 23 is a graph illustrating a specific processing
method of a next travel distance prediction unit in the motion
control device.

DESCRIPTION OF EMBODIMENTS

[0036] Hereinafter, a motion control device for a moving
body according to embodiments of the present invention will
be described.

[0037] In the following description, a case where a motion
control device for a moving body is used as a motion control
device 1 for a vehicle will be described as an example.
[0038] FIG. 2 is a block diagram illustrating a vehicle 100
equipped with the motion control device 1 according to a
first embodiment.

[0039] In the following description, the vehicle 100 is
sometimes referred to as a host vehicle.

Overall Configuration of Vehicle According to First
Embodiment

[0040] The vehicle 100 includes: an engine 110 that is a
power source; a brake 111 that brakes the vehicle 100; a
transmission 112 that shifts a driving force generated by the
engine 110 to an appropriate speed; a clutch 113 that
transmits a driving force between the transmission 112 and
wheels 113; an engine control device 120 that controls a
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throttle body (not illustrated) , a fuel injection device, and an
ignition device with which the engine 110 generates a
desired driving force; a brake control device 121 that adjusts
a braking force of the vehicle 100 generated by the brake 111
by controlling a hydraulic pressure of the brake 111; a shift
control device 122 that adjusts a speed ratio of the trans-
mission 112 and controls power transmission of the clutch
113; a forward recognition sensor 134 that detects an object
ahead of the vehicle 100; a vehicle speed sensor 131 that
detects a vehicle speed of the vehicle 100; and the motion
control device 1 that commands an operation to the engine
control device 120, the brake control device 121, and the
shift control device 122.

[0041] The engine 110 is powered by chemical energy of
fuel by burning the fuel such as gasoline. The power
generated by the engine 110 is transmitted to the transmis-
sion 112, is shifted by a winding transmission mechanism in
the transmission 112, and then, rotates the left and right
wheels 114 via the clutch 113 and a differential mechanism
115. The vehicle 100 travels by rotational forces of the
wheels 114.

[0042] The brake 111 that applies the braking force to the
vehicle is provided in the vicinity of the wheel 114. The
brake 111 has a brake disc (not illustrated) that rotates
together with the wheel 113. A friction body (not illustrated)
is pressed against a sliding surface of the brake disc to
convert the rotational force of the brake disc into frictional
heat and convert kinetic energy into thermal energy, thereby
generating the braking force. The brake 111 can brake the
vehicle 100 with this operation.

[0043] The engine control device 120 includes: a calcu-
lation device (not illustrated) that executes various programs
necessary to control the engine 110; a primary storage
device (not illustrated) that holds a calculation process and
a calculation result; and a secondary storage device (not
illustrated) that stores the program itself and various control
constants. The engine control device 120 transmits a com-
mand for control of the engine 110 to a throttle body (not
illustrated), a fuel injection valve (not illustrated), and an
ignition device (not illustrated) attached to the engine 110.

[0044] In addition, the engine control device 120 includes:
an I/O ports (not illustrated) that can communicate with
various control devices including the motion control device
1; and an A/D converter (not illustrated) that takes a vehicle
speed measured by the vehicle speed sensor 131, a mea-
surement value of an air flow meter (not illustrated) which
measures the amount of air taken into the engine 110, and the
like.

[0045] The engine control device 120 executes a program
to change an intake air amount and a fuel injection amount
so as to make the engine 110 generate a desired driving
force. The engine 110 converts chemical energy of fuel into
thermal energy by combustion. Since air taken into the
engine 110 is expanded to convert a force pushing down a
piston (not illustrated) due to such a pressure into a rota-
tional force by a crank mechanism (not illustrated) and the
intake air amount and the fuel injection amount are changed
in order to obtain the driving force, the engine 110 can be
controlled to a desired power state.

[0046] The shift control device 122 includes a calculation
device (not illustrated), primary and secondary storage
devices (not illustrated), an I/O port (not illustrated), an A/D
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converter (not illustrated), and the like, which is similar to
the engine control device 120 or the brake control device
121 described above.

[0047] The transmission 112 controls the hydraulic pres-
sure to obtain a desired reduction ratio so as to convert the
driving force of the engine 110 into an appropriate rotational
speed and a torque, and transmits the driving force to the
differential mechanism 115 and the wheels 114 so that the
driving force of the engine 110 can be used for traveling of
the vehicle 100.

[0048] The brake control device 121 includes a calculation
device (not illustrated), primary and secondary storage
devices (not illustrated), an I/O port (not illustrated), an A/D
converter (not illustrated), and the like, which is similar to
the engine control device 120.

[0049] The brake control device 121 controls the hydraulic
pressure supplied to the brake 111 to change the degree of
pressing of the friction body (not illustrated) against the
brake disc (not illustrated) . As a result, the brake control
device 121 can obtain a desired braking force by changing
the amount of kinetic energy converted into thermal energy
by the brake 111.

Motion Control Device 1

[0050] The motion control device 1 includes a calculation
device (not illustrated), primary and secondary storage
devices (not illustrated), an I/O port (not illustrated), an A/D
converter (not illustrated), and the like, which is similar to
the engine control device 120 and the like described above.
[0051] The motion control device 1 commands a braking/
driving force to the engine control device 120, the brake
control device 121, and the shift control device 122 based on
recognition information detected by the forward recognition
sensor 134 and a speed signal from the vehicle speed sensor
131.

[0052] The motion control device 1 commands decelera-
tion when an inter-vehicle distance between the vehicle 100
(the host vehicle) and a preceding vehicle is shortened based
on the recognition information detected by the forward
recognition sensor 134. On the other hand, the motion
control device 1 commands acceleration to a predetermined
speed when an inter-vehicle distance between the host
vehicle and the preceding vehicle is long or when the
preceding vehicle is not recognized based on the recognition
information detected by the forward recognition sensor 130.
In this manner, it becomes possible to cause the host vehicle
to travel in accordance with a situation of a surrounding
vehicle without causing the host vehicle to approach the
preceding vehicle too much.

[0053] Next, the motion control device 1 will be
described.
[0054] FIG. 3 is a functional block diagram of the motion

control device 1.

[0055] As illustrated in FIG. 3, the motion control device
1 further includes a travel distance acquisition unit 11, a
travel distance storage unit 12, a next travel distance pre-
diction unit 13, a control determination unit 14, and an
acceleration/deceleration control unit 15.

[0056] The travel distance acquisition unit 11 measures a
travel distance from a predetermined set vehicle speed state
to the next set vehicle speed state. Here, the set vehicle speed
state in the embodiment refers to a stop state (that is, the
vehicle speed is 0 (zero), which is similarly applied here-
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inafter) or a low vehicle speed state near 0 (zero) (low
vehicle speed equivalent to creeping (for example, lower
than 20 km/h)).

[0057] The travel distance acquisition unit 11 measures a
travel distance from a predetermined stop state to the next
stop state when the set vehicle speed state is the stop state.
In this manner, the travel distance acquisition unit 11 can
grasp a traffic state on a road on which the vehicle 100 is
currently traveling with higher accuracy, and prediction
accuracy of the next travel distance can be improved.
[0058] The travel distance storage unit 12 is a storage
device such as a memory, and stores a travel distance from
the predetermined stop state acquired by the travel distance
acquisition unit 11 to the next stop state.

[0059] Here, it is desirable to store all past travel distances
from the predetermined stop state to the next stop state when
the storage capacity of the travel distance storage unit 12 is
large, but information on the latest new travel distance may
be preferentially stored when the storage capacity is small.
[0060] With this configuration, the storage capacity of the
travel distance storage unit 12 can be reduced, and a latest
traffic situation can be reflected for prediction of the next
travel distance by prioritizing the latest new information.
Thus, the prediction accuracy of the next travel distance can
be enhanced.

[0061] The next travel distance prediction unit 13 calcu-
lates a prediction value of the next travel distance based on
the newest information (travel distance) stored in the travel
distance storage unit 12. Then, the next travel distance
prediction unit 13 outputs the calculated prediction value of
the next travel distance to the control determination unit 14
and the acceleration/deceleration control unit 15.

[0062] Incidentally, the information (travel distance) used
in the next travel distance prediction unit 13 is not limited to
the newest information, and may be a value (a simple
average value or a weighted average value) obtained by
averaging a plurality of pieces of latest information. In this
manner, for example, when the host vehicle unexpectedly
performs temporary stop due to influence of road construc-
tion or the like so that a travel distance from the latest stop
state to the next stop state is extremely shorter than a travel
distance from another latest stop state to the next stop state,
the next travel distance prediction unit 13 calculates a
prediction value of the next travel distance based on a value
obtained by averaging a plurality of pieces of latest infor-
mation, and thus, can calculate the prediction value of the
next travel distance with high accuracy.

[0063] The control determination unit 14 determines
whether to perform acceleration/deceleration suppression
control based on the prediction value of the next travel
distance and preceding vehicle information.

[0064] A specific determination method in the control
determination unit 14 will be described with reference to
FIG. 4.

[0065] FIG. 4 is a graph illustrating an example of prohi-
bition or permission of the vehicle acceleration/deceleration
suppression control performed by the control determination
unit. FIG. 4 represents time on the horizontal axis and a
position on the vertical axis, and both the host vehicle and
the preceding vehicle are in the stop state at time to.
[0066] At predetermined time t1, the control determina-
tion unit 14 calculates an arrival position Xth (the one-dot
chain line in FIG. 4) from a current position of the host
vehicle (a position of the host vehicle at time t1) based on
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the prediction value of the next travel distance (the solid
arrow in FIG. 4) calculated by the next travel distance
prediction unit 13.

[0067] The control determination unit 14 sets the arrival
position Xth as a reference (threshold) of determination on
whether to permit the acceleration/deceleration suppression
control. The control determination unit 14 determines to
prohibit the acceleration/deceleration suppression control of
the host vehicle when a position of the host vehicle or the
preceding vehicle exceeds the arrival position Xth and
determines to permit the acceleration/deceleration suppres-
sion control of the host vehicle when the position of the host
vehicle or the preceding vehicle is equal to or less than the
arrival position Xth.

[0068] If the prediction value of the next travel distance
calculated by the next travel distance prediction unit 13
(solid arrow in FIG. 4) is accurate, the travel position of the
preceding vehicle until reaching the next stop state does not
become greater, by a predetermined value or more, than the
position Xth at which the acceleration/deceleration suppres-
sion control is permitted.

[0069] Therefore, when the traveling position of the pre-
ceding vehicle is greater than the position Xth at which the
acceleration/deceleration suppression control is permitted
by the predetermined value or more (time t2), the control
determination unit 14 determines that the prediction value of
the next traveling distance is incorrect, and prohibits the
acceleration/deceleration suppression control to perform
traveling according to normal acceleration/deceleration con-
trol. As a result, even when the prediction of the next travel
distance deviates, it is possible to reduce a sense of discom-
fort to a driver by quickly starting normal following with
respect to the preceding vehicle.

[0070] Here, a condition for prohibition of the accelera-
tion/deceleration suppression control is not limited to the
above-described condition. For example, the control deter-
mination unit 14 may perform control to prohibit the accel-
eration/deceleration suppression control when a relative
distance (inter-vehicle distance) between the host vehicle
and the preceding vehicle is longer than a preset relative
distance (inter-vehicle distance).

[0071] In addition, when there are a plurality of travel
lanes of the vehicle 100, the number of vehicles (the number
of preceding vehicles) that travel on a lane differs for each
lane, and thus, it becomes difficult to predict the next travel
distance from past travel distance information. Therefore,
when detecting a lane change of the vehicle 100, for
example, when detecting a turn signal provided in the
vehicle 100 or when acquiring lane information with an
in-vehicle camera or the like and detecting a lane change, the
control determination unit 14 may determine to prohibit the
acceleration/deceleration suppression control. In this man-
ner, it is possible to suppress inappropriate permission or
prohibition of the acceleration/deceleration suppression con-
trol performed by the control determination unit 14.
[0072] Next, the acceleration/deceleration control unit 15
will be described.

[0073] FIG. 5 is a functional block diagram of the accel-
eration/deceleration control unit 15.

[0074] FIG. 6 is a diagram for describing an example of
inter-vehicle distance control performed by an inter-vehicle
distance maintenance control unit 152.

[0075] The acceleration/deceleration control unit 15
includes a vehicle speed maintenance control unit 151, the
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inter-vehicle distance maintenance control unit 152, an
acceleration/deceleration suppression control unit 153, a
target acceleration selection unit 154, and a target braking/
driving force calculation unit 155.

[0076] The vehicle speed maintenance control unit 151
calculates a target acceleration ac necessary for a vehicle
speed of the host vehicle to become a predetermined set
vehicle speed based on a vehicle speed preset by the driver
(set vehicle speed), information on a speed limit of a road on
which the host vehicle is traveling (vehicle speed signal),
and the like. Here, the vehicle speed maintenance control
unit 151 considers vehicle speed followability of the host
vehicle with respect to the preceding vehicle and calculates
the acceleration ac to be larger as a difference between the
set vehicle speed and a current vehicle speed is larger.
[0077] The inter-vehicle distance maintenance control unit
152 calculates a target acceleration ad of the host vehicle to
allow the inter-vehicle distance between the host vehicle and
the preceding vehicle to maintain a predetermined inter-
vehicle distance based on the preceding vehicle information
output by the forward recognition sensor 134. Specifically,
as illustrated in FIG. 6, the inter-vehicle distance mainte-
nance control unit 152 performs setting such that a target
inter-vehicle distance increases as the vehicle speed of the
host vehicle increases and sets the target acceleration ad
such that a difference between the target inter-vehicle dis-
tance and the inter-vehicle distance becomes small.

[0078] Further, in a case where the acceleration/decelera-
tion suppression control is permitted by the control deter-
mination unit 14, the inter-vehicle distance maintenance
control unit 152 sets the target inter-vehicle distance to a
larger value than a case where the acceleration/deceleration
suppression control is prohibited.

[0079] This is because the vehicle speed (acceleration) of
the host vehicle is often lower (low acceleration) than the
vehicle speed (acceleration) of the preceding vehicle in each
stage of an acceleration stage from the stop state of the host
vehicle to a steady-state driving (cruise driving), a steady-
state driving stage, and a deceleration stage from the steady-
state driving to a stop, for example, when the acceleration/
deceleration suppression control is permitted.

[0080] For this reason, an effect of the acceleration/decel-
eration suppression control is reduced unless the setting is
performed to allow separation of the inter-vehicle distance
between the host vehicle and the preceding vehicle.

[0081] Returning to FIG. 5, the acceleration/deceleration
suppression control unit 153 calculates a target acceleration
ap for the acceleration/deceleration suppression control
based on the prediction value of the next travel distance and
an acceleration/deceleration suppression control signal.

[0082] As an example of the acceleration/deceleration
suppression control, there is a method of controlling a fuel
cut timing during deceleration (inertia deceleration) based
on the next travel distance. As the host vehicle is subjected
to inertia deceleration to start fuel cut before the preceding
vehicle decelerates, the fuel consumption of the host vehicle
can be reduced.

[0083] Next, an example of the acceleration/deceleration
suppression control performed by the acceleration/decelera-
tion suppression control unit 153 will be described.

[0084] FIG. 7 is a graph for describing an example of the
acceleration/deceleration suppression control during decel-
eration of the vehicle 100.
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[0085] FIG. 8 is a graph for describing an example of the
acceleration/deceleration suppression control during accel-
eration of the vehicle 100.

[0086] FIG.9 is a graph for describing an example of the
acceleration/deceleration suppression control during steady-
state driving of the vehicle 100.

[0087] As illustrated in FIG. 7, the acceleration/decelera-
tion suppression control unit 153 calculates a boundary line
V (solid line) for switching to low fuel consumption control
by the following Formula 1 based on an acceleration o that
should be recommended from the viewpoint of fuel con-
sumption of the host vehicle with respect to an arrival
position Xp and a set speed Vp (round dotted line) calculated
based on the next travel distance predicted by the next travel
distance prediction unit 13.

V=V, 20X, %)

[0088] Here, the acceleration o that should be recom-
mended from the viewpoint of the fuel consumption of the
host vehicle is calculated based on any acceleration either an
acceleration as equivalent to a travel resistance in which
engine driving energy does not contribute to an increase in
kinetic energy (the following Formula 2) or an acceleration
ae (the following Formula 3) during engine braking that
does not consume fuel.

[Formula 1]

1 2 . [Formula 2]
s =— MCdSV — pgeos 8§ — gsin@

e = a5+ Fog XG. X Gylr [Formula 3]

[0089] Here, M is a vehicle weight, Cd is an air resistance
coeflicient, S is a front projection area of a vehicle, V is a
vehicle speed, 1 is a rolling resistance coefficient, g is a
gravitational acceleration, 0 is a road surface gradient, Fed
is an engine friction torque during engine braking, Gc¢ is a
gear ratio as a speed ratio, Gf is a final reduction gear ratio,
and r is a radius of a wheel (tire).

[0090] As illustrated in FIG. 7, when a current position of
the host vehicle is x1 and a speed is V1, the fuel cut control
during deceleration is not performed because the host
vehicle is not in contact with the switching boundary line V.
When a current position of the host vehicle is X2 and a speed
is V2, the fuel cut control during deceleration is performed
since the vehicle is in contact with the switching boundary
line V.

[0091] Here, if the target acceleration cp for the accelera-
tion/deceleration suppression control is set to be higher than
the acceleration ce during engine braking, it is sufficient
without requiring a braking force greater than that of the
engine brake.

[0092] Thus, in the vehicle 100, it is possible to suppress
generation of an energy loss (braking force) caused by the
brake 111 and to improve the fuel consumption of the
vehicle 100.

[0093] Then, an upper limit acceleration during accelera-
tion of the host vehicle may be suppressed based on the
prediction value of the next travel distance in order to further
reduce the fuel consumption. Specifically, as illustrated in
FIG. 8, when determining that the prediction value of the
next travel distance is less than a predetermined value, the
acceleration/deceleration suppression control unit 153
decreases the upper limit acceleration during acceleration of
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the host vehicle by the acceleration/deceleration control. As
a result, the vehicle speed (acceleration) of the host vehicle
when reaching the switching boundary line V can be reduced
in the case of permitting the acceleration suppression control
of the vehicle (solid line) more than in the case of prohib-
iting the acceleration suppression control (dotted line). As a
result, the vehicle 100 is driven in a state where the engine
efficiency is favorable as much as the speed (acceleration)
until reaching the switching boundary line V can be reduced,
and thus, the fuel consumption of the vehicle 100 can be
improved.

[0094] In addition, the method of reducing the fuel con-
sumption based on the next travel distance is not limited to
the method of suppressing acceleration as described above.
For example, as illustrated in FIG. 9, a method of limiting
an upper limit speed during steady-state driving (cruising) of
the vehicle 100 may be used.

[0095] Specifically, the acceleration/deceleration suppres-
sion control unit 153 sets an upper limit speed of the vehicle
100 to be lower as the next travel distance is shorter. As
illustrated in FIG. 9, such suppressed upper limit speed
information is input to the vehicle speed maintenance con-
trol unit 151 so that the vehicle speed at the time of being in
contact with the switching boundary line V can be reduced
in a case of permitting the upper limit speed suppression
(solid line) more than in a case of prohibiting the upper limit
speed suppression (dotted line). As a result, the acceleration
until the vehicle 100 reaches the upper limit speed does not
change while improving the fuel consumption of the vehicle
100, and thus, it is possible to reduce the sense of discomfort
due to an acceleration delay given to the driver.

[0096] Further, there is a case where the acceleration/
deceleration suppression control unit 153 starts deceleration
based on vehicle information that is not viewable from a
driver’s seat of the host vehicle. In this case, the driver feels
a state where the acceleration is suddenly suppressed, which
may cause the sense of discomfort. Therefore, a system that
informs (notifies) the driver of information on the accelera-
tion/deceleration suppression control, such as a navigation
system and a head-up display, may be provided in the
vehicle 100, and the information may be presented to the
driver during the acceleration/deceleration suppression con-
trol.

[0097] The target acceleration selection unit 154 selects
the smallest value out of the calculated target accelerations
(ac, ad, and ap), and calculates a target acceleration at
based on the selected target acceleration.

[0098] The target acceleration selection unit 154 outputs
the target acceleration at to the target braking/driving force
calculation unit 155. Here, when a signal permitting the
acceleration/deceleration suppression control is not input
(the acceleration/deceleration suppression control is prohib-
ited), the target acceleration selection unit 154 invalidates a
request for the target acceleration ap calculated by the
acceleration/deceleration suppression control unit 153, and
compares the target acceleration ac calculated by the vehicle
speed maintenance control unit 151 with the target accel-
eration ad calculated by the inter-vehicle distance mainte-
nance control unit to calculate the target acceleration at.
[0099] The target braking/driving force calculation unit
155 calculates a target speed ratio Gt, a target engine torque
Te, a fuel cut requirement, a target brake torque, and the like
based on the target acceleration it calculated by the target
acceleration selection unit 154.
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[0100] The target braking/driving force calculation unit
155 calculates a target braking/driving force Ft from the
target acceleration ot using the following Formula 4.

Fy=Mo,pY>C,SV+ugM cos 0+Mg sin 0

[0101] Next, in order to calculate the target speed ratio, it
is necessary to calculate a target engine speed R. Then, in
order to calculate the target engine speed R, a target engine
output Pe is calculated from the target driving force Ft and
the vehicle speed using the following Formula 5.

[Formula 4]

P =FxV

[0102] Next, the target engine speed R is calculated based
on the target engine output Pe and an engine efficiency
characteristic illustrated in FIG. 10.

[0103] Here, FIG. 10 represents an output and the effi-
ciency characteristic of the engine of vehicle 100. In FIG.
10, the horizontal axis represents an engine speed R and the
vertical axis represents an engine torque T.

[0104] As illustrated in FIG. 10, the closer an efficiency
curve (solid line) is to the center (E1>E2>E3 ), the higher
the engine efficiency of the vehicle 100 is. In addition, the
most efficient rotational speed at a certain output is a point
where an output curve (dotted line) and an optimum fuel
consumption curve intersect each other. In the case of FIG.
10, an optimum fuel consumption engine speed is R1, R2,
and R3 for outputs P1, P2, and P3, respectively.

[0105] Based on such a relationship, a relationship of an
optimum fuel consumption engine speed Rt with respect to
the target engine output is given as illustrated in FIG. 11. As
this optimum fuel consumption engine speed Rt is output as
the target engine speed, the efficient engine control becomes
possible. Further, the target speed ratio Gt can be calculated
by the following Formula 6 based on the target engine speed
Rt and the vehicle speed V. Here, r represents a tire radius.

[Formula 5]

vV 60 [Formula 6]
G = —X—
R, 2nr
[0106] Next, the target engine torque Te can be calculated

using the following Formula 7 based on the target driving
force Ft, the target speed ratio Gt, and the like.

. rx F [Formula 7]
T Gy X G X Gy
[0107] Here, r is an effective radius of a tire, Gf is a gear

ratio of a final reduction gear, Gc is a speed ratio of CVT,
and Gt is a torque amplification ratio of Tc.

[0108] Regarding the fuel cut requirement, the fuel cut
requirement is turned on based on a result of a comparison
between the target driving force Ft and an engine friction
torque Ted as illustrated in the following Formula 8, decel-
eration using a fuel cut state, that is, the engine brake
becomes possible.

T rxF; [Formula 8]
on ... [Ty > m
Fuelcut request =
rxF;
off ...(ng = ]
Gy x G,

Jul. 9, 2020

[0109] Here, the engine friction torque Ted can be calcu-
lated based on a relationship between the engine speed and
the engine friction torque Ted according to the engine
specifications as illustrated in FIG. 12.

[0110] FIG. 12 is a graph representing the relationship
between the engine speed and the engine friction torque Ted.
[0111] A target brake torque can be calculated by the
following Formula 9 using the target driving force Ft, the
target speed ratio Gt, and the like.

Fy=T xGxGrFxr [Formula 9]

[0112] Here, the engine friction torque Ted indicates an
engine friction torque during the engine fuel cut. In addition,
the engine torque equivalent to creeping is transmitted to the
wheels during idling without fuel cut when the vehicle 100
decelerates, and thus, the calculation is performed using the
engine torque equivalent to creeping instead of the engine
friction torque Ted.

[0113] Returning to FIG. 5, the target engine torque Te
calculated by the acceleration/deceleration control unit 15 is
output to the engine control device 120.

[0114] Based on the target engine torque Te output from
the acceleration/deceleration control unit 15, the engine
control device 120 calculates a fuel/air supply amount signal
that commands the supply amount of fuel/air to the engine
110. As a result, the torque generated by the engine 110 can
be controlled.

[0115] In addition, the target speed ratio Gt calculated by
the acceleration/deceleration control unit 15 is output to the
shift control device 122 as illustrated in FIG. 5.

[0116] Based on the target speed ratio Gt output from the
acceleration/deceleration control unit 15, the shift control
device 122 calculates a transmission hydraulic pressure
signal that commands a hydraulic pressure to be supplied to
the transmission 112. As a result, the speed ratio of the
transmission 112, that is, the rotational speed of the engine
110 can be controlled.

[0117] Further, the target brake torque Fb calculated by the
acceleration/deceleration control unit 15 is output to the
brake control device 121 as illustrated in FIG. 5.

[0118] The brake control device 121 calculates a brake
hydraulic pressure signal that commands a hydraulic pres-
sure to be supplied to the brake 111 based on the target brake
torque Fb output by the acceleration/deceleration control
unit 15. As a result, the braking force generated by the brake
111 can be controlled.

[0119] Further, the acceleration/deceleration control using
the prediction value of the next travel distance of the vehicle
100 is not limited to a case of automatically controlling
acceleration/deceleration of the vehicle 100 (a case of auto-
matic driving by the vehicle). As illustrated in FIG. 13, the
acceleration/deceleration control using the prediction value
of the next travel distance of the vehicle 100 may be applied
to a driving assistance function in a case where a driver (not
illustrated) drives a vehicle (in a case of manual driving by
the driver).

[0120] FIG. 13 is a view for describing the driving assis-
tance function of the vehicle 100.

[0121] A motion control device 1A having the driving
assistance function that supports driving of the driver
includes the travel distance acquisition unit 11, the travel
distance storage unit 12, the next travel distance prediction
unit 13, a notification determination unit 16, and a driving
assistance function unit 17.



US 2020/0216068 Al

[0122] The travel distance acquisition unit 11, the travel
distance storage unit 12, and the next travel distance pre-
diction unit 13 are the same as those described above, and
thus, will be denoted by the same numbers and will be
described as necessary.

[0123] In the motion control device 1A, a prediction value
of the next travel distance, preceding vehicle information,
and a lane (lane) information are input to the notification
determination unit 16.

[0124] In the notification determination unit 16, whether
to inform (notify) the driver is determined by the same
determination method as the control determination unit 14
using the prediction value of the next travel distance, the
preceding vehicle information, the lane information, and the
like.

[0125] In the motion control device 1A, the switching
boundary line V (see FIGS. 7 to 9) is calculated by the
method described above based on the prediction value of the
next travel distance.

[0126] Then, the driving assistance function unit 17 of the
motion control device 1A informs the driver using a sound,
a lamp, or a reaction force of an accelerator pedal (supports
low fuel consumption driving of the driver) when a point
represented by the next travel distance (prediction value)
and a host vehicle speed is in contact with the boundary line
and notification is permitted as a result of the determination
performed by the notification determination unit 16. As a
result, the fuel consumption can be improved not only
during the acceleration/deceleration suppression control in
automatic driving but also during the driving by the driver.

Second Embodiment

[0127] Next, a vehicle motion control device 2 according
to a second embodiment of the present invention will be
described.

[0128] This motion control device 2 is also mounted on a
vehicle 200 and used for control of a motion of the vehicle
200.

[0129] FIG. 14 is a block diagram for describing the
vehicle 200 equipped with the motion control device 2
according to the second embodiment.

Overall Configuration of Vehicle According to
Second Embodiment

[0130] The motion control device 2 according to the
second embodiment has a configuration in which a commu-
nication device 18 that performs communication with a data
center 900 and a GPS sensor 19 are provided, which is
different from the above-described embodiment. Other con-
figurations and functions are the same as those of the motion
control device 1 of the above-described embodiment, and
thus, will be denoted by the same reference signs and will be
described as necessary.

[0131] The GPS sensor 19 can acquire position (latitude
and longitude) information of the vehicle 100 (host vehicle),
and the communication device 18 communicates with the
data center 900. Here, an object to be communicated with
the communication device 18 is not only the data center 900
but also indicates a device having a function of performing
road-to-vehicle communication with equipment installed on
a road or a function of performing vehicle-to-vehicle com-
munication with a surrounding vehicle other than the vehicle
100 (host vehicle) having a communication terminal.
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[0132] FIG. 15 is a functional block diagram of the motion
control device 2.

[0133] The motion control device 2 includes a travel
distance acquisition unit 21, a travel distance storage unit 22,
a next travel distance prediction unit 23, a control determi-
nation unit 24, and an acceleration/deceleration control unit
25, and is different from the motion control device 1
according to the above-described embodiment in terms that
vehicle speed information of the host vehicle and forward
vehicle information are input to the travel distance acquisi-
tion unit 21. Other configurations and functions are the same
as the respective configurations 11, 12, 13, 14, and 15 of the
motion control device 1 according to the above-described
embodiment, and thus, will be described as necessary.

[0134] In the travel distance acquisition unit 21, not only
a travel distance from a stop state of the vehicle 100 (host
vehicle) to the next stop state but also the forward vehicle
information including preceding vehicles is acquired based
on information acquired from the forward recognition sensor
134 and the communication device 18.

[0135] The travel distance storage unit 22 stores the travel
distances from the stop state to the next stop state of a
forward vehicle of the host vehicle including the vehicle 100
(the host vehicle). Here, since the storage capacity of the
travel distance storage unit 12 is limited, the latest new
information is preferentially stored, and information on a
preceding vehicle that is closer to the host vehicle ahead of
the host vehicle is preferentially stored. Since the latest new
information and the information on the closest preceding
vehicle are preferentially utilized, the latest information can
be reflected in prediction of the next travel distance in the
next travel distance prediction unit 23. Thus, the prediction
accuracy of the next travel distance can be enhanced.

[0136] The next travel distance prediction unit 23 calcu-
lates a prediction value of the next travel distance based on
the recorded travel distances of the host vehicle and the
preceding vehicle ahead of the host vehicle. Specific pro-
cessing will be described with reference to FIG. 16.

[0137] FIG. 16 is a graph for describing a method of
calculating a prediction value of a travel distance. In the
upper graph of FIG. 16, the horizontal axis represents time,
and the vertical axis represents a vehicle position, and a case
where vehicles A to D exist ahead of the vehicle 100 (host
vehicle) is illustrated. In the lower graph of FIG. 16, the
horizontal axis represents time, and the vertical axis repre-
sents a travel distance prediction value.

[0138] As illustrated in FIG. 16, the motion control device
2 sets the prediction value of the next travel distance to a
previous travel distance of the host vehicle to perform
acceleration/deceleration suppression control at time t0.
When a travel distance of the vehicle D ahead of the host
vehicle is confirmed at time t1, the motion control device 2
sets the prediction value of the travel distance of the host
vehicle as the travel distance of the vehicle D to perform
acceleration/deceleration suppression control.

[0139] This is because an actual travel distance from a
stop state to the next stop state of a preceding vehicle ahead
of the host vehicle, which is more recent, can more accu-
rately capture the traffic flow than the previous travel dis-
tance (prediction value of the next travel distance) of the
host vehicle. When the travel distance of the preceding
vehicle ahead of the host vehicle is confirmed, the motion
control device 2 performs control using the travel distance of
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the vehicle ahead of the host vehicle as the travel distance
prediction value so that the travel distance prediction accu-
racy can be improved.

Third Embodiment

[0140] Next, a motion control device 3 according to a third
embodiment will be described.

[0141] This motion control device 3 is also mounted on a
vehicle 300 and used for control of a motion of the vehicle
300.

[0142] FIG. 17 is a block diagram illustrating the vehicle
300 equipped with the motion control device 3 according to
the third embodiment.

Overall Configuration of Vehicle According to
Third Embodiment

[0143] The motion control device 3 according to the third
embodiment is different from the above-described embodi-
ment in terms of a configuration in which a road information
acquisition device 20 is further provided. Other configura-
tions are the same as those of the motion control device 2 of
the above-described embodiment, and thus, will be denoted
by the same reference signs and will be described as
necessary.

[0144] Here, the road information acquisition device 20
stores road information acquired in a storage device (not
illustrated) of the road information acquisition device 20. In
addition, the road information acquisition device 20 may be
a device also having a function of adding not only the road
information stored in the storage device (not illustrated) but
also information from the data center 900 or equipment or
the like installed on a road, acquired via the communication
device 18, to the road information.

[0145] FIG. 18 is a functional block diagram of the motion
control device 3.

[0146] As illustrated in FIG. 18, the motion control device
3 includes a travel distance acquisition unit 31, a travel
distance storage unit 32, a next travel distance prediction
unit 33, a control determination unit 34, an acceleration/
deceleration control unit 35, and a traffic volume change
position calculation unit 36, and is different from the motion
control device 2 according to the embodiment described
above in terms that the traffic volume change position
calculation unit 36 is provided. Other configurations and
functions are the same as the respective configurations 11,
12, 13, 14, and 15 of the motion control device 1 according
to the above-described embodiment, and thus, will be
described as necessary.

[0147] The traffic volume change position calculation unit
36 calculates a position where a traffic volume changes from
the data center 900 via the road information acquisition
device 20 and the communication device 18. A specific
processing method of the traffic volume change position
calculation unit 36 will be described with reference to FIGS.
19 and 20.

[0148] FIG. 19 is a flowchart of traffic volume change
position determination processing.

[0149] FIG. 20 is a schematic view for describing deter-
mination of a traffic volume change position.

[0150] As illustrated in FIG. 19, in Step S101, the motion
control device 3 acquires latitude and longitude position
information from the GPS sensor 19 and acquires road
information on which the host vehicle is traveling from the
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road information acquisition device 20. Then, the motion
control device 3 estimates a position of a road on which the
vehicle 300 (host vehicle) is traveling based on the acquired
position information and road information.

[0151] In Step S102, the motion control device 3 acquires
a planned travel route of the vehicle 300 (host vehicle) set
by a driver using a navigation system (not illustrated)
provided in the vehicle 300 (host vehicle). Here, the planned
travel route includes information on a road link planned to
travel next.

[0152] Next, in Step S103, the motion control device 3
determines that there is a host vehicle planned travel route
(Step S103: Yes) when there is the route information set by
the driver by the navigation system (not illustrated) or the
like provided in the vehicle 300, and proceeds to Step S104.
On the other hand, when there is no route information set by
the driver, the motion control device 3 determines that there
is no host vehicle planned travel route (Step S103: No), and
proceeds to Step S105.

[0153] Here, in the embodiment, a road on which the host
vehicle is currently traveling is defined as a road link [.1, a
road adjacent to the road link L1 in an advancing direction
with a branch road (intersection: sometimes referred to as a
node) sandwiched therebetween is defined as a road link .2,
and roads that are adjacent to the road link L1 in an
orthogonal direction are defined as road links [.3 and L4,
respectively, as illustrated in FIG. 20.

[0154] In the roads in FIG. 20, when the vehicle is
traveling on the road link .1, there is little change in traffic
volume since the road link I.1 has no branch road (inter-
section), and the host vehicle is expected to travel by a
predetermined distance for a predetermined time.

[0155] Meanwhile, other vehicles may enter the road link
L2 from the road links L3 and L4 on the road link L2 across
the branch road (intersection). In this case, the traffic volume
changes greatly on the road link 1.2, and the host vehicle is
expected to fail to travel a predetermined distance for a
predetermined time.

[0156] Incidentally, when the road links [.1 and L2 are
trunk roads and the road links L3 and L4 are roads such as
alleys, it is considered that there are few other vehicles
entering the road link [.2 from the road links [.3 and [4. In
this case, the road link [.2 may also be predicted as a road
with little change in traffic volume.

[0157] Here, the following (1) to (3) are examples of roads
with little change in traffic volume.

[0158] (1) A case where traffic flow does not change since
there is no road that cuts into a road where the host vehicle
is traveling based on map data or there is no shopping center
or the like which may cause a traffic jam.

[0159] (2) A case where real-time traffic information is
acquired from VICS (registered trademark) or road traffic
census and it is determined that traffic flow does not change
based on the traffic information.

[0160] (3) A case where it is determined that traffic flow
does not change based on road information transmitted from
a data center.

[0161] In Step S104, the motion control device 3 acquires
traffic information on the host vehicle planned travel road
(the road link [.2), adjacent to the road (the road link [.1) on
which the host vehicle is currently traveling, using the road
information acquisition device 20 as illustrated in FIG.
20(a).
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[0162] The motion control device 3 acquires an average
vehicle speed, a travel time, and the like of the vehicle on the
road (the road link [.2) via equipment such as VICS (reg-
istered trademark) and an optical beacon. In addition, infor-
mation acquired by a vehicle (for example, a probe car)
provided with a communication terminal may be acquired
via the data center 900.

[0163] Since these pieces of traffic information can be
measured in real time, the measurement accuracy is high. As
a result, when these pieces of traffic information can be
obtained, the motion control device 3 utilizes these pieces of
traffic information to determine the traffic volume change
position. However, it is difficult to acquire traffic informa-
tion in real time on a road where such equipment is not
installed. Therefore, the motion control device 3 acquires
offline information obtained by a traffic volume investiga-
tion or the like.

[0164] In the traffic information obtained by the traffic
volume investigation, a traffic volume for each time unit at
an observation point is recorded.

[0165] However, it is difficult to observe the traffic volume
at all intersections, and thus, intersections with large
changes in traffic volume are mainly focused. As a result, a
road link for which a traffic volume has not been observed
is regarded as a section to be estimated, and the traffic
volume is calculated based on road information on which the
observation has been performed.

[0166] As illustrated in FIG. 20(5), when it is determined
in Step S103 that there is no host vehicle planned travel
route (Step S103: No), traffic information on all the road
links (1.2, L3, and [.4) adjacent to the road link [.1 on which
the host vehicle is currently traveling is acquired in Step
S105.

[0167] Next, when real-time information on the traffic
volume of the road link L1 on which the host vehicle is
currently traveling and the acquired traffic volumes of the
adjacent road links [.2, L3, and [.4 has been acquired, the
motion control device 3 compares the acquired traffic vol-
umes in Step S106.

[0168] Here, when there is no host vehicle planned travel
route and there are the plurality of road links [.2, .3, and 1.4
adjacent to the road link [.1 as illustrated in FIG. 20(b), the
motion control device 3 compares the traffic volume for each
road link (between L1 and L2, between L1 and L3, and
between L1 and [4).

[0169] In this manner, the motion control device 3 com-
pares the traffic volume for each road link in Step S106, and
determines that there is a traffic volume change position at
the next branch road (intersection: node) while the host
vehicle is traveling on the road link L1, for example, when
the road links [.1 and .2 have no traffic volume change and
the road links [.1 and [.3 have a traffic volume change, and
determines not to perform (to prohibit) acceleration/decel-
eration suppression control.

[0170] Then, when the host vehicle actually travels on the
road link 1.2 (a planned travel route is confirmed), the
motion control device 3 can utilize information on travel
distance up to the previous time that there is no change in
traffic volume on the road link I.1 and road link 1.2, and thus,
can increase an application range of the acceleration/decel-
eration suppression control by performing (permitting) the
acceleration/deceleration suppression control.

[0171] When the change in traffic volume is equal to or
greater than a predetermined value, the motion control
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device 3 determines the branch point (intersection: node)
connecting such road links as the traffic volume change
position, and outputs a travel distance from a current posi-
tion to a position of the node as a travel distance up to the
traffic volume change position. Here, a reason why not a
change rate of traffic volume for each road link but the
change amount is compared in the embodiment is because a
traffic volume is generally the number of vehicles passing
per unit time and a proportional relationship is established
between the change amount in traffic volume and the change
amount in travel distance.

[0172] Meanwhile, when it is difficult to obtain the traffic
volume regarding any one or both of the traffic volume of the
road link on which the host vehicle is currently traveling and
the traffic volume of the acquired adjacent road link, the
comparison between the traffic volumes is performed based
on the offline information obtained by the traffic volume
investigation or the like. For example, when a road is set as
a section to be estimated, it is determined that a change in
the traffic volume is little, and it is determined that it is not
a traffic volume change position. In addition, when the
change in traffic volume is equal to or greater than a
predetermined value, a node connecting road links where the
change in traffic volume is equal to or greater than the
predetermined value is determined as the traffic volume
change position, and a travel distance from a current position
to a position of the node is output as a travel distance up to
the traffic volume change position.

[0173] Further, when it is difficult to acquire any of
real-time traffic information such as VICS (registered trade-
mark) and offline traffic information such as traffic volume
investigation, the motion control device 3 may determine the
traffic volume change position using basic road information
(map information) in Step S106.

[0174] Specifically, there is a possibility that the traffic
volume may change due to a junction or a branch road
(including an intersection), and an increase or a decrease in
road width or the number of lanes, a change of a road type
(for example, a main road, a city road, and an alley),
presence or absence of a right or left turn lane, and the like,
and thus, a node point may be determined from such
information, and this node point may be used as the traffic
volume change position in Step S106. As a result, it becomes
possible to optimize the application range of the accelera-
tion/deceleration suppression control.

[0175] Next, the travel distance acquisition unit 31 of the
motion control device 3 selects an object for which a travel
distance is to be acquired based on the calculation result of
the traffic volume change position calculation unit 36.

[0176] In the motion control device 2 of the second
embodiment described above, not only the travel distance
from the set vehicle speed state (the stop state in the
embodiment) to the next set vehicle speed state (the stop
state in the embodiment) of the host vehicle but also the
travel distance of the forward vehicle of the host vehicle
including the preceding vehicle is also acquired in the same
manner based on the information of the forward recognition
sensor 134 and the communication device 18.

[0177] However, when all the travel distances of the
preceding vehicles including the host vehicle are acquired,
a communication load increases as a result of an increase in
communication data so that there is a possibility that it is
difficult to acquire the travel distance in real time.
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[0178] Therefore, the information on forward vehicles
existing between the current position of the host vehicle and
the traffic volume change position calculated by the traffic
volume change position calculation unit 36 is acquired in the
motion control device 3 of the third embodiment. As a result,
communication data can be reduced and the communication
load can be mitigated.

[0179] The travel distance storage unit 32 selects an object
for which a travel distance from the set vehicle speed state
(the stop state in the embodiment) to the next set vehicle
speed state (the stop state in the embodiment) of the pre-
ceding vehicle ahead of the host vehicle including the host
vehicle is to be stored based on the calculation result of the
traffic volume change position calculation unit 36.

[0180] In the second embodiment, the travel distance
storage unit 22 gives priority to the latest new information,
and preferentially stores the information on the preceding
vehicle that is closer to the host vehicle ahead of the host
vehicle. For this reason, there is a possibility that it is
difficult to store effective vehicle information depending on
a vacant state of the storage capacity of the travel distance
storage unit 22. Therefore, the travel distance storage unit 32
preferentially stores information on the forward vehicle
existing between the current position of the host vehicle and
the traffic volume change position obtained by the traffic
volume change position calculation unit 36 in the third
embodiment. Since the vehicle information prior to the
traffic volume change position is excluded in this manner, it
is possible to appropriately store the effective vehicle infor-
mation while reducing the storage capacity of the travel
distance storage unit 32. Thus, the prediction accuracy of the
travel distance can be improved.

[0181] The acceleration/deceleration control unit 35 deter-
mines whether to perform the acceleration/deceleration sup-
pression control based on the calculation result of the traffic
volume change position calculation unit 36, the prediction
value of the next travel distance, and the preceding vehicle
information.

[0182] A specific determination method will be described
with reference to FIG. 21.

[0183] FIG. 21 is a graph for describing an example of
prohibition determination or permission determination of
acceleration/deceleration suppression control of the vehicle
300 performed by the control determination unit 14 accord-
ing to the third embodiment. In FIG. 21, the horizontal axis
represents time and the vertical axis represents a position.

[0184] As illustrated in FIG. 21, both the host vehicle and
the preceding vehicle are in a stop state at time t0. At time
t1, an arrival position Xth to permit the acceleration/decel-
eration suppression control is set from a calculated predic-
tion value of the next travel distance (an arrow in FIG. 21)
and a current position.

[0185] In the motion control device 3 of the third embodi-
ment, processing to prohibit the acceleration/deceleration
suppression control is performed when a traffic volume
change position Xtc obtained by the traffic volume change
position calculation unit 36 is closer to the current position
than the arrival position Xth to permit the acceleration/
deceleration suppression control. As a result, it is possible to
suppress malfunctions of low fuel consumption control
under a situation where there is the traffic volume is likely
to change, and a sense of discomfort for a driver can be
reduced.
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[0186] However, there is a case where the traffic volume
change position Xtc is not a position where the traffic
volume changes when the planned travel route is confirmed
as described above (the position of the preceding vehicle at
time t2 does not exceed the arrival position Xth to permit the
acceleration/deceleration suppression control). Therefore, if
it is determined that the traffic volume does not change when
the host vehicle passes the traffic volume change position
Xtc (time t2), the acceleration/deceleration suppression con-
trol is permitted from that time. As a result, the acceleration/
deceleration suppression control utilizing the prediction
value of the next travel distance can be executed even in a
situation where the host vehicle passes a position where the
traffic volume changes so that the fuel consumption can be
improved.

Fourth Embodiment

[0187] Next, a motion control device 4 according to a
fourth embodiment will be described.

[0188] This motion control device 4 is also mounted on a
vehicle (not illustrated) and used for control of a motion of
the vehicle.

[0189] FIG. 22 is a functional block diagram of the motion
control device 4 according to the fourth embodiment.
[0190] As illustrated in FIG. 22, the motion control device
4 includes a travel distance acquisition unit 41, a travel
distance storage unit 42, a next travel distance prediction
unit 43, a control determination unit 44, an acceleration/
deceleration control unit 45, a traffic volume change position
calculation unit 46, and a travel cycle acquisition unit 47,
and is different from the motion control device 3 according
to the above-described embodiment in terms that a predic-
tion result in the next travel distance prediction unit 43 is
changed even based on a travel cycle acquired by the travel
cycle acquisition unit 47. Other configurations and functions
are the same as the respective configurations 31, 32, 33, 34,
35, and 36 of the motion control device 3 according to the
above-described embodiment, and thus, will be described as
necessary.

[0191] A specific processing method of the next travel
distance prediction unit 43 in the motion control device 4
according to the fourth embodiment will be described with
reference to FIG. 23.

[0192] FIG. 23 is a graph illustrating the specific process-
ing method of the next travel distance prediction unit 43 in
the motion control device 4. In FIG. 23, the horizontal axis
represents time and the vertical axis represents a position.
[0193] As illustrated in FIG. 23, a host vehicle starts to
travel following a preceding vehicle at time t0. At time t1,
the host vehicle stops following the preceding vehicle. The
next travel distance prediction unit 43 records a travel
distance at this time, and sets this travel distance as a
prediction value of the next travel distance when the host
vehicle starts next time (time t2).

[0194] Further, the travel cycle acquisition unit 47 records
atime (t2-t0) for which the host vehicle starts traveling (time
t0) and then enters a stop state (time t1), and the host vehicle
restarts next time (time t2) as a travel cycle. This travel cycle
is the same cycle as a previous travel cycle when the traffic
volume does not change.

[0195] Thus, in the next travel distance prediction unit 43,
it is possible to correct the next travel distance in a case
where an irregular stop occurs by using the travel cycle
(t2-10) acquired by the travel cycle acquisition unit 47



US 2020/0216068 Al

[0196] Specifically, an irregular stop time (time t3 to t4)
occurs if the host vehicle immediately stops when the
preceding vehicle leaves a road (for example, turns right or
left to enter a store or a parking lot) after starting. In
particular, when the preceding vehicle crosses an opposing
road having an opposite lane, this stop time (t3 to t4)
becomes longer.

[0197] Thereafter, if the irregular stop time (t4-t3) is
shorter than the travel cycle (12-t0) when the preceding
vehicle leaves the road (time t4), the next travel distance
does not change. On the other hand, when the irregular stop
time (t4-t3) is longer than the travel cycle (12-10) as illus-
trated in FIG. 23, a pre-preceding vehicle shifts to the next
traveling cycle and starts acceleration at time tp.

[0198] As a result, an inter-vehicle distance between the
host vehicle and the pre-preceding vehicle increases, and
thus, it is necessary to increase the acceleration of the host
vehicle to quickly follow the pre-preceding vehicle.

[0199] Therefore, a correction Xa of the next travel dis-
tance is required. Here, a correction value of the next travel
distance can be calculated by the following Formula 10.

0 oy —1) < (1 —1p) [Formula 10]
X = (14 —13)

th
(12 —10)

oy —p)> (1 —1)

[0200] As a result, the next travel distance can be pre-
dicted with high accuracy even after the irregular stop
occurs.

[0201] Although the description has been given in the
above-described embodiments by exemplifying the case
where the moving body is the vehicle, the invention is not
limited to the case where the moving body is the vehicle. For
example, it is sufficient for the moving body to be movable
manually or automatically, and a construction machine, a
robot, an unmanned aircraft, a drone, or the like may be
used, and the motion control device according to the present
invention can be applied.

[0202] In addition, these moving bodies may be either
manned or unmanned, and may use an electric power source
or an internal combustion engine such as an engine as a
power source.

[0203] In addition, the present invention may appropri-
ately combine any of the configurations of the first embodi-
ment to the fourth embodiment described above or may
combine the configurations of all the embodiments.

[0204] In addition, the present invention is not limited to
one having all the configurations of the embodiments
described above. Some configurations of the embodiment
described above may be replaced with configurations of
another embodiment, and further, the configurations of the
embodiment described above may be replaced with configu-
rations of another embodiment.

[0205] In addition, some configurations of the embodi-
ment described above may be added to, deleted from, or
replaced with configurations of another embodiment.
[0206] In addition, a part or all of each of the configura-
tions, functions, processes, and means of the above embodi-
ments may be realized, for example, by hardware by design-
ing with an integrated circuit and the like. In addition, the
configurations and functions described above maybe real-
ized by execution of a program in which a processor realizes
each function.
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[0207] Information such as the program can be stored in a
storage device such as a memory.

REFERENCE SIGNS LIST

[0208] 1, 2, 3, 4 motion control device

[0209] 11, 21, 31, 41 travel distance acquisition unit

[0210] 12, 22, 32, 42 travel distance storage unit

[0211] 13, 23, 33, 43 next travel distance prediction unit

[0212] 14, 24, 34, 44 control determination unit

[0213] 15,25, 35, 45 acceleration/deceleration control unit

[0214] 151 vehicle speed maintenance control unit

[0215] 152 inter-vehicle distance maintenance control unit

[0216] 153 acceleration/deceleration suppression control
unit

[0217] 154 target acceleration selection unit

[0218] 155 target braking/driving force calculation unit

[0219] 16 notification determination unit

[0220] 17 driving assistance function unit

[0221] 18 communication device

[0222] 19 GPS sensor

[0223] 20 road information acquisition device

[0224] 36, 46 traffic volume change position calculation
unit

[0225] 47 travel cycle acquisition unit

[0226] 100, 200, 300, 400 vehicle

[0227] 110 engine

[0228] 111 brake

[0229] 112 transmission

[0230] 113 clutch

[0231] 114 wheel

[0232] 115 differential mechanism

[0233] 116 power generator

[0234] 120 shift control device

[0235] 121 brake control device

[0236] 122 engine control device

[0237] 131 vehicle speed sensor

[0238] 134 forward recognition sensor

[0239] 900 data center

1. A motion control device for a moving object, the
motion control device configured to control a motion of a
moving object, comprising:

a movement distance acquisition unit which acquires a
first movement distance of the moving body from a first
motion state to the next first motion state of the moving
body;

a movement distance storage unit which stores the first
movement distance;

a movement distance prediction unit which predicts a
second movement distance of the moving body from
the first motion state to the next first motion state of the
moving body after having moved by the first movement
distance based on the first movement distance stored in
the movement distance storage unit;

a control determination unit which determines whether to
perform control to suppress acceleration/deceleration
in a movement direction of the moving body; and

an acceleration/deceleration control unit which controls
acceleration/deceleration of the moving body,

wherein the acceleration/deceleration control unit per-
forms control of the acceleration/deceleration in the
movement direction of the moving body based on a
determination result on whether to suppress the accel-
eration/deceleration of the moving body performed by
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the control determination unit and the second move-
ment distance predicted by the movement distance
prediction unit.

2. The motion control device for a moving body according
to claim 1, wherein

the first motion state is a state where the moving body is
stopped or is moving at a low speed of lower than 20
km/h.

3. The motion control device for a moving body according

to claim 2, further comprising:

a preceding vehicle information acquisition unit which
acquires a relative distance between the moving body
and a preceding moving body preceding the moving
body; and

a moving body position acquisition unit which acquires a
current position of the moving body,

wherein the control determination unit prohibits the con-
trol to suppress the acceleration/deceleration of the
moving body when the relative distance between the
moving body and the preceding moving body becomes
longer than a relative distance between the current
position of the moving body and a position obtained
from the second movement distance predicted by the
movement distance prediction unit.

4. The motion control device for a moving body according

to claim 3, wherein

the acceleration/deceleration control unit stops supply of
energy to power to move the moving body and controls
a position to start deceleration of the moving body
based on the second movement distance predicted by
the movement distance prediction unit.

5. The motion control device for a moving body according

to claim 4, wherein

the acceleration/deceleration control unit sets an upper
limit acceleration when accelerating the moving body
to be lower as the second movement distance predicted
by the movement distance prediction unit is shorter.

6. The motion control device for a moving body according
to claim 5, wherein

the acceleration/deceleration control unit sets an upper
limit movement speed of the moving body to be lower
as the second movement distance predicted by the
movement distance prediction unit is shorter.

7. A motion control device for a moving object, the
motion control device configured to control a motion of a
moving object, comprising:

a movement distance acquisition unit which acquires a
first movement distance of the moving body from a first
motion state to the next first motion state of the moving
body;

a movement distance storage unit which stores the first

movement distance;

movement distance prediction unit which predicts a
second movement distance of the moving body from
the first motion state to the next first motion state of the
moving body after having moved by the first movement
distance based on the first movement distance stored in
the movement distance storage unit;

notification determination unit which determines
whether to inform suppression of acceleration/decel-
eration in a movement direction of the moving body;
and

driving assistance function unit which informs the
suppression of acceleration/deceleration in the move-

a
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ment direction of the moving body based on a deter-
mination result on whether to inform the suppression of
acceleration/deceleration of the moving body per-
formed by the notification determination unit and the
second movement distance predicted by the movement
distance prediction unit.

8. The motion control device for a moving body according
to claim 1, further comprising:

a communication device capable of communicating with
other moving bodies around the moving body, a route
information device installed in a movement route of the
moving body, and a data center having information
including route information;

a position information acquisition unit which acquires
current position information of the moving body; and
moving body information acquisition unit which
acquires movement speeds and positions of other mov-
ing bodies preceding the moving body in the movement
direction in the movement route,

wherein the movement distance storage unit preferentially
stores the newest first movement distance and infor-
mation on another moving object closest to the current
position of the moving object in the movement direc-
tion of the moving object.

9. The motion control device for a moving body according

to claim 1, further comprising:

a communication device capable of communicating with
other moving bodies around the moving body, a route
information device installed in a movement route of the
moving body, and a data center having information
including route information;

a position information acquisition unit which acquires
current position information of the moving body; and
moving body information acquisition unit which
acquires movement speeds and positions of other mov-
ing bodies preceding the moving body in the movement
direction in the movement route,

wherein the movement distance prediction unit changes
the first movement distance to a third movement dis-
tance when acquiring the third movement distance of a
preceding moving body from the first motion state to
the next first motion state of the preceding moving
body preceding the moving body in the movement
direction before the moving body reaches a position
calculated based on the second movement distance.

10. The motion control device for a moving body accord-
ing to claim 1, further comprising:

a communication device capable of communicating with
other moving bodies around the moving body, a route
information device installed in a movement route of the
moving body, and a data center having information
including route information;
position information acquisition unit which acquires
current position information of the moving body;
moving body information acquisition unit which
acquires movement speeds and positions of other mov-
ing bodies preceding the moving body in the movement
direction in the movement route;

a traffic volume acquisition device which acquires a traffic
volume of other preceding preceding moving bodies
around the current position of the moving body; and

a traffic volume change position calculation unit which
calculates a change position of the traffic volume,
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wherein the movement distance storage unit preferentially
stores a travel distance of another preceding moving
object existing between the current position of the
moving body acquired by the position information
acquisition unit and the traffic volume change position
calculated by the traffic volume change position calcu-
lation unit.

11. The motion control device for a moving body accord-

ing to claim 1, further comprising:

a communication device capable of communicating with
other moving bodies around the moving body, a route
information device installed in a movement route of the
moving body, and a data center having information
including route information;

a position information acquisition unit which acquires
current position information of the moving body;

a moving body information acquisition unit which
acquires movement speeds and positions of other mov-
ing bodies preceding the moving body in the movement
direction in the movement route;

a traffic volume acquisition device which acquires a traffic
volume of other preceding preceding moving body
around the current position of the moving body; and

a traffic volume change position calculation unit which
calculates a change position of the traffic volume,

wherein the control determination unit permits control to
suppress acceleration/deceleration of the moving body
when a difference between the current position of the
moving body and the traffic volume change position
calculated by the traffic volume change position calcu-
lation unit is larger than a difference between the
current position of the moving body acquired by the
position information acquisition unit and a position
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calculated based on the second movement distance
predicted by the movement distance prediction unit.
12. The motion control device for a moving body accord-
ing to claim 11, wherein
the traffic volume change position calculation unit calcu-
lates a difference between a traffic volume on a first
route on which the moving body is currently moving
and a traffic volume on a second route adjacent to the
first route, the traffic volumes acquired by the traffic
volume acquisition device, and sets a position where
the first route and the second route intersect each other
as the traffic amount change position when the differ-
ence is greater than or equal to a predetermined value.
13. The motion control device for a moving body accord-
ing to claim 1, wherein
the movement distance prediction unit corrects the second
movement distance based on a temporary stop time and
a travel cycle of the moving body when the moving
body is temporarily stopped.
14. The motion control device for a moving body accord-
ing to claim 13, wherein
the travel cycle of the moving body is defined as a cycle
of time including a start of movement of the moving
body, a temporary stop of the moving body, and a
restart of movement of the moving body.
15. The motion control device for a moving body accord-
ing to claim 14, wherein
time for the temporary stop of the moving body is defined
as time for which the moving body has been tempo-
rarily stopped at a position different from the traffic
volume change position.
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