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DRIVE POWER CONTROL APPARATUS AND METHOD FOR VEHICLE

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The invention relates to a drive power control apparatus and method for a
vehicle. More specifically, the invention relates to a drive power control apparatus and
method for a vehicle, which adjusts the drive power for driving the vehicle to compensate
for an external factor-related parameter that affects the running state of the vehicle.

2. Description on the Related Art

[0002] Japanese Patent  Application  Publication = No.  JP-2000-27682
(JP-A-2000-27682) describes the technology for controlling the drive power for driving a
vehicle in accordance with a road gradient of an uphill slope. According to the
technology, there are provided means for detecting the accelerator pedal operation
amount; means for setting the usually-used target throttle valve opening amount to the
target throttle valve opening amount that is used on a flat road in accordance with the
detected accelerator pedal operation amount; means for detecting the weight gradient
resistance; means for setting the gradient-compensation target throttle valve opening
amount to the target throttle valve opening amount at which the gradient-compensation
target drive power is generated, which is obtained by adding the drive power adjustment
amount at the weight gradient resistance less than 100 % that corresponds to the detected
weight gradient resistance to the drive power at the usually-used target throttle valve
opening amount; and means for achieving the gradient-compensation target throttle valve
opening amount.

[0003] Japanese Patent Application . Publication No. JP-09-42002 (TP-A-09-42002)
describes a drive power control apparatus for a vehicle that sets a predetermined control
function to the throttle valve opening amount with respect to the accelerator pedal
operation amount, and that includes an electronically-controlled throttle valve that

controls the throttle valve opening amount when the accelerator pedal is operated based
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10

15

20

25

WO 2007/129173 PCT/IB2007/001097

on the control function. The drive power control apparatus for a vehicle includes
road-surface condition detection means for detecting the condition of road-surface of a
to-be-taken road, which is a part of the road on which the vehicle is currently traveling
and which is apart from the current position of the vehicle by a predetermined distance;
and throttle valve opening amount calculation means for calculating the throttle valve
opening amount with respect to the accelerator pedal operation amount by correcting the
control function to the control function having the characteristics appropriate for the
road-surface condition of the to-be-taken road based on the information detected by the
road-surface condition detection means.

[0004] Japanese Patent Application Publication No. JP-2003-170759
(TP-A-2003-170759) describes a drive power control apparatus for a vehicle that controls
the drive power for driving the vehicle so that the target acceleration or the target vehicle
speed for achieving the target acceleration corresponding the operating state of the
vehicle is achieved. With the drive power control apparatus for a vehicle, the target
acceleration is calculated based on the accelerator pedal depression amount, the target
vehicle speed is calculated based on the target acceleration, and the drive power is
controlled so that the vehicle speed matches the target vehicle speed.

[0005] Japanese Patent  Application Publication No. 2004-156467
(JP-A-2004-156467) describes an apparatus that controls the drive power for driving a
vehicle so that the target acceleration or. the target vehicle speed for achieving the target
acceleration corresponding to the operating state of the vehicle is achieved. With the
control apparatus, the target acceleration is calculated based on the accelerator pedal
depression amount, the target vehicle speed is calculated based on the target acceleration,
and the drive power is controlled so that the vehicle speed matches the target vehicle
speed. When the accelerator pedal depression amount is 0, as the deviation of the actual
vehicle speed from the target vehicle speed increases, the feedback gain used in the drive
power control decreases.

[0006] Japanese  Patent  Application  Publication  No.  2004-204832

(JP-A-2004-204832) describes a drive power control apparatus for a vehicle that controls
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the drive power for driving a vehicle so that the target acceleration or the target vehicle
speed for achieving the target acceleration corresponding to the operating state of the
vehicle is achieved. With the control apparatus, the target acceleration is calculated
based on the accelerator pedal depression amount, the target vehicle speed is calculated
based on the target acceleration, and the drive power is controlled so that the vehicle
speed matches the target vehicle speed. The corrected target vehicle speed is calculated
by correcting the target vehicle speed by the target vehicle speed offset amount
corresponding to the speed at which the accelerator pedal is operated, and the drive
power is controlled so that the vehicle speed matches the corrected target vehicle speed
instead of the target vehicle speed, whereby a delay in response of the actual vehicle
speed to a change in the target vehicle speed in accordance with operation of the
accelerator pedal is compensated for.

[0007] There is a drive power control apparatus for a vehicle that controls the drive
power for driving the vehicle to compensate for an external factor-related parameter that
affects the running state of the vehicle. When such a drive power control apparatus for a
vehicle controls the drive power, the driver may feel a sense of discomfort in some

running environments in which the vehicle is running.

SUMMARY OF THE INVENTION

[0008] The invention provides a drive power control apparatus and method for a
vehicle that adjusts the drive power for driving a vehicle to compensate for an external
factor-related parameter that affects the running state of the vehicle while suppressing a
sense of discomfort felt by the driver.

[0009] An aspect of the invention relates to a drive power control apparatus for a
vehicle including a controller that adjusts the drive power for driving a vehicle to
compensate for an external factor-related parameter that affects the running state of the
vehicle. When the vehicle enters a region where an acceleration of the vehicle needs to
be changed based on the running environment or when the vehicle is traveling in the

region in which the acceleration of the vehicle needs to be changed based on the running
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environment, the controller makes the amount by which the drive power is adjusted less
than the amount by which the drive power is adjusted when the vehicle is traveling in a
region other than the region in which the acceleration of the vehicle needs to be changed
based on the running environment.

[0010] In the aspect of the invention described above, the external factor-related
parameter may include at least one of a road gradient, a cornering resistance, a vehicle
weight, an altitude of a region in which the vehicle travels, a road-surface resistance, a
variation in performance of an engine of the vehicle, and a variation in a slide resistance
and an oil resistance that interfere with a rotation of a transmission of the vehicle.

[0011] In the aspect of the invention described above, the region in which the
acceleration of the vehicle needs to be changed based on the running environment may be
a curve.

[0012] In the aspect of the invention described above, the controller may determine
whether the vehicle is going round the curve based on at least one of a lateral acceleration
applied to the vehicle, a manner in which the vehicle is steered, and rotational speeds of
right and left wheels of the vehicle.

[0013] In the aspect of the invention described above, the controller may determine a
decrease amount in the amount by which the drive power is adjusted when the vehicle is
going round the curve based on the lateral acceleration applied to the vehicle.

[0014] In the aspect of the invention described above, the controller may set a
corrected external factor-related parameter to a value obtained by subtracting a cornering
resistance of the vehicle from the external factor-related parameter, and may decrease the
amount by which the drive power is adjusted when the vehicle is going round the curve.

[0015] In the aspect of the invention described above, the controller may determine
whether the vehicle will enter the curve based on at least one of the map information
stored in a vehicle compartment of the vehicle, and the information provided from an
outside of the vehicle.

[0016] In the aspect of the invention described above, before the vehicle enters the

curve, the controller may estimate the lateral acceleration that will be applied to the
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vehicle if the vehicle goes round the curve, and rhay set the decrease amount in the
amount by which the drive power is adjusted based on the estimated lateral acceleration.

[0017] In the aspect of the invention described above, the controller may set the
décrease amount in the amount by which the drive power is adjusted when the vehicle
enters the region in which the acceleration of the vehicle needs to be changed based on
the running environment, based on a deceleration required io travel in the region in which
the acceleration of the vehicle needs to be changed based on the running environment.

[0018] In the aspect of the invention described above, the controller may determine
the decrease amount in the amount by which the drive power is adjusted when the vehicle
enters the region in which the acceleration of the vehicle needs to be changed based on
the running environment, based on the driving manner of a driver of the vehicle.

[0019] In the aspect of the invention described above, the controller may execute
control so that the drive power for driving the vehicle when the vehicle is traveling on a
road in which there are successive curves is less than the drive power for driving the
vehicle when a road on which the vehicle is traveling is not a road in which there are
successive curves.

[0020] In the aspect of the invention described above, the controller may execute
control so that a gain of the drive power for driving the vehicle, which is the amount by
which the drive power is adjusted, when the vehicle is traveling on the road in which
there are successive curves is less than the gain of the drive power when the road on
which the vehicle is traveling is not a road in which there are successive curves.

[0021] In the aspect of the invention described above, in the case where the vehicle
is traveling on the road in which there are successive curves, recovery of control of the
drive power for driving the vehicle to normal-time control may be retarded as compared
with the case where the road on which the vehicle is traveling is not a road in which there
are successive curves.

[0022] In the aspect of the invention described above, the controller may determine
whether the vehicle is traveling on the road in which there are successive curves based on

the map information.
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[0023] In the aspect of the invention described above, the controller may determine
whether the vehice is traveling on the road in which there are successive curves based on
at least one of whether a curve having a curvature equal to or greater than a
predetermined value is present within a region having a predetermined length and the
number of curves, each of which has a curvature equal to or greater than the
predetermined value, present within the region having the predetermined length.

[0024] According to the first aspect of the invention, it is possible to adjust the drive
power to compensate for an external factor-related parameter that affects the running state

of the vehicle while suppressing a sense of discomfort felt by the driver.

BRIEF DESCRIPTION ON THE DRAWINGS

[0025] The foregoing and further objects, features and advantages of the invention
will become apparent from the following description on example embodiments with
reference to the accompanying drawings, wherein the same or corresponding portions
will be denoted by the same reference numerals and wherein:

FIG. 1 is the flowchart showing the routine executed by a drive power control
apparatus for a vehicle according to a first embodiment of the invention;

FIG. 2 is the view schematically showing the structure of the drive power control
apparatus for a vehicle according to the first embodiment of the invention;

FIG. 3 is the graph showing the relationship between the accelerator pedal operation
amount and the throttle valve opening amount, which is used in the drive power control
apparatus for a vehicle according to the first embodiment of the invention;

FIG. 4 is the graph showing the relationship among the engine rotational speed, the
engine torque and the throttle valve opening amount, which is used in the drive power
control apparatus for a vehicle according to the first embodiment of the invention;

FIG. 5 is the corrcction coefficient setting map, which is used in the drive power
control apparatus for a vehicle according to the first embodiment of the invention;

FIG. 6 is the view for describing the forces that are applied to a tire while the vehicle is

going round a curve, and for describing the control executed by a drive power contro]



10

15

20

25

WO 2007/129173 PCT/IB2007/001097

7

apparatus for a vehicle according to a second embodiment of the invention;

FIG. 7 is the flowchart showing the routine executed by the drive power control
apparatus for a vehicle according to the second embodiment of the invention;

FIG. 8 is the map showing the cornering resistance map, which is used in the drive
power control apparatus for a vehicle according to the second embodiment of the
invention;

FIG. 9 is the time-chart for describing the operation of a drive power control apparatus
for a vehicle according to a third embodiment of the invention;

FIG. 10 is the view for describing the situation in which the vehicle control apparatus
according to the third embodiment of the invention obtains the information on the curve
ahead of the vehicle;

FIG. 11 is the flowchart showing the routine executed by the drive power control
apparatus for a vehicle according to the third embodiment of the invention;

FIG. 12 is the correction coefficient setting table, which is used in the drive power
control apparatus for a vehicle according to the third embodiment of the invention;

FIG. 13 is the time-chart for describing the operation of a drive power control
apparatus for a vehicle according to a first modified example of the third embodiment of
the invention;

FIG. 14 is the flowchart showing the routine executed by the drive power control
apparatus for a vehicle gccord:ing to the first modified example of the third embodiment
of the invention;

FIG. 15 is the correction coefficient setting table, which is used in the drive power
control apparatus for a vehicle according to the first modified example of the third
embodiment of the invention;

FIG. 16 is the graph for describing the inconvenijence that will be minimized by a drive
power control apparatus for a vehicle according to a second modified example of the
third embodiment of the invention;

FIG. 17 is the graph for describing a second deceleration that is achieved by the drive

power control apparatus for a vehicle according to the second modified example of the
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third embodiment of the invention;

FIG. 18 is the diagram for describing driving manner estimation means of a drive
power control apparatus for a vehicle according to a fourth modified exammple of the third
embodiment of the invention; |

FIG. 19 is the correction coefficient setting table, which is used in the drive power
control apparatus for a vehicle according to the fourth modified example of the third
embodiment of the invention;

FIG. 20 is the flowchart showing the routine executed by the drive power control
apparatus for a vehicle according to a fourth embodiment of the invention;

FIG. 21 is the correction coefficient setting map, which is used in the drive power
control apparatus for a vehicle according to the fourth embodiment of the invention;

FIG. 22 is the table for describing the correction coefficient recovery sweep rate which
is used in the drive power control apparatus for a vehicle according to the fourth
embodiment of the invention;

FIG. 23 is the flowchart showing the routine executed by a drive power control
apparatus for a vehicle according to a fifth embodiment of the invention;

FIG. 24 is the graph showing the relationship between the average radius and the gain,
which is used in the drive power control apparatus for a vehicle according to the fifth
embodiment of the invention;

FIG. 25 is the view for describing the road in which there are successive curves, and
for describing the control executed by the drive power control apparatus for a vehicle
according to the fifth embodiment of the invention;

FIG. 26 is the view for describing the operation of the drive power control apparatus
for a vehicle according to the fifth embodiment of the invention;

FIG. 27 is the graph showing the relationship between the driving manner and the gain,
which is used in a drive power control apparatus for a vehicle according to a first
modified example of the fifth embodiment of the invention;

FIG. 28 is the flowchart showing the routine executed by a drive power control

apparatus for a vehicle according to a sixth embodiment of the mvention;
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FIG. 29 is the chart for describing the operation of the drive power control apparatus
for a vehicle according to the sixth embodiment of the invention;

FIG. 30 is the graph showing the relationship between the vehicle speed and the
recovery limit value, which is used in the drive power control apparatus for a vehicle
according to the sixth embodiment of the invention;

FIG. 31 is the graph for describing the relationship between the curvature of a curve
and the recovery limit value, which is used in the drive power control apparatus for a
vehicle according to the sixth embodiment of the invention;

FIG. 32 is the graph for describing the relationship between the vehicle speed and the
predetermined value, which is used in a drive power control apparatus for a vehicle
according to a first modified example of the sixth embodiment of the invention;

FIG. 33 is the graph showing the relationship between the radius and the
predetermined value, which is used in the drive power control apparatus for a vehicle
according to the first modified example of the sixth embodiment of the invention; and

FIG. 34 is the graph showing the relationship between the driving manner and the
predetermined value, which is used in the drive power control apparatus for a vehicle

according to the first modified example of the sixth embodiment of the invention,

DETAILED DESCRIPTION ON THE EXAMPLE EMBODIMENTS

[0026] Hereafter, a drive power control apparatus and method for a vehicle
according to each example embodiment of the invention will be described with reference
to the accompanying drawings.

[0027] A drive power control apparatus and method for a vehicle according to a first
embodiment of the invention will be described with reference to FIGs. 110 5.

[0028] First, the inconvenience that will be minimized by the drive power control
apparatus and method according to the first embodiment of the invention will be
described below. For example, when a vehicle is going round a curve in an uphill slope
and the control for compensating for the resistance to the road gradient (hereinafter,

referred to as the "road gradient resistance") is executed, even if the driver depresses an
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accelerator pedal only slightly, the vehicle accelerates by a great amount with respect to
the accelerator pedal depression amount. On an uphill slope, the driver expects that the
vehicle will accelerate by an amount less than that on a flat road with the same
accelerator pedal depression amount. However, if the opening amount of an
electronically-controlled ‘throttle valve is adjusted by an amount required to compensate
for the road gradient resistance, the vehicle accelerates by an amount greater than the
driver would expect. Accordingly, if the driver operates the accelerator pedal somewhat
roughly while the vehicle is going round a curve, the vehicle may behave in a manner
which is not desired by the driver, for example, the vehicle may undergo understeer. As
a result, the drivability may be reduced. To minimize such inconvenience, the amount,
by which the drive power is adjusted (bereinafter, referred to as a “drive power
adjustment amount" where appropriate) to compensate for external factor-related
parameters such as a road gradient resistance, is decreased when the vehicle is going
round a curve, according to the first embodiment of the invention. The first
embodiment of the invention will be described below in detail.

[0029] According to the first embodiment of the invention, there are provided means
for detecting or estimating external factor-related parameters such as a road gradient; an
accelerator pedal operation amount sensor; means capable of changing the characteristics
of the drive power for driving the vehicle, for example, an electronically-controlled
throttle valve, and an automatic transmission such as a stepped transmission, a
continuously variable transmission, a HV, or a MMT (Multimode Transmission); and
means for detecting or estimating the lateral acceleration applied to the vehicle.

[0030] FIG. 2 shows an automatic transmission 10, and an engine 40. The
hydraulic pressures in the automatic transmission 10 are controlled by
permmitting/blocking passage of electric currenté through electromagnetically-controlled
valves 121a, 121b, and 121c, whereby one of six gears of the automatic transmission 10
is selected. FIG. 2 shows an example in which the three electromagnetically-controlled
valves 12la, 121b and 12lc are employed. However, the number of

electromagnetically-controlled ~ valves is not limited to three. The
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~ electromagnetically-controlled valves 121a, 121b and 121c are driven under control of

signals from a control circuit 130.

[0031] An accelerator pedal operation amount sensor 114 detects the operation
amount of an accelerator pedal 112. An engine rotational speed sénsor 116 detects the
rotational speed of the engine 40. A vehicle speed sensor 122 detects the rotational
speed of an output shaft 120c of the automatic transmission 10, which is proportional to
the vehicle speed. A shift position sensor 123 detects the shift position. A pattern
select switch 117 is used to instruct the shift pattern. An acceleration sensor 90 detects
the acceleration (deceleration) of the vehicle. A lateral acceleration sensor 101 detects
the lateral acceleration applied to the vehicle.

[0032] The basic function of a navigation system 95 is to guide the vehicle to a
selected destination. The navigation system 95 includes a processor; an information
storage medium that stores the information required to drive the vehicle (e.g. maps,
straight roads, curves, uphill slopes, downhill slopes, and highways); a first information
detection unit that detects the current position of the vehicle and the road condition by
self-navigation, and that includes a geomagnetic sensor, a gyro-compass, and a steering
sensor; a second information detection unit that detects the current position of the vehicle,
the road condition, etc. by radio-navigation, and that includes a GPS (Global Positioning
System) antenna, a GPS (Global Positioning System) receiver, etc.

[0033] A road gradient measurement/estimation unit 118 may be included in a CPU
131. The road gradient measurement/estimation unit 118 may measure or estimate the
road gradient based on the acceleration detected by the acceleration sensor 90.
Alternatively, the road gradient measurement/estimation unit 118 may calculate the road
gradient by comparing the acceleration actually detected by the acceleration sensor 90
with the acceleration on a flat road, which is stored in the ROM 133 in advance.

[0034] An external factor-related parameter detection/estimation unit 115 detects or
estimates an external factor-related parameter that affects the running state of the vehicle.
The nominal vehicle speed and the nominal acceleration are set to the target vehicle

speed (the theoretical value of the vehicle speed) and the target acceleratjon (the target
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value of the acceleration) that are estimated to be achieved under the condition that, for
example, the accelerator pedal operation amount and the vehicle speed are equal to
predetermined values, the vehicle is traveling on a flat road, and the current number of
occupants matches the seating capacity of the vehicle. The external factor-related
parameters include all the elements that may affect the running state of the vehicle when
the vehicle is not actually running at the nominal vehicle speed or is not actually
accelerating at the nominal acceleration. The external factor-related parameters include
all the elements that may affect the drive power for driving the vehicle, for example, the
road gradient, the cornering resistance, the vehicle weight, the altitude of the region in
which the vehicle travels, the surface roughness of a road (the road-surface resistance),
the variation in the engine performance, and the variation in the slide resistance, the oil
resistance, etc. that interfere with the rotation of a transmission.

[0035] The external factor-related parameter detection/estimation unit 115 may
detect or estimate the external factor-related parameter based on the deviation of the
actual drive power for driving the vehicle from the reference drive power, which is the
theoretical value calculated under the condition that, for example, the accelerator pedal
operation amount and the vehicle speed arc equal to the predetermined values, the
number of occupants matches the seating capacity of the vehicle, and the vehicle is
traveling on a flat road (refer to step S11 in FIG, 7, described later). The reference drive
power will be described later in step S2 in FIG. 1. The external factor-related parameter
may be calculated based on the deviation of the actual acceleration from the acceleration
that is achieved when the vehicle is traveling on a flat road and that jis determined based
on the engine torque (the reference drive power calculated in step S2 in FIG. 1 / vehicle
weight).

[0036] The control circuit 130 receives the signals indjcating the values detected by
the accelerator pedal operation amount sensor 114, the engine rotational speed sensor 116,
the vehicle speed sensor 122, the shift position sensor 123, and the acceleration sensor 90,
the signal indicating the shift pattern from the pattern select switch 117, and the signal

indicating the lateral acceleration detected by the lateral acceleration sensor 101.
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[0037] The control circuit 130 is formed of a known microcomputer. The control
circuit 130 includes the CPU 131, RAM 132, the ROM 133, an input port 134, an output
port 135, and a common bus 136. The control unit 130 receives the signals from the
sensors 114, 116, 122, 123, and 90, the signal from the pattern select switch 117, the
signal from the lateral acceleration sensor 101, and the signal from the navigation system
95 through the input port 134. Electromagnetically-controlled valve drive units 138a,
138b, and 138c are connected to the output port 135,

[0038] The ROM 133 stores the routine (the control steps) shown in the flowchart in
FIG. 1 in advance. In addition, the ROM 133 stores the shift map used to change gears
of the automatic transmission 10, and the routine (not shown) of the shift control. The
control circuit 130 changes gears of the automatic transmission 10 based on the various
control signals received,

[0039] The routine according to the first embodiment of the invention will be
described with reference to FIGs. 1 and 2. The control circuit 130 mainly executes the
routine described below.

[0040] When the vehicle is going round a curve in an uphill slope and the drive
power is adjusted to compensate for the road gradient resistance, if the driver operates the
accelerator pedal somewhat roughly, the vehicle may behave in a manner which is not
desired by the driver. As a result, the drivability may be reduced. However, such
inconvenience is minimized according to the first embodiment of the invention.
According to the first embodiment of the invention, when the vehicle is going round a
curve, the amount, by which the drive power is adjusted to compensate for the external
factor-related parameters such as the road gradient, is decreased, whereby the
inconvenience described above is minimized. The routine according to the first
embodiment of the invention will be described below in detail,

[0041] In step S1, the road gradient measurement/estimation unit 118 estimates the
gradient of the road on which the vehicle is currently traveling. The road gradient
measurement/estimation unit 118 may calculate (estimate) the road gradient based on the

deviation of the actual acceleration of the vehicle from the acceleration that is achieved
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when the vehicle is traveling on a flat road at the current engine torque. Alternatively,
the road gradient measurement/estimation unit 118 may estimate the road gradient based
on the information on the current vehicle position, which is obtained by the navigation
system 95 and the map information stored in the navigation system 95. In the first
embodiment of the invention, the description will be provided on the assumption that the
road gradient of an uphill slope is estimated. After step S1 is completed, step S2 is
executed.

[0042] In step S2, the target throttle valve opening amount is calculated. The target
throttle valve opening amount is calculated based on the road gradient estimated in step
S1, according to the following procedures 1) to 6).

[0043] 1) The reference throttle valve opening amount is calculated based on the
current accelerator pedal operation amount detected by the accelerator pedal operation
amount sensor 114, using the map showing the relationship between the accelerator pedal
operation amount and the throttle valve opening amount shown in FIG. 3. 2) The
reference engine torque is calculated based on the reference throttle valve opening
amount calculated in the procedure 1), using the map showing the relationship among the
engine rotational speed, the engine torque, and the throttle valve opening amount shown
inFIG. 4. 3) 'fhe reference drive power is calculated by the following equation 1.

<Equation 1>

Reference drive power = reference engine torque x torque ratio of torque converter x
gear ratio x differential ratio x efficiency of automatic transmission x efficiency of
differential gear unit / tire radius

[0044] 4) The target drive power is calculated by the following equation 2

<Equation 2>

Target drive power = reference drive power + road gradient x vehicle weight x
predetermined value

The predetermined value in the equation may be a fixed value (e.g. 1.0), or may be
variable in accordance with the road gradient (e.g. the predetermined value is O when the

road gradient is less than 0, and is 1.0 when the road gradient is equal to or greater than
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0).

[0045] 5) The target engine torque is calculated by the following equation 3.

<Equation 3>

Target engine torque = target drive power x tire radius / forque ratio of torque
converter / gear ratio / differential ratio / efficiency of automatic transmission / efficiency
of differential gear unit

[0046] 6) The target throttle valve 6pening amount, at which the target drive power
is obtained, is calculated based on the target engine torque and the current engine
rotational speed, using the engine torque characteristic map (FIG. 4).  After step S2 is
completed, step S3 is executed.

[0047] In step S3, the correction coefficient is calculated based on the lateral
acceleration detected by the lateral acceleration sensor 101. The correction coefficient
may be calculated based on the absolute value of the lateral acceleration using, for
example, the correction coefficient setting map shown in FIG. 5. When the absolute
value of the lateral acceleration is 0, the vehicle is not going round a curve. Accordingly,
the correction coefficient is set to 1.0. As the absolute value of the lateral acceleration
increases, the correction coefficient decreases. The minimum value of the correction
coefficient is 0.  After step S3 is completed, step S4 is executed.

[0048] In step S4, the throttle valve opening amount is corrected (the corrected target

- throttle valve opening amount is calculated) by the following equation 4.

<Equation 4>

Corrected target throttle valve opening amount = reference throttle valve opening
amount + (target throttle valve opening amount - reference throttle valve opening
amount) x correction coefficient

According to the following equation 4, when the correction coefficient is 1.0, the
corrected target throttle valve opening amount is equal to the target throttle valve opening
amount (corrected target throttle valve opening amount = target throtile valve opening
amount). As the correction coefficient decreases, the drive power adjustment amount

decreases. When the correction coefficient is 0, the drive power adjustment amount is
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also 0.  After step S4 is completed, step S5 is executed.

[0049] In step S5, the throttle valve opening amount control is executed. The
throttle valve opening amount control is executed so that the opening amount of an
electronically-controlled throttle valve 43 is equal to the corrected target throttle valve
opening amount calculated in step S4, Thus, the drive power is adjusted by an amount
appropriate for the running state of the vehicle which is going round a curve.

[0050] Next, the effects of the first embodiment of the invention will be described.

[0051] When the control for optimizing the characteristics of the drive power by
Increasing the drive power by an amount required to compensate for the running
resistance due to the external factors (including the road gradient) is executed,
substantially the same drive power is obtained with an accelerator pedal operation
amount less than that when the control is not executed. Accordingly, when the control is
executed while the vehicle is going round a curve, the following inconvenience is more
likely to occur than when the control is not executed. For example, if the accelerator
pedal is operated somewhat roughly, the vehicle may undergo understeer.

[0052] According to the first embodiment of the invention, it is determined or
estimated whether the vehicle is going round a curve by detecting or estimating the lateral
acceleration applied to the vehicle. If it is determined that the vehicle is going round a
curve, the amount, by which the drive power is increased to compensate for the running
resistance, is made less than that when the vehicle is not going round a curve. In this
case, as the lateral acceleration increases, the amount, by which the drive power is
increased to compensate for the running resistance, may be decreased by a greater
amount. According to the first embodiment of the invention, even if the accelerator
pedal is operated somewhat roughly while the vehicle is going round a curve, the vehicle
continues runming without problems in its behavior. As a result, the drivability
improves.

[0053] A first modified example of the first embodiment of the invention will be
described below. According to the first embodiment of the invention, it is determined or

estimated whether the vehicle is going round a curve based on the lateral acceleration
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applied to the vehicle. In contrast, according to the first modified example, the
pararﬁeter used to determine or estimate whether the vehicle is going round a curve is not
limited to the lateral acceleration applied to the vehicle. For example, it may be
determined or estimated whether the vehicle is going round a curve based, for example,
on the steering angle, the difference in the wheel speed between the right and left wheels,
or the yaw rate of the vehicle.

[0054] A second modified example of the first embodiment of the invention will be
described below. According to the first embodiment of the invention, the correction
coefficient is set to one of the values at three levels based on the lateral acceleration
applied to the vehicle, as shown in FIG. 5. In contrast, according to the second modified
example, the correction coefficient may be set to one of the values at two, four, or more
levels. For example, when the absolute value of the lateral acceleration is equal o or
greater than 0.2 G, the correction coefficient may be set to 0.3. On the other hand, when
the absolute value of the lateral acceleration is less than 0.2 G, the correction coefficient
may be set to 1.0.

[0055] A third modified example of the first embodiment of the invention will be
described below. In the first embodiment of the invention, the description is provided
concerning the case in which the drive power is adjusted to compensate for the road
gradient (the external factor-related parameter is the road gradient). In contrast,
according to the third modified example, the external factor-related parameter is not
limited to the road gradient. All the external factor-related parameters detected by the
external factor-related parameter detection/estimation unit 115 may be used in the control
according to the third modified example. The external factor-related parameters include,
for example, the cornering resistance, the vehicle weight, the altitude of the region in
which the vehicle travels, the roughness of the road surface (the road resistance), the
varjation in the engine performance, and the variation in the slide resistance, the oil
resistance, etc. that interfere with the rotation of a transmission. When the vehicle is
going round a curve, the amount, by which the drive power is adjusted to compensate for

these external factor-related parameters, is made less than that when the vehicle is not
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going round a curve.

[0056] A fourth modified example of the first embodiment of the invention will be
described below. In the first embodiment of the invention, the description is provided
concerning the case where the drive power is adjusted when the vehicle is traveling on an
uphill slope (when the running resistance increases due to the external factor-related
parameter). In contrast, according to the fourth modified example, the drive power is
adjusted (the drive power that will be generated is decreased by an amount required to
compensate for the road gradient) when the vehicle is traveling on a downhill slope
(when the running resistance decreases due to the external factor-related parameter).
When the vehicle is going round a curve in a downhill slope, the drive power adjustment
amount is made less than that when the vehicle is not going round a curve. The case
where the running resistance decreases due to the external factor-related parameter is not
limited to the case where the vehicle is traveling on a downhill slope.

[0057] A fifth modified example of the first embodiment of the invention will be
described below.  According to the first embodiment of the invention, the
electronically-controlled throttle valve 43 is used as the means for adjusting the drive
power. In contrast, according to the fifth modified example, the means for adjusting the
drive power is not limited to the electronically-controlled throttle valve 43. Any means
that can variably set the relationship between the accelerator pedal operation amount and
the drive power or the torque (the engine torque or the torque of the output shaft) may be
used. For example, an automatic transmission such as the stepped transmission 10, a
continuously variable transmission, a HV, or a MMT (multimode transmission), or power
running operation of a motor generator (not shown) may be used as the means for
adjusting the drve power. The fifth modified example may also be applied to the
following embodiments of the invention.

[0058] Next, a drive power control apparatus and method according to a second
embodiment of the invention will be described with reference to FIGs. 6 and 7. The
description on the same portions as those in thie first embodiment will not be provided

below.



10

15

20

25

WO 2007/129173 PCT/IB2007/001097

19

[0059] The inconvenience that will be minimized by the drive power control
apparatus and method according to the second embodiment of the invention is the same
as that described in the first embodiment of the invention. When the control for
optimizing the characteristics of the drive power by increasing the drive power by an
amount required to compensate for an increase in the running resistance due to the
external factors (including the road gradient) is executed, if the driver operates the
accelerator pedal somewhat roughly while the vehicle is going round a curve, the vehicle
may behave in a manner which is not desired by the driver. As a result, the drivability
may be reduced. However, such inconvenience is minimized according to the second
embodiment of the invention.

[0060] According to the second embodiment of the invention, the external
factor-related parameter detection/estimation unit 115 measures or estimates the
cornering resistance.

[0061] In the control for optimizing the characteristics of the drive power by
increasing the drive power by an amount required to compensate for an increase in the
running resistance due to the external factors (including the road gradient), the cornering
resistance (see FIG. 6) that is developed in a tire while the vehicle js turning is regarded
as an external factor-related parameter, and the drive power is adjusted to compensate for
also the cornering resistance. With such control, when the vehicle is going round a
curve, the drive power is adjusted to compensate for also the cornering resistance
developed in the tire. Accordingly, if the accelerator pedal is operated somewhat
roughly, the inconvenience is more likely to occur, for example, the vehicle is more likely
to undergo understeer than when the control (adjustment of the drive power) is not
executed.

[0062] To minimize such inconvenience, according to the second embodiment of the
invention, the cornering resistance is excluded from the external-factor related parameters,
and the drive power is adjusted by an amount appropriate to compensate for the external
factor-related parameters other than the cornering resistance. Thus, when the vehicle is

going round a curve, the amount, by which the drive power is increased, is decreased.
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As a result, destabilization of the vehicle behavior is suppressed, and reduction in the
drivability is suppressed.

[0063] The routine according to the second embodiment of the invention will be
described with reference to FIG. 7. The control circuit 130 mainly executes the routine.

[0064] In step S11, the external factor-related parameter detection/estimation unit
115 calculates the external factor-related parameter. The external factor-related
parameter is calculated by the following equation 5.

<Equation 5>

External factor-related parameter = reference drive power - actual acceleration of
vehicle x vehicle weight

[0065] The reference drive power in the equation 5 is calculated by the equation 1
used in the procedure 3) in step S2 according to the first embodiment of the invention.

[0066] In step S12, the external factor-related parameter detection/estimation unit
115 calculates the cornering resistance. The cornering resistance is calculated by the
following equation 6.

<Equation 6>

Cornering resistance = cornering resistance coefficient x vehicle weight

[0067] In the equation 6, the cornering resistance coefficient is the function of
response of the vehicle to the vehicle speed, the curvature of a curve, the suspension
geometry, the tire performance, the inflation pressure, and/or the lateral acceleration.
The cornering resistance coefficient may be calculated based on the lateral acceleration as
shown in the map in FIG. 8, to simplify the procedure.

[0068] In step S13, the external factor-related parameter is corrected. The external
factor-related parameter is corrected by the following equation 7.

<Equation 7>

Corrected external factor-related parameter = external factor-related parameter -
cornering resistance

[0069] In step S14, the target throttle valve opening amount is calculated. Because

the method for calculating the target throttle valve opening amount is basically the same

4
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as that in step S2 in FIG. 1, the description thereof will not be provided below,
According to the second embodiment of the invention, the target drive power is
calculated in step S14 by the following equation 8 instead of the equation 2 that is used in
the procedure 4) in step S2.

<Equation 8>

Target drive power = reference drive power - cormrected external factor-related
parameter x predetermined value

[0070] In step S15, the control is executed so that the throttle valve opening amount
is equal to the target throttle valve opening amount calculated in step S14. Step S15 is
the same as step S5 in FIG. 1.

[0071] According to the second embodiment of the invention, as described in step
S13, the corrected external factor-related parameter is set to the value obtained by
subtracting the cornering resistance from the external factor-related parameter. Then,
the drive power adjustment amount is determined based on the corrected external
factor-related parameter. Namely, according to the second embodiment of the invention,
the drive power adjustment for compensating for the cornering resistance is not made.
Accordingly, the inconvenience such as understeer that may occur when the accelerator
pedal is operated somewhat roughly is suppressed.  As a result, the drivability improves.

[0072] Next, a drive power control apparatus and method for a vehicle according to a
third embodiment of the invention will be described with reference to FIGs. 9 to 11.
The description on the same portions as those in the first embodiment of the invention
will not be provided below.

[0073] According to the third embodiment of the invention, means (the navigation
system 95) for calculating the curvature of a curve (or the radius R of the curve) that is
ahead of the current vehicle position by a predetermined distance is used.

[0074] The inconvenience that will be minimized by the drive power control
apparatus and method according to the third embodiment of the invention will be
described below. |

[0075] Before the vehicle enters a curve, the driver usually releases the accelerator
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pedal to decelerate the vehicle. At this time, if the vehicle is traveling on an uphill slope
and the control for compensating for the road gradient resistance is executed, less
deceleration is achieved than when such control is not executed. On an uphill slope, the
driver expects a deceleration greater than that on a flat road by an amount corresponding
to the road gradient with the same accelerator pedal release amount. However, because
the opening amount of the electronically-controlled throttle valve is adjusted by an
amount required to compensate for the road gradient, the vehicle does not decelerate as
much as the driver would expect. Accordingly, the driver needs to release the
accelerator pedal by a greater amount. As a result, the drivability is reduced.

[0076] Especially, if the operation for releasing the accelerator pedal and an increase
in the road gradient concurrently occur, the driver feels that "sufficient deceleration will
be achieved with a small accelerator pedal release amount, because the road gradient is
increasing”. However, the drive power is increased by an amount corresponding to the
increase in the road grédient. Accordingly, the deceleration hardly increases, and the
driver feels a strong sense of discomfort.

[0077] In the control for changing the characteristics of the electronically-controlled
throttle valve based on the running environment (e.g. the area control), the inconvenience
described above may occur. For example, when the vehicle is traveling on a mountain
uphill slope (a winding uphill slope), the gain of the throttle valve opening amount is set
to a high valve even when the accelerator pedal operation amount is small, Accordingly,
before the vehicle enters a curve, the driver needs to release the accelerator pedal by a
great amount to achieve the required deceleration. Accordingly the drivability is
reduced.

[0078] Generally, the driver is not very conscious that the drive power is adjusted to
compensate for the road gradient resistance, Therefore, the driver tends to feel that, if
he/she releases the accelerator pedal on an uphill slope (it is relatively easy for the driver
to visually check that the vehicle is traveling on an uphill slope), the vehicle will
decelerate by an amount Corresponding to the accelerator pedal release amount.

Especially, if the accelerator pedal is released when the road gradient is increasing, a
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decrease in the drive power due to the accelerator pedal release operation and an increase '
in the drive power due to an increase in the road gradient concurrently occuf. Therefore,
although the driver releases the accelerator pedal in order to decelerate the vehicle,
sufficient deceleration is not achieved, and the driver feels a strong sense of discomfort.

[0079] To minimize such inconvenience, according to the third embodiment of the
invention, before the vehicle enters a curve, that is, when the driver needs to decelerate
the vehicle, the drive power adjustment amount is changed based on the estimated
maximum lateral acceleration or the rate of change in the drive power adjustment amount
is limited. When the estimated maximum lateral acceleration is great, the drive power
adjustment amount is decreased. Thus, before the vehicle enters a curve, a sufficient
deceleration is achieved, and the driver does not feel a sense of discomfort.

[0080] According to the third embodiment of the invention, the drive power
adjustment amount is determined based on the estimated maximum lateral acceleration.
This is because, the estimated maximum lateral acceleration calculated based on the
radius R of the curve and the vehicle speed is useful for determining the vehicle speed to
which the vehicle should be decelerated before the vehicle enters the curve.

[0081] Next, the routine according to the third embodiment of the invention will be
described with re_ference to FIG 11. The control circuit 130 mainly executes the
routine.

[0082] Because steps S21 and S22 are the same as steps S1 and S2 in FIG. 1,
respectively, the description thereof will not be provided below.

[0083] In step S23, it is determined whether there is a curve ahead of the vehicle.
Whether there is a curve ahead of the vehicle is determined based, for example, on the
map information stored in the ﬁavigation system 95 and the information on the vehicle

position obtained by GPS. If it is determined that there is a curve ahead of the vehicle,

step 524 is executed. On the other hand, if it is determined that there is not a curve

ahead of the vehicle, step $28 is executed.
[0084] In step S24, the radiuses R of a curve ahead of the vehicle by a predetermined

distance are successively calculated in real time (see FIGs. 9 and 10). The radiuses R of
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the curve are calculated based, for example, on the map information stored in the
navigation system 95. The-determination of the curve that is ahead of the vehicle by the
predetérmined .distance is made based, for example, on the information on the vehicle
position obtained by GPS and the map information stored in the navigation system 95.

[0085] In step S25, the estimated maximum lateral acceleration is calculated. The
estimated maximum lateral acceleration is calculated by the following equation 9, using
the minimum value among the multiple radiuses R successively calculated in step S24.

Equation 9

Estimated maximum lateral acceleration = current vehicle speed 2/ RO

In the equation, RO is the minimum value among the multiple radiuses R successively
obtained in step S24, |

[0086] In step S26, the correction coefficient is calculated based on the estimated
maximum lateral acceleration. For example, the correction coefficient may be
calculated based on the estimated maximum lateral acceleration using the map shown in
FIG. 12. As shown in FIG. 12, as the estimated maximum lateral acceleration increases,
the correction coefficient decreases (the minimum value of the correction coefficient is 0).
On the other hand, as the estimated maximum lateral acceleration decreases, the
correction coefficient increases.

[0087] When the estimated maximum lateral acceleration is equal to or close to 0,
namely, when the curve ahead of the vehicle is almost straight, the correction coefficient
is set to a value equal to or close to 0 (the drive power adjustment amount is not
corrected). On the other hand, when the estimated maximum lateral acceleration is
great, the driver feels that the vehicle should be sufficiently decelerated before the vehicle
enters the curve. Accordingly, the amount by which the drive power is adjusted to
compensate for the road gradient is set to a small value.

[0088] The relationship between the estimated maximum lateral acceleration and the
correction coefficient is not limited to the relationship shown in FIG. 12. The correction
coefficient may be set only when the estimated maximum lateral acceleration is equal to

or greater than a predetermined value (in this case, the rate of change in the drive power
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adjustment amount is limited by a predetermined value). After step S26 is completed,
step S27 is executed.

[0089] Because steps S27 and S28 are the same as steps S4 and S5 in FIG. 1,
respectively, the description thereof will not be provided below. After step 28 is
completed, the routine is executed again. If it is determined that there is a curve ahead
of the vehicle (or the vehicle has not passed through the curve yet) in the newly executed
routine ("YES" in step $23), the estimate maximum lateral acceleration corresponding to
the radius R of the curve and the correction coefficient corresponding to the estimated
maximum lateral acceleration are calculated (steps 825 and $26), and the target throttle
valve opening amount is corrected based on the correction coefficient (steps S27 and
S28).

[0090] Next, the effects of the third embodiment of the invention will be described.
For example, when the estimated maximum lateral acceleration is excessively great, if the
vehicle enters the curve without changing the vehicle speed, the vehicle speed is too high
to go round the curve. If the estimated maximum lateral acceleration is great, the driver
strongly feels that the vehicle should be sufficiently decelerated before the vehicle enters
the curve. Accofding to the third embodiment of the invention, as the estimated
maximum lateral acceleration increases, the drive power adjustment amount is decreased.
Accordingly, the drive power is adjusted without giving a sense of discomfort to the
driver.

[0091] FIG. 9 shows an estimated maximum lateral acceleration 301, an actual lateral
acceleration 302, a vehicle speed 303, a road gradient 304, a correction coefficient 305, a
final drive power adjustment amount 306, and an uncorrected drive power adjustment
amount 307 (according to conventional technology). FIG. 9 shows the case where the
vehicle enters a curve when the road gradient 304 is increasing.

[0092] According to the conventional technology, when the road gradient 304 is
increasing, the drive power adjustment amount 307 (before correction according to the
third embodiment of the invention) increases. Accordingly, even if the driver releases

the accelerator pedal, the deceleration required by the driver (the deceleration that is
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estimated to be achieved by releasing the accelerator pedal) is not achieved.

[0093] To minimize such inconvenience, according to the third embodiment of the
invention, the radiuses R of the curve ahead of the vehicle by a predetermined distance
(meters) are successively calculated (step S24 in FIG. 11), the estimated maximum lateral
acceleration 301 corresponding to each radius R of the curve is calculated (step S25), and
the correction coefficient 305 corresponding to each estimated maximum lateral
acceleration 301 is calculated (step S26), as shown in FIG. 10. Because the throttle
valve opening amount is corrected using the correction coefficient 305 (steps S27 and
S28), the final drive power adjustment amount 306 is set to a value less than the
uncorrected drive power adjustment amount 307 by the correction amount. Thus, when
the driver releases the accelerator pedal, the vehicle decelerates by an amount greater
than that according to the conventional technology. As a result, the drive power is
controlled without giving a sense of discomfort 1o the driver.

[0094] Next, a first modified example of the third embodiment of the invention will
be described with reference to FIGs. 13 and 14.

[0095] According to the third embodiment of the invention, the drive power
adjustment amount is calculated based on the estimated maximum lateral acceleration.
In contrast, according to the first modified example, the parameter used to calculate the
drive power adjustment amount is not limited to the estimated maximum lateral
acceleration. The drive power adjustment amount may be calculéted based on any
parameters that are obtained based on the radius R of a curve and the vehicle speed. In
the following description, the drive power adjustment amount is calculated based on the
required deceleration that is a parameter obtained based on the radius R of a curve and
the vehicle speed.

[0096] The routine according to the first modified example will be described below
with reference to FIG. 14.

[0097] Because steps S31 and S32 are the same as steps S1 and S2 in FIG. 1,
respectively, and step S33 is the same as step S23 in FIG. 11, the description thereof will

not be provided below.
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[009'8] In step S34, the radius R of a curve and the distance L between the current
vehicle position and the center of the curve are calculated. The radius R of the curve is
calculated based, for example, on the map information stored in the navigation system 95.
The distance L between the current vehicle position and the center of the curve may be

5  calculated based on the information on the current vehicle position obtained by GPS and
the map information stored in the navigation system 95.

[0099] In step S35, the target turning vehicle speed Vreq is calculated. The target
turning vehicle speed Vreq is calculated, for example, by the following equation (theory)
10. The target lateral acceleration Gyt used in the equation 10 may be a fixed value (e.g.

10 04 G). Alternatively, the target Jateral acceleration Gyt may be variably set based on
other information, for example, the manner in which the driver dn'yes the vehicle.
<Equation 10>

Vreq=[Rx Gyrx g

R: radius of curve R (m)

15 Gyt: target lateral acceleration G appropriate value (for example, 0.4 G)

g: gravitational acceleration 9.8 (m/s?)

[0100] In step S36, the required deceleration Gregx is calculated. The required
deceleration Greqx is calculated by the following equation (theory) 11.

<Equation 11>

V?: _Vreq®

20 Gregx =
2xLxg

V: current vehicle speed (m/s)
. L: distance between vehicle and center of curve (m)
[0101] In the above equation, L is the distance between the current vehicle position
and the center of the curve. Alternatively, L may be the distance between the current
25  vehicle position and the entrance of the curve. When the distance between the current
vehicle position and the entrance of the curve is used as L, the required deceleration is
maintained at a constant value and the correction coefficient calculated in step S37 js

maintained from the entrance of the curve to the center of the curve.
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[0102] In step S37, the cotrection coefficient is calculated based on the required
deceleration. The correction coefficient is calculated based, for example, on the map
shown in FIG. 15. When the required deceleration is a value equal to or close to 0, the
correction coefficient is set to a value equal to or close to 1.0. When the required
deceleration is great, the correction coefficient is set to a small value or 0.

[0103] Because steps S38 and S39 are the same as the steps S4 and S5 in FIG, 1,
respectively, the description thereof will not be provided below.

[0104] According to the first modified example, the same effects as those in the third
embodiment of the invention are obtained, Hereafter, the description will be provided
with reference to FIG. 13.

[0105] FIG. 13 shows a required deceleration 401, an actual lateral acceleration 402,
a vehicle speed 403, a road gradient 404, a correction coefficient 405, a final drive power
adjustment amount, and an uncorrected drive power adjustment amount 407 (according to
the conventional technology). FIG, 13 sﬁows the case where the vehicle enters a curve
when the road gradient 404 is increasing.

[0106] According to the conventional technology, when the road gradient 404 is
increasing, the drive power adjustment amount 407 (beforc correction according to the
third embodiment of the invention) also increases. Accordingly, even if the driver
releases the accelerator pedal, the deceleration required by the driver (the deceleration
that is estimated to be achieved by releasing the accelerator pedal) is not achieved.

[0107] According to the first modified example of the third embodiment of the
invention, the required deceleration (Gregx) 401 is calculated (step S36), and the
correction coefficient 405 corresponding to the required deceleration 401 is calculated
(step S37). Because the throttle valve opening amount is corrected using the correction
coefficient 405 (steps S38 and S39), the final drive power adjustment amount 406 is set
to a value less than the uncorrected drive power adjustment amount 407 by an amount
corresponding to the correction amount, Thus, when the driver releases the accelerator
pedal, the vehicle decelerates by an amount greater than that according to the

conventional technology. Accordingly, the drive power is controlled without giving a
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sense of discomfort to the driver.

[0108] A second modified example of the third embodiment of the invention will be
described. Accordjng to the first modified example, the correction coefficient (the drive
power adjustment amount) is calculated based on the required deceleration Greqx. If
the correction coefficient (the drive power adjustment amount) is calculated based on the
required deceleration Gregx, the following inconvenience may Occur.

[0109] FIG. 16 shows the relationship between the distance L from the current
vehicle position to the entrance of a curve and the required deceleration Greqx calculated
by the equation 11. In the equation il, the term including the distance L is in the
denominator. Accordingly, ‘even when the current vehicle speed V exceeds the target
turning vehicle speed Vreq only slightly, if the distance L is short, the required
deceleration Gregx reaches an infinite value, as shown in FIG. 16. Accordingly, when
the distance L is short, if the correction coefficient (the drive power adjustment amount)
is set based on the required deceleration Greqx, the driver may feel a sense of discomfort.

[0110] As shown in FIG. 16, when the distance L is relatively long, the required
deceleration Gregx is not excessively greater than the actually required value.
Accordingly, setting the correction coefficient (the drive power adjustment amount) based
on the required deceleration Gregx does not cause any inconveniences. On the other
hand, when the distance L is short, the required deceleration Gregx is excessively greater
than the actnally required value. Accordingly, it is not appropriate to set the correction
coefficient (the drive power adjustment amount) based on the required deceleration
Gregx. Therefore, it is not appropriate to execute the deceleration control based only on
the required deceleration Gregx calculated by the equation 11. When the distance L is
relatively short, the norm (the required deceleration) used to set the correction coefficient
needs to be corrected. Such inconvenience is minjmized by the second modified
example of the third embodiment of the invention.

[0111] According to the second modified example, if the throttle valve opening
amount (the drive power adjustment amount) is controlled when the vehicle is at a

position distant from the entrance of the curve, the correction coefficient (the drive power
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adjustment amount) may be calculated based on the first deceleration (the same as the
required aeceleration Greqx) determined based on the distance from the current vehicle
position to the entrance of the curve, On the other hand, if the throttle valve opening
amount is controlled when the vehicle is at a position close to the entrance of the curve,
the correction coefficient (the drive power adjustment amount) may be calculated based
on the second deceleration Greqy determined in accordance with the lateral acceleration
that is estimated to be applied to the vehicle when the vehicle enters the curve.

[0112] The second deceleration Greqy is calculated by the following equation 12,

<Equation 12>

Greqy = f{AGy)

AGy: difference between target lateral acceleration and estimated lateral acceleration

AGy: Gyf - Gyt

[0I13] The estimated lateral acceleration is the latera] acceleration that will be
applied to the vehicle if the vehicle enters the curve at the current vehicle speed V. The
estimated lateral acceleration Gyf is calculated by the following equation 13.

<Equation 13>

V2

Gyf =
o Rx g

[0114] According to the second modified example, the lateral acceleration difference
AGy is used as the index for calculating the drive power adjustment amount, because the
amount by which the vehicle needs to be decelerated before entering the curve is roughly
calculated based on the lateral acceleration difference AGy.

[0115] The second deceleration Greqy may be calculated based on the lateral
acceleration difference AGy using, for cxample, the relationship (map), shown in FIG. 17,
set in advance. The relationship between the second deceleration Greqy and the lateral
acceleration difference AGy is set in advance based on experiments, experiences, etc.
The equation for calculating the first deceleration (the required deceleration) Gregx
includes the term including the distance L, as shown in the equation 11. As a result,

when the distance L is short, the first deceleration (the required deceleration) is
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excessively great (an infinite value). To minimize such inconvenience, according to the
second modified example, the lateral acceleration difference AGy 1is used, becaunse the
lateral acceleration difference AGy is independent of the distance L and is an appropriate
index used to determine the drive power adjustment amount.

[0116] As shown in FIG. 17, as the lateral acceleration difference AGy increases, the
amount, by which the vehicle needs to decelerate before entering the curve, increases.
Accordingly, as the lateral acceleration difference AGy increases, the second deceleration
Greqy is set to a greatef value. On the other hand, as the lateral acceleration difference
AGy decreases, the amount, by which the vehicle needs to decelerate before entering the
curve, decreases. Accordingly, as the lateral acceleration difference AGy decreases, the
second deceleration Greqy is set to a smaller value. When the lateral acceleration
difference AGy is equal to or less than a predetermined value, the second deceleration
Greqy is set to 0. When the vehicle enters the curve at a vehicle speed slightly higher
than the target turning vehicle speed Vreq (when the lateral acceleration difference AGy is
equal to or less than a predetermined value), the vehicle can go round the curve without
problems. In such a case, the second deceleration Greqy is not used.

[0117] A third modified example of the third embodiment of the invention will be
described. According to the third embodiment of the invention and the first and second
modified examples of the third embodiment, the drive power adjustment amount is
limited based on the estimated maximum lateral acceleration, the required deceleration,
the first deceleration or the second deceleration. Altemnatively, the drive power
adjustment amount may be limited based on the following information on the curve, 1)
The drive power adjustment amount is limited based on the distance between the current
vehicle position and the entrance of the curve. 2) The drive power adjustment amount is
limited when the distance between the current vehicle position and the entrance of the
curve is equal to or shorter than a predetermined value. 3) The drive power adjustment
amount is limited if it is determined that there is a curve (or the radius of a curve) ahead
of the vehicle by a predetermined distance. The predetermined distance may be a fixed

value or the product of the current vehicle speed and a predetermined time period. 4)
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The drive power adjustment amount is limited when the radius R of the curve present
ahead of the vehicle by a predetermined distance is shorter than a predétermined value.
5) The drive power adjustment amount is Jimited based on the vehicle speed.

[0118] A fourth modified example of the third embodiment of the invention will be
described below. According to the fourth modified example, the drive power
adjustment amount may be limited based on the manner in which the driver drives the
vehicle. The more sport-oriented the driving manner of the driver is, the greater
deceleration the driver expects when the driver releases the accelerator pedal before the
vehicle enters a curve. According to the fourth modified example, the correction
coefficient (the drive power adjustment amount) is calculated based on the manner in
whiéh the driver drives the vehicle, as shown in FIG. 19.

[0119] A driving manner estimation unit (not shown) that estimates the driving
manner of the driver may be included in the CPU 131. The driving manner estimation
unit estimates the driving manner of the driver (whether the driver drives the vehicle in
the sport-oriented driving manner or the normal driving manner) based (;n the manner in
which the driver drives the vehicle and the manner in which the vehicle runs. The
driving manner estimation unit will be described later in detail. The configuration of the
driving manner estimation unit is not limited to the configuration described below.
Various configurations may be employed as long as the driving manner of the driver is
estimated. The sport-oriented driving manner signifies the driving manner reflecting the
following tendency or preference of the driver; the driver gives priority to high engine
performance, the driver tends to accelerate the vehicle rapidly, or the driver prefers quick.
response of the vehicle to the operation performed by the driver.

[0120] The driving manner estimation unit includes a neural network NN. Each
time any one of multiple operation-related parameters is calculated, the calculated
operation-related parameter is input in the neural network NN , and estimation function is
activated in the neural network NN. The driving manner estimation unit estimates the
driving manner of the driver based on the output from the neural network NN.

[0121] For example, the driving manner estimation upit includes signal reading
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means 96, preprocessing means 98 and driving manner estimatjon means 100, as shown
in FIG. 18. The signal reading means 96 reads the signals indicating the values detected
by the various sensors at relatively short intervals. The preprocessing means 98 is
operation-related parameter calculation means for calculating mﬁltiple operation-related
parameters that are closely related to the operations reflecting the driving manner. The
multiple operation-related parameters include the output operation amount (the
accelerator pedal operation amount) when the vehicle is started, that is, the throttle valve
opening amount TAsr when the vehicle is started; the maximum rate of change in the
output operation amount when the operation for accelerating the vehicle is performed,
that is, the maximum rate Accyax of ‘change in the throttle valve openfng amount; the
maximum deceleration Grmax achieved when the operation for applying a braking force
to the vehicle is performed; the time Tcoasr during which the vehicle coasts; the time
Tvconst during which the vehicle runs at a constant vehicle speed; the maximum value
among the values indicated by the signals transmitted from each sensor during a
predetermined time period; and the maximum vehicle speed V. that is achieved after
the vehicle is started. The driving manner estimation means 100 includes the neural
network NN. Each time the operation-related parameter is calculated by the
preprocessing means 98, the calculated operation-related parameter is input in the neural
network NN, and the neural network NN executes computation to estimate the driving
manner of the driver. The driving manner estimation means 100 outputs the driving
manner estimate value, which is an output from the neural network NN.

[0122] The preprocessing means 98 in FIG. 18 includes vehicle-start-time output
operation amount calculation means 98a for calculating the output operation amount
when the vehicle is started, that is, the throttle valve opening amount TAgr when the
vehicle is started; acceleration-time output operation amount maximum change rate
calculation means 98b for calculating the maximum rate of change in the output
operation amount when the operation for accelerating the vehicle is performed, namely,
the maximum rate Accmax of change in the throttle valve opening amount; braking-time

maximum deceleration calculation means 98¢ for calculating the maximum deceleration
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Gnmax Which is achieved when a braking force is applied to the vehicle; coasting time
calculation means 98d for calculating the time Tcoast during which the vehicle is
coasting; constant-vehicle-speed running time calculation means 98e for calculating the
time Tyconst during which the Vehicle is running at a constant vehicle speed; maximum
input signal value calculation means 98f for periodically calculating the maximum value
among the values indicated by the signals transmitted from each sensor during a
predetermined time period, for example, approximately three seconds; and maximum
vehicle speed calculation means 98g for calculating the maximum vehicle speed Vpax that
is achieved after the vehicle is started.

[0123] The maximum input signal value calculation means 98f calculates the
maximum value of the throttle valve opening amount TA .y, the vehicle speed Vi, the
engine rotational speed Ngmax, the longitudinal acceleration NOGBW (a negative
value during deceleration), or the deceleration Guymax: (the absolute value) transmitted
during the predetermined time period. The longitudinal acceleration NOGBW ., or the
deceleration Gumax: is calculated based, for example, on the rate of change in the vehicle
speed V (Nour).

[0124] The neural network NN included in the driving manner estimation means 100
in.FIG: 18 may be formed by modeling a nerve cell group.of a living body using software
formed of a computer program or hardware formed of a combination of electronic
clements. For example, the neural network NN may have a configuration shown in the
box indicating the driving manner estimation means 100 in FIG. 18.

[0125] As shown in FIG: 18, the neural network NN has a trilaminar configuration
including an input layer formed of r units of neurons Xi (X1 to Xr), an intermediate layer
formed of s units of neurons Yj (Y1 to Ys), and an output layer formed of t units of
neurons Zk (Z1 to Zt). In order to transmit the conditions of the néurons from the input
layer toward the output layer, there are provided a transmittal element Dy that connects
the r units of neurons Xi to s units of newrons Yj using a connection coefficient (weight)
Wiij, and a transmittal element Dy, that connects s units of neurons Yj to t units of

neurons Zk using a connection coefficient (weight) Wyjk.
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[0126] The neural network NN is a pattern association system in which the
connection coefficient (weight) Wx; and the connection coefficient (weight) Wy are
learned by a co-called back-propagation learning algorithm. The learning is- completed
in advance by road tests conducted to associate the values of the operation-related
parameters with the driving manners. ~Accordingly, when the vehicle is assembled, the
connection coefficient (weight) Wy and the connection coefficient (weight) Wyj are set
to fixed values.

[0127] To perform the above-described learning, the road tests are conducted by
multiple drivers. These drivers drive the vehicles in the sport-oriented driving manner
and in the normal driving manner on various types of roads, for example, a high-way, a
suburban road, a mountain road, and a city road. The driving manner derived through
the tests is used as a teacher signal, and the teacher signal and the n units of indexes
(input signals) obtained by preprocessing the signals from the sensors are input in the
neural network NN. The teacher signals indicate the driving manners converted into
numerals from 0 to 1. For example, the normal driving manner is indicated by the
numeral O, and the sport-oriented driving manner is indicated by the numeral 1. The
input signal is normalized to a value from - 1 to + 1, or from O to 1, and then used.

[0128] As shown in FIG. 19, the correction coefficient is changed based on the
driving manner determined by the driving manner estimation unit. If it is determined
that the driver drives the vehicle in the normal driving manner, the correction coefficient
is set to 1.0. As the degree of sport-orientation increases, the correction coefficient is
set to a smaller value. If it is determined that the degree of sport-orientation is high, the
correction coefficient is set to 0.

[0129] In the description above, the driving manner is estimated by the driving
manner estimation unit. Alternatively, the driver may input his/her driving manner in
the control circuit 130 by, for example, operating a switch.

[0130] A fifth modified example of the third embodiment of the invention will bé
described below. According to the third embodiment of the invention and the first to

fourth modified examples of the third embodiment of the invention, the correction
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coefficient is changed in association with the curvature (or the radius R) of a curve.
However, the parameter used to change the coefficient is not limited to the curvature of a
curve. The correction coefficient may be changed based on the running environment
parameters other than the curvature of a curve and in accordance with the situation where
the vehicle needs to decelerate (e.g. when there is a Stop sign, a railroad crossing, or an
intersection, when the vehicle goes out of a freeway, when there is a toll booth, when the
distance from the preceding vehicle is short, when the estimated duration of time before a
crash is short, or when there is an obstacle ahead of the vehicle). For example, when the
vehicle needs to stop (e.g. when there is a railroad crossing or a toll booth), the target
vehicle speed may be set to 0. When the distance between the vehicle and the point at
which the vehicle needs to stop is equal to or shorter than a predetermined value, the
adjustment of the drive power to compensate for the external factor (e.g. the road gradient
of an uphill slope) may be cancelled. Alternatively, as the distance from the vehicle to
the point at which the vehicle needs to stop decreases, the drive power adjustment
amount may be decreased. |

[0131] A drive power control apparatus and method for a vehicle according to a
fourth embodiment of the invention will be described with reference to FIGs. 20 to 22.
The description on the same portions as those in the above-described embodiments will
not be provided below.

[0132] When the control for compensating for the road gradient of a downhill slope
is executed (e.g. when the control for closing the electronically-controlled throttle valve
by an amount required to compensate for the road gradient is executed), the driver may
feel a sense of discomfort. Namely, when the vehicle is going out of a curve, or when
the vehicle starts traveling on a straight road after passing through the curve, the driver
attempts to accelerate the vehicle by depressing the accelerator pedal. However, the
acceleration that the driver expects may not be achieved, because the
electronically-controlled throttle valve is closed by the amount required to compensate
for the road gradient. While the vehicle is going round a curve in a downhill slope, even

if the driver depresses the accelerator pedal, the vehicle does not accelerate as expected,
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and the driver may feel a sense of discomfort. Such inconvenience is minimized
according to the fourth embodiment of the invention.

[0133] The routine executed according to the fourth embodiment of the invention
will be described with reference to FIG. 20. |

[0134] Because steps S310 to S330 are the same as steps S1 to S3 in FIG. 1,
respectively, the description thereof will not be provided below.

[0135] In step S340, it is determined whether the vehicle is traveling on a downhill
slope. For example, if the road gradient calculated in step S310 is less than a
predetermined value, or if the situation where the road gradient is less than the
predetermined value continues for a predetermined time period, it is determined that the
vehicle is traveling on a downhill slope. If it is determined in step S340 that the vehicle
is traveling on a downhill slope, step S350 is executed. On the other hand, if it is
determined that the Vehiéle is not traveling on a downhill slope, step $390 is executed.
If a negative determination is made in step S340 and step S390 is executed, the same
control as that in the first embodiment is executed.

[0136] In step S350, it is determined whether the accelerator pedal is fully released
based on the accelerator pedal operation amount detected by the accelerator pedal
operation amount sensor 114. If it is determined that the accelerator pedal is fully
released, step S360 is executed. On the other hand, if it is determined that the
accelerator pedal is not fully released, step S370 is executed.

[0137] In the control, when the vehicle is going round a curve in a downhill slope,
the amount by which the drive power is adjusted to compensate for the road gradient (the
amount by which the electronically-controlled throttle valve is closed) is decreased to
increase the drive power. While the vehicle is going round a curve, if the drive power is
increased although the accelerator pedal operation amount is maintained substantially
.constant, the lateral acceleration applied to the vehicle increases. As a result, the driver
may feel a sense of discomfort. In order to minimize such inconvenience, the control
for increasing the drive power is executed only when the accelerator pedal is fully

released.
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[0138] In the above description, the control for increasing the drive power is
executed only when the accelerator pedal is fully released. Alternatively, the following
control may be executed. The correction coefficient is gradually changed from the
correction coefficient calculated in step S3 to the correction coefficient calculated in step
S6. In addition, the sweep rate (the change rate) is changed between when the
accelerator pedal is depressed and when the accelerator pedal is fully released. Thus, it
is possible to change the correction coefficient while minimizing a sense of discomfort
felt by the driver.

[0139] In step S360, the correction coefficient is modified. In step S360, the
correction coefficient is uniformly modified to 0. Alternatively, the correction
coefficient may be modified based on the lateral acceleration as shown in FIG 21,
because as the lateral acceleration applied to the vehicle increases, the tendency of the
driver to drive the vehicle in the sport-oriented manner increases. In the map in FIG. 21,'
when the absolute value of the lateral acceleration exceeds 0.8G, the correction
coefficient is set to a value that is smaller than that the absolute value of the lateral
acceleration is less than 0.8G and is equal to or more than 0.4G. This is because, if the
drive power is abruptly increased when the absolute value of the lateral acceleration is
great, the vehicle may behave unstably.

[0140] Instead of this, in step S360, the correction coefficient may be modified only
when the absolute value of the lateral acceleration is equal to or higher than a
predetermined value.

[0141] In step S370, it is determined whether the current correction coefficient
differs from the immedijately preceding value of the correction coefficient. When the
correction coefficient is modified in step S360, an affirmative determination is made in
step S370. If an affirmative determination is made in step $370, step S380 is cxecuted.
On the other hand, if a negative determination is made in step S370, step S390 is
executed.

[0142] In step S380, the correction coefficient is gradually changed from the

immediately preceding value. When the correction coefficient derived through the



10

15

20

25

WO 2007/129173 PCT/IB2007/001097

39

modification made in step S360 is less than the correction coefficient calculated in step
S$330, if the correction coefficient is rapidly changed to the correction coefficient derived
through the modification made in step S360, the drive power may abruptly increase and
the driver may feel a sense of discomfort. According to the fourth embodiment of the
invention, the correction coefficient is gradually changed to minimize such
inconvenience.

[0143] In this case, the sweep rate is set to a constant value. Alternatively, as
shown in FIG. 22, when the accelerator pedal operation amount is great, that is, the driver
intends to accelerate the vehicle by a great amount, the sweep rate may be set so that the
correction coefficient is changed gradually. On the other hand, when the accelerator
pedal operation amount is small, that is, the driver intends to accelerate the vehicle by
only a small amount, the sweep rate may be set so that the correction coefficient is
changed rapidly.

[0144] Because steps S390 and S400 are the same as steps S4 and S5, }respectively,

‘the description thereof will not be provided below.

[0145] The accelerator pedal may be fully released while the vehicle is going round a
curve. Then, the vehicle needs to be accelerated to go out of the curve and start
traveling on a straight road after passing through the curve. According to the fourth
embodimeﬂt of the invention, when the vehicle is going round a curve in a downhill slope,
the drive power adjustment amount (the amount by which the electronically-controlled
throttle valve is closed) is set to a small value in order to achieve sufficient acceleration
in accordance with the accelerator pedal operation amount. As described above, when
the vehicle is going round a curve (when the operation for fully releasing the accelerator
pedal is cancelled, and the vehicle goes out of the curve and starts traveling on a straight
road after passing through the curve), the acceleration of the vehicle needs to be increased.
Accordingly, the drive power adjustment amount (the amount by which the
electronically-controlled throttle valve is closed) is made less than that when the vehicle
is traveling on a straight road (the regions other than the region in which the acceleration

of the vehicle needs to be increased). -
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[0146] The first to fourth embo.diments may be combined with each other as
required.

[0147] Next, a drive power control apparatus and method for a vehicle according to a
fifth embodiment of the invention will be described below with reference to FIGs. 23 to
26. The description on the portions that are the same as those in the embodiments and
the modified examples of the embodiments described above will not be provided below.

t0148] According to the first embodiment of the invention, the amount by which the
drive power is adjusted to compensate for the external factor-related parameters such as
the road gradient is decreased when the vehicle is going round a curve to suppress
occurrence of unstable vehicle behavior even if the accelerator pedal is operated
somewhat roughly. According to the second embodiment of the invention, the drive
power adjustment amount is made less than that in the conventional technology by an
amount corresponding to the cornering resistance by excluding the cornering resistance
from the external factor-related parameters. Thus, occurrence of unstable vehicle
behavior is suppressed even if the accelerator pedal is operated somewhat roughly.

[0149] The adjustment amount decrease control for decreasing the drive power
adjustment amount is executed while the vehicle is going round a curve (the first and
second embodiments). After the vehicle has passed through the curve, the adjustment
amount decrease control ends. In this case, the drive power adjustment amount after the
‘vehicle has passed through the curve differs from the drive power adjustment amount
when the vehicle is going round the curve by an amount by which the drive power
adjustment amount is decreased. When the vehicle is traveling on a road in which there
are successive curves in which there are successive curves, the state in which the vehicle
is going round a curve and the state in which the vehicle has passed through the curve are
frequently switched. Accordingly, when the vehicle is traveling on the road in which
there are successive curves, the difference in the drive power adjustment amount (the
drive power) is frequently caused, namely, the drive power adjustment amount is
repeatedly and frequently increased and decreased. As a result, the driver may feel a

sense of discomfort. According to the fifth embodiment of the invention, it is possible
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to suppress the reduction in the drivability which is caused by repeatedly and frequently
increasing and decreasing the drive power adjustment amount while the vehicle is
traveling on the road in which there are successive curves.

[0150] The fifth embodiment of the invention will be described below in detajl with
reference to FIGs. 25 and 26. The description will be made concerning the case where
the adjustment amount decrease control for decreasing the drive power adjustment
amount is executed according to the first embodiment of the invention while the vehicle
is going round a curve.  Alternatively, the adjustment amount decrease control according
to the second embodiment of the invention may be executed instead of according to the
first embodiment of the invention, or the adjustment amount decrease control according
to the combination of the second embodiment with the first embodiment of the invention
may be executed.

[0151] FIG. 25 shows a road in which there are successive curves. In FIG. 25(1),
there is a right-hand curve that starts at point A and ends at point B. The road from
point B to point C is substantially straight. In addition, there is a left-hand curve that
starts at point C and ends at point D. The road configuration in FIG. 25(2) differs from
the road configuration in FIG. 25(1) in that there is a right-hand curve that starts at point
C and ends at point D.

[0152] FIG. 26 is the chart showing the case where the vehicle travels on the road in
which there are successive curves shown in FIG. 25. FIG. 26 shows a side view 501 of
the road, an accelerator pedal operation amount 502, a lateral acceleration 503 that is
applied to the vehicle when the vehicle travels on the road in which there are successive
curves shown in FIG. 25(2), a lateral acceleration 504 that is applied to the vehicle when
the vehicle travels on the road in which there are successive curves shown in FIG 25(1),
an opening amount 505 of the electronically-controlled throttle valve (the drive power)
when the control according to the fifth embodiment of the invention is not executed, and
an opening amount 506 of the electronically-controlled throttle valve (the drive power)
when the control according to the fifth embodiment of the invention is executed.

[0153] FIG. 26 also shows a throttle valve opening amount 507 corresponding to the
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accelerator peaal operation amount 502, and an opening amount 508 of the
electronically-controlled throttle valve that is added to the throttle valve opening amount
507 to compensate for the road gradient . The sum of the throttle valve opening
amount 507 and the throttle valve opening amount 508 corresponds to the target throttle
valve opening amount calculated in step S2 in FIG. 1.  Although not shown in FIG. 26,
the vehicle speed is substantially constant from point A to point D (the radius of the curve

is sufficiently great so that the vehicle goes round the curve even at the substantially

constant vehicle speed).

[0154] Because the accelerator pedal operation amount 502 is maintained constant
from point A to point D, the throttle valve opening amount 507 that corresponds to the
accelerator pedal operation amount 502 is also maintained constant from point A to point
D (see FIG. 3). As shown in the side view 501 of the road, the uphill road gradient is the
‘constant value o from point A to point D. Therefore, usually (when the vehicle is not
going round a curve), the constant opening amount 508 of the electronically-controlled
throttle valve is added to the throttle valve opening amount 507 to set the target throttle
valve opening amount (= 507 + 508).

[0155] From point A to point B and from point C to point D, the lateral accelerations
503 and 504 increase because the vehicle is going round a curve. Therefore, the throttle
valve opening amount 505 that is added to the throttle valve opening amount 507 to
compensate for the running resistance is set to a value smaller than the throttle valve
opening amount 508, according to the first embodiment of the invention. The sum of
the throttle valve opening amount 507 and the throttle valve opening amount 505
corresponds to the corrected target throttle valve opening amount calculated in step S4 in
FIG. 1.

[0156] When the adjustment amount decrease control for decreasing the drive power
adjustment amount 505 is executed while the vehicle is going round a curve (from point
A to point B and from point C to point D) according to the first embodiment of the
‘invention, the adjustment amount decrease control ends at the points at which the curves

end (at point B and point D), and the throttle valve opening amount, which is added to the



10

15

20

25

WO 2007/129173 PCT/IB2007/001097

43

throttle valve opening amount 507, is returned to the throttle valve opening amount 508
(= the throttle valve opening amount 505 at point B). At this time, a difference is caused
in the drive power adjustment amount between when the vehicle is going round a curve

(from point A to point B and from point C to point D) and when the vehicle has passed

- through the curves (from point B to point C and after point D) by the amount

corresponding to the difference between the throttle valve opening amount 505 before
point B and the throttle valve opening amount 505 at point B (= the throttle valve opening
amount 508).

[0157] As shown in FIG. 25, the state in which the vehicle is going round a curve and
the state in which the vehicle has passed through the curve are frequently switched while
the vehicle is traveling on the road in which there are successive curves. Accordingly,
while the vehicle is traveling on the road in which there are successive curves, the
differénce is periodically caused in the drive power adjustment amount, namely, the drive
power adjustment amount is periodically increased and decrcased. As a result, the
driver may feel a sense of discomfort.

[0158] Immediately before the vehicle reaches point A, which is the first point, to
enter the curve from point A to point B, if the driver fully releases the accelerator pedal,
the drive power is made 0. Accordingly, the driver may feel a sense of discomfort only
slightly. In contrast, immediately before the vehicle reaches point C to enter the curve
from point C to point D, the vehicle speed may not be sufficiently decreased even if the
driver fully releases the accelerator pedal and, therefore, the driver may feel a sense of
discomfort. This is because, the driver has depressed the accelerator pedal to go out of
the curve from point A to point B, and the amount, by which the drive power adjustment
amount 505 is decreased, is set to a small value (e.g. 0) due to a decrease in the lateral
acceleration 503 (the amount by which the throttle valve opening amount 505 is made
less than the throttle valve opening amount 508). According to the fifth embodiment of
the invention, the amount by which the drive power is adjusted to compensate for the
external factor-related parameters (the throttle valve opening amounts 506 and 509) is

decreased when the vehicle is traveling on the road in which there are successive curves.
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Thus, a sense of discomfort felt by the driver is reduced.

[0159] According to the fifth embodiment of the invention, the control is executed so
that the drive power adjustment amount 509 that is added to compensate for the road
gradient o when the vehicle is traveling on the road in which there are successive curves
is made less than the dn'\'/e power adjustment amount 508 that is added to compensate for
the road gradient oo when the road on which the vehicle is traveling is not a road in which
there are successive curves, According to the fifth embodiment of the invention, when
the vehicle is traveling on the road in which there are successive curves, as shown by the
drive power adjustment amount 506, even if the drive power adjustment amount 506
when the vehicle is going round a curve made less than the drive power adjustment
amount 506 when the vehicle is not going round a curve according to the first
embodiment of the invention (steps S120 and S170 in FIG 23), the drive power
adjustment amount 509 for compensating for the road gradient o is originally small.
Accordingly, the difference in the drive power adjustment amount 507 between when the
vehicle is going round a curve and when the vehicle has passed through the curve is small.
Thus, a sense of discomfort felt by the driver is suppressed.

[0160] Next, the routine executed according to the fifth embodiment of the invention
will be described with reference to FIG. 23.

[0161] Because steps S110 and S120 are the same as steps S1 and S3 in FIG, 1,
respectively, the description thereof will not be provided below.

[0162] Im step S130, it is determined whether the vehicle is traveling on the road in
which there are successive curves. The determination is made in the following manner.
First, the total sum of the turning angles within a region having a predetermined length is
calculated in real time. Then, it is determined whether the vehicle is traveling on the
road in which there are successive curves based on whether the total sum is equal to or
greater than a predetermined value.

[0163] Alternatively, it may be determined whether the vehicle is traveling on the
road in which there are successive curves based on whether a curve having a curvature

equal to or greater than a predetermined value is present within the region having a
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predetermined length and/or the number of curves each of which has a curvature equal to
or greater than the predetermined value present within the region having the
predetermined length.

[0164] Alternatively, the region in which there are successive curves may be stored
in advance in the navigation system 95 as the map information, and it may be determined
whether the vehicle is traveling on the road in which there are successive curves based on
the stored information. If it is determined that the vehicle is traveling on the road in
which there are successive curves, step S140 is executed. On the other hand, if it is
determined that the road on which the vehicle is traveling is not a road in which there are
successive curves, step S150 is executed.

[0165] In step S140, the average value of the radiuses of the curves within the region
having the predetermined length is calculated. The average value is calculated by
dividing the sum of the minimum values of the radiuses of the curves by the number of
curves.

[0166] In step S150, the control gain is calculated. When the road on which the
vehicle is traveling is not a road in which there are successive curves ("NO" in step $130),"
';he conitrol gain is set to the preset gain K (see FIG. 24). On the other hand, if it is
determined that the vehicle is traveling on a road in which there are successive curves
("YES" in step S130), the control gain is calculated based on the average value of the
radiuses of the curves within the region having the predetermined length. As the
average value of the radiuses of the curves within thie region having the predetermined
length decreases, the control gain is set to a value that is smaller than the gain K by a
greater amount. '

[0167] In step S160, the target throttle valve opening amount is calculated. The
final target throttle valve opening amount is calculated by reflecting the control gain on
the target throttlc valve opening amount calculated in the same method as that used in
step §2 in FIG. 1. When the control gain is set to the gain K, the target throttle valve
opening amount is the same value as that when the control according to the fifth

embodiment of the invention is not executed (= the sum of the throttle valve opening
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amount 507 and the throttle valve opening amount 508). When the control gain is less
than the gain K, the target throttle valve opening amount is less than the sum of the
throttle valve opening amount 507 and the throttle valve opening amount 508 by the
amount corresponding to the difference between the control gain and the gain K. In the
example shown in FIG. 26, because the control gain is set to a value (not shown) less than
the gain K, the target throttle valve opening amount is the sum of the throttle valve
opening amount 507 and the throttle valve opening amount 509.

[0168] In step S170, the target throttle valve opening amount is corrected (the
corrected target throttle valve opening amount is calculated). The corrected target
throttle valve opening amount is calculated by the equation 4 used in step S4 in FIG. 1.
In the example in FIG. 26, the corrected target throttle valve opening amount is the sum
of the throttle valve opening amount 507 and the throttle valve opening amount 506.

[0169] Step S180 is the same as step S5 in FIG. 1. The control is executed so that
throttle valve opening amount is equal to the corrected target throttle valve opening
amount.

[0170] According to the fifth embodiment of the invention, when the vehicle is
traveling on the road in which there are successive curves, the control gain is less than
that when the road on which the vehicle is traveling is not a road in which there are
successive curves. Accordingly, the- target throttle valve opening amount is less than
that when the road on which the vehicle is traveling is not a road in which there are
successive curves. In the example in FIG. 26, the target throttle valve opening amount
when the road on which the vehicle is traveling is not a road in which there are
successive curves is the sum of the throtile valve opening amount 507 and the throttle
valve opening amount 508. In contrast, the target throttle valve opening amount when
the vehicle is traveling on the road in which there are successive curves is the sum of the
throttle valve opening amount 507 and the throttle valve opening amount 506,
Accordingly, when the vehicle is traveling on the road in which there are successive
curves, the difference in the drive power adjustment amount between when the vehicle js

going round a curve and when the vehicle has passed through the curve is made less than
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that when the road on which the veﬁicle is traveling is not a road in which there are
successive curves. Thus, a sense of discomfort felt by the driver is suppressed.

[0171] Unlike the drive power adjustment amount 505 when the road on which the
vehicle is traveling is not a road in which there are successive curves, the amount by
which the drive power adjustment amount 506 is decreased when the vehicle is traveling
on the road in which there are successive curves is increased and decreased based on the
average size (radius) of the successive curves. Accordingly, the drivability further
Improves.

[0172] According to the third embodiment of the invention, the drive power
adjustment amount is decreased based on the estimated maximum lateral acceleration
applied to the vehicle before the vehicle enters a curve. When the control according to
the fifth embodiment is executed instead of the control according to the third embodiment
or when the control according to the fifth embodiment is executed in combination with
the control according to the third embodiment, the amount by which the drive power
adjustment amount is decreased is changed based on whether the vehicle is traveling on a
road in which there are successive curves and the number of curves (as the number of
curves increases, the amount, by which the drive power adjustment amount is decreased,
is increased).

[0173] A first modified example of the fifth embodiment of the invention will be
.described below. According to the fifth embodiment of the inventidn, when the vehicle
is traveling on a road in which there are successive curves, the control gain is calculated
based on the average value of the radiuses of the curves. In contrast, according to the
first modified example, the control gain may be variably set based on the driving manner
of the driver. As shown in FIG 27, when the driver has a high degree of
sport-orientation, the control gain is set to a small value. This is because, it is
considercd that the driver having higher sport-orientation tends to prefer less drive power
adjustment amount.

[0174] A drive power control apparatus and method according to a sixth embodiment

of the invention will be described below with reference to FIGs. 28 and 29. In the sixth
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embodiment of the invention, the description on the same portions as those in the
embodiments and the modified examples of the embodiments described above will not be
provided below. The inconvenience that will be minimized according to the sixth
embodiment of the invention is the same as the inconvenience that will be minimized by
the fifth embodiment of the invention. ‘

[0175] According to the fifth embodiment of the invention, when the vehicle is
traveling on a road in which there are successive curves, the drive power adjustment
amount 506 (509) including the drive power adjustment amount 506 when the vehicle is
traveling on the straight road (from point B to point C in FIG. 26) is made less than that
when the road on which the vehicle is traveling is not a road in which there are
successive curves. In contrast, according to the sixth embodiment of the invention,
when the vehicle is traveling on a road in which there are successive curves, recovery
from the drive power adjustment amount when the vehicle is going round a curve to the
drive power adjustment amount when the vehicle is traveling on a straight road is limited
or retarded when the vehicle goes out of the curve or when the vehicle has passed through
the curve. Thus, a sense of discomfort felt by the driver when the vehicle is traveling on
the road in which there are successive curves is reduced.

[0176] Next, the routine executed according to the sixth embodiment of the invention
will be described with reference to FIG. 28.

[0177] First, the road gradient is estimated (step $210, which is the same as step S1
in FIG. 1). Next, the target throttle valve opening amount is calculated (step $220,
which is the same as step S2 in FIG. 1). Then, the correction coefficient is calculated
based on the lateral acceleration applied to the vehicle (step 8230, which is the same as
step S3in FIG. 1). After that, the target throttle valve opening amount is corrected using
the correction coefficient (the cormrected target throttle valve opening amount is
calculated) (step S240, which is the same as step 54 in FIG. 1).

[0178] Next, in step S250, it is determined whether the distance La from the end
point of the curve on which the vchicle is currently traveling to the start point of the

subsequent curve is equal to or less than a predetermined value L1. In the example in
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FIG. 29, it is determined whether the distance La between point B and point C is equal to
or less than the predetermined value L1. If a negative determination is made, step S290
is executed.

[0179] In step S260, the recovery limit value 0 1 is calculated. The recovery limit
value 61 will be described below. According to the first embodiment of the invention,
when the vehicle is going round a curve (when the absolute value of a relatively great
lateral acceleration is detected), the amount by which drive power is adjusted to
compensate for the external factor-related parameters including the road gradient is
decreased. Before the vehicle goes out of the curve (when the detected absolute value
of the lateral acceleration is equal to or close to O); the amount, by which the driving
adjustment amount is decreased, is decreased (the drive power adjustment amount is
recovered to the drive power adjustment amount for a straight road).

[0180] When the distance L between the current vehicle position and the entrance of
the subsequent curve is short, if the drive power adjustment amount is rapidly recovered,
the driver may feel a sense of discomfort. This is because the drive power adjustment
amount 1s recovered rapidly and the accelerator pedal has been depressed to go out of the
curve. Accordingly, when the driver fully releases the accelerator pedal before the
vehicle enters the subsequent curve, the vehicle speed is not sufficiently decreased and
the dﬁver may feel a sense of discomfort. Immediately before the vehicle reaches the
end point of the curve, if the drive power adjustment amount is rapidly ihcreased, the
difference is increased in the drive power between when the vehicle is going round a
curve and when the vehicle is not going round a curve.

[0181] According to the sixth embodiment of the invention, the recovery limit value
01 1s set to limit an increase in the throttle valve opening amount, which is caused when
the throttle valve opening amount control is executed once, in order to suppress rapid
recovery of the drive power adjustment amount. The recovery limit value 01 is the
upper limit of the increase in the throttle valve opening amount, which is caused when the
throttle valve opening amount control is executed once.

[0182] The recovery limit value 01 may be variably set based on the vehicle speed,
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the curvature of the subsequent curve (the curve subsequent to the point at which the
drive power adjustment amount is recovered), etc. As shown in FIG. 30, When the
vehicle speed is high, the recovery limit value 81 is set to a small value, and the increase
in the throttle valve opening amount, which is caused when the throtfle valve opening
amount control is executed once, is suppressed to a small value. As shown in FIG. 31,
when the curvature of the subsequent curve is great, the recovery limit value 01 is set to a
great value to permit a large increase in the throttle valve opening amount, which is
caused when the throttle valve opening amount control is executed once.

[0183] Next, in step S270, the corrected target throttle valve opening amount 6n - 1
calculated in step $240 in the immediately preceding routine and the corrected target
throttle valve opening amount 6n calculated in step S240 in the current routine are
compared with each other. It is determined whether the increase from the corrected
target throttle valve opening amount (n - 1) calculated in step S240 in the immediately
preceding routine to the corrected target throttle valve opening amount 0n in step S240 in
the current routine is greater than the recovery limit value 81. If it is determined that the
Increase is greater than the recovery limit value 01, step S280 is executed. If a negative
determination is made, step S290 is executed.

[0184] In step S280, the corrected target throttle valve opening amount On is
calculated by the following equation, and the increase in the throtile valve opening
amount controlled in the current routine is limited.

O6n=On-1)+061

[0185] By the equation described above, the upper limit of the increase from the
corrected target throttle valve opening amount (6n - 1) calculated in step S240 in the
jmmediately preceding routine to the corrected target throttle valve opening amount 0n in
step S240 in the current routine is set to the recovery limit value 61. As shown by the
above equation, if the recovery limit value 61 is set to 0 in step 5260, the recovery of the
throttle valve opening amount (the control for increasing the throttle valve opening
amount) is not executed in the current routine.

[0186] In step S290, the control is executed so that the throttle valve opening amount
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is equal to the corrected target throttle valve opening amount 6n (the same as step S5 in
FIG. 1). If a negative determination is made in step S250, the throttle valve opening
amount control that is the same as the throttle valve opening amount control acgording to
the first embodiment of the invention (the drive power adjustment amount control that
does not differ between when the vehicle is traveling on a road in which there are
successive curves and when the road on which the vehicle is traveling is not a road in
which there are successive curves) is executed.

[0187] Next, the effects of the sixth embodiment of the invention will be described
with reference to FIG. 29. The same portions as those in FIG. 26 are denoted by the
same reference numerals, and the description thereof will not be provided below.

[0188] According to the first embodiment of the invention, when the vehicle‘is going
round a curve (from point A to point B), the drive power adjustment amount 505 used to
compensate for the road gradient is decreased. Iﬁmediatcly before the vehicle reaches
the end point of the curve (from a point before point B to point B), the amount, by which
the drive power adjustment amount 505 is decreased, is decreased (the drive power
adjustment amount 505 is recovered). At this time, when the distance La between the
current vehicle position and the entrance of the subsequent curve (from point C to point
D) is short, if the drive power adjustment amount 505 is abruptly recovered, the drive
power is increased because the drive power adjustment amount is recovered and the
'accelerator pedal is depressed to go out of the curve. Accordingly, when the driver fully
releases the accelerator pedal before the vehicle enters the subsequent curve, the vehicle
speed is not sufficiently decreased and the driver may feel a sense of discomfort.

[0189] Accordingly, the upper limit (the recovery limit value 01) is set to limit the
increase in the throttle valve opening amount, which is caused when the throttle valve
opening amount control is executed once, and the drive power adjustment amount 606 is
increased by an amount equal to or less than the recovery limit value 01. Thus, when
the driver fully releases the accelerator pedal before the vehicle enters the subsequent
curve, the vehicle speed is sufficiently decreased, and a sense of discomfort felt by the

driver is suppressed, because the drive power adjustment amount 606 is not considerably
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great.

[0190] A first modified example of the sixth embodiment of the invention will be
described below. The predetermined value L1 used in step S250 in the sixth
embodiment of the invention may be variably set based on the states of the vehicle and
the driver as described below.

[0191] For example, the predetermined value L1 may be variably set based on the
vehicle speed as shown in FIG. 32. When the vehicle speed is high, the predetermined
value L1 is set to a great value. When the vehicle speed is high, the vehicle reaches an
entrance of the subsequent curve in a short time. Accordingly, even if the distance L
between the end point of the curve on which the vehicle is currently traveling and the
entrance of the subsequent curve 1s relatively long, the recovery of the throttle valve
opening amount should be limited.

[0192] For example, the predetermined value L1 may be variably set based on the
radius R of the subsequent curve, as shown in FIG. 33. When the radius R of the
subsequent curve is great (when the curvature of the curve is small), the predetermined
value L1 is set to a small value. When the radius R of the subsequent curve is great, the
necessity to limit the recovery of the throttle valve opening amount is not very high.
Accordingly, only when the distance L between the end point of the curve on which the
vehicle is currently traveling and the entrance of the subsequent curve is sufficiently long,
the recovery of the throttle valve opening amount is Iimited.

[6193] For example, the predetermined value L1 may be variably set based on the
driving manner (the degree of sport-orientation) of the driver, as shown in FIG. 34.
When the driver has the sport-oriented driving manner, the predetermined value L1 is set
to a great value. When the driver has the sport-oriented driving manner, even if the
distance between the end point of the curve on which the vehicle is currently traveling
and the entrance of the subsequent curve is relatively long, it is considered that the driver

prefers that the recovery of the throttle valve opening amount is limited.
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CLAIMS:

1. A drive power control apparatus for a vehicle, characterized by comprising:

a controller that adjusts a drive power for driving a vehicle to compensate for an
external factor-related parameter that affects a running state of the vehicle,

wherein;

when the vehicle enters a region where an acceleration of the .vehicle needs to be
changed based on a running environment or when the vehicle is traveling in the region in
which the acceleration of the vehicle needs to be changed based on the running
environment, the céntroller makes an amount by which the drive power is adjusted less
than the amount by which the drive power is adjusted when the vehicle is traveling in a
region other than the region in which the acceleration of the vehicle needs to be changed

based on the running environment.

2. The drive power control apparatus according to claim 1, wherein;

the external factor-related parameter includes at least one of a road gradient, a
cornering resistance, a vehicle weight, an altitude of a region in which the vehicle travels,
a road-surface resistance, a variation in performance of an engine of the vehicle, and a
variation in a slide resistance and an oil resistance that interfere with a rotation of a

transmission of the vehicle.

3. The drive power control apparatus according to claim 1 or 2, wherein;

the region in which the acceleration of the vehicle needs to be changed based on the

running environment is a curve.

4. The drive power control apparatus according to claim 3, wherein;
the controller determines whether the vehicle is going round the curve based on at
least one of a lateral acceleration applied to the vehicle, a manner in which the vehicle is

steered, and rotational speeds of right and left wheels of the vehicle.
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5." The drive power control apparatus according to claim 3 or 4, wherein;
the controller determines a decrease amount in the amount by which the drive power is

adjusted when the vehicle is going round the curve based on the lateral acceleration

applied to the vehicle.

6. The drive power control apparatus according to claim 5, wherein;
the controller increases the decrease amount in the amount by which the drive power is

adjusted as the lateral acceleration increases.

7. The drive power control apparatus according to claim 3 or 4, wherein;

the controller sets a corrected external factor-related parameter to a value obtained by
subtracting a cornering resistance of the vehicle from the external factor-related
parameter, and decreases the amount by which the drive power is adjusted when the

vehicle is going round the curve based on the corrected external factor-related paremeter,

8. The drive power control apparatus according to any one of claims 3 to 7, wherein;
the controller determines whether the vehicle will enter the curve based on at least one
of map information stored in a vehicle compartment of the vehicle, and information

provided from an outside of the vehicle.

9. The drive power control apparatus according to claim 3 or 4, wherein;

before the vehicle enters the curve, the confroller estimates the lateral acceleration that
will be applied to the vehicle if the vehicle goes round the curve, and sets a decrease
amount in the amount by which the drive power is adjusted based on the estimated lateral

acceleration.

10. The drive power control apparatus according to claim 9, wherein;

the comntroller estimates the lateral acceleration based on a radius of the curve ahead of
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the vehicle.

11. The drive power control apparatus according to any one of claims 1 to 10, wherein;
when the vehicle is running on an uphill slope, the controller adjusts the drive power
by adding an adjustment drive power to a reference drive power of the vehicle to
compensate for the external factor-related parameter, and
a decrease amount in the amount by which the drive power is adjusted is a decrease

amount in the adjustment drive power.

12. The drive power control apparatus according to any one of claims 1 to 11, wherein;
when the vehicle is running on a downhill slope, the controller adjusts the drive power
by subtracting an adjustment drive power from a reference drive power of the vehicle to
compensate for the external factor-related parameter, and
the decrease amount in the amount by which the drive power is adjusted is a decrease

amount in the adjustment drive power.

13. The drive power control apparatus according to claim 12, wherein;
the controller decreases the amount by which the drive power is adjusted, when an

accelerator pedal is fully released.

14. The drive power control apparatus according to any one of claims 1 to 13, wherein;
the controller sets the decrease amount in the amount by which the drive power is

adjusted when the vehicle enters the region in which the acceleration of the vehicle needs

to be changed based on the running environment, based on a deceleration required to

travel in the region.

15. The drive power control apparatus according to claim 14, wherein
the controller determines the required deceleration based on a distance between the

vehicle and an entrance of the curve ahead of the vehicle, a radius of the curve, and a
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vehicle speed.

16. The drive power control apparatus according to claim 15, wherein;

the controller determines the decrease amount in the amount by which drive power is
adjusted, based on the required deceleration, when the distance between the vehicle and
the entrance of the curve is equal to or longer than a predetermined value, and

the controller determines the decrease amount in the amount by which the drive power
is adjusted, based on the estimated lateral acceleration estimated on the assumption thét
the vehicle is going round the curve, when the distance between the vehicle and the

entrance of the curve is equal shorter than the predetermined value.

17. The drive power control apparatus according to any one of claims 1 to 16, wherein;
the controller determines the decrease amount in the amount by which the drive power

is adjusted when the vehicle enters the region in which the acceleration of the vehicle

needs to be changed based on the running environment, based on a driving manner of a

driver of the vehicle.

18. The drive power control apparatus according to any one of claims 3 to 9, wherein

the controller executes control so that the drive power for driving the vehicle when the
vehicle is traveling on a road in which there are successive curves is less than the drive
power for driving the vehicle when a road on which the vehicle is traveling is not a road

in which there are successive curves.

19. The drive power control apparatus according to claim 18, wherein

the controller executes control so that a gain of the drive power for driving the vehicle,
which is the amount by which the drive power is adjusted, when the vehicle is traveling
on the road in which there are successive curves is less than the gain of the drive power
when the road on which the vehicle is traveling is not a road in which there are

successive curves.
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20. The drive power control apparatus according to claim 19, wherein
the controller calculates the gain of the drive power based on an average value of

radiuses of the multiple curves in the road in which there are successive curves.

21. The drive power control apparatus according to claim 18 or 20, wherein,

in a case where the vehicle is traveling .on the road in which there are successive
curves, recovery of control of the drive power for driving the vehicle to normal-time
control is retarded as compared with a case where the road on which the vehicle is

traveling is not a road in which there are successive curves.

22. The drive power control apparatus according to any one of claims 3 to 9, wherein,
when the vehicle is traveling on the road in which there are successive curves, the
controller sets a limit value which is used to limit an increase in the amount by which the

drive power is adjusted when control of the drive power is recovered to normal-time

control.

23. The drive power control apparatus according to claim 22, wherein;
the controller sets the limit value based on at least one of i) a distance La between an
end point of the curve on which the vehicle is traveling and an entrance of a subsequent

curve, ii) a vehicle speed, iii) a radius of the subsequent curve, and iv) a driving manner.

24. The drive power control apparatus according to any one of claims 18 to 23, wherein
the controller determines whether the vehicle is traveling on the road in which there

are successive curves based on the map information.

25. The drive power control apparatus according to any one of claims 18 to 24, wherein
the controller determines whether the vehicle is traveling on the road in which there

are successive curves based on at least one of whether a curve having a curvature equal to
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or greater than a predetermined value is present within a region having a predetermined
length and the number of curves, each of which has a curvature equal to or greater than

the predetermined value, present within the region baving the predetermined Iength.

26. A drive power control method for a vehicle, characterized by comprising:

a first step in which a drive power for driving a vehicle is adjusted to compensate for
an external factor-related parameter that affects a running state of the vehicle; and

a second step in which, when the vehicle enters a region where an acceleration of the
vehicle needs to be changed based on a running environment or when the vehicle is
traveling in the region in which the acceleration of the vehicle needs to be changed based
on the running environment, an amount by which the drive power is adjusted is made less
than the amount by which the drive power is adjusted when the vehicle is traveling in a
region other than the region in which the acceleration of the vehicle needs to be changed

based on the running environment.

27. The drive power control method according to claim 26, wherein;

the first step includes a step in which the drive power is adjusted by adding an
adjustment drive power to a reference drive power of the vehicle to compensate for the
external factor-related parameter when the vehicle is running on an uphill slope; and

the second step includes a step in which the adjustment drive power is decreased.

28. The drive power control method according to claim 27, wherein

the first step includes a step in which the drive power is adjusted by subtracting an
adjustment drive power from a reference drive power of the vehicle to compensate for the
external factor-related parameter when the vehicle is running on a downhill slope; and

the second step includes a step in which the adjustment drive power is decreased.
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FIG.DS
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FIG.S
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