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ABSTRACT

A driver feeling adjusting apparatus includes a seat that is
fixed to a vehicle and on which a driver is seated, a movable
portion that is provided in the seat and that can be displaced
in a vehicle lateral direction or a yaw direction, and a control
unit that displaces the movable portion in an opposite
direction to a direction of centripetal acceleration or a yaw
rate in turning, and enables the driver to feel easy steering.
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DRIVER FEELING ADJUSTING APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a driver feeling
adjusting apparatus that controls a seat corresponding to a
driving condition of a vehicle.

[0003] 2. Description of the Related Art

[0004] It has been known that if suspension of vehicles is
firm, driving stability at turning improves, for example, from
Japanese Patent Laid-open Publication No. H5-092710.

SUMMARY OF THE INVENTION

[0005] However, if a driving stability at turning is
improved, rises of acceleration in a vehicle lateral direction
and a yaw rate become quick with respect to a steering
operation by a driver, and such a problem arises that drivers
not used to firm suspension feel the rises are abrupt and
cannot steer vehicles easily.

[0006] In view of the above situation, the present inven-
tion is achieved to propose a driver feeling adjusting appa-
ratus that adjusts a feeling of a driver such that the driver can
easily steer a vehicle without lowering the driving stability
at turning.

[0007] To solve the above problem, a driver feeling adjust-
ing apparatus according to the present invention includes a
seat that is fixed to a vehicle and on which a driver is seated,
a movable portion that is provided in the seat and that can
be displaced in a vehicle lateral direction or in a yaw
direction, and a control unit that displaces the movable
portion in an opposite direction to a direction of a centripetal
acceleration or a yaw rate, at turning.

[0008] The driver feeling adjusting apparatus according to
the present invention includes the seat that has the movable
portion that can be displaced in the vehicle lateral direction
or in the yaw direction, and the movable portion is displaced
in the opposite direction to the direction of the centripetal
acceleration or the yaw rate at turning. Therefore, the driver
can easily steer the vehicle without changing driving stabil-
ity of the vehicle itself at turning.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Exemplary embodiments of the invention will
become more fully apparent from the following description
and appended claims, taken in conjunction with the accom-
panying drawings. Understanding that these drawings depict
only exemplary embodiments and are, therefore, not to be
considered limiting of the invention’s scope, the exemplary
embodiments of the invention will be described with addi-
tional specificity and detail through use of the accompanying
drawings in which:

[0010] FIG. 1 is a block diagram showing a configuration
of a driver feeling adjusting apparatus according to a first
embodiment of the present invention;

[0011] FIG. 2 are perspective views showing a specific
configuration of a seat shown in FIG. 1; where FIG. 2A
shows an external appearance thereof, and FIG. 2B shows an
internal configuration thereof;

[0012] FIG. 3 are a perspective view and a top view
showing a relationship between displacement of side sup-
ports shown in FIG. 2 and a steering operation by a driver;
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where FIGS. 3A and 3B show a state at a normal time, and
FIGS. 3C and 3D show a state at the time of motor driving
(at the time of right wheel);

[0013] FIG. 4 is a diagram specifically showing an entire
configuration of the driver feeling adjusting apparatus
shown in FIG. 1, and a graph showing an example of a gain
map;

[0014] FIG. 5A is a diagram showing an upper body of a
driver viewed from above when a vehicle is driving straight,
FIG. 5B shows a state in which a point on a steering that is
positioned at a point A when driving straight is moved to a
point B, and FIG. 5C is a diagram showing the upper body
of the driver viewed from above in the state shown in FIG.
5B;

[0015] FIG. 6A is a perspective view specifically showing
an internal configuration of a seat according to a modifica-
tion, and FIGS. 6B and 6C are top views showing a
relationship between displacement of the side supports and
a steering operation by a driver;

[0016] FIG. 7A is a schematic diagram showing only a
seat frame and side support frames, FIG. 7B shows a case
where the side support frame makes translational displace-
ment, and FIG. 7C shows a case where the side support
frame makes rotational displacement;

[0017] FIG. 8A is a perspective view showing a specific
configuration of the seat according to a modification, and
FIG. 8B is a perspective view showing a configuration of the
seat in a rotated state;

[0018] FIG. 9 is a graph showing a relationship between a
lateral acceleration time constant and a yaw rate time
constant;

[0019] FIG. 10 is a diagram for explaining a test using an
evaluation course to test the driver feeling adjusting appa-
ratus according to the present invention;

[0020] FIG. 11 is a top view showing a relationship
between the displacement of the side supports and a steering
operation by a driver;

[0021] FIG. 12 is a graph showing a relationship between
the lateral acceleration time constant and the yaw rate time
constant in the cases of in-phase driving and opposite-phase
driving;

[0022] FIG. 13A is a graph for explaining a relationship
between a steering angle and contact pressure between the
side support frame and the driver, and FIG. 13B is a top view
showing a relationship between a steering operation by the
driver and the contact pressure;

[0023] FIG. 14 is a diagram showing a steering speed-
frequency histogram when slalom driving is performed;
[0024] FIG. 15 is a block diagram showing a configuration
of a driver feeling adjusting apparatus according to a second
embodiment of the present invention;

[0025] FIG. 16 are a perspective view and a top view
showing a relationship between displacement of the side
supports and a steering operation by a driver; where FIGS.
16A and 16B show a state at a normal time, and FIGS. 16C
and 16D show a state at the time of right wheel;

[0026] FIG. 17 is a diagram specifically showing an entire
configuration of the driver feeling adjusting apparatus
shown in FIG. 15;

[0027] FIG. 18A is a diagram showing an upper body of
a driver viewed from above when a vehicle is driving
straight, FIG. 18B shows a state in which a point on a
steering that is positioned at the point A when driving
straight is moved to the point B, FIG. 18C is a diagram
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showing the upper body of the driver viewed from above in
the state shown in FIG. 18B, and FIG. 18D is a graph
showing a result of a verification test;

[0028] FIG. 19 is a block diagram showing a configuration
of a driver feeling adjusting apparatus according to a third
embodiment of the present invention;

[0029] FIG. 20 is a diagram specifically showing an entire
configuration of the driver feeling adjusting apparatus
shown in FIG. 19, and a graph showing an example of a gain
map; and

[0030] FIG. 21 is a block diagram showing a configuration
of a driver feeling adjusting apparatus according to a fourth
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

First Embodiment

[0031] As shown in FIG. 1, a driver feeling adjusting
apparatus 1 according to a first embodiment of the present
invention includes a steering amount detector 2 that detects
an amount of operating a steering (steering amount), a
vehicle speed detector 3 that detects a speed of a vehicle, a
seat 6 that is fixed to the vehicle and on which a driver is
seated, a movable portion 4 that is displaced in a vehicle
lateral direction or a yaw direction, a driving unit 5 that
drives the movable portion 4 provided in the seat 6, and a
control unit 7 that controls a displacement amount of the
movable portion 4 based on the steering amount detected by
the steering amount detector 2.

[0032] The movable portion 4 makes displacement in an
opposite direction to a direction of centripetal acceleration
or a yaw rate.

[0033] The control unit 7 includes a gain map 8 defining
a displacement amount of the movable portion 4 with
respect to the steering amount detected by the steering
amount detector 2, calculates a displacement amount of the
movable portion 4 based on this gain map 8, and transmits
an instruction to drive the movable portion 4 to the driving
unit 5. As the gain map 8, a plurality of gain maps are
prepared that differ in a relationship between the displace-
ment amount and the steering amount corresponding to a
speed detected by the vehicle speed detector 3. The control
unit 7 switches the gain map 8 corresponding to a speed
detected by the vehicle speed detector 3.

[0034] FIG. 2 are diagrams showing a specific configura-
tion of the seat 6 shown in FIG. 1. FIG. 2A shows an external
appearance of the seat 6, and FIG. 2B shows an internal
configuration of the seat 6.

[0035] Asshown in FIG. 2A, the seat 6 includes a seatback
11 (seat rear surface) that contacts the back of a driver when
the driver is seated, a right and left pair of side supports 12
that are arranged on both sides of the seatback 11, and a
headrest 13 that is arranged above the seatback 11. The side
supports 12 are inclined toward the driver so as to fit along
the sides of the driver.

[0036] As shown in FIG. 2B, the internal configuration of
the seat 6 includes a seat frame 14 that frames the seat 6, a
right and left pair of side support frames 15a¢ and 155 that
support the side supports 12, a motor 16 that drives the side
support frames 15a and 155 at the same time, a first link 17
and a second link 18 that connect the side support frames
154 and 1554, a third link 19 that connects the second link 18
and the motor 16, a rotation supporting unit 20 that supports
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rotation of the side support frames 154 and 155, a headrest
mounting unit 21 with which the headrest 13 is mounted on
the seat frame 14, and a cushion supporting springs 22.

[0037] The movable portion 4 in FIG. 1 corresponds to the
right and left pair of side supports 12 in FIG. 2A and the side
support frames 154 and 155 in FIG. 2B, and the driving unit
5 in FIG. 1 corresponds to the motor 16.

[0038] The side support frames 15a and 1556 are supported
by the seat frame 14 through an upper and lower pair of
rotation supporting units 20, respectively, and are displaced
in a vehicle lateral direction or a yaw direction. Each of the
side support frames 15a and 155 are covered with cushion
to form the side supports 12 shown in FIG. 2A.

[0039] A rotation axis of the motor 16 is connected to the
side support frames 15a and 155 through the first to the third
links 17 to 19 and the rotation supporting unit 20. The first
to the third links 17 to 19 form a substantially parallel link
structure, and the side support frames 15a¢ and 155 are
displaced in the vehicle lateral direction or in the yaw
direction by rotation of the motor 16. In other words, the
rotation of the motor 16 is transmitted as swinging move-
ment of the side support frames 15a and 156. According to
this movement, the side supports 12 shown in FIG. 2A are
displaced in the same directions. The motor 16 is fixed to the
seat frame 14.

[0040] The headrest 13 shown in FIG. 2A is connected to
the seat frame 14 through the headrest mounting unit 21. The
seat frame 14 has a rectangular shape. Inside the rectangular
shape, the cushion supporting springs 22 are arranged keep-
ing a predetermined distance from each other.

[0041] Movement of the side support frames 154 and 155
are explained next with reference to FIG. 3. As shown in
FIGS. 3A and 3B, when the vehicle is not making a turn, in
other words, when a steering operation is not being per-
formed by the driver (normal time), the side support frames
15a and 154 (side supports 12) on both sides are held at
positions symmetric in the vehicle lateral direction. The
motor 16 is not making a rotational operation, and the first
to the third links 17 to 19 are not moving either.

[0042] On the other hand, as shown in FIGS. 3C and 3D,
when the vehicle is making a right turn, in other words,
when the steering is operated to rotate rightward by the
driver (at the time of right wheel), the motor 16 is caused to
rotate by an angle corresponding to steering in the direction
shown in FIGS. 3C and 3D. This rotation of the motor 16 is
transmitted to the side support frames 15a and 1556 on both
sides through the first to the third links 17 to 19. Thus, the
side support frames 15a and 155 (side supports 12) rotate by
a rotational angle P in an opposite direction to the yaw
direction of the vehicle at the time of right wheel from a
position (initial position) shown in FIGS. 3A and 3B.

[0043] A specific configuration of the driver feeling
adjusting apparatus 1 shown in FIG. 1 is explained next with
reference to FIG. 4. FIG. 4 is a diagram specifically showing
an entire configuration of the driver feeling adjusting appa-
ratus 1 shown in FIG. 1, and is a diagram particularly
showing a configuration of the control unit 7 in detail. The
control unit 7 includes a steering encoder reader 31 that
reads a steering amount detected by a steering encoder
(steering amount detector) 2, a speed pulse reader 32 that
reads a speed of the vehicle detected by a wheel speed sensor
(vehicle speed detector) 3, the gain map 8 that defines a
displacement amount of the side supports 12 from the
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steering amount, and a motor driving circuit 33 that sends a
driving command value to cause the motor 16 to rotate.
[0044] A rotation angle of the motor 16 installed in the seat
6 is read by an encoder or a potentiometer, and a signal
thereof is input to the control unit 7.

[0045] The steering encoder 2 arranged on a steering
wheel sends a signal to the control unit 7 when the steering
is rotated. The control unit 7 that receives this signal counts
signals from the steering encoder 2 to convert into a steering
angle (steering amount) ¢, and acquires a rotation angle
command value of the motor 16 by multiplying the steering
angle ¢ by a gain obtained from the gain map 8.

[0046] Further, the rotation angle command value is input
to the motor driving circuit 33 to provide a driving voltage/
current to the motor 16. At this time, feedback on a current
value of the rotation angle of the motor 16 is given to a
preceding stage of the motor driving circuit 33, and based on
this current value, a position control is performed.

[0047] As shown in FIG. 4, the control unit 7 uses the
different gain map 8, for example, depending on whether the
vehicle speed is low (approximately 30 km/h) or high
(approximately 60 km/h), and determines the rotation angle
command value of the motor 16 with respect to the steering
angle ¢, using the gain map 8 selected corresponding to the
speed.

[0048] While the gain map 8 of the angle displacement
of the side supports 12 with respect to the steering angle ¢
is shown in this example, it is preferable to prepare a map
of the gain in the angle displacement § of the side supports
12 with respect to the rotation angle displacement of the
motor 16 considering dimensions of the first to the third
links 17 to 19, in practice.

[0049] As shown in FIG. 4, the gain map 8 has a linear
characteristic both at the time of low speed of 30 km/h and
at the time of high speed of 60 km/m, in which the gain
increases as the steering angle ¢ increases. However, the
angle displacement f§ is limited by saturating the angle
displacement  of the side supports 12 when the steering
angle ¢ reaches 90°.

[0050] As described, the control unit 7 selects the gain
map 8 depending on the speed of the vehicle, and acquires
the angle displacement [ of the side supports 12 from the
steering angle ¢ based on the selected gain map 8.

[0051] A method of setting the maximum value of the
angle displacement f§ of the side supports 12 is explained
with reference to FIG. 5. FIG. 5A is a diagram showing an
upper body of a driver 51 viewed from above when a vehicle
is driving straight, and a point A indicates a point positioned
at the top of the steering wheel at the time of driving straight.
FIG. 5B is a diagram showing the driver 51 viewed from
front, and the top of the steering that is positioned at the
point A when driving straight is moved to a point B by a
rightward steering operation by the driver 51. FIG. 5C is a
diagram showing the upper body of the driver 51 viewed
from above in this state, and as shown in FIG. 5C, the
displacement amount {3 of the side supports 12 on both sides
satisfies 0<B =0, where 0 represents an angle formed by a
line between an eye point P of the driver 51 and the point B
and an axis X in a vehicle front-rear direction.

[0052] It is thus set because when the driver 51 twists the
upper body at the time of making a turn, a posture change
of the upper body is made within about this range, and by
setting the gain within this range, the side supports 12 move
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following the twist of the upper body of the driver 51,
thereby enabling comfortable turning.

[0053] Although in an actual vehicle, the diameter of a
steering wheel and the steering gear ratio differ depending
on a vehicle type, in this example, a value of the angle 0
formed by the line between the eye point P of the driver 51
and the point B and the axis X in the vehicle front-rear
direction can be determined on the assumption that the
steering has a typical diameter (=approximately 330 mm to
380 mm) and the gear ratio of about 13 to 20. Similarly, the
upper limit of the gain changes also depending on a position
of'the eye point P of the driver 51 with respect to the steering
wheel, in other words, an amount of sliding backward and
forward of the seat 6. However, a swinging angle of the side
supports 12 need not necessarily be adjusted by detecting the
sliding amount of the seat 6 to strictly maintain this rela-
tionship, and the angle 6 can be determined assuming the
driver 51 having the average physique.

[0054] The reason why it is not necessary to control the
movement of the side supports 12 strictly with respect to the
steering wheel, the steering gear ratio, and the position of the
eye point P is because there is no point of performing a strict
position control since soft cushions are arranged on the
surfaces of the side supports 12 usually.

[0055] Thus, the yaw rotation angle [ as the displacement
amount of the side supports 12 is set to satisfy O<p =60 with
respect to the angle 6 formed by the line between the point
A positioned at the top of the steering wheel when driving
straight and the eye point P of the driver 51 and the axis X
in the vehicle front-rear direction.

[Modifications]

[0056] While in the explanation of the first embodiment,
an example in which the side support frames 154 and 155
make rotational displacement in the yaw direction with
respect to the seat frame 14 has been described, the present
invention is not limited thereto. For example, as shown in
FIG. 6, the side support frames 154 and 156 can be trans-
lated in the vehicle lateral direction with respect to the seat
frame 14.

[0057] FIG. 6A is a diagram showing a specific internal
configuration of the seat 6 according to a modification.
Different points from the internal configuration shown in
FIG. 2B are explained, and explanations for the same points
will be omitted. Both ends of the side support frames 15«
and 155 on both sides are connected to slide rails 36a and
36b, respectively, thereby fixing relative positions of the side
support frames 15a and 156 on both sides. The slide rails
36a and 36b also serve as a slide rail portion of a linear
guide. Portions that correspond to sliders 37a to 37d of the
linear guide are fixed to the seat frame 14. Thus, the side
support frames 15a and 156 on both sides are supported so
as to be integrally displaced in the vehicle lateral direction
with respect to the seat frame 14.

[0058] Furthermore, rack teeth are provided on rear sur-
faces of the slide rails 36a and 365, and pinion gears that
engage with these rack teeth are driven by the motor fixed
to the seat frame 14. This enables the rightward and leftward
movement of the side support frames 154 and 155.

[0059] FIG. 6B shows the upper body of the driver 51
when normally driving straight, and the side support frames
15a and 155 are positioned symmetrically with respect to the
driver 51 and the seatback 11 when driving straight.
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[0060] On the other hand, FIG. 6C shows the upper body
of the driver 51 when making a turn, and the side support
frames 15a and 156 are translated in the vehicle lateral
direction at the time of turning (right wheel). The above
method also enables to give the driver 51 a yaw rate feeling
similar to the rotational displacement of the side supports 12.

[0061] When the mechanism shown in FIG. 6A is adopted,
the upper limit of the displacement amount of the side
supports 12 can be considered as follows. FIG. 7A is a
schematic diagram showing only the seat frame 14 and the
side support frames 154 and 1556. FIG. 7B shows a state in
which the side support frame 154 is translated in a lateral
direction from this state. The lateral displacement amount
(distance) of the end of the side support frame 1556 is
expressed as “d”. When the upper limit of the displacement
amount is considered, it is assumed that the lateral displace-
ment amount d of the end of the side support frame 155 is
obtained by rotational displacement as shown in FIG. 7C,
and the lateral displacement amount d is set such that the
virtual rotation angle f of the side support frame 154
satisfies 0<f3 =0 described above.

[0062] While in this example, the displaced distance of the
end of the side support frame 155 is used as a representative
value, besides, a contact load center of the upper body of the
driver 51 with respect to the side supports 12 can be used as
the representative value to consider the lateral displacement
of this point. Because of elasticity of the seat cushion, there
exists some robustness to a feeling of the driver 51. There-
fore, by either method, the effect of the present invention
does not considerably differ.

[0063] Another modification is explained with reference
to FIG. 8. As shown in FIG. 8A, a seatback 81 is divided into
upper and lower two portions, an upper seatback 82 and a
lower seatback 83 that rotatably support each other. With
this arrangement, such a structure is realized that when an
occupant tries to turn around backward while seated, the
upper seatback 82 rotates backward following the movement
as shown in FIG. 8B. By using such a seat structure and by
rotating in conjunction with a steering operation by an
electrical means such as a motor or by a mechanical means
in which a wire connected to the steering wheel is pulled, the
embodiment to which the present invention is applied can be
realized. In this case also, the rotation angle gain of the
seatback with respect to the steering amount by the driver
and the maximum value of the rotation angle gain can be
considered as described above.

[0064] Effects of the driver feeling adjusting apparatus
according to the present embodiment are explained next.

[0065] Conventionally, it is known that the acceleration in
the vehicle lateral direction and the yaw rate are indexes of
drivability (for example, refer to “Technology for Improved
Handling of Vehicles”, edited by Society of Automotive
Engineers of Japan, pp. 68 to 69, 1998). FIG. 9 is an extract
from page 69 of the “Technology for Improved Handling of
Vehicles”, and a horizontal axis represents a time constant
(time constant of lateral acceleration) of acceleration in the
vehicle lateral direction and a vertical axis represents a time
constant (time constant of yaw angle speed) of the yaw rate.
According to “Technology for Improved Handling of
Vehicles”, such a region in which the time constant of lateral
acceleration~the time constant of yaw angle speed where
these time constants are approximately 0.05 s to 0.10 s is
considered to realize excellent drivability.
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[0066] Generally, suspension is tuned such that the rela-
tionship between the time constants of the acceleration in the
vehicle lateral direction and the yaw rate becomes within the
above region. Within the above region, as the time constants
become closer to 0.05 s, the driving stability at turning
becomes higher; conversely, the time constants become
closer to 0.10 s, the ride becomes more comfortable.

[0067] However, when the driving stability of a vehicle at
turning improves, the rises of the acceleration in the vehicle
lateral direction and the yaw rate become quick with respect
to steering; therefore, a driver not used thereto feels that the
rises are abrupt and cannot steer the vehicle easily, and
sometimes feels the ride at turning is uncomfortable.

[0068] In the driver feeling adjusting apparatus 1 accord-
ing to the present embodiment, the movable portion 4 that is
displaced in the vehicle lateral direction or in the yaw
direction is provided in the seat 6, and the movable portion
4 is displaced in the opposite direction to the direction of the
centripetal acceleration or the yaw rate based on the steering
amount by the driver, thereby making it feel that the ride at
turning has become comfortable in the driver feeling.

[0069] The present invention will be explained more spe-
cifically below.
[0070] To quantitatively indicate the effects of the present

invention, a test is performed using an evaluation course
shown in FIG. 10. The evaluation course is a slalom course
set by arranging 10 and several pylons (cones) on a straight
road. The interval between pylons is 30 m, and the pylons
are alternately offset by 50 cm from the center line. The
driver is given a task of driving at a regular speed at 40 km/h.
[0071] FIG. 11 shows an outline of the seat driving accord-
ing to the present invention. The inventor has invented a
driving method (hereinafter, this driving method is
expressed as in-phase driving) to drive the side supports 12
in an inner direction of turning as shown in A in FIG. 11 as
disclosed in Japanese Patent Laid-Open Publication No.
2007-001466, and the invention in which a better driving
feeling can be obtained by matching the phases of the
acceleration in the vehicle lateral direction and the yaw rate
in terms of feeling was tested.

[0072] A testis conducted at the evaluation course shown
in FIG. 10 using a vehicle to which this preceding invention
is applied, and subjective impression of drivers was asked.
Such comments were received that “sense that suspension is
firmer”, “sense that response of the vehicle has improved”,
and “changed to a sporty sense” compared to a normal state
in which the side supports 12 are not driven as shown in B
of FIG. 11. These comments are similar to those received
when conventional suspension change is performed or when
a vehicle characteristic is adjusted using four-wheel steering
such that the acceleration in the vehicle lateral direction and
the yaw rate have an excellent relationship as shown in FIG.
9. In other words, this shows that only by driving the side
supports 12, an equivalent change in driving feeling is
obtained to the case of four-wheel steering.

[0073] On the other hand, contrary to this preceding
invention, a test was conducted at the evaluation course
using a vehicle to which a driving method (hereinafter, this
driving method is expressed as opposite-phase driving) to
drive the side supports 12 in an outer direction of turning is
applied, and subjective impression of drivers was asked.
Such comments were received that “vehicle rolling has
become smoother”, “vehicle response has become
smoother”, and “relaxed driving is possible” compared to
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the normal state in which the seat is not driven as shown in
B of FIG. 11, and it was found that feelings similar to that
of vehicles that are tuned focusing on comfortable ride are
obtained, to the contrary to the preceding invention.
[0074] However, driving at turning does not become dif-
ficult as with vehicles in which suspension is tuned focusing
on comfortable ride, and a state enabling subjectively excel-
lent drivability is maintained. It is considered that this is
because although sense that the suspension has become soft
is obtained in terms of feeling by driving the side supports
12, original characteristics of the vehicle is not changed.
[0075] From these results, it can be understood that while
in the in-phase driving, feeling that is positioned lower left
among the excellent region (region in which drivability at
turning is excellent) in which a phase relationship of the
acceleration in the vehicle lateral direction and the yaw rate
is excellent has been obtained, in the opposite-phase driving,
to the contrary, feeling that is positioned upper right has
been obtained as shown in FIG. 12.

[0076] Mechanisms of obtaining such effects are
explained with reference to FIG. 13. When the vehicle is
turning, an inertia force acts in a lateral direction and the
upper body of the driver is to be leaned toward outside of
turning with respect to the vehicle. At this time, the upper
body is supported by the side supports 12, and therefore,
contact pressure occurs between the side supports 12 and the
upper body.

[0077] For example, at the time of right wheel, the inertia
force toward a left side of the vehicle acts on the upper body.
Particularly focusing on the contact pressure between the
side support 12 on the left side and the upper body, this
contact pressure is expressed as F as shown in FIG. 13B.
When steering is performed to make a turn, lateral accel-
eration is generated having a certain delay according to a
dynamic characteristic of the vehicle, and the contact pres-
sure F increases corresponding to the lateral acceleration. A
conceptual diagram for explaining the relationship between
the steering angle and the contact pressure F is illustrated in
a graph shown in FIG. 13A.

[0078] As shown in FIG. 13A, when the side supports 12
are driven in the in-phase driving, a rise of the contact
pressure F becomes early compared to the case of no seat
control, and when the side supports 12 are driven in the
opposite-phase driving, a rise of the contact pressure F
becomes late compared to the case of no seat control.
[0079] Because of the change in a time constant of the seat
contact pressure F with respect to the steering angle, in the
case of in-phase driving, rises of the acceleration in the
vehicle lateral direction and the yaw rate become early,
thereby making a driver feel that the vehicle responds
quickly. In the case of opposite-phase driving, the rises of
the acceleration in the vehicle lateral direction and the yaw
rate become late, thereby making the driver feel that the
vehicle response has become slow.

[0080] FIG. 14 shows quantitative effects when the oppo-
site-phase driving is performed. Steering speed-frequency
histograms when the slalom driving shown in FIG. 10 is
performed are compared between the normal state shown in
B of FIG. 11 and an opposite-phase driving state shown in
C of FIG. 11. As shown in FIG. 14, in the case of opposite-
phase driving, distribution of the steering speed is small.
This indicates that a sudden steering is not performed, and
is considered as a result that quantitatively expresses that
“relaxed driving is possible” as subjective evaluation of the
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driver. As a result, it can be understood that driving has
changed toward stable direction.

[0081] Thus, in the driver feeling adjusting apparatus 1
according to the present embodiment, the seat 6 that has the
movable portion 4 that is displaced in the vehicle lateral
direction or in the yaw direction is provided, and the
movable portion 4 is displaced in the opposite direction to
the direction of the centripetal acceleration generated by the
vehicle or the yaw rate. Therefore, it is possible to make a
driver feel that ride at turning has become comfortable
without changing the driving stability of the vehicle at
turning.

[0082] As described above, the effects have been listed,
and the effects are summarized as follows.

[0083] When the driving stability of a vehicle at turning
improves, the rises of the acceleration in the vehicle lateral
direction and the yaw rate become quick with respect to
steering; therefore, a driver not used thereto feels that the
rises are abrupt and cannot steer the vehicle easily, and
sometimes feels the ride at turning is uncomfortable.
[0084] To the contrary, in the driver feeling adjusting
apparatus 1 according to the present embodiment, the mov-
able portion 4 that is provided in the seat 6 and that can be
displaced in the vehicle lateral direction or in the yaw
direction is displaced in the opposite direction to the direc-
tion of the centripetal acceleration or the yaw rate, thereby
making the rise of the contact pressure F felt by the driver
at turning occur late so that the driver feels that the rises of
the acceleration in the vehicle lateral direction and the yaw
rate have become late. This is evident from a fact shown in
FIG. 14 that the distribution of the steering speed becomes
small.

[0085] As a result, it becomes possible for the driver to
steer relaxedly (easily) and to feel that ride at turning has
become comfortable compared to the case of no seat control.
[0086] Moreover, in typical vehicles, only front wheels are
mainly steered. In this case, there is such a relationship that
while the turning movement is a steering input of flexibility
1, the vehicle lateral direction movement and the yaw
movement are outputs of flexibility 2, and the time constants
of the acceleration in the vehicle lateral direction and the
yaw rate cannot be controlled independently.

[0087] Therefore, it has been difficult to bring the time
constants of the acceleration in the vehicle lateral direction
and the yaw rate within the region in which driving at
turning is easy in actual vehicles that are designed consid-
ering comfortable ride and other factors.

[0088] To the contrary, in the driver feeling adjusting
apparatus 1 according to the present embodiment, as shown
in FIG. 12, even if vehicle characteristics are out of the
region in which driving at turning is easy as points B and C
as shown in FIG. 12, for example, for a vehicle having the
vehicle characteristic B, by displacing the movable portion
4 in the vehicle lateral direction at turning, the rise of the
acceleration of the vehicle lateral direction that is felt by the
driver is controlled to be late (increasing the lateral accel-
eration time constant), thereby changing the vehicle char-
acteristic felt by the driver to the point A. For a vehicle
having the vehicle characteristic C, by displacing the mov-
able portion 4 in the yaw direction at turning, the rise of yaw
rate felt by the driver is controlled to be late (increasing the
yaw angle speed time constant), thereby changing the
vehicle characteristic felt by the driver to the point A. In
other words, according to the driver feeling adjusting appa-
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ratus 1 of the present embodiment, the vehicle characteristic
felt by the driver can be arbitrarily changed. Therefore,
flexibility in designing vehicles is increased.

[0089] In Japanese Utility Model Application Publication
No. H6-018831, a technique of displacing the entire seat at
turning so as to lower the acceleration in the vehicle lateral
direction that acts on the driver for decreasing tiredness of
the driver is disclosed.

[0090] However, if the entire seat is displaced as the
technique disclosed in Japanese Utility Model Application
Publication No. H6-018831, a positional relationship of an
operating system such as a steering, an axle pedal, a brake
pedal, a shift lever, with the driver also changes. As a result,
the driver feels that a driving operation is hard.

[0091] To the contrary, the driver feeling adjusting appa-
ratus 1 according to the present embodiment is configured
such that the seat 6 is fixed to the vehicle and only the
movable portion 4 provided in the seat 6 is displaced.
Therefore, even when the movable portion 4 is displaced,
the positional relationship between an operating system and
the driver is almost not changed, and it does not make the
driver feel that the driving operation is hard.

[0092] Furthermore, if the entire seat is displaced at turn-
ing so as to decrease the acceleration in the vehicle lateral
direction that acts on the driver as the technique disclosed in
Japanese Published Utility Model Application No.
H6-018831, although tiredness of the driver at turning
decreases, accordingly, vehicle behavior information
required when the driver operates the steering also
decreases. Therefore, the driver feels that it is hard to operate
the steering.

[0093] In other words, when the driver operates the steer-
ing, the driver determines the steering amount based on
visual information (curvature radius of a curve) and tactile
sense information (acceleration in the vehicle front-rear
direction or acceleration in the vehicle lateral direction) as
the vehicle behavior information. However, if it becomes
hard for the driver to feel the acceleration in the vehicle
lateral direction, which is one of the vehicle behavior
information, the driver cannot properly judge the vehicle
behavior at turning, a correcting operation of steering
increases at turning; as a result, the driver feels that it is hard
to steer the vehicle.

[0094] To the contrary, the driver feeling adjusting appa-
ratus 1 according to the present embodiment is configured
such that the seat 6 is fixed to the vehicle and only the
movable portion 4 that is provided in the seat 6 is displaced.
Therefore, only the rise of the acceleration in the vehicle
lateral direction at turning changes, and the acceleration
(steady-state value) itself in the vehicle lateral direction does
not change. Therefore, the vehicle behavior information
does not decrease that is required by the driver at turning,
and the driver does not feel that it is hard to steer the vehicle.

[0095] Moreover, in the driver feeling adjusting apparatus
1 according to the present embodiment, the movable portion
4 is the side supports 12 that are arranged on both sides of
the seat rear surface, and the side supports 12 are displaced
in the vehicle lateral direction or in the yaw direction with
respect to other portions of the seat 6; therefore, even when
the movable portion 4 is displaced, the positional relation-
ship between the operating system and the driver is almost
not changed, and it is possible to improve driving feeling
simply and at a low cost.
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[0096] Furthermore, in the driver feeling adjusting appa-
ratus 1 according to the present embodiment, the movable
portion 4 is at least a part of the seat rear surface, and a part
of this seat rear surface is displaced in the vehicle lateral
direction or in the yaw direction with respect to other
portions of the seat 6; therefore, even when the movable
portion 4 is displaced, the positional relationship between
the operating system and the driver is almost not changed,
and it is possible to improve driving feeling simply and at a
low cost.

Second Embodiment

[0097] A second embodiment of the present invention is
explained next with reference to FIG. 15. As shown in FIG.
15, a driver feeling adjusting apparatus 41 according to the
present embodiment differs, from the first embodiment, in
that it is configured to be selectively controllable by select-
ing a control pattern of displacing the movable portion 4 in
the same direction as the direction of the yaw rate and the
centripetal acceleration generated in the vehicle based on the
steering amount and a control pattern of displacing the
movable portion 4 in the opposite direction to the direction
of the yaw rate and the centripetal acceleration generated in
the vehicle, and accordingly, the control unit 7 has gain maps
42 and 43 that are used in the two control patterns.

[0098] Moreover, the driver feeling adjusting apparatus 41
further includes a selecting switch (selecting unit) 44 for the
driver to select two control patterns. Other structures are the
same as that of the first embodiment, and detailed explana-
tions will be omitted.

[0099] Furthermore, specific configuration of the seat 6 is
the same as that of the first embodiment shown in FIG. 2,
and detailed explanations will be omitted.

[0100] Movement of the side support frames 154 and 155
are explained next with reference to FIG. 16. Since the
movement in the opposite-phase driving in which the side
support frames 15a and 155 are displaced in the opposite
direction to the direction of the yaw rate and the centripetal
acceleration generated in the vehicle has been explained in
the first embodiment, movement in the in-phase driving in
which the side support frames 15a and 155 are displaced in
the same direction as the direction of the yaw rate and the
centripetal acceleration is explained herein.

[0101] As shown in FIGS. 16A and 16B, when the vehicle
is not turning, in other words, when the steering operation is
not being performed by the driver (normal time), the side
support frames 15a¢ and 155 (side supports 12) on both sides
are held at positions symmetric in the vehicle lateral direc-
tion. The motor 16 is not making a rotational operation, and
the first to the third links 17 to 19 are not moving either.
[0102] On the other hand, as shown in FIGS. 16C and
16D, when the vehicle is making a right turn, in other words,
when the steering is operated to rotate rightward by the
driver (at the time of right wheel), the motor 16 is caused to
rotate by an angle corresponding to the steering operation in
the direction shown in FIG. 16B. This rotation of the motor
16 is transmitted to the side support frames 154 and 1556 on
both sides through the first to the third links 17 to 19. Thus,
the side support frames 154 and 155 (side supports 12) rotate
by a rotational angle o in the same direction as the yaw
direction of the vehicle at the time of right wheel from a
position (initial position) shown in FIGS. 16A and 16B.
[0103] A specific configuration of the driver feeling
adjusting apparatus 41 shown in FIG. 15 is explained next
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with reference to FIG. 17. FIG. 17 is a diagram specifically
showing an entire configuration of the driver feeling adjust-
ing apparatus 41 shown in FIG. 15, and is a diagram
particularly showing a configuration of the control unit 7 in
detail. The control unit 7 includes the steering encoder
reader 31 that reads a steering amount detected by the
steering encoder (steering amount detector) 2, the speed
pulse reader 32 that reads a speed of the vehicle detected by
the wheel speed sensor (vehicle speed detector) 3, the gain
map 42 that is used for the in-phase driving to drive the side
supports 12 in the inner direction of turning, the gain map 43
that is used in the opposite-phase driving to drive the side
supports 12 in the outer direction of turning, an in-phase/
opposite-phase switching unit 45 that switches to a driving
method selected by the driver with the steering switch
(selecting switch) 44, and the motor driving circuit 33 that
sends a driving command value to cause the motor 16 to
rotate.

[0104] A rotation angle of the motor 16 installed in the seat
6 is read by an encoder or a potentiometer, and a signal
thereof is input to the control unit 7.

[0105] The steering encoder 2 arranged on a steering
wheel sends a signal to the control unit 7 when the steering
is rotated. The control unit 7 that receives this signal counts
signals from the steering encoder 2 to convert into the
steering angle ¢, and acquires a rotation angle command
value of the motor 16 by multiplying the steering angle ¢ by
a gain obtained from the gain map 42 and 43. Furthermore,
the in-phase/opposite-phase switching unit 45 selects either
the rotation angle command value of the in-phase driving or
the rotation angle command value of the opposite-phase
driving corresponding to the driving method selected by the
driver with the steering switch 44. The selected rotation
angle command value is input to the motor driving circuit 33
to provide a driving voltage/current to the motor 16. At this
time, feedback on a current value of the rotation angle of the
motor 16 is given to a preceding stage of the motor driving
circuit 33, and based on this current value, a position control
is performed.

[0106] When the in-phase driving and the opposite-phase
driving are switched, the control unit 7 controls not to give
uncomfortable feeling to the driver by continuously chang-
ing the two driving methods.

[0107] Furthermore, the control unit 7 uses the gain maps
42 and 43 that differ when the vehicle is at a low speed and
at a high speed. The speed pulse reader 32 reads speed pulses
from the wheel speed sensor 3 to detect a vehicle speed, and
corresponding to this vehicle speed, the control unit 7 selects
the gain map of high speed or the gain map of low speed to
use.

[0108] Thus, the control unit 7 selects a gain map depend-
ing on the vehicle speed from each of the gain map 42 and
43, and based on the selected gain maps, the angle displace-
ment o or § of the side supports 12 is acquired from the
steering angle ¢.

[0109] A method of setting the maximum value of the
angle displacement o of the side supports 12 is explained
with reference to FIG. 18. The method of setting the
maximum value of the angle displacement { is the same as
that of the first embodiment explained in FIG. 5, and
redundant explanations will be omitted.

[0110] FIG. 18A is a diagram showing the upper body of
the driver 51 viewed from above when the vehicle is driving
straight, and the point A indicates a point positioned at the
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top of the steering wheel at the time of driving straight. FI1G.
18B is a diagram showing the driver 51 viewed from front,
and the top of the steering that is positioned at the point A
when driving straight is moved to the point B by a rightward
steering operation by the driver 51. FIG. 18C is a diagram
showing the upper body of the driver 51 viewed from above
in this state, and as shown in FIG. 18C, the displacement
amount o of the side supports 12 on both sides satisfies
0<a. =0, where 0 represents an angle formed by the line
between the eye point P of the driver 51 and the point B and
the axis X in a vehicle front-rear direction.

[0111] Tt is thus set because when the driver 51 twists the
upper body at the time of making a turn, a posture change
of the upper body is made within about this range, and by
setting the gain within this range, the side supports 12 moves
following the twist of the upper body of the driver 51,
thereby enabling comfortable turning.

[0112] FIG. 18D shows a test result of verification of the
above effects. A horizontal axis represents the angle dis-
placement o of the side supports 12 with respect to the
steering angle (steering angle ¢) expressed in numerical
values. These numerical values themselves are shown
merely as reference values since the values change accord-
ing to a gear ratio of a steering. The gain O indicates that the
side supports 12 are not driven at all. Focusing on a driving
feeling, particularly on drivability right after steering is
started, feeling in a state of the gain O is set to a standard of
6.0 points, and subjective evaluation points when the gain is
changed are plotted on a vertical axis.

[0113] The gain O corresponds to a=0, and a point of the
gain 0.12 corresponds to a=~0. As a result of performing
evaluation by test subjects A to C, it is confirmed that an
evaluation value becomes maximal in a portion circled by a
dotted line in FIG. 18D when 0<a<6.

[0114] Although in an actual vehicle, the diameter of a
steering wheel and the steering gear ratio differ depending
on a vehicle type, in this example, for convenience, a value
of the angle 6 formed by the line between the eye point P of
the driver 51 and the point B and the axis X in the vehicle
front-rear direction can be determined on the assumption
that the steering wheel has a typical diameter (=approxi-
mately 330 mm to 380 mm) and the gear ratio of about 13
to 20. Similarly, the upper limit of the gain changes also
depending on a position of the eye point P of the driver 51
with respect to the steering wheel, in other words, an amount
of sliding backward and forward of the seat 6. However, a
swinging angle of the side supports 12 need not necessarily
be adjusted by detecting the sliding amount of the seat 6 to
strictly maintain this relationship, and the angle 6 can be
determined assuming the driver 51 having the average
physique.

[0115] The reason why it is not necessary to control the
movement of the side supports 12 strictly with respect to the
steering wheel, the steering gear ratio, and the position of the
eye point P is because there is no point of performing a strict
position control since soft cushions are arranged on the
surfaces of the side supports 12 usually.

[0116] Thus, the yaw rotation angle o as the displacement
amount of the side supports 12 is set to satisfy O<a.=60 with
respect to the angle 6 formed by the line between the point
A positioned at the top of the steering wheel when driving
straight and the eye point P of the driver 51 and the axis X
in the vehicle front-rear direction.
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[0117] Thus, the driver feeling adjusting apparatus 41
according to the present embodiment is configured to be
selectively controllable by selecting the control pattern
(in-phase driving) of displacing the movable portion 4 in the
same direction as the direction of the yaw rate and the
centripetal acceleration generated in the vehicle and the
control pattern (opposite-phase driving) of displacing the
movable portion 4 in the opposite direction to the direction
of the yaw rate and the centripetal acceleration generated in
the vehicle, and the two control patterns are continuously
changed. Therefore, it is possible to make the driver feel as
if the vehicle characteristic has changed without changing
the characteristic of the vehicle itself.

[0118] Moreover, in the driver feeling adjusting apparatus
41 according to the present embodiment, the movable por-
tion 4 is controlled in the control pattern selected by the
selecting switch 44. Therefore, the control pattern can be
switched by an intention of the driver, and it is possible to
arbitrarily select comfortable feeling by the driver, for
example, by setting to the in-phase driving in a mountain
path and setting to the opposite-phase driving on an express
way in which curves are relatively gentle.

Third Embodiment

[0119] A third embodiment of the present invention is
explained next with reference to FIG. 19. As shown in FIG.
19, a driver feeling adjusting apparatus 61 of the present
embodiment differs, from the first embodiment, in that a
physical condition detector 62 is further included that
detects a physical condition of the driver. Accordingly, the
control unit 7 has a gain map 63 to selectively or continu-
ously switch control patterns based on an output from the
physical condition detector 62. Other structures are the same
as that of the first embodiment, and detailed explanations
will be omitted.

[0120] Further, a specific configuration and movement of
the seat 6 are the same as that of the first embodiment shown
in FIGS. 2 and 3, and detailed explanations will be omitted.
[0121] A specific configuration of the driver feeling
adjusting apparatus 61 shown in FIG. 19 is explained next
with reference to FIG. 20. FIG. 20 is a diagram specifically
showing an entire configuration of the driver feeling adjust-
ing apparatus 61 shown in FIG. 19, and a diagram particu-
larly showing a configuration of the control unit 7 in detail.
The control unit 7 includes the steering encoder reader 31
that reads a steering amount detected by the steering encoder
(steering amount detector) 2, the speed pulse reader 32 that
reads a speed of the vehicle detected by the wheel speed
sensor (vehicle speed detector) 3, the gain map 8 that defines
a displacement amount of the movable portion 4 from the
steering amount, a sensor reader 64 that reads a sweating
condition (physical condition) detected by the sweating
sensor (physical condition detector) 62, the gain map 63 to
switch between the in-phase driving and the opposite-phase
driving corresponding to the physical condition of the driver,
and the motor driving circuit 33 that sends a driving com-
mand value to cause the motor 16 to rotate.

[0122] A rotation angle of the motor 16 installed in the seat
6 is read by an encoder or a potentiometer, and a readout
value thereof is input to the control unit 7.

[0123] The steering encoder 2 arranged on a steering
wheel sends a signal to the control unit 7 when the steering
is rotated. The control unit 7 that receives this signal counts
signals from the steering encoder 2 to convert into the
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steering angle ¢, and acquires a rotation angle command
value of the motor 16 by multiplying the steering angle ¢ by
a gain obtained from the gain map 8.

[0124] A shown in FIG. 20, the control unit 7 uses the
different gain map 8, for example, depending on whether the
vehicle speed is low (approximately 30 km/h) or high
(approximately 60 km/h), and determines the rotation angle
command value of the motor 16 with respect to the steering
angle ¢, using the gain map 8 selected corresponding to the
speed.

[0125] While the gain map 8 of the angle displacement
of the side supports 12 with respect to the steering angle ¢
is shown in this example, it is preferable to prepare a map
of the gain in the angle displacement f§ of the side supports
12 with respect to the rotation angle displacement of the
motor 16 considering dimensions of the first to the third
links 17 to 19, in practice.

[0126] As shown in FIG. 20, the gain map 8 has a linear
characteristic both at the time of low speed of 30 km/h and
at the time of high speed of 60 km/m, in which the gain
increases as the steering angle ¢ increases. However, the
angle displacement f§ is limited by saturating the angle
displacement [ when the steering angle ¢ reaches 90°.
[0127] As described, the control unit 7 selects the gain
map 8 depending on the speed of the vehicle, and acquires
the angle displacement [ of the side supports 12 from the
steering angle ¢ based on the selected gain map 8. However,
since both the in-phase driving and the opposite-phase
driving are applied in the present embodiment, the range of
the side support angle displacement 3 is -0 =B =0 using the
angle 0 that has been defined in the first embodiment.
Therefore, the vertical axis of the gain map 8 is expressed as
an absolute value of 8, Ipl.

[0128] Upon thus acquiring the rotation angle command
value, it is determined whether the in-phase driving or the
opposite-phase driving by multiplying the rotation angle
command value by the gain obtained from the gain map 63.
[0129] The gain map 63 outputs values from —1to 1 as a
gain to determine whether the in-phase driving or the
opposite-phase driving, and a horizontal axis represents a
readout value of the sweating sensor 62. The readout values
have been calibrated such that a sweating condition of the
driver at a calm state is 0, and in this example, the value of
the gain map 63 is set to change in a positive direction as a
sweating amount increases.

[0130] Therefore, when the output finally obtained by
multiplying by the gain of the gain map 63 takes a positive
value, the opposite-phase driving is applied, and when a
negative value, the in-phase driving is applied. In this
example, when the sweating amount of the driver is small
and the driver maintains the calm state, the in-phase driving
is performed to realize comfortable driving, and when the
sweating amount increases and a driving load increases, the
opposite-phase driving is performed to give the driver
driving feeling that relaxes the driver.

[0131] While the case in which the driving direction is
changed corresponding to the sweating amount has been
described as an example, other than this example, using
publicly known techniques to sense a load condition of a
human, for example, by setting a camera in the interior of the
vehicle as the physical condition detector 62 to recognize a
facial expression of the driver, or by measuring a heartbeat
or breath, output values thereof can be given as the hori-
zontal axis of the gain map 63.
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[0132] When it is determined whether to perform the
in-phase driving or the opposite-phase driving by multiply-
ing by the value of the gain map 63, the acquired rotation
angle command value is input to the motor driving circuit 33
to provide a driving voltage/current to the motor 16, thereby
driving the motor 16 to displace the side supports 12. At this
time, feedback on a current value of the rotation angle of the
motor 16 is given to a preceding stage of the motor driving
circuit 33, and based on this current value, a position control
is performed.

[0133] As described, the driver feeling adjusting apparatus
61 according to the present embodiment further includes the
physical condition detector 62, and based on the output of
the physical condition detector 62, the control pattern is
selectively or continuously switched. Therefore, the control
pattern can be switched corresponding to the physical con-
dition of the driver, and it is possible to always provide
comfortable driving to the driver.

Fourth Embodiment

[0134] A fourth embodiment of the present invention is
explained next with reference to FIG. 21. As shown in FIG.
21, a driver feeling adjusting apparatus 71 according to the
present embodiment differs, from the first embodiment, in
that a driving condition detector 72 is further included that
detects a driving condition of a vehicle, and other structures
are the same as that of the third embodiment and detailed
explanations will be omitted.

[0135] While in the third embodiment, the in-phase driv-
ing and the opposite-phase driving are switched correspond-
ing to the physical condition of the driver, in the driver
feeling adjusting apparatus 71 according to the present
embodiment, the in-phase driving and the opposite-phase
driving are switched corresponding to the driving condition
of the vehicle, and in this point, the driver feeling adjusting
apparatus 71 differs from the third embodiment.

[0136] Therefore, as the horizontal axis of the gain map 63
shown in FIG. 20C of the third embodiment, the driving
conditions such as the yaw rate and the acceleration in the
vehicle lateral direction are set. When the yaw rate of the
vehicle is high or when the lateral acceleration is high, it is
natural that a load on the driver increases. Therefore, by
setting the yaw rate or the acceleration in the vehicle lateral
direction as the horizontal axis of the gain map 63, it is
possible to switch to an optimal control pattern.

[0137] Thus, such a control becomes possible that by
detecting, for example, the lateral acceleration of the
vehicle, in a driving region of low lateral acceleration, the
opposite-phase driving is performed on the seat to provide
relaxed driving feeling to the driver, and in a driving region
ot high lateral acceleration in which turnability is important,
the in-phase driving is performed on the seat.

[0138] As described, the driver feeling adjusting apparatus
71 according to the present embodiment further includes the
driving condition detector 72 that detects the driving con-
dition of a vehicle, and is configured to selectively or
continuously switch the control pattern based on the output
of the driving condition detector 72. Therefore, the driving
direction of the seat can be switched corresponding to the
driving condition of the vehicle, and it becomes possible to
provide driving feeling corresponding to a driving scene to
the driver.
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[0139] As described above, the driver feeling adjusting
apparatus of the present invention has been explained based
on the embodiments shown in the drawings. The present
invention, however, is not limited to the embodiments and
the configurations of respective parts are replaced by any
configurations having the same function as that of the
present invention.

[0140] Description has been made of the embodiments to
which the invention created by the inventors of the present
invention is applied. However, the present invention is not
limited to the descriptions and the drawings, which form a
part of the disclosure of the present invention according to
these embodiments. Specifically, all of other embodiments,
examples, operational techniques and the like, which are
made by those skilled in the art based on these embodiments,
are naturally incorporated in the scope of the present inven-
tion. The above is additionally described at the end of this
specification.

[0141] The entire content of Japanese Patent Application
No. TOKUGAN 2006-122199 with a filing date of Apr. 26,
2006, and Japanese Patent Application No. TOKUGAN
2007-060775 with a filing date of Mar. 9, 2007 is hereby
incorporated by reference.

What is claimed is:

1. A driver feeling adjusting apparatus comprising:

a seat that is fixed to a vehicle and on which a driver is
seated;

a movable portion that is provided in the seat and that can
be displaced in a vehicle lateral direction or in a yaw
direction; and

a control unit that displaces the movable portion in an
opposite direction to a direction of a centripetal accel-
eration or a yaw rate, at turning.

2. The driver feeling adjusting apparatus according to
claim 1, wherein the control unit can control selectively a
control pattern in which the movable portion is displaced in
an identical direction to the direction of the centripetal
acceleration or the yaw rate at turning and a control pattern
in which the movable portion is displaced in the opposite
direction to the direction of the centripetal acceleration or
the yaw rate at turning, and continuously changes two
patterns.

3. The driver feeling adjusting apparatus according to
claim 2, further comprising a selecting unit with which the
driver selects from the two control patterns, wherein

the control unit controls the movable portion in a control
pattern selected by the selecting unit.

4. The driver feeling adjusting apparatus according to
claim 2, further comprising a physical condition detector
that detects a physical condition of the driver, wherein

the control unit switches the control patterns selectively or
continuously based on an output from the physical
condition detector.

5. The driver feeling adjusting apparatus according to
claim 2, further comprising a driving condition detector that
detects a driving condition of the vehicle, wherein

the control unit switches the control patterns selectively or

continuously based on an output from the driving
condition detector.
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6. The driver feeling adjusting apparatus according to 7. The driver feeling adjusting apparatus according to
claim 1, wherein claim 1, wherein o
the movable portion is a right and left pair of side supports the movable portion is a part of at least a rear surface of
that are arranged on both sides of a rear surface of the the seat, and o
seat. and the part of at least the rear surface of the seat is displaced
the side supports are displaced in the yaw direction or the in the yaw direction or the vehicle lateral direction with
vehicle lateral direction with respect to other portions respect to other portions of the seat.

of the seat. %k % %k
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