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Description

BACKGROUND

[0001] This disclosure relates to a seat system for a
vehicle. In an X, Y, Z coordinate system, a person can
be subject to motion in six degrees of freedom. These
degrees of freedom include rotation about the X, Y and
Z axes, and translation substantially parallel to each of
these axes. When traveling in a vehicle such as a farm
tractor or a car, a person can be quite sensitive to vehicle
rotations about roll and pitch axes. As such, passengers
in vehicles with relatively stiff suspensions (e.g. farm trac-
tors, sports cars) can be made uncomfortable when the
vehicle starts rocking side-to-side and/or pitching back
and forth due to an uneven surface over which the vehicle
is traveling.
[0002] U.S. Patent 5,857,535 discloses a low aspect
self-propelled vehicle (1) operated by a driver (4) sitting
on top of it, has its seat (7) supported from beneath by a
flange (12) which is pivoted to tilt about a horizontal axis
(15) in the mid-vertical plane of the vehicle. The spacing
between the axis (15) and the seat (7) is sufficient to
ensure that when the seat is tilted about the axis by op-
eration of a tilt control mechanism (21), the center of seat
also displaces a significant extent in the uphill direction
of the slope. This reduces the downhill movement of the
center-of-gravity (10) of the combination of vehicle plus
driver, so that the risk of the vehicle toppling is reduced.
The reference numerals above refer to Fig. 1 to Fig. 6 of
U.S. Patent 5,857,535. Further, US 2012/145875 A1 dis-
closes a vehicle vibration device for a vehicle seat or a
vehicle cab forming the basis for the preamble of claim 1.

SUMMARY

[0003] A seat system of the present invention is defined
by independent claim 1. Dependent claims are related
to optional features and particular embodiments.
[0004] In one aspect, a seat system for a vehicle in-
cludes an active suspension system for isolating a sus-
pended plant from vibration applied to a base of the active
suspension when the active suspension base is affixed
to a vehicle. The active suspension system is constructed
and arranged to isolate the suspended plant from vibra-
tion in a first degree of freedom selected from the group
consisting of: vehicle roll and vehicle pitch. A seat is af-
fixed to the suspended plant. The active suspension sys-
tem includes an actuator for outputting force to affect the
suspended plant in the first degree of freedom, sensors
to sense motion of the suspended plant in the first degree
of freedom, and a controller for providing a command to
the actuator to cause it to output force to affect motion
of the suspended plant. The combined motion of the ve-
hicle relative to the earth in the first degree of freedom
with the motion of the suspended plant relative to the
vehicle results in a motion of the suspended plant which
pivots about a virtual pivot point having a height. The

active suspension further includes a user operable con-
trol constructed and arranged to allow the user to adjust
the height of the virtual pivot point.
[0005] Embodiments may include one or more of the
following features. The active suspension causes the
suspended plant to pivot with respect to the suspension
base about a first axis, where the user control controls
the height of the virtual pivot point above the first axis.
The user control allows the user to continuously vary the
virtual pivot point height above the first axis over a first
range of heights, where the first range extends from the
height of the first axis to a height at least as high as the
top of the head of an occupant of the seat. The user
control allows the user to continuously vary the virtual
pivot point height above the first axis over a first range
of heights, where the first range extends from the height
of the first axis to the height of a roof of the vehicle interior.
The user control allows the user to vary the virtual pivot
point height above the first axis among a plurality of pre-
determined heights. One of the plurality of predetermined
heights is the average height at which an occupant of the
seat holds reading material. One of the plurality of pre-
determined heights is a height between about 6 to 12
inches above of the lap of an occupant of the seat. One
of the plurality of predetermined heights is the height of
a top surface of a tray arranged for use by the occupant
of the seat. A location sensor for sensing its vertical height
within the vehicle and outputting its height information to
the controller, wherein the controller outputs commands
to the actuator to cause it to output forces such that the
height of the virtual pivot point is set at the vertical height
of the location sensor. The location sensor senses ac-
celeration in at least one degree of freedom. The physical
location of location sensor in the vehicle is capable of
being changed by a seat occupant. The location sensor
is capable of being fixed to the suspended plant. A sensor
for detecting a condition of the seat, wherein the location
of the virtual pivot point is automatically changed when
the sensor detects the condition. The condition is a user
change in seat position.
[0006] In another aspect, a seat system for a vehicle
includes an active suspension system for isolating a sus-
pended plant from vibration applied to a base of the active
suspension when the active suspension base is affixed
to a vehicle. The active suspension system is constructed
and arranged to isolate the suspended plant from vibra-
tion in a first degree of freedom selected from the group
consisting of: vehicle roll and vehicle pitch. A seat is af-
fixed to the suspended plant. The active suspension sys-
tem includes an actuator for outputting force to affect the
suspended plant in the first degree of freedom, sensors
to sense motion of the suspended plant in the first degree
of freedom, and a controller for providing a command to
the actuator to cause it to output force to affect motion
of the suspended plant. The combined motion of the ve-
hicle relative to the earth in the first degree of freedom
with the motion of the suspended plant relative to the
vehicle results in a motion of the suspended plant which

1 2 



EP 3 600 956 B1

3

5

10

15

20

25

30

35

40

45

50

55

pivots about a virtual pivot point having a height. A tray
is associated with the seat system. A user operable con-
trol is constructed and arranged to allow the user to adjust
the height of the virtual pivot point, wherein the virtual
pivot point height is automatically set to a first height when
the tray is stowed, and the virtual pivot point is automat-
ically set to a second height when the tray is deployed.
[0007] Embodiments may include one or more of the
following features. A first time delay is used to delay be-
tween the time the tray is deployed and the time the virtual
pivot point height is changed from the first height to the
second height. A second time delay is used to delay be-
tween the time the tray is stowed and the time the virtual
pivot point height is changed from the second height to
the first height.
[0008] In another aspect, a seat system for a vehicle
includes an active suspension system for isolating a sus-
pended plant from vibration applied to a base of the active
suspension when the active suspension base is affixed
to a vehicle. The active suspension system constructed
and arranged to isolate the suspended plant from vibra-
tion in a first degree of freedom selected from the group
consisting of: vehicle roll and vehicle pitch. A seat is af-
fixed to the suspended plant. The active suspension sys-
tem includes a first actuator for outputting force to affect
the suspended plant in the first degree of freedom, sen-
sors to sense motion of the suspended plant in the first
degree of freedom, a controller for providing a command
to the first actuator to cause it to output force to affect
motion of the suspended plant. The combined motion of
the vehicle relative to the earth in the first degree of free-
dom with the motion of the suspended plant relative to
the vehicle results in a motion of the suspended plant
which pivots about a first virtual pivot point having a
height. The active suspension includes a second actuator
for outputting second forces to affect the suspended plant
in a second degree of freedom to generate second com-
pensated motion so that the suspended plant is control-
led in both the vehicle roll and vehicle pitch degrees of
freedom. The combined motion of the vehicle in the sec-
ond degree of freedom with the compensated motion of
the suspended plant in the second degree of freedom
results in a motion of the suspended plant in the second
degree of freedom that effectively pivots about a second
virtual pivot point associated with the second degree of
freedom, the second virtual pivot point also having a
height. A user operable control constructed and arranged
to allow the user to adjust the height of the first virtual
pivot point.
[0009] Embodiments may include one or more of the
following features. The user control allows the user to
control the heights of both the first and second virtual
pivot points.
[0010] In another aspect, a seat system for a vehicle
includes a seat including a seat bottom on which a person
can sit, wherein a first imaginary reference vertical cen-
terline passes through a body of a person who is sitting
in the seat when both the seat and the vehicle are in a

nominal, level horizontal orientation. An intermediate
support structure secured to the seat and the vehicle
which allows the seat to move relative to the vehicle. A
first actuator that can interact with the seat to cause the
seat to move relative to the vehicle. One or more sensors
which can each measure an aspect of motion. A proces-
sor that can (i) receive input from each of the one or more
sensors, and (ii) utilize the input to determine a desired
movement of the seat relative to the vehicle such that a
combined motion of the seat relative to the vehicle and
the vehicle relative to earth results in motion of the person
about a virtual pivot point located substantially along the
reference vertical centerline. A user operable control
which allows the user to control the location of the virtual
pivot point.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

Fig. 1A is front view of a tractor;
Fig. 1B shows the tractor of Fig. 1 in a tilted orienta-
tion;
Fig. 2 is a perspective view of a seat used in the
tractor of Fig. 1A;
Fig. 3 is a front view of the seat of Fig. 2 secured to
a floor of the tractor of Fig. 1A;
Fig. 4 is a front view of another example of a seat
system;
Fig. 5 is a modification of the seat of Fig. 4;
Fig. 6 is a perspective view of another example of a
seat system in which the seat can be rotated about
two axes;
Fig. 7 is a perspective view of another example of a
seat system in which the seat can be translated sub-
stantially parallel to a first axis;
Fig. 8 is similar to Fig. 1B except that the seat system
of Fig. 7 is shown in place of the seat system in Fig.
1B;
Fig. 9 is a perspective view of another example of a
seat system in which the seat can be translated sub-
stantially parallel to a second axis;
Fig. 10 is a perspective view of another example of
a seat system in which the seat can be translated
substantially parallel to two axes; and
Fig. 11 is a plot of frequency versus a magnitude of
the sensitivity of a human to lateral accelerations.

DETAILED DESCRIPTION

[0012] The description below relates to a seat system
for a vehicle. When a vehicle is rocked from side-to-side
and/or fore/aft due to a disturbance in the road surface,
the driver of the vehicle also experiences this motion.
With the seat system discussed below, when the vehicle
is rocked in one direction, the seat is rotated or translated
relative to the vehicle in the opposite direction. As a result,
acceleration of the driver’s head in a horizontal direction
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is substantially reduced which results in a more pleasing
driving experience for the driver.
[0013] Turning to Fig. 1A, a vehicle 10 in the form of a
tractor is shown driving in a straight line on a substantially
level road surface. Not all portions of the vehicle are
shown in order to facilitate this description. A person 12
is sitting on a bottom 14 of a seat 16 which is part of a
seat system that will be described in further detail below.
The person is sitting in a substantially vertical orientation
along an imaginary reference vertical centerline 17 which
passes through the body of the person 12 who is sitting
in the seat 16 and an axis 22 (explained further below).
In this example the vertical centerline 17 bisects the per-
son 12 and seat 16 when both the seat and the vehicle
are in a nominal, level horizontal orientation as shown in
Fig. 1. This is because the seat system is substantially
symmetrical as viewed in Fig. 1A. In other types of vehi-
cles, the seat system may be located to the left or right
of the vertical centerline 17.
[0014] An intermediate support structure 18 is secured
to the seat 16 and to a floor 20 of the vehicle 10 (structure
18 may be considered part of the seat 16). The interme-
diate support structure 18 allows the seat 16 to move/ro-
tate relative to the vehicle about an axis 22 which is sub-
stantially parallel to a direction in which the vehicle 10 is
moving when the vehicle is traveling in a straight line (if
the seat 16 can be rotated so that it is not facing forward,
the axis 22 may be skewed relative to this direction). In
this example the axis 22 is closer to the floor 20 than to
the seat bottom 14, and is preferably non-intersecting
with a horizontal plane. The axis 22 can be located lower
or higher than shown, but the seat 16 is preferably con-
nected to the vehicle 10 at or near the floor 20. The axis
22 is fixed relative to the vehicle 10. Factors such as the
distance it is desired to move the person’s head about
the axis 22, and sway space requirements (interference
between seat parts and other portions of a vehicle cab
11 as the seat rotates) can be considered in choosing
the height of axis 22 above the floor 20. The vehicle 10
can roll about an axis 24 which is substantially parallel
with the axis 22.
[0015] In an alternative example, an asymmetrical seat
system may be used. This can occur if, for example, a
relatively large user interface for controlling the vehicle
is mounted on one of two arm rests of the seat system
(e.g. as on some farm tractors). In order to balance the
seat over the axis 22, the seat 16 (including the seat
bottom 14) will be offset relative to the support structure
18. For example, as viewed in Fig. 1A, if the user interface
is mounted on the left armrest, the seat 16 will be mounted
to the support structure 18 in an offset position to the
right of center so that the seat system is balanced over
the axis 22. It is preferred that the vertical centerline 17
passes through the axis 22 and the center of gravity of
the seat 16 when the vehicle 10 is oriented as shown in
Fig. 1A. As such, with an asymmetrical seat system (e.g.
the seat is offset to the right as viewed in Fig. 1A to offset
the weight of a large user interface on the left armrest of

the seat), the vertical centerline 17 may pass through a
different portion of the body of the person 12 (e.g. through
the left ear of the person 12 as viewed in Fig. 1A).
[0016] A distance L1 represents the length between
the axis 22 and the axis 24. A distance L2 represents the
length between the axis 22 and a center of a head 26 of
the driver 12. The distance L2 is preferably assumed to
be associated with a human being of above average
height who is sitting in the seat 16 as opposed to setting
L2 to be associated with a human being of average or
below average height who is sitting in the seat 16. Pref-
erably, the top end of L2 will reside at or above a position
associated with a person’s head who is sitting in the seat.
It is preferred that L2 will be in the range of about 3-5 feet.
[0017] Referring to Fig. 1B, the left tires 28 of the ve-
hicle 10 have hit obstacles 30 while the vehicle travels
in a straight line which causes the vehicle to move relative
to earth (the surface over which the vehicle is traveling).
As a result, the vehicle 10 has rotated counterclockwise
(when viewed from the front here and in like descriptions
below) about the bottom of the right tires of the vehicle.
Rotation about an axis 24 is an acceptable small angle
approximation for the rotation of the vehicle 10 about the
bottom of the right tires and is used for symmetry reasons.
The vehicle 10 has approximately rotated by an angle θ1
which is the angle between the vertical centerline 17 and
a vehicle centerline 29. If the seat 16 is not secured in
the center of the vehicle 10 as in Fig 1A (meaning the
seat is positioned to one side or the other of center), then
θ1 is determined by the rotation of the vehicle centerline
29 from the nominal position in Fig 1A to a rotated position
(e.g. in Fig. 1B). As the vehicle rotates counter-clockwise,
the seat is automatically rotated clockwise (in the oppo-
site direction to the roll of the vehicle) by an actuator
(discussed in further detail below) about the axis 22 by
an angle θ2 which is the angle between the vehicle cen-
terline 29 and a seat centerline 31. The actuator causes
the seat 16 to rotate about the axis 22 (pivot point) in an
opposite sense relative to the rotation of the vehicle. Ro-
tation of the seat 16 about the axis 22 in Fig. 1B is clock-
wise for a counterclockwise rotation of the vehicle 10
(e.g. about the axis 24). More details of how the seat is
automatically rotated will be provided below. The angle
θ2 is calculated as follows by the processor: θ2 = θ1 x (1
+ L1/L2). This equation shows why locating the axis 22
close to the floor 20 is preferable. If L1 increases relative
to L2 (the axis 22 is moved up away from the floor 20),
θ2 increases. This means the seat 16 would have to be
rotated through a larger angle to compensate for a fixed
amount of vehicle roll as the axis 22 is moved up. This
equation also shows that in this example θ2 will always
be more than insubstantially larger than θ1. As a result,
the person 12 is rotated about a position associated with
their head 26 to substantially reduce or minimize side-
to-side and/or front/back (discussed below) movement
(i.e. acceleration in a horizontal direction) of the person’s
head. Preferably the head 26 remains substantially on
the original vertical centerline 17. It should be noted that
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if the vehicle rotates through too large an angle (e.g.
about axis 24), the seat may be rotated to its travel limit
and not be able to rotate further to address the full angle
of rotation of the vehicle. This would result in the head
26 of the person 12 not remaining on the vertical center-
line 17. In an alternative example, the axis 22 can be
located below the floor 20. A hole can be created in the
floor, and the support structure 18 can be made longer
in a vertical direction. This causes L1 to decrease and to
L2 to increase, resulting in a relatively smaller θ2 (see the
equation above
[0018] The person 12 has not just been rotated so that
they remain in a vertical position: they have been rotated
beyond a vertical position. In other words, a combined
motion of the seat 16 relative to the vehicle 10 and the
vehicle 10 rotating (e.g. about the axis 24) results in mo-
tion of the person 12 about a virtual pivot point 33 located
substantially along the reference vertical centerline 17.
The virtual pivot point 33 is the intersection of the refer-
ence vertical centerline 17 with the seat centerline 31 as
the seat 16 is displaced in space relative to earth. The
virtual pivot point 33 is located at least above the location
of the axis 24 (the vehicle rotation center). Preferably,
the virtual pivot point 33 is located above the floor 20 of
the vehicle 10. Even more preferably, the virtual pivot
point 33 is located above the axis 22 (or the level where
relative translation of the seat 16 with respect to the ve-
hicle 10 occurs). Still further preferably, the virtual pivot
point 33 is located above a position of a torso of the per-
son 12 (assuming this person is of nominal height) when
seated in the seat. Yet further preferably, the virtual pivot
point 33 is located at or above a position of a center of
the head of the person 12 (assuming this person is of
nominal height) when seated in the seat. Preferably the
virtual pivot point is about 1-4 feet above a surface of the
seat bottom 14 on which the person can sit. More pref-
erably the virtual pivot point is about 2-3 feet above a
surface of the seat bottom 14 on which the person can
sit. In Fig. 1B the virtual pivot point 33 is located at ap-
proximately the center of the head of the person 12. An-
other way to describe the motion of the person 12 is that
they are like a swinging pendulum with the center of their
head being the pivot point. A third angle θ3 is the absolute
angle of rotation of the seat off the vertical centerline 17
(more discussion is provided below relative to θ3).
[0019] In one example, a user is provided a control for
adjusting the virtual pivot point location along reference
vertical centerline 17. As described above, the angle θ2
which is the angle that the seat is commanded to rotate
when the vehicle sees a roll angle input of θ1 degrees,
is dependent upon the distance L2, which is the distance
between axis 22 and the virtual pivot point location. By
adjusting the value of L2, the location of the virtual pivot
point is adjusted. θ2 is still calculated based on the equa-
tion given earlier, but now L2 is a variable controlled by
the user operable control. A user may have a preference
for seat motion that results with a particular choice of
virtual pivot point location. A user may have a preference

for different virtual pivot point locations when engaging
in different activities in the vehicle (such as driving, eat-
ing, reading, sleeping, etc.). Providing a user control
which the user can operate to adjust the virtual pivot point
location allows the user to adjust the virtual pivot point
location to their liking.
[0020] Different users may have different preferences
for the virtual pivot point location. This may be due to
differences in individual preferences of the resulting mo-
tion, differences in torso height among users, or both. A
user control for adjusting virtual pivot point location allows
different users to adjust the virtual pivot point location to
accommodate their individual preferences. In one non-
limiting example, the user control for controlling the lo-
cation of the virtual pivot point controls the height of the
virtual pivot point. The height can be determined relative
to a chosen reference point which may be the floor of the
vehicle, the location of axis 22, or any other convenient
reference point. While only mentioned in the context of
one example above, it should be understood that the user
control described in any of the examples disclosed herein
may adjust the height of the virtual pivot location above
a predetermined reference point.
[0021] In one non-limiting example, a seat system al-
lows the virtual pivot point location to be changed to ac-
commodate a reading activity. It may be desirable for the
virtual pivot point location to be displaced away from a
point aligned with the user’s head. The virtual pivot point
location may be aligned with the approximate vertical lo-
cation (height above the axis 22) of the material the user
is reading. A setting can be provided for the user control
which is identified to the user as a "reading setting" which
sets the location of the virtual pivot point to be approxi-
mately even with the average vertical height at which a
user would hold reading material. For example, the read-
ing setting may set the virtual pivot point height to be
between 6 and 12 inches above the top surface of the
seat bottom cushion.
[0022] In one non-limiting example, a user control in-
corporates a plurality of settings for different virtual pivot
point locations from which the user can choose. In an-
other example, the user control allows continuous ad-
justment of the virtual pivot point location over a range
of virtual pivot point locations. In one non-limiting exam-
ple, the range may be bounded to be no lower than axis
22 and no higher than the roof of the vehicle. In other
examples, the range may be larger or smaller than the
above range. In one non-limiting example, the range ex-
tends between the height of axis 22 and the top of the
occupant’s head. In one non-limiting example, the range
extends between the height of a seat occupant’s lap and
a point at least as high as the top of the user’s head.
[0023] In one non-limiting example, a seat system pro-
vides an indication of the location of the virtual pivot point.
The control may have an indication on the control itself
which indicates the actual location of the virtual pivot
point, or the control may have a relative indicator to in-
dicate where within a range of possible locations of virtual
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pivot points the control is set. Alternatively, or addition-
ally, the seat system may incorporate a display device
capable of displaying various information to the user,
which in this example may include the virtual pivot point
location. The display device may be an LCD screen. In
one non-limiting example, the display device includes a
touch interface, and the location of the virtual pivot point
can be set using the touch interface. In one non-limiting
example, the user indicates, on a graphic representation
of the seat presented on the touch display device, where
they wish to set the virtual pivot point location. Numerous
other control types and indicators are possible, and the
device is not limited in the manner in which the user con-
trol for varying the virtual pivot point is implemented, nor
the manner in which the virtual pivot point location is in-
dicated. Other non-limiting examples of controls are ro-
tary knobs with indication marks thereon, slide controls,
rotary switches, and rotary knobs or sliding controls with
detents to represent specific fixed virtual pivot point lo-
cations. Any known devices used for controlling variable
elements in electronic or electro-mechanical systems
may be used and are contemplated herein.
[0024] In one non-limiting example, the seat system
automatically adjusts the virtual pivot point location when
a condition is detected, such as detecting whether a tray
associated with the seat is in a stowed position or a de-
ployed condition. When the tray is in a deployed condi-
tion, the virtual pivot point location is set to be at the
vertical height of the tray above the axis 22. Other pos-
sible conditions might be whether or not an object is on
the tray while it is in its deployed state, any user seat
adjustment such as the angle of the seat back, the seat
height, or the headrest position. Other conditions are also
possible and the conditions are not limited to just those
conditions listed herein.
[0025] In one non-limiting example, sensor(s) is/are
used to detect whether or not the tray is deployed and
whether or not it is being used. Non-limiting examples of
known sensor types useable for detecting if a tray is de-
ployed are simple switches, optical sensors, strain gaug-
es, position sensors, or other known sensors useable for
detecting the position of an object. Non-limiting examples
of known sensor types useable for detecting if an object
is located on a deployed tray are optical sensors, strain
sensors, force sensors, contact or proximity sensors and
the like. In one non-limiting example, automatic adjust-
ment of the virtual pivot point location depends on wheth-
er or not the tray is deployed and whether or not any
objects are resting on the tray. It is assumed that if the
tray is deployed and objects are on the tray that the user
has focused attention on the tray, and the virtual pivot
point location is then set to be the vertical height of the
tray. In one non-limiting example, if objects are subse-
quently removed from the tray, the virtual pivot point lo-
cation may be switched back to its previous setting.
[0026] A time delay may be used to control when an
automatic adjustment of the virtual pivot point location
once a changed condition (such as tray deployment, seat

adjustment and the like) is sensed. In one non-limiting
example, the time delay is between 0 second (i.e. imme-
diate) and one minute. The time delay can be pre-deter-
mined or may be user adjustable via a user interface of
the seat system. Different time delays may be used when
switching between different states of different conditions.
For example, adjusting the seat back angle of the seat
may result in an immediate change in the virtual pivot
point location, while deploying or stowing away a tray
may have a predetermined time delay between the time
the tray is deployed or stowed and the time the virtual
pivot point location is changed. The time delay associat-
ed with going from a first state of a condition to a second
state may be different than the time delay used when
going back from the second state of the condition to the
first state. For example, a delay used when switching
from a stowed state to a deployed state of a tray may
differ from a time delay used when switching from a de-
ployed state to a stowed state of the tray.
[0027] In one non-limiting example, a sensor is used
to determine where the virtual pivot point location should
be set. The virtual pivot point location is set to be at what-
ever the vertical height of the sensor is. The user can
place the sensor in or on whatever object they are focus-
ing attention on (such as reading material, a laptop, food
items, eating utensils, writing implements and the like).
One example sensor useful for tracking the location in
space of an object is the ICM20690 6 axis motion tracking
device manufactured by Invensense with headquarters
in San Jose, CA. There are numerous other motion sens-
ing devices that are known that can be used, and sensors
are not limited to 6 axis devices. Since only the vertical
height above the axis 22 is needed and absolute position
in space is not required, other motion sensors (such as
a 3-axis accelerometer) can provide sufficient informa-
tion. Other sensors such as position sensors, ultrasonic
sensors, optical sensors could also be used. Any sensor
capable of providing the vertical height of its location in
a known space can be used and is contemplated herein.
[0028] With regard to the above discussion of changing
the virtual pivot point location, all of the described exam-
ples can be used individually or in various combinations,
and applications are not limited to the specific examples
described. Seat systems are contemplated that allow ei-
ther or both manual and automatic setting of virtual pivot
point locations. In examples of seat systems incorporat-
ing both manual and automatic virtual pivot point location
setting, the systems may be set up so that manual set-
tings override automatic operation. Seat system user
controls may allow a user to continuously vary the virtual
pivot point location, switch between a plurality of discrete
virtual pivot point locations, or do both. The seat systems
may or may not indicate the virtual pivot point location to
the user. Seat systems that indicate the virtual pivot point
location may provide relative or absolute virtual pivot
point location information, or a combination of both. The
indication may be provided using any known method to
indicate such data, as described above. Any of the seat
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systems may use sensors in the various ways described.
[0029] With reference to Fig. 2, the seat 16 is shown
with its bottom 14 and a seat back 32 which is connected
to the bottom 14. A pair of arms 34 extend forward from
the seat back 32. An advantage of this seat system is
that any impact of the arms 34 against a torso of the
person 12 due to side-to-side rocking of the vehicle 10
will be substantially reduced (or minimized). A similar im-
provement will occur on the seat back whereby the lateral
translation of the seat back relative to a person’s back
will also be substantially reduced. A linear actuator 36 is
pivotally connected to the seat 16 (at a location 35) and
can interact with the seat 16 to cause the seat 16 to rotate
about the axis 22. In this example, the linear actuator 36
is also pivotally connected to the floor 20 of the vehicle
10 at a location 37. The linear actuator 36 is extended or
retracted in the direction of a two-headed arrow 38 to
cause the seat to rotate about the axis 22 in the direction
of a two-headed arrow 40. The linear actuator 36 can be,
for example, an electromagnetic linear motor, a hydraulic
cylinder, or a pneumatic cylinder. The linear actuator 36
instead can be some other type of actuator such as a
rotary actuator (electromagnetic, hydraulic, or pneumat-
ically powered) that is coupled between the seat 16 and
the floor 20. Any type of actuator can be directly coupled
to the seat or it may act thru some type of gear train,
linkages, or other transmission mechanism. The actuator
36 can be connected to a different portion of the seat 16
and a different portion of the vehicle 10 (other than the
floor 20, e.g. a wall of the driver compartment). Control
of the actuator is discussed below.
[0030] The seat 16 described above has only a single
degree of freedom about the axis 22 (a roll axis) relative
to the vehicle 10. This single degree of freedom could
instead be about a pitch axis. In this case, the axis 22 is
oriented side-to-side as viewed in Fig. 1A and allows the
seat 16 to be controlled for backwards and forwards pitch-
ing. In another example, the seat 16 may be outfitted with
one or more additional actuators (not shown) to provide
movement of the seat in one or more additional degrees
of freedom. For example, instead of mounting the inter-
mediate support structure 18 to the floor 20, the interme-
diate support structure 18 can be mounted to a platform
(not shown) which is moved up and down in the vertical
direction by an additional actuator to reduce the vertical
vibrations felt by the driver as the vehicle travels over a
road (or this vertical actuator can be interposed between
the structure 18 and the seat 16). An example of this type
of vertical active suspension system is shown in US Pat-
ent 8,095,268. The vertical active suspension system can
be operated independently of the rotating seat system
(or the translating seat system described below). The L2
distance (Fig. 1) will vary with the motions associated
with a vertical isolation mechanism. This effect can be
included in the processor calculations based on inputs
from a sensor which detects a distance between the plat-
form and the floor 20. In addition, the vertical isolation
system can be used to offset any potential raising or low-

ering of the head of the person 12 due to the combined
rotation of the vehicle 10 (e.g. relative to the ground), and
rotation of the seat 16 relative to the vehicle 10. The user
control for controlling the location of the virtual pivot point
can take variation in L2 with vertical displacement of the
suspension into account so that the user can still use the
user control to control the virtual pivot point location, re-
gardless of how the vertical suspension displacement
varies.
[0031] Turning to Fig. 3, operation of the actuator 36
is controlled by a processor 42. A sensor 44 can measure
an aspect of motion which in this example is a roll rate
of the vehicle 10. The processor 42 receives input from
the sensor 44 in the form of roll rate data via a bus 46.
The processor 42 calculates the integral of the roll rate
data to determine an instantaneous roll angle θ1 (Fig. 1).
The processor then plugs θ1 into the equation given
above in paragraph 28 along with L2 and L1, and calcu-
lates θ2. Next, the processor 42 uses a lookup table to
determine the desired actuator position in order to
achieve the calculated θ2. Note that the processor 42
receives position data from the actuator 36 via a bus 48.
The position data is indicative of a position of the actuator
which is correlated to a position of the seat about the axis
22. As such, the processor is informed of the current po-
sition (e.g. displacement) of the actuator. It should be
noted that the particular control law used by the processor
to control θ2 is not important, and various control laws
such as PI, PID, or other known control laws etc. can be
used in the embodiments described herein.
[0032] The processor 42 then issues a command to
the actuator 36 via a bus 50 which cause the actuator to
move to the desired actuator position. By successively
repeating these steps, the processor 42 utilizes input
from the sensor 44 to determine a desired motion of the
seat 16 about the axis 22, and then operates the actuator
36 to cause the desired motion of the seat 16 about that
axis. This results in a substantial reduction (or minimiz-
ing) of the acceleration of a person’s head sitting in the
seat 16 in a substantially horizontal direction. Preferably
the processor 42 controls motion of the seat 16 in order
to reduce displacement of the virtual pivot point 33 along
the reference vertical centerline 17 as the vehicle 10 is
rotated (e.g. about the axis 24 in Fig 1B). This example
is advantageous in that it (a) is substantially insensitive
to lateral accelerations caused by turning (when the ve-
hicle makes a left or right turn) and gravity, and (b) re-
quires minimal motion sensors. This arrangement as-
sumes that there is a stationary roll center height (i.e. L1
does not vary). As described earlier with respect to other
examples, a user control that adjusts the value of L2 used
by the controller functions as a user control to control the
location of the virtual pivot point.
[0033] If it is desired to calculate L1 continuously in real
time as the vehicle is moving, a lateral accelerometer
(not shown) can be provided on, for example, the vehicle
10 or the seat 16. It is preferable that this accelerometer
is located at substantially the same height (or location)
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as the axis 22. The processor 42 receives inputs from
the lateral accelerometer and the roll rate sensor 44, and
then calculates L1 using the equation L1 = lateral veloc-
ity/roll rate where the lateral velocity is calculated by in-
tegrating the lateral acceleration signal. It should be not-
ed that preferably gravity correction is done on the output
of any lateral accelerometers described in this applica-
tion. This means that the component of gravity coupled
into the lateral accelerometer as the vehicle 10 and/or
seat 16 rotates is taken into consideration. Dynamically
calculating L1 does not affect the user control for con-
trolling the virtual pivot point location via adjustment of
the value of L2.
[0034] In an alternative way of controlling the position
of the seat 16 about the axis 22 in Fig. 3, the angle θ3
(Fig. 1B) is used instead of θ2. Once the processor de-
termines the instantaneous roll angle θ1 as described
above, the angle θ3 is determined by the equation θ3 =
θ1 x (L1/L2). Next, the processor 42 uses a lookup table
to determine the desired actuator position in order to
achieve the calculated θ3. The processor 42 then issues
a command to the actuator 36 via the bus 50 which cause
the actuator to move to the desired actuator position in
order to achieve the calculated θ3 angle. By successively
repeating these steps, the processor 42 utilizes input
from the sensor 44 to determine a desired motion of the
seat 16 about the axis 22, and then operates the actuator
36 to cause the desired motion of the seat 16 about that
axis. This control scheme can be done with a stationary
roll center height L1 or a time varying L1 as described
above.
[0035] With respect to Fig. 4, another example of a
seat system is disclosed in which the vehicle roll rate
sensor 44 of Fig. 3 has been removed, and a roll rate
sensor 52 has been provided to rotate with the seat 16
as it is mounted on the intermediate support structure
18. The sensor 52 detects a roll rate of the seat 16 about
the axis 22. A lateral accelerometer 54 has also been
provided and is mounted on the floor 20 of the vehicle to
detect a lateral acceleration of the vehicle.
[0036] The seat system can include a mechanism (not
shown in the Figures) to lock the seat 16 in its home
position (shown in Fig. 1A) under certain conditions. For
example, if the engine is running but the vehicle is
stopped with the transmission in park or neutral, or when
the ignition of the vehicle is switched off, the actuator 36
will rotate the seat 16 to its home position. Alternatively,
the seat system may include a centering spring (not
shown in the Figures) that can also rotate the seat 16
towards its home position. A metal rod is then automat-
ically inserted (e.g. by a solenoid or a spring) into a hole
in the support structure 18 to lock the seat 16 in its home
position. Then the electrical power to the actuator 36 is
switched off.
[0037] Fig. 5 shows a seat system which is a modifi-
cation of the seat system of Fig. 4. The main difference
is that the roll rate sensor 52 and lateral accelerometer
54 of Fig. 4 have been combined into a single sensor

package 56 (mounted on the seat intermediate support
structure 18). The processor 42 (not shown in Fig, 5)
uses the inputs from the sensor package 56 in the same
way as in Fig. 4. That is, the lateral acceleration of the
axis 22 is given as XP=XB - (dRB/dt x L3), where XB is
the lateral acceleration measured by the accelerometer
54 (mounted to the seat in package 56), dRB/dt is the
rotational acceleration of the seat 16 which is obtained
by differentiating the output RB of the roll rate sensor 52
(mounted to the seat in package 56), and L3 is the vertical
distance between the axis 22 and the lateral accelerom-
eter 54 in the package 56 (even if the sensor 54 is not
vertically aligned with the axis 22). The calculated accel-
eration at the position of the head of a fictitious person
who is sitting in the seat 16 is given as XA=Xp+ (dRB/dtx
L2). The processor 42 then utilizes the XA term to issue
a command to the actuator 36 (not shown in Fig. 5) which
operates to rotate the seat 16 about the axis 22 in an
effort to drive the XA term to zero. This is done because
we are trying to substantially reduce, minimize or elimi-
nate lateral accelerations of a person’s head who is sitting
in seat 16. The equations used for the rotating seat ex-
amples in this application are effective for the relatively
small angle rotations through which the seat is rotated.
[0038] In another example, the sensor package 56 is
eliminated and a lateral accelerometer (not shown) is
placed in a headrest (not shown) of the seat 16. The head
rest, as is usual, can be adjusted to the height of the
driver’s head. The output of the lateral accelerometer is
transmitted to the processor 42. The processor 42 uses
the output from the lateral accelerometer to operate the
actuator 36 in a way that substantially reduces, minimiz-
es, or eliminates acceleration of the driver’s head in a
horizontal direction (in this case, laterally). Gravity cor-
rection will need to be done on the output of the lateral
accelerometer, and centrifugal forces from vehicle cor-
nering need to be addressed by, for example, providing
another accelerometer somewhere on the vehicle that
can measure these centrifugal forces. In this example, a
user control for controlling the location of a virtual pivot
point is accomplished by allowing the user to adjust the
physical location of the lateral accelerometer. Either the
height of the headrest can be adjusted by the user, or
the lateral accelerometer can be mounted to the headrest
using a mechanism that allows its position relative to the
headrest to be changed by the user.
[0039] Referring to Fig. 6, another example of a seat
system is shown in which the seat 16 can be rotated
about two different axes. This seat can address issues
with the vehicle 10 pitching forwards and backwards
about a pitch axis (not shown) which is substantially par-
allel with a front axle (Fig. 1A) of the vehicle 10. The pitch
axis may, for example be located at the height of the front
axle. The intermediate seat support 18 has been reori-
ented ninety degrees about a vertical axis and is pivotally
secured to a rocker plate 58. The rocker plate 58 is piv-
otally secured to the floor 20 of the vehicle 10. This ar-
rangement allows the seat 16 to rotate about the axis 22
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and an axis 62 which is substantially perpendicular to the
axis 22 and substantially parallel with a horizontal plane.
A distance L4 is the height that the axis 62 is located
above the pitch axis of the vehicle. A second actuator 64
is pivotally secured to the floor 20 and the seat 16. The
control scheme described above with respect to Fig. 3 is
generally used to control movement of the seat in Fig. 6.
That is, operation of the actuators 36 and 64 is controlled
by the processor 42. The sensor 44 measures a roll rate
of the vehicle 10 about an axis parallel to the axis 22. A
sensor 66 measures a pitch rate of the vehicle 10 about
an axis parallel to the axis 62. The processor 42 receives
inputs from the sensors 44 and 46 in the form of roll and
pitch rate data via data buses.
[0040] The processor 42 calculates the integral of the
roll rate data from the sensor 44 to determine an instan-
taneous roll angle θ1 (Fig. 1). The processor 42 also cal-
culates the integral of the pitch rate data from the sensor
66 to determine an instantaneous pitch angle θ4. The
processor then plugs θ1 into the equation given above in
paragraph 29 along with L2 and L1, and calculates θ2.
The processor also calculates θ5 = θ4 x (1 + L4/L2). The
distance L2 is used because the axes 62 and 22 are lo-
cated at about the same height). The angles θ1 and θ2
correspond respectively to the angles θ4 and θ5, the latter
two angles being relevant to a side view of the tractor in
which the tractor is pitched forwards or backwards.
[0041] Next, the processor 42 uses a lookup table to
determine the desired actuator positions in order to
achieve the calculated θ2 and θ5 angles. Actuators 36
and 64 will change only the angle θ5 when they are moved
in unison. Actuators 36 and 64 will change only the angle
θ2 when they are moved in opposition at the same ve-
locities. Actuators 36 and 64 will change both the angle
θ2 and the angle θ5 when they are moved at different
velocities in the same or opposite directions. Note that
the processor 42 receives position data from the actua-
tors 36 and 64 by respective buses. The position data is
indicative of a position of the actuators which is correlated
to a position of the seat about the axes 22 and 62. As
such, the processor is informed of the current position
(e.g. extension) of the actuators.
[0042] The processor 42 then issues a command sig-
nal to each of the actuator 36 and 64 via respective buses
which cause the actuators to move to the desired actuator
positions. Note that the roll and pitch control signals for
each actuator are combined by the processor 42 and
then sent to the respective actuator 36 and 64. By suc-
cessively repeating these steps, the processor 42 utilizes
input from the sensors 44 and 66 to determine a desired
motion of the seat 16 about the axes 22 and 62, and then
operates the actuators 36 and 64 to cause the desired
motion of the seat 16 about the axes. This example is
advantageous in that it (a) is substantially insensitive to
lateral accelerations caused by turning (when the vehicle
makes a left or right turn) and gravity, as well as fore/aft
accelerations caused by accelerating and braking the ve-
hicle 10, and (b) requires minimal motion sensors. Note

that the axes 22 and 62 are substantially orthogonal to
each other. These axes can be oriented to be other than
orthogonal to each other (i.e. other than 90 degrees offset
from each other).
[0043] A user control 65 can be implemented to control
the location of the virtual pivot point for the roll degree of
freedom, as described earlier. Control 65 is depicted as
a rotary control located on the armrest of the seat 16. A
user control 67 can also be implemented to allow the
user to control the virtual pivot point location for the pitch
degree of freedom. Control 67 is depicted as a rotary
control located on the armrest of seat 16. The location
of the controls can be anywhere within reach of the seat
occupant. While controls 65 and 67 are depicted as rotary
knobs, other control types as known in the art could be
used. In one non-limiting example, both virtual pivot point
locations can be controlled by a single user control. A
user may wish for both virtual pivot point locations to be
placed at the same height, or a user may wish them to
differ. Having a separate user control for each degree of
freedom can allow the user to independently control vir-
tual pivot point locations associated with multiple degrees
of freedom simultaneously. In one non-limiting example,
the virtual pivot point location for the vehicle roll degree
of freedom is chosen to be at a lower height than the
virtual pivot point location (height) for the vehicle pitch
degree of freedom. For example, when the seat occupant
is reading, the roll virtual pivot point location may be set
to be the height of the reading material (or possibly the
height of a tray associated with the seat, or the height of
the seat occupant’s lap), while the roll virtual pivot loca-
tion is chosen to be higher, such as at the height of the
seat occupant’s head.
[0044] Turning to Fig. 7, another example of a seat
system is provided in which the seat 16 is translated sub-
stantially parallel to the axis 62 instead of being rotated
about one or both of axes 22 and 62. This system ad-
dresses issues with the vehicle 10 rolling about the axis
24 (Fig. 1B). A different intermediate seat support struc-
ture 68 is provided which is secured to a pair of rails 70
via four linear bearings 72. The seat 16 can be moved
along the axis 62 on the rails 70 by an actuator 74 which
is connected to the intermediate seat support structure
68 and the floor 20 of the vehicle. As above, the actuator
74 reports its current position state to the processor 42
and receives movement commands from the processor
over a pair of data buses. The roll rate sensor 44 provides
a vehicle roll rate about the axis 24 (Fig. 1B) to the proc-
essor 42. The processor 42 calculates the integral of the
roll rate data to determine an instantaneous roll angle θ1
(Fig. 1). It should be noted that even though a translation
of the seat 16 (and the driver’s head) is being used to
offset a rotation of the vehicle (and the driver’s head),
most of the movement that the driver’s head would ex-
perience from vehicle roll is side-side (very little is up and
down), so this is an acceptable solution to the problem.
[0045] The processor then plugs θ1 into the equation
ΔXhead = (L1 + L2) x θ1, where ΔXhead is the distance a
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person’s head sitting in the seat 16 needs to be moved
side-to-side to counteract rolling of the vehicle about the
axis 24. For example, when the vehicle has rotated
counter-clockwise (e.g. about the axis 24 in Fig. 1B) by
an angle θ1, the driver’s head is translated to the right
parallel to the axis 62 by a distance ΔXhead. Next, the
processor 42 uses a lookup table to determine the
desired position of the actuator 74 in order to achieve the
calculated ΔXhead. The processor 42 then issues a
command to the actuator 74 which cause the actuator
74 to move to the desired actuator position. By
successively repeating these steps, the processor 42
utilizes input from the sensor 44 to determine a desired
motion of the seat 16 along the axis 62, and then operates
the actuator 74 to cause the desired motion of the seat
16 along that axis. This example is advantageous in that
it (a) is substantially insensitive to lateral accelerations
caused by turning (when the vehicle makes a left or right
turn) and gravity, and (b) requires minimal motion
sensors. This arrangement assumes that there is a
stationary roll center height (i.e. L1 does not vary). If it is
desired to use a time varying L1, a lateral accelerometer
can be used as described above. Rotating seat systems
like those shown in Figs. 1-6 need less clearance around
the seat at the height of the axis of rotation of the seat
(e.g. about axis 22) so that the seat does not hit another
part of the vehicle (e.g. the cab 11) as the seat is rotated.
For a rotating seat this clearance requirement increases
with distance above the axis of rotation. This allows the
cab 11 to be designed with a narrower base. Translating
seat systems such as the one shown in Fig. 7 need
roughly the same clearance at all heights above the seat
base. A user control to allow the user to control the
location of the virtual pivot point can be implemented as
described previously, where adjustment of the control
changes the value of L2 used to calculate ΔXhead as
described above.
[0046] Fig. 8 is similar to Fig. 1B except that the trans-
lating seat system of Fig. 7 has replaced the rotating seat
system of Fig. 1B. Here we can see that ΔXhead is the
distance between the seat centerline 31 and the vehicle
centerline 29. If the home position of the seat is not cen-
tered in the vehicle, then ΔXhead is the distance between
the seat centerline 31 and the home position of the seat.
The seat has been translated to the right (as viewed in
Fig. 8) by a distance ΔXhead so that the head of the person
12 remains substantially on the vertical centerline 17.
[0047] Fig. 9 shows a seat system that is similar to the
seat system shown on Fig. 7 except that in Fig. 9 the seat
16 is being moved forwards and backwards substantially
parallel to the axis 22 instead of side-to-side. This system
addresses issues with the vehicle 10 pitching about the
pitch axis (discussed above). The intermediate seat sup-
port structure 68 is substantially the same as in Fig. 7.
However, a pair of rails 73 and four linear bearings 75
are provided instead of the rails 70 and the bearings 72
which allow the seat 16 to be moved forwards and back-
wards. The seat 16 can be moved substantially parallel

to the axis 22 on the rails 73 by an actuator 76 which is
connected to the intermediate seat support structure 68
and the floor 20 of the vehicle. As above, the actuator 76
reports its current position state to the processor 42 and
receives movement commands from the processor over
a pair of data buses. The pitch rate sensor 66 provides
a vehicle pitch rate about the pitch axis to the processor
42. The processor 42 calculates the integral of the pitch
rate data to determine an instantaneous pitch angle θ4.
[0048] The processor then plugs θ4 into the equation
ΔYhead = (L4 + L2) x θ4, where ΔYhead is the distance a
person’s head sitting in the seat 16 needs to be moved
forwards or backwards to counteract pitching of the ve-
hicle about the pitch axis. Next, the processor 42 uses a
lookup table to determine the desired position of the ac-
tuator 76 in order to achieve the calculated ΔYhead. The
processor 42 then issues a command to the actuator 76
which cause the actuator 76 to move to the desired ac-
tuator position. By successively repeating these steps,
the processor 42 utilizes input from the sensor 66 to de-
termine a desired motion of the seat 16 substantially par-
allel to the axis 22, and then operates the actuator 76 to
cause the desired motion of the seat 16 substantially par-
allel to that axis. This example is advantageous in that it
(a) is substantially insensitive to accelerations and de-
celerations caused by pressing the gas pedal or brake
pedal of the vehicle 10, and gravity, and (b) requires min-
imal motion sensors. This arrangement assumes that
there is a stationary pitch center height (i.e. L4 does not
vary). If it is desired to use a time varying L4, a fore-aft
accelerometer can be used as described above. Again,
a user control that allows the user to adjust the virtual
pivot points in roll, pitch, or both roll and pitch can be
implemented as described earlier. The control adjusts
the value of L2 used by the controller to calculate desired
output forces of the actuators. In general, the virtual pivot
points in roll and pitch are independent of each other,
and each can be set as desired by a user.
[0049] In Fig. 10 a seat system is shown in which the
seat 16 can be moved both side-to-side and for-
wards/backwards. The intermediate seat support struc-
ture 68 is secured to the rails 70 via the four linear bear-
ings 72 as in Fig. 7. However, the rails 70 are secured
to a plate 78 which is interposed between the floor 20 of
the vehicle 10 and the intermediate support structure 68.
The plate 78 is secured to the four linear bearings 75
which travel along the rails 73. The rails 73 are secured
to the floor 20 of the vehicle 10 as in Fig. 9. With this
arrangement, the seat 16 can be moved substantially
parallel to the axis 62 on the rails 70 by the actuator 74
which is connected to the seat intermediate support
structure 68 and the plate 78. In addition, the seat 16 can
be moved substantially parallel to the axis 22 on the rails
73 by the actuator 76 which is connected to the plate 78
and the floor 20 of the vehicle. As above, the actuators
74 and 76 report their current position state to the proc-
essor 42 and receive movement commands from the
processor over a pair of wireless data buses 80.
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[0050] The roll rate sensor 44 provides a vehicle roll
rate about the axis 24 to the processor 42. The pitch rate
sensor 66 provides a vehicle pitch rate about the pitch
axis (Fig. 6) to the processor 42. The processor 42 cal-
culates the integral of the roll rate data and the pitch rate
data to determine instantaneous roll angle θ1 and pitch
angle θ4. Next, the processor 42 calculates the integral
of the (a) roll rate data to determine an instantaneous roll
angle θ1, and (b) pitch rate data to determine an instan-
taneous pitch angle θ4. Then the processor plugs θ1 into
the equation ΔXhead = (L1 + L2) x θ1, where ΔXhead is the
distance a person’s head sitting in the seat 16 needs to
be moved side-to-side to counteract rolling of the vehicle
about the axis 24. The processor then plugs θ4 into the
equation ΔYhead = (L4 + L2) x θ4, where ΔYhead is the
distance a person’s head sitting in the seat 16 needs to
be moved forwards or backwards to counteract pitching
of the vehicle about the pitch axis. The processor 42 uses
a lookup table to determine the desired position of (a)
the actuator 74 in order to achieve the calculated ΔXhead,
and (b) the actuator 76 in order to achieve the calculated
ΔYhead. The processor 42 then issues a command to the
actuators 74 and 76 which cause the actuators 74 and
76 to move to the desired actuator positions. By succes-
sively repeating these steps, the processor 42 utilizes
input from the sensors 44 and 66 to determine a desired
motion of the seat 16 substantially parallel to the axes
22 and 62, and then operates the actuators 74 and 76 to
cause the desired motion of the seat 16 substantially par-
allel to these axes. This example is advantageous in that
it (a) is substantially insensitive to accelerations in a hor-
izontal plane and gravity, and (b) requires minimal motion
sensors. This arrangement assumes that there are sta-
tionary roll and pitch center heights (i.e. L1 and L4 do not
vary). If it is desired to use a time varying L1 and/or L4,
lateral and fore-aft accelerometers can be used as de-
scribed above.
[0051] Fig. 6 depicts a two degree of freedom motion
compensation system that allows control over motion in
both the roll and pitch degrees of freedom, where roll and
pitch motions are compensated by a suspension system
employing pivoting motion along axes 22 and 62 respec-
tively. Fig. 10 depicts a two degree of freedom motion
compensation system that allows control over motion in
both the roll and pitch degrees of freedom, where roll and
pitch motions are compensated by a suspension system
employing translating motion along axes 62 and 22 re-
spectively. It is also possible to compensate for motion
in one of the roll or pitch degrees of freedom using piv-
oting motion as shown in Fig. 2 (or as shown in either
one of the degrees of freedom compensated in Fig. 6),
and compensating for motion in the other of the roll and
pitch degrees of freedom using translating motion, as
shown in Figs. 7 and 9. In one non-limiting example roll
motion is actively compensated by an active pivoting mo-
tion control system while pitching motion is actively com-
pensated by a linear suspension system. In one non-
limiting example, roll motion is actively compensated by

an active pivoting motion control system while pitching
motion is passively compensated by a passive linear sus-
pension system.
[0052] Fig. 11 shows a plot of frequency versus a mag-
nitude of the sensitivity of a human to lateral acceleration.
It can be seen that humans are most sensitive to lateral
accelerations in the vicinity of lhz. Humans are not very
sensitive to lateral accelerations below 0.1 hz or above
30hz. The bandwidth of vehicle rotation that is addressed
by the seat system is preferably between about 0.2hz to
about 8 hz, and more preferably between about 0. lhz to
about 40hz.
[0053] A number of implementations have been de-
scribed. Nevertheless, it will be understood that addition-
al modifications may be made without departing from the
scope of the appended claims. For example, another em-
bodiment can include a seat that is both translated and
rotated. This can be accomplished by modifying the seat
shown in Fig. 10 so that the arrangement for moving the
seat side-to-side is replaced by an arrangement for ro-
tating the seat about an axis parallel to the axis 22 (e.g.
as shown in Fig. 2).
[0054] In another version of a seat that is both trans-
lated and rotated, the seat system in Fig. 10 is modified
to replace the portion of the system that moves the seat
forwards and backwards with the portion of Fig. 2 that
rotates the seat 16 about the axis 22. If the seat is trans-
lated to the right (as viewed in Fig. 10), the seat would
also be rotated clockwise. However, as the translation
and rotation of the seat are being combined together,
both motions can be done to a lesser extent as compared
to a system where only rotation (e.g. Fig. 2) or translation
(Fig. 7) was used.
[0055] In all of the examples described above, the ve-
hicle roll axis 24 was always shown located below the
axis 22 about which the seat 16 is rotated (or below the
level on which the seat is translated). The arrangements
described above can also be used where a vehicle roll
axis is located above a seat rotation axis or translation
level. This can occur in a tram where a vehicle is sus-
pended from a cable located above the vehicle.
[0056] In another example, the axis 22 (see Fig. 1) can
be a virtual pivot made with, for example, a four-bar link-
age or circular track. This arrangement will provide some
degree of lateral translation at the floor 20, but without
requiring the use of a second actuator. A benefit of this
arrangement is that it reduces the lateral acceleration in
the torso of a person sitting in the seat 16. This example
will consume more sway space and create more relative
motion between the person 12 and the pedals/steering
wheel of the vehicle 10.
[0057] In a further example, the cab 11 is moved rela-
tive to another portion of the vehicle (e.g. the frame or
fenders) in order to keep the virtual pivot point 33 located
substantially along the reference vertical centerline 17.
Such movement of the cab 11 can be in place of moving
the seat 16 (in this case the seat 16 is secured in place
relative to the cab 11), or in addition to moving the seat
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11 (in this case the seat 16 is moved relative to the cab
11 and the cab 11 is moved relative to another portion
of the vehicle 10). In the former case, the cab is moved
by one or more of ΔXhead, ΔYhead, θ2 and θ4 as described
above relative to another portion of the vehicle. In the
latter case, the combined motion of the seat 16 relative
to the cab11, and the cab 11 relative to another portion
of the vehicle is set to be one or more of ΔXhead, ΔYhead,
θ2 and θ4 as described above. In this latter case the seat
and cab move in the same direction which provides more
travel room for the seat relative to the cab. U.S. Patent
5,044,455 discloses actively moving a cab of a truck to
address pitching of the truck as the truck travels over a
road. The cab 11 can be moved as described in the ’455
patent to address pitch and/or roll motions of the vehicle
10 under the control scheme described above.
[0058] The examples described above may include a
processor with computer components and computer-im-
plemented steps that will be apparent to those skilled in
the art. For example, it should be understood by one of
skill in the art that computer-implemented steps of a proc-
essor may be stored as computer-executable instruc-
tions on a computerreadable medium such as, for exam-
ple, floppy disks, hard disks, optical disks, Flash ROMS,
nonvolatile ROM, and RAM. Furthermore, it should be
understood by one of skill in the art that the computer-
executable instructions may be executed on a variety of
processors such as, for example, microprocessors, dig-
ital signal processors, gate arrays, controllers, discrete
logic, ASICs, or other programmable logic device, or may
be performed by analog circuitry, or by a combination of
analog and digital circuitry.

Claims

1. A seat system for a vehicle (10), comprising:

an active suspension system configured to iso-
late a suspended plant from vibration applied to
a base of the active suspension system when
the base is affixed to a vehicle, the active sus-
pension system constructed and arranged to
isolate the suspended plant from vibration in a
first degree of freedom selected from the group
consisting of: vehicle roll and vehicle pitch;
wherein the active suspension system compris-
es:

an actuator configured to output force to af-
fect the suspended plant in the first degree
of freedom,
sensors configured to sense motion of the
suspended plant in the first degree of free-
dom,
a controller configured to provide a com-
mand to the actuator to cause the actuator
to output force to affect motion of the sus-

pended plant, wherein a combined motion
of i) the vehicle (10) relative to the earth in
the first degree of freedom and ii) the sus-
pended plant relative to the vehicle (10), re-
sults in a motion of the suspended plant
which pivots about a virtual pivot point (33)
having a height;
a seat affixed to the suspended plant , char-
acterised in that
a user operable control (65, 67) is construct-
ed and arranged to allow the user to adjust
the height of the virtual pivot point.

2. The seat system of claim 1, wherein the active sus-
pension system configured to cause the suspended
plant to pivot with respect to the suspension base
about a first axis, and wherein the user control con-
trols the height of the virtual pivot point above the
first axis.

3. The seat system of claim 2, wherein the user control
is configured to allow the user to continuously vary
the virtual pivot point height above the first axis over
a first range of heights, and wherein the first range
extends from the height of the first axis to a height
at least as high as the top of the head of an occupant
of the seat.

4. The seat system of claim 2, wherein the user control
is configured to allow the user to continuously vary
the virtual pivot point height above the first axis over
a first range of heights, and wherein the first range
extends from the height of the first axis to the height
of a roof of the vehicle interior.

5. The seat system of claim 2, wherein the user control
is configured to allow the user to vary the virtual pivot
point height above the first axis among a plurality of
predetermined heights.

6. The seat system of claim 5, wherein one of the plu-
rality of predetermined heights is an average height
at which an occupant of the seat holds reading ma-
terial.

7. The seat system of claim 5, wherein one of the plu-
rality of predetermined heights is a height between
about 6 to 12 inches above of a lap of an occupant
of the seat.

8. The seat system of claim 5, wherein one of the plu-
rality of predetermined heights is a height of a top
surface of a tray arranged for use by an occupant of
the seat.

9. The seat system of claim 2, further comprising a lo-
cation sensor configured to sense a vertical height
of the location sensor within the vehicle and to output

21 22 



EP 3 600 956 B1

13

5

10

15

20

25

30

35

40

45

50

55

height information to the controller, wherein the con-
troller is configured to output commands to the ac-
tuator to cause the actuator to output forces such
that the height of the virtual pivot point is set at the
vertical height of the location sensor.

10. The seat system of claim 9, wherein the location sen-
sor is configured to sense acceleration in at least
one degree of freedom.

11. The seat system of claim 9, wherein the physical
location of the location sensor in the vehicle is ca-
pable of being changed by a seat occupant.

12. The seat system of claim 9, wherein the location sen-
sor is capable of being fixed to the suspended plant.

13. The seat system of claim 1, further comprising a sen-
sor configured to detect a condition of the seat,
wherein the height of the virtual pivot point is auto-
matically changed when the sensor detects the con-
dition.

14. The seat system of claim 13, wherein the condition
is a user change in seat position.

15. The seat system of claim 1, further comprising:

a tray associated with the seat system,
wherein the user operable control is configured
to set the height of the virtual pivot point auto-
matically to a first height when the tray is stowed,
and to set the virtual pivot point automatically to
a second height when the tray is deployed.

Patentansprüche

1. Sitzsystem für ein Fahrzeug (10), umfassend:

ein aktives Federungssystem, das dazu ausge-
bildet ist, eine gefederte Anlage von Schwin-
gung zu isolieren, die auf eine Basis des aktiven
Federungssystems ausgeübt wird, wenn die Ba-
sis an einem Fahrzeug befestigt wird, wobei das
aktive Federungssystem konstruiert und einge-
richtet ist, die gefederte Anlage von Schwingung
in einem ersten Freiheitsgrad zu isolieren, der
aus der Gruppe ausgewählt ist, bestehend aus:
Fahrzeugrollen und Fahrzeugneigung;
wobei das aktive Federungssystem umfasst:

einen Aktor, der dazu ausgebildet ist, Kraft
auszugeben, um die gefederte Anlage in
dem ersten Freiheitsgrad zu betätigen,
Sensoren, die dazu ausgebildet sind, Be-
wegung der gefederten Anlage in dem ers-
ten Freiheitsgrad zu erfassen,

eine Steuereinheit, die dazu ausgebildet ist,
einen Befehl an den Aktor bereitzustellen,
um den Aktor zu veranlassen, Kraft auszu-
geben, um Bewegung der gefederten Anla-
ge zu betätigen, wobei eine kombinierte Be-
wegung aus i) dem Fahrzeug (10) relativ zu
der Erde in dem ersten Freiheitsgrad und ii)
der gefederten Anlage relativ zu dem Fahr-
zeug (10) in einer Bewegung der gefederten
Anlage resultiert, die um einen virtuellen
Schwenkpunkt (33) schwenkt, der eine Hö-
he aufweist;
einen Sitz, der an der gefederten Anlage
befestigt ist, dadurch gekennzeichnet,
dass
eine nutzerbedienbare Steuereinheit (65,
67) konstruiert und eingerichtet ist, dem
Nutzer zu erlauben, die Höhe des virtuellen
Schwenkpunkts einzustellen.

2. Sitzsystem nach Anspruch 1, wobei das aktive Fe-
derungssystem dazu ausgebildet ist, die gefederte
Anlage zu veranlassen, in Bezug auf die Federungs-
basis um eine erste Achse zu schwenken, und wobei
die Nutzersteuereinheit die Höhe des virtuellen
Schwenkpunkts über der ersten Achse steuert.

3. Sitzsystem nach Anspruch 2, wobei die Nutzersteu-
ereinheit dazu ausgebildet ist, dem Nutzer zu erlau-
ben, die virtuelle Schwenkpunkthöhe über der ersten
Achse fortlaufend über eine erste Spanne von Hö-
hen zu variieren, und wobei die erste Spanne sich
von der Höhe der ersten Achse zu einer Höhe, die
mindestens so hoch wie die Oberseite des Kopfs
eines Insassen des Sitzes ist, erstreckt.

4. Sitzsystem nach Anspruch 2, wobei die Nutzersteu-
ereinheit dazu ausgebildet ist, dem Nutzer zu erlau-
ben, die virtuelle Schwenkpunkthöhe über der ersten
Achse fortlaufend über eine erste Spanne von Hö-
hen zu variieren, und wobei die erste Spanne sich
von der Höhe der ersten Achse zu der Höhe eines
Dachs des Fahrzeuginnenraums erstreckt.

5. Sitzsystem nach Anspruch 2, wobei die Nutzersteu-
ereinheit dazu ausgebildet ist, dem Nutzer zu erlau-
ben, die virtuelle Schwenkpunkthöhe über der ersten
Achse unter einer Vielzahl von vorgegebenen Hö-
hen zu variieren.

6. Sitzsystem nach Anspruch 5, wobei eine der Vielzahl
von vorgegebenen Höhen eine Durchschnittshöhe
ist, bei der ein Insasse des Sitzes Lesematerial hält.

7. Sitzsystem nach Anspruch 5, wobei eine der Vielzahl
von vorgegebenen Höhen eine Höhe zwischen 6 bis
12 Inch über einem Schoß eines Insassen des Sitzes
ist.
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8. Sitzsystem nach Anspruch 5, wobei eine der Vielzahl
von vorgegebenen Höhen eine Höhe einer Obersei-
tenoberfläche einer Ablage ist, die zur Verwendung
durch einen Insassen des Sitzes eingerichtet ist.

9. Sitzsystem nach Anspruch 2, weiter einen Standort-
sensor umfassend, der dazu ausgebildet ist, eine
vertikale Höhe des Standortsensors innerhalb des
Fahrzeugs zu erfassen und Höheninformationen an
die Steuereinheit auszugeben, wobei die Steuerein-
heit dazu ausgebildet ist, Befehle an den Aktor aus-
zugeben, um den Aktor zu veranlassen, Kräfte derart
auszugeben, dass die Höhe des virtuellen Schwenk-
punkts bei der vertikalen Höhe des Standortsensors
liegt.

10. Sitzsystem nach Anspruch 9, wobei der Standort-
sensor dazu ausgebildet ist, Beschleunigung in min-
destens einem Freiheitsgrad zu erfassen.

11. Sitzsystem nach Anspruch 9, wobei der physische
Standort des Standortsensors in dem Fahrzeug im
Stande ist, von einem Sitzinsassen geändert zu wer-
den.

12. Sitzsystem nach Anspruch 9, wobei der Standort-
sensor im Stande ist, an der gefederten Anlage an-
gebracht zu werden.

13. Sitzsystem nach Anspruch 1, weiter einen Sensor
umfassend, der dazu ausgebildet ist, einen Zustand
des Sitzes zu erfassen, wobei die Höhe des virtuel-
len Schwenkpunkts automatisch geändert wird,
wenn der Sensor den Zustand erfasst.

14. Sitzsystem nach Anspruch 13, wobei der Zustand
eine Nutzeränderung der Sitzposition ist.

15. Sitzsystem nach Anspruch 1, weiter umfassend:

eine Ablage, die mit dem Sitzsystem verbunden
ist,
wobei die nutzerbedienbare Steuereinheit dazu
ausgebildet ist, die Höhe des virtuellen
Schwenkpunkts automatisch auf eine erste Hö-
he einzustellen, wenn die Ablage verstaut wird,
und den virtuellen Schwenkpunkt automatisch
auf eine zweite Höhe einzustellen, wenn die Ab-
lage genutzt wird.

Revendications

1. Système de siège pour un véhicule (10),
comprenant :

un système de suspension active configuré pour
isoler une installation suspendue vis-à-vis de vi-

brations appliquées à une base du système de
suspension active lorsque la base est fixée à un
véhicule, le système de suspension active étant
construit et agencé pour isoler l’installation sus-
pendue vis-à-vis de vibrations dans un premier
degré de liberté sélectionné parmi le groupe
consistant en : roulis de véhicule et tangage de
véhicule ;
dans lequel le système de suspension active
comprend :

un actionneur configuré pour délivrer une
force pour affecter l’installation suspendue
dans le premier degré de liberté,
des capteurs configurés pour détecter un
mouvement de l’installation suspendue
dans le premier degré de liberté,
un dispositif de commande configuré pour
fournir une instruction à l’actionneur pour
amener l’actionneur à délivrer une force
pour affecter un mouvement de l’installation
suspendue, dans lequel un mouvement
combiné i) du véhicule (10) par rapport à la
terre dans le premier degré de liberté et ii)
de l’installation suspendue par rapport au
véhicule (10), résulte en un mouvement de
l’installation suspendue qui pivote autour
d’un point de pivot virtuel (33) présentant
une hauteur ;
un siège fixé à l’installation suspendue, ca-
ractérisé en ce que
une commande actionnable par l’utilisateur
(65, 67) est construite et agencée pour per-
mettre à l’utilisateur d’ajuster la hauteur du
point de pivot virtuel.

2. Système de siège selon la revendication 1, dans le-
quel le système de suspension active configuré pour
amener l’installation suspendue à pivoter par rapport
à la base de suspension autour d’un premier axe, et
dans lequel la commande utilisateur commande la
hauteur du point de pivot virtuel au-dessus du pre-
mier axe.

3. Système de siège selon la revendication 2, dans le-
quel la commande utilisateur est configurée pour
permettre à l’utilisateur de faire varier en continu la
hauteur du point de pivot virtuel au-dessus du pre-
mier axe sur une première plage de hauteurs, et dans
lequel la première plage s’étend depuis la hauteur
du premier axe jusqu’à une hauteur au moins aussi
élevée que le sommet de la tête d’un occupant du
siège.

4. Système de siège selon la revendication 2, dans le-
quel la commande utilisateur est configurée pour
permettre à l’utilisateur de faire varier en continu la
hauteur du point de pivot virtuel au-dessus du pre-
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mier axe sur une première plage de hauteurs, et dans
lequel la première plage s’étend depuis la hauteur
du premier axe jusqu’à la hauteur d’un toit de l’inté-
rieur de véhicule.

5. Système de siège selon la revendication 2, dans le-
quel la commande utilisateur est configurée pour
permettre à l’utilisateur de faire varier la hauteur du
point de pivot virtuel au-dessus du premier axe parmi
une pluralité de hauteurs prédéterminées.

6. Système de siège selon la revendication 5, dans le-
quel l’une de la pluralité de hauteurs prédéterminées
est une hauteur moyenne à laquelle un occupant du
siège tient du matériel de lecture.

7. Système de siège selon la revendication 5, dans le-
quel l’une de la pluralité de hauteurs prédéterminées
est une hauteur entre environ 6 et 12 pouces au-
dessus des genoux d’un occupant du siège.

8. Système de siège selon la revendication 5, dans le-
quel l’une de la pluralité de hauteurs prédéterminées
est une hauteur d’une surface supérieure d’un pla-
teau agencé pour être utilisé par un occupant du
siège.

9. Système de siège selon la revendication 2, compre-
nant en outre un capteur de localisation configuré
pour détecter une hauteur verticale du capteur de
localisation dans le véhicule et pour délivrer en sortie
des informations de hauteur au dispositif de com-
mande, dans lequel le dispositif de commande est
configuré pour délivrer en sortie des instructions à
l’actionneur pour amener l’actionneur à délivrer des
forces telles que la hauteur du point de pivot virtuel
est établie à la hauteur verticale du capteur de loca-
lisation.

10. Système de siège selon la revendication 9, dans le-
quel le capteur de localisation est configuré pour dé-
tecter une accélération dans au moins un degré de
liberté.

11. Système de siège selon la revendication 9, dans le-
quel la localisation physique du capteur de localisa-
tion dans le véhicule peut être modifiée par un oc-
cupant du siège.

12. Système de siège selon la revendication 9, dans le-
quel le capteur de localisation peut être fixé à l’ins-
tallation suspendue.

13. Système de siège selon la revendication 1, compre-
nant en outre un capteur configuré pour détecter une
condition du siège, dans lequel la hauteur du point
de pivot virtuel est automatiquement modifiée lors-
que le capteur détecte la condition.

14. Système de siège selon la revendication 13, dans
lequel la condition est un changement de position
de siège par l’utilisateur.

15. Système de siège selon la revendication 1, compre-
nant en outre :

un plateau associé au système de siège,
dans lequel la commande actionnable par l’uti-
lisateur est configurée pour établir la hauteur du
point de pivot virtuel automatiquement à une
première hauteur lorsque le plateau est rangé,
et pour établir le point de pivot virtuel automati-
quement à une seconde hauteur lorsque le pla-
teau est déployé.
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