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(57) ABSTRACT

In one embodiment, a hands-free user interface device
includes a first plate, a second plate spaced from the first plate,
a sensor associated with the plates adapted to detect when the
first plate pivots relative to the second plate, and a controller
adapted to receive signals from the sensor and output control
signals to another component based upon the received sig-
nals.
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1
HANDS-FREE USER INTERFACE DEVICES

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application claims priority to U.S. Provisional Appli-
cation Ser. No. 61/542,448, filed Oct. 3, 2011, which is
hereby incorporated by reference herein in its entirety.

BACKGROUND

Various equipment is designed to be controlled with a
human user’s hands. One example of such equipment is
power wheelchairs. Such wheelchairs often comprise a joy-
stick that is mounted to an armrest of the chair that can be used
to control drive motors of the wheelchair. While joysticks and
other hand-operated user interface devices can be effective in
such applications, they are less effective when the user has
difficulty using his or her hands. In such a case, it may not be
possible for the user to control the equipment using a hand-
operated user interface device. In view of this, it can be
appreciated that it would be desirable to have hands-free user
interface devices.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure may be better understood with ref-
erence to the following figures. Matching reference numerals
designate corresponding parts throughout the figures, which
are not necessarily drawn to scale.

FIG. 1 is an exploded perspective view of a first embodi-
ment of a hands-free user interface device.

FIG. 2 is a cross-sectional side view of the user interface
device of FIG. 1.

FIG. 3 is a cross-sectional side view of a second embodi-
ment of a hands-free user interface device.

FIG. 4 is a side view of an alternative ball joint assembly
that can be used in a hands-free user interface device.

FIG. 5 is a side view of a powered wheelchair that incor-
porates a hands-free user interface device.

FIG. 6 is a block diagram of electronic components of the
power wheelchair of FIG. 5.

FIG. 7 is a side view of a hands-free user interface device
used in conjunction with a seat.

FIG. 8 is a side view of a hands-free user interface device
used in conjunction with a weight-bearing platform.

DETAILED DESCRIPTION

As described above, it would be desirable to have hands-
free user interface devices that can be used to, for example,
control operation of a piece of equipment. Disclosed herein
are embodiments ofhands-free user interface devices that can
beused in that capacity. In one embodiment, a hands-free user
interface device comprises two plates that are adapted to
supportall or part of auser’s body weight and sensors that can
detect pivoting of one of the plates that results from shifting of
the user’s body weight, for example when the user leans in a
particular direction. A control signal can be transmitted by the
user interface device in response to the detected pivoting, and
that control signal can cause a desired action to be performed.
In one embodiment, the user interface device is mounted to a
seat of a power wheelchair and the user can control a drive
direction of the wheelchair by leaning in a direction in which
the user wishes to travel. As is described below, however, the
user interface device can be used in substantially any appli-

10

15

20

25

30

35

40

45

50

55

60

65

2

cation in which commands are to be communicated by the
user using his or her body weight instead of his or her hands.

In the following disclosure, various specific embodiments
are described. It is to be understood that those embodiments
are example implementations of the disclosed inventions and
that alternative embodiments are possible. All such embodi-
ments are intended to fall within the scope of this disclosure.

FIG.1illustrates an embodiment of a hands-free user inter-
face device 10 in an exploded perspective view. As is shown
in that figure, the user interface device 10 generally comprises
a first or top plate 12 and a second or bottom plate 14. In the
illustrated embodiment, the top plate 12 includes a planar
bottom surface 16, a planar top surface 18, and a circular edge
20. In addition, the top plate 12 includes a central opening 22
and multiple peripheral openings 24, each of which extends
through the plate from the bottom surface 16 to the top surface
18. The central opening 22 is adapted to receive a central
fastener 26 that, as is described below, forms part of a ball
joint assembly of the user interface device 10. In the illus-
trated embodiment, the central fastener 26 is a threaded bolt.
The peripheral openings 24 are adapted to receive further
fasteners (not shown) that can be used to mount the top plate
12 to another component, such as a chair or other weight-
bearing component. In some embodiments, the top plate 12
has a diameter of approximately 4 to 36 inches (in.) and a
thickness of approximately Y% to 6 in.

The bottom plate 14 includes a planar top surface 28, a
planar bottom surface 30, and a circular edge 32. Extending
downward from the bottom surface 30 is a bottom member 34
that includes a further planar bottom surface 36 and circular
edge 38. Asis further shown in FIG. 1, the bottom member 34
is generally concentric with the bottom plate 14 and, as shown
in FIG. 2, the bottom member and the bottom plate can be
unitarily formed from the same piece of material.

Formed through the bottom plate 14 and the bottom mem-
ber 34 is a central opening 40 that extends from the top surface
28 of the bottom plate to the bottom surface 36 of the bottom
member. The central opening 40 is adapted to receive the
central fastener 26 and a ball joint bearing 42, which also
forms part of the ball joint assembly. In some embodiments,
the top plate 12 has a diameter of approximately 4 to 36 in.
and a thickness of approximately %% to 6 in, and the bottom
member 34 has a diameter of approximately 4 to 36 in. and a
thickness of approximately Y% to 6 in.

Formed in the bottom plate 14 are multiple sensor recesses
44 that are adapted to receive sensors 46. In the example
embodiment, four sensor recesses 44 are provided at equally
spaced positions near the edge 32 of the bottom plate 14 so as
to receive four sensors 46. A controller recess 48 is also
formed in the bottom plate 14 that is adapted to receive a
controller 50, which can be formed on a printed circuit board.
In the illustrated embodiment, the sensors 46 are load cells
and the controller 50 receives signals from the sensors and
transmits control signals to other components based upon the
received signals.

The top and bottom plates 12, 14 are made of a strong, rigid
material. In some embodiments, the top and bottom plates 12,
14 are both made of a metal material, such as aluminum or
steel.

Positioned between the top and bottom plates 12, 14 is a
spacer member 52. In some embodiments, the spacer member
52 has a diameter of approximately 4 to 36 in. and a thickness
of approximately Vis to 6 in. The spacer member 52 can be
made of a resilient material, such as a rubber or silicone
material that resists relative pivoting of the plates 12, 14 and
therefore tends to return the plates to a neutral position in
which they are generally parallel with each other. Notably, the
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spacer member 52 could be replaced with one or more other
components, such as springs, that provide that functionality.
Extending through the spacer member 52 is a central opening
54 that is adapted to receive the central fastener 26 and the ball
joint bearing 42. Also extending through the spacer member
52 are multiple peripheral openings 56 that are adapted to
receive the sensors 46.

FIG. 2 is a cross-sectional side view of the hands-free user
interface device 10 as assembled. As is apparent from that
figure, the ball joint bearing 42 is securely mounted within the
central opening 40 formed through the bottom plate 14 and
the bottom member 34. The central fastener 26 is passed
through the central opening 22 of the top plate 12 and is
threaded into the ball joint bearing 42 to secure the top plate
12 to the bottom plate 14 with the spacer member 52 posi-
tioned between the two plates. The fastener 26 is received by
an internal ball element 60 of the bearing 42 that is seated
within an internal socket 62 formed by the bearing. With such
a configuration, the fastener 26 can pivot relative to the bear-
ing 42, and therefore the top plate 12 can pivot relative to the
bottom plate 14 against the resistance of the spacer member
52. When the top plate 12 pivots relative to the bottom plate
14, for example when a user shifts his or her weight that is
supported by the user interface device 10, the top plate presses
down upon one or more of the sensors 46. An indication of the
magnitudes of the forces is received by the controller 50 from
the sensors 46. The controller 50 can then output one or more
control signals, for example in the form of one or more
voltages, that can be used to control another component.

Although the sensors have been described as comprising
load cells that sense force, it is noted that the sensors can
comprise substantially any sensors that can be used to detect
pivoting of one of the plates. Accordingly, the sensors can
comprise force sensors, position sensors, accelerometers, or
pressure transducers, which can be inductive, electric, mag-
netic, ultrasonic, optic, or gyroscopic. FIG. 3 illustrates a
second embodiment of a hands-free user interface device 70
that uses Hall effect sensors. The user interface device 70 is
similar to the user interface device 10 shown in FIGS. 1 and 2,
but instead ofload cells, the sensors comprise magnets 72 that
are mounted to the top plate 12 and opposed transducers 74
that are mounted to the bottom plate 14 that vary their output
in response to sensed magnetic fields. Because the magnetic
field sensed by the transducers 74 changes as their position in
relation to the magnets 72 changes, the Hall effect sensors can
therefore be used to detect tilting of the top plate 12. While
FIG. 3 shows the magnets 72 mounted to the top plate 12 and
the transducers 74 mounted to the bottom plate 14, it is noted
that the opposite arrangement is possible.

Although a particular ball joint assembly has been
described above, substantially any mechanism that enables
pivoting of the top plate relative to the bottom plate can be
used. FIG. 4 illustrates an alternative ball joint assembly 80.
As is shown in that figure, the assembly 80 comprises a first
threaded shaft 82 that is connected to an assembly body 84,
and a second threaded shaft 86 that is connected to a ball
element 88 that is seated within an internal socket 90 formed
within the assembly body. The first threaded shaft 82 can be
passed through and secured to one of the plates, and the
second threaded shaft 86 can be passed through and secured
to the other plate to connect the two plates and enable the
aforementioned pivoting.

As mentioned above, the hands-free user interface device
can be used to control a piece of equipment. One example
implementation of this type is integration of the user interface
device into a powered wheelchair. FIG. 5 illustrates an
embodiment of such a wheelchair 100. As is shown in that
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figure, the wheelchair 100 comprises a chair 102 that includes
a seat 104 and a back rest 106. Extending downward from the
seat 104 is a leg support 108. The chair 102 is attached to a
mounting bracket 110 that is supported by and mounted to a
hands-free user interface device 112 of the type described
above. The user interface device 112 is in turn supported by
and mounted to a support shaft 114, which extends upward
from a base 116 that is supported above the ground or floor by
wheels 118 and 120. The base 116 can contain one or more
motors (not shown) that can be used to drive one or more of
the wheels 118, 120 so as to enable the wheelchair to be driven
in a desired direction.

When a user sits in the chair 102, at least a portion of the
user’s body weight is supported by the user interface device
112. The user interface device 112 is calibrated such that no
control signals are output when the user is in a neutral sitting
position, i.e., when the user is not leaning in any given direc-
tion with the intention of driving the wheelchair 100 in that
direction. When the user does lean in a particular direction,
however, pivoting of the top plate of the user interface device
112 is detected by the sensors of the device and a control
signal can be output to drive the wheelchair in that direction.
FIG. 6 illustrates an example embodiment of electronic com-
ponents of the wheelchair 100. As is shown in that figure,
sensors 122 can provide signals to the hands-free user inter-
face controller 124, which can then transmit one or more
control signals to a wheelchair control interface 125, which in
turn provides control signals to a motor controller 126 of the
wheelchair 100, which can then send one or more control
signals to one or more drive motors 128 of the wheelchair.

It is noted that, when the user interface device 112 includes
multiple discrete sensors 122 that are spaced apart from each
other (e.g., as shown in FIG. 1), the user interface device can
be calibrated to be more or less sensitive to leaning in one or
more directions. For example, if it is more difficult for a
particular user to lean backward, as opposed to forward or to
either side, the sensitivity to signals received from a sensor
positioned at the rear of the wheelchair 100 can be increased
so that the user need not lean as far backward to cause the
wheelchair to drive in the backward direction. Such function-
ality can be provided by potentiometers of the user interface
controller 124 that are associated with the sensors 122.

While the hands-free user interface device can be inte-
grated into a piece of equipment like a powered wheelchair, it
is noted that the device can be used in other applications. For
example, the user interface device can be used to control a
separate system, such as a virtual reality system, a gaming
system, an exercise system, a robotic system, a vehicle con-
trol system, a surveillance system, a weapons control system,
and the like. In such circumstances, the user interface device
can be used as a standalone control device that can be used to
transmit control signals using only the user’s body weight, as
opposed to his or her hands. FIG. 7 provides an example of
such an implementation. In that figure, a seat 132, which is
independent from a wheelchair, has been placed upon and/or
mounted to a standalone hands-free user interface device 130,
which is supported by a support surface 134. In such an
embodiment, a user can sit in the seat 132 and pivot in the seat
to communicate control signals to an independent system.

It is further noted that the user need not only control the
hands-free user interface device from a seated position. As is
shown in FIG. 8, a weight-bearing platform 136 can be placed
upon and/or mounted to a standalone hands-free user inter-
face device 130 and the user can stand on, kneel on, lay on, or
otherwise support all or a portion of his or her body weight on
the platform and lean to generate appropriate control signals.
The weight-bearing platform 136 can take many different
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forms. As an example, the platform 136 could be formed as a
surf board when the user interface device 130 is to be used as
a controller for a virtual reality and/or gaming system that
simulates surfing.

The invention claimed is:

1. A hands-free user interface device for controlling a pow-
ered wheelchair, the user interface device comprising:

a first plate;

a second plate spaced from the first plate;

a central pivot element that connects the plates to each
other and enables the first plate to pivot relative to the
second plate through 360 degrees;

multiple spaced sensors also positioned between the plates
adapted to detect when the first plate pivots relative to
the second plate in any direction;

a resilient spacer member also positioned between the
plates that resists pivoting of the first plate relative to the
second plate and therefore tends to return the first plate
to a neutral position; and

a controller adapted to receive signals from the sensor and
output control signals to the powered wheelchair based
upon the received signals.

2. The user interface device of claim 1, wherein the first
plate is a top plate having a planar bottom surface and the
second plate is a bottom plate having a planar top surface that
is generally parallel with the bottom surface of the top plate.

3. The user interface device of claim 1, wherein the second
plate comprises recesses formed in a top surface of the plate
that are adapted to receive the sensors.

4. The user interface device of claim 1, wherein the second
plate comprises a recess formed in a top surface of the plate
that is adapted to receive the controller.

5. The user interface device of claim 1, wherein the sensors
are equally spaced from the Divot element and each other.

6. The user interface device of claim 5, wherein the central
pivot element is connected to the approximate centers of the
plates.

7. The user interface device of claim 1, wherein the sensors
are load sensors that sense force.

8. The user interface device of claim 1, wherein the sensors
are force sensors, position sensors, accelerometers, or pres-
sure sensors.

9. The user interface device of claim 1, wherein the spacer
member is a thin, flat resilient member.
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10. The user interface device of claim 1, wherein the central
pivot element comprises a ball joint assembly that enables
pivoting of the first plate.

11. The user interface device of claim 1, further comprising
a seat associated with the first plate in which a user can sit.

12. The user interface device of claim 1, wherein the spacer
member is approximately the same size in area as the first and
second plates and therefore extends to edges of the plates.

13. A user-controlled powered wheelchair, comprising:

a hands-free user interface device including a first plate, a
second plate spaced from the first plate, a central pivot
element that connects the plates to each other and
enables the first plate to pivot relative to the second plate
through 360 degrees, multiple spaced sensors positioned
between the plates adapted to detect when the first plate
pivots relative to the second plate in any direction, a
resilient spacer member also positioned between the
plates that resists pivoting of the first plate relative to the
second plate and therefore tends to return the first plate
to a neutral position, and a controller adapted to receive
signals from the sensor and output control signals; and

a motor that is adapted to operate in accordance with the
control signals.

14. The wheelchair of claim 13, further comprising a seat
associated with the user interface device in which a user can
sit.

15. The wheelchair of claim 14, wherein the seat is
mounted to the first plate and wherein pivoting of the seat
causes pivoting of the first plate.

16. The wheelchair of claim 13, wherein the central pivot
element is a ball joint assembly that enables the pivoting of
the first plate.

17. The wheelchair of claim 13, wherein the first plate is a
top plate having a planar bottom surface and the second plate
is a bottom plate having a planar top surface that is generally
parallel with the bottom surface of the top plate.

18. The wheelchair of claim 17, wherein the second plate
comprises recesses formed in its top surface that receive the
sensors.

19. The wheelchair of claim 13, wherein the multiple
spaced sensors are equally spaced from the pivot element and
each other.

20. The wheelchair of claim 13, wherein the spacer mem-
ber is a thin, flat resilient member.
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