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cludes a capacitive trackball assembly (108) hav-
ing a conductive trackball (110) and one or more
conductive plates (210, 310, 410, 510, 610) prox-
imate to a surface of the conductive trackball

100

106

(110), thereby enabling the conductive trackball
assembly (108) to operate as a capacitive touch
sensor. Each user contact point with the conductive
trackball (110) modifies the eftective capacitance
of the conductive trackball assembly (108). The
user interface device (100) senses the effective ca-
pacitance of the conductive trackball assembly
(108) to discern the number of user contact points
on the conductive trackball (110) and uses this in-
formation, along with other parameters, such as a
concurrent sensed rotation vector of the conductive
trackball (110), to identity a user command inten-
ded by the user. The identified user command may
be transmitted to a controlled system (740) to ef-
fectuate or modify an operation at the controlled
system (740).
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USER INTERFACE DEVICE HAVING CAPACITIVE TRACKBALL ASSEMBLY

FIELD OF THE DISCLOSURE

[0001] The present disclosure relates generally to user-machine interfaces and more

particularly to user interface devices.

BACKGROUND

[0002] Advances in graphical user interface (GUI) techniques have the potential to
allow users to more fully interact with the devices they control. However, the
hardware that provides the interface between the user and the device often limits the
user’s ability to fully exploit GUI features. Traditional button-festooned remote
control devices typically are non-intuitive and require the user to look away from the
displayed GUI and spend considerable time searching for the desired combination of
keys needed to implement a desired command. Integration of multitouch displays in
remote control devices and other user interface devices has improved user interaction,
but such displays still typically require the user to switch focus from the displayed
GUI to the multitouch display of the user interface device to implement certain
commands. Moreover, the cost of implementing multitouch displays in the user
interface device renders such an approach impracticable for many consumer devices,

such as televisions and set-top boxes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] The present disclosure may be better understood, and its numerous features
and advantages made apparent to those skilled in the art by referencing the
accompanying drawings. The use of the same reference symbols in different

drawings indicates similar or identical items.

[0004] FIG. 1 is a perspective view of a user interface device implementing a
capacitive trackball assembly supporting multitouch-based user commands in

accordance with at least one embodiment of the present disclosure.
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[0005] FIG. 2 is a cross-section view of a portion of the user interface device with a
capacitive trackball assembly in accordance with at least one embodiment of the

present disclosure.

[0006] FIG. 3 is a cross-section view of a portion of the user interface device with a
capacitive trackball assembly in accordance with an alternative embodiment of the

present disclosure.

[0007] FIG. 4 is a diagram illustrating an example implementation of the capacitive
trackball assembly of the user interface device of FIG. 1 in accordance with at least

one embodiment of the present disclosure.

[0008] FIG. 5 is a diagram illustrating another example implementation of the
capacitive trackball assembly of the user interface device of FIG. 1 in accordance with

at least one embodiment of the present disclosure.

[0009] FIG. 6 is a diagram illustrating yet another implementation of the capacitive
trackball assembly of the user interface device of FIG. 1 in accordance with at least

one embodiment of the present disclosure.

[0010] FIG. 7 is a block diagram illustrating a control system of the user interface

device of FIG. 1 in accordance with at least one embodiment of the present disclosure.

[0011] FIG. 8 is a flow diagram illustrating a method of determining and transmitting
a user command from the user interface device of FIG. 1 in accordance with at least

one embodiment of the present disclosure.

[0012] FIG. 9 is a diagram illustrating manipulation of a displayed graphical user
interface (GUI) via the user interface device of FIG. 1 in accordance with at least one

embodiment of the present disclosure.

[0013] FIG. 10 is a diagram illustrating a resistor-capacitor (RC)-based
implementation of a capacitive sense circuit of the user interface device of FIG. 1 in

accordance with at least one embodiment of the present disclosure.
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[0014] FIG. 11 is a diagram illustrating an analog-to-digital (ADC)-based
implementation of a capacitive sense circuit of the user interface device of FIG. 1 in

accordance with at least one embodiment of the present disclosure.

DETAILED DESCRIPTION

[0015] The following description is intended to convey a thorough understanding of
the present disclosure by providing a number of specific embodiments and details
involving a user interface device implementing a capacitive trackball assembly to
support multitouch-based user commands. It is understood, however, that the present
disclosure is not limited to these specific embodiments and details, which are
examples only, and the scope of the disclosure is accordingly intended to be limited
only by the following claims and equivalents thereof. It is further understood that one
possessing ordinary skill in the art, in light of known systems and methods, would
appreciate the use of the invention for its intended purposes and benefits in any

number of alternative embodiments, depending upon specific design and other needs.

[0016] FIGs. 1-11 illustrate a user interface device and corresponding techniques for
supporting trackball-based multitouch user commands. The user interface device
includes a capacitive trackball assembly having a conductive trackball and one or
more conductive plates proximate to (that is, near but not in direct electrical contact
with) a surface of the conductive trackball, thereby enabling the conductive trackball
assembly to operate as a capacitive touch sensor. Each user contact point with the
conductive trackball (e.g., each finger in contact with the conductive trackball)
modifies the effective capacitance of the conductive trackball assembly. The user
interface device therefore can utilize the sensed effective capacitance of the
conductive trackball assembly to discern the number of user contact points on the
trackball and use this information, along with other parameters, such as a concurrent
sensed rotation vector of the trackball, to identify a user command intended by the
user. The identified user command then may be transmitted to a controlled system so
as to effectuate or modify at the controlled system an operation responsive to the

transmitted user command.

[0017] Because a user’s typical approach to manipulating a trackball is through the

user’s fingers, the user contact points will be described herein in the example context
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of fingers in contact with the conductive trackball. However, reference to a finger in
contact with the conductive trackball also includes reference to other types of user

contact, such as a contact point via the user’s palm, wrist, blade of hand, and the like.

[0018] FIG. 1 illustrates a user interface device 100 employing a capacitive trackball
assembly to support multitouch user commands in accordance with at least one
embodiment of the present disclosure. The user interface device 100 can include any
of a variety of user-manipulated devices that facilitate a user’s interaction with, or
control of, a system. Examples of such devices include, but are not limited to, a
remote control device (such as a television remote, a set-top box remote, or a gaming
system remote), a computer mouse or mouse/keyboard combination, a personal digital
assistant (PDA), a computing-enabled cellular phone device (also referred to as a

“smart phone”), a tablet computer or notebook computer, and the like.

[0019] In the depicted example, the user interface device 100 includes a housing 102
having a surface 104 opposite another surface 106. For ease of reference, the surface
104 is referred to herein as the “top surface” 104 and the surface 106 is referred to
herein as the “bottom” surface 106, although the orientation of these surfaces is not
limited by these relational designations. In the example rectangular block form-factor
depicted, the surfaces 104 and 106 are substantially parallel and the housing 102
further includes four side surfaces (front, back, left, and right) between the top surface
104 and the bottom surface 106. Of course, the housing may be implemented in many

other form factors, including more curved, or domed, or ergonomic shapes.

[0020] The user interface device 100 includes a user-manipulable control in the form
of a capacitive trackball assembly 108. The capacitive trackball assembly 108
includes a conductive trackball 110 and one or more conductive plates (not shown in
FIG. 1) proximate to a surface of the conductive trackball 110. The term
“conductive,” as used herein, means electrically conductive. Each conductive plate
partially or fully encircles one or more latitudes of the conductive trackball 110 and is
separated from a conductive material or conductive layer of the conductive trackball
110 by an air gap or other diclectric so as to enable charge storage, and thus a voltage
potential, between the conductive trackball 110 and the one or more conductive

plates. In this manner, the capacitive trackball assembly 108 may act as a capacitive
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touch sensor having a capacitance Ct when the conductive trackball 110 is not in

contact with a user.

[0021] To facilitate rotation about two axes, the conductive trackball 110 may be
implemented as a spherical shape. Alternatively, when movement is limited to one
axis of rotation, the conductive trackball may be implemented in a spheroid shape or a
circular, or “wheel” shape. The terms “ball” and “trackball”, as used herein, refer to
spherical, spheroid, and circular, or “wheel”, shapes unless otherwise noted. The
conductive trackball 110, in one embodiment, is formed as a non-conductive core
enveloped by one or more layers of metal or other conductive material. Alternatively,
the conductive trackball 110 may be a solid ball of conductive material or a hollow

ball composed of conductive material.

[0022] The conductive trackball 110 extends through an opening in the top surface
104 so that a top hemispherical portion is accessible for contact and manipulation by a
user’s fingers at the top surface 104. Further, the conductive trackball 110 also can
extend through an opening in the bottom surface 106 so that a bottom hemispherical
portion is accessible to contact and manipulation by a user’s fingers at the bottom
surface 106. In other embodiments, the conductive trackball 110 also may be
accessible via one or more sides of the housing 102. The capacitive trackball
assembly 108 is coupled to a capacitive sense circuit (not shown in FIG. 1) to sense
an effective capacitance (or a change in effective capacitance) resulting from a user’s
manipulation of the conductive trackball. In at least one embodiment, the capacitive
sense circuit employs a number of capacitive threshold levels that reflect the number

of user contact points with the conductive trackball 110.

[0023] The capacitive trackball assembly 108 also includes a rotation sensor (not
shown in FIG. 1) to sense a rotation of the capacitive trackball 110 about one or more
axes of rotation due to user manipulation. From this, the user interface device 100
can implement a multitouch command scheme based on the sensed number of fingers
in contact with the capacitive trackball 110 and a rotation vector of the capacitive
trackball 110 concurrent with the user contact. Example configurations of the
capacitive trackball assembly 108 are described in greater detail below with reference
to the cross-section views at line A-A of the user interface device 100 as depicted by

FIGs. 2 and 3.



WO 2014/004593 PCT/US2013/047738

[0024] The user interface device 100 also can include one or more other types of user-
manipulable controls located at one or more surfaces of the housing 102. In the
illustrated example, the user-manipulable control includes a push-button 112 and a
key pad 114 located at the top surface 104. Other user-manipulable controls can
include, for example, switches, toggles, trigger buttons, touch pads, and the like, and
which may be located on one or both of the top surface 104 and the bottom surface
106. The user command generated by the user interface device 100 also may take
into account the user’s manipulation of these other controls in addition to the user’s

manipulation of the conductive trackball 110.

[0025] Although FIG. 1 illustrates an example form-factor for the user interface
device 100, any of a variety of form-factors may be employed without departing from
the scope of the present disclosure. For example, rather than locate the openings in
the top and bottom surfaces of the housing 102 such that the exposed hemispherical
portions are perpendicular to the ground when the user interface device 100 is held by
a user in the orientation shown, the openings in the housing 102 may be oriented on
opposing sides of the user interface device 100 such that the exposed hemispherical
portions are parallel with the ground when the user interface device 100 is held by a
user in the orientation shown. Further, rather than being an elongated block form
factor intended for being held in a user’s single hand, the user interface device 100
can include a form factor intended to be placed on a surface while being manipulated
by a user (such as a keyboard form factor, a notebook form factor, or a trackball
mouse form factor), a form-factor intended to be embedded in another device (e.g., a
trackball mouse integrated into the keyboard of a notebook computer, or a form-factor
intended to be held by two hands of a user (such as a video game control controller

form factor or tablet computer form factor)).

[0026] FIGs. 2 and 3 illustrate cross-section views along line A-A of FIG. 1 of
alternative implementations of the user interface device 100. The form factor
depicted in FIG. 2 permits the conductive trackball 110 to be manipulated on only a
single side and is well suited for uses whereby the user interface device 100 is
stationed on a workspace, such as a desk, implemented in a keyboard, stationary
mouse, or other stationary user interface, or when held by a user with the user’s

thumb serving as the primary form of manipulating the conductive trackball 110. The
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form factor depicted in FIG. 3 permits the conductive trackball to be manipulated on
two opposing sides and is well suited for uses whereby the user interface device 100
is intended to be held aloft by the user during use, such as for use as a remote control

device for a television or set-top box.

[0027] In the depicted example of FIG. 2, the capacitive trackball 110 is positioned in
a cavity 202 of the housing 102 that encloses a portion of the capacitive trackball 110.
The cavity 202 includes a single opening 204 (shown at the top surface 104) in the
housing 102, through which a hemispherical portion of the conductive trackball 110
extends so as to permit manipulation of the conductive trackball 110 by one or more
fingers 206, 208 of a user. In at least one embodiment, the cavity 202 extends beyond
the equator of the capacitive trackball 110 and the opening 204 of the cavity 202 is
smaller than the diameter of the conductive trackball 110 so that the conductive
trackball 110 would be maintained in the cavity 202 in the event that the user

interface device 100 was inverted.

[0028] Disposed in the cavity 202 are one or more conductive plates 210 that are
proximate to the surface of the conductive trackball 110. The one or more conductive
plates 210 are separated from a conductive surface or layer of the conductive trackball
110 by one or more diclectric layers so that an electric field may be formed between
the conductive plate 210 and the conductive trackball 110. The one or more
conductive plates 210 can use one or more layers of any of a variety of conductive
materials, such as aluminum, copper, gold, silver, or other metal, and may include one
or more non-conductive layers, such as an aluminum band supported by a plastic
backing. The one or more dielectric layers can include, for example, an air gap, one
or more dielectric coatings on the surfaces of the conductive plates 210 facing the
conductive trackball 110, one or more dielectric coatings on the surface of the
conductive trackball 110, a diclectric material affixed to a surface of the conductive

plate facing the conductive trackball 110, or combinations thereof.

[0029] The conductive plate 210 may circumscribe the entire circumference of a
latitude of the conductive trackball 110. For example, in the depicted example, the
conductive plate 210 is a complete ring that circumscribes the conductive trackball
110 at an equator of the conductive trackball 110. In other embodiments, the

conductive plate 210 may extend along only a portion of the circumference of a
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latitude of the conductive trackball 110. For example, as described below in greater
detail with reference to FIG. 6, rather than using a single, uninterrupted conductive
ring that encircles the conductive trackball, the user interface device 100 instead could
employ multiple physically separate ring segments that together circumscribe the
conductive trackball 110. Further, the conductive trackball 110 may be only partially
encircled by a conductive plate. For example, rather than encircling an entire
circumference of the conductive trackball 110, the conductive plate 210 instead could
include a curved plate that extends along, for example, only 30 degrees of the
circumference at a given latitude or the conductive plate 210 may have a substantially
flat plate in proximity to the surface of the conductive trackball 110. Alternatively,
the conductive plate 210 could employ a spiral shape so as to spiral around the
conductive trackball 110 within the cavity 202. Moreover, while FIG. 2 depicts a
conductive plate 210 at a single latitude of the conductive trackball 110, multiple
conductive plates at different latitudes of the conductive trackball 110 could be

implemented.

[0030] Also disposed in the cavity 202 are one or more motion sensors 212 of a
rotation sensor assembly (not shown in FIG. 2) used to detect a rotation of the
conductive trackball 110. The motion sensors 212 can include, for example, rollers
engaged with the surface of the capacitive trackball 110 and which manipulate a
pulsed light mechanism when the capacitive trackball 110 is rolled in the direction of
orientation of the roller as is well known in the art. In the depicted example, the
motion sensor 212 includes a roller 214 positioned so as to detect a motion of the
conductive trackball 110 about the x-axis (that is, the yaw of the conductive trackball
110). The user interface device 100 typically would also include another motion
sensor 212 having a roller positioned at 90 degrees relative to the roller 214 so as to
detect a motion of the conductive trackball 110 about the y-axis (that is, the roll of the
conductive trackball 110). The user interface device 100 also could include a motion
sensor 212 to sense movement of the conductive trackball 110 about the z-axis (that
is, the yaw of the conductive trackball 110). Other types of motion sensors may be
used to detect the movement of the conductive trackball 110. For example, in an
alternative embodiment, the motion sensors 212 can employ a laser sensor that detects

motion of the conductive trackball 110 in the corresponding direction or orientation
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based on a change in reflection or refraction of laser light reflected off of a surface of

the conductive trackball 110.

[0031] In the depicted embodiment, the conductive trackball 110 has a non-
conductive core 216 enveloped by a conductive surface layer 218. The non-
conductive core 216 can be any of a variety of materials, such as plastic, ceramic,
wood, stone, or combinations thereof. The conductive surface layer 218 can have one
or more layers of conductive material, including, for example, aluminum (Al), copper
(Cu), gold (Au), silver (Ag), a transparent conducting oxide (TCO) such as aluminum
zinc oxide (AZO) or indium tin oxide (ITO), or combinations thereof. The
conductive surface layer 218 may be a continuous, uninterrupted surface.
Alternatively, the conductive surface layer 218 may implement a pattern of
conductive material interspersed with non-conducting gaps, such as small squares or
dots, to provide improved capacitive sensitivity. Alternatively, the conductive
trackball 110 may be implemented as a hollow metal ball, a solid metal ball, a ball

with of multiple layers of conductive material, and the like.

[0032] As noted above, the conductive trackball 110 and the one or more conductive
plates 210 are separated by an air gap or other dielectric so as to enable the generation
of an electric field between the two and thus operate as capacitive touch sensor. In
certain implementations, the conductive trackball 110 is coupled to a voltage potential
or to an input of the capacitive sense circuit that monitors the capacitance of the
trackball 110/plate 210 combination. In such instances, the user interface device 100
employs a conductive contact 220 in the cavity 202 to provide electrical contact with
the conductive trackball 110 without substantially interfering with the rotation of the
conductive trackball 110. The conductive contact 220 can include, for example, a
conductive roller, a conductive ball bearing, a conductive brush, a spring-loaded
conductive pin or level arm, and the like. In other embodiments, the conductive
trackball 110 is permitted to float relative to a ground potential or other voltage
potential and the conductive plate 210 is coupled to the input of the capacitive sense

circuit, in which case the conductive contact 220 may be omitted.

[0033] In some implementations, the conductive trackball 110 also may act as a
virtual push button, whereby the user presses on the conductive trackball 110 to

engage a push button (not shown), which signals a “press” or “click” input to the
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control system of the user interface device 100. The push button may be implemented
in conjunction with either the roller 214 or the conductive contact 220 such that when
a downward force is placed on the conductive trackball 110, the roller 212 or the
conductive contact 220 is forced down, which engages the corresponding push button.
Alternatively, this push button may be implemented as a mechanism separate from the

roller 214 or conductive contact 220.

[0034] In the depicted example implementation of FIG. 3, the capacitive trackball 110
is positioned in a cavity 302 of the housing 102 that encloses an equatorial portion of
the capacitive trackball 110. The cavity 302 includes an opening 304 at the top
surface 104 of the housing 102 and an opposing opening 306 at the bottom surface
106 of the housing 102. A top hemispherical portion of the conductive trackball 110
extends through the opening 304 or otherwise permits manipulation of the conductive
trackball 110 at the top surface 104. Similarly, a bottom spherical portion of the
conductive trackball extends through the opening 306 or otherwise permits
manipulation of the conductive trackball 110 at the bottom surface 106. Thus, the
conductive trackball 110 may be contacted and manipulated by, for example, user
fingers 307, 308, and 309 via the top surface 104 and the bottom surface 106
concurrently. As with the implementation of FIG. 2, the cavity 302 extends beyond
the equator of the capacitive trackball 110 and the openings 304 and 306 of the cavity
308 are smaller than the diameter of the conductive trackball 110 so that the trackball
110 is maintained in the cavity 308 in any gravitational orientation of the user

interface device 100.

[0035] Also disposed in the cavity 302 are the one or more motion sensors 212, the
conductive contact 220 (analogous to the conductive contact 220 described above),
and one or more conductive plates 310 (analogous to the conductive plates 210
described above). In the example of FIG. 3, the conductive plates 310 are offset from
the equator of the conductive trackball 110. However, in other embodiments the
conductive plates 310 may be substantially centered or aligned to the equator of the

conductive trackball 110.

[0036] As noted above, the conductive trackball 110 and the one or more conductive
plates 210/310 in proximity to the surface of the conductive trackball 110 together

function as a capacitor having a capacitance Cr. The human body is capable of

10
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storing charge and thus introduces a relatively small capacitance when placed in
contact with a conductor. Accordingly, a user’s manipulation of the conductive
trackball 110 changes the effective capacitance observed by the capacitive sense
circuit (this effective capacitance is denoted herein as Csensor). In various
configurations, the effective capacitance Csensor 18 relative to the number user contact
points on the conductive trackball 110. That is, the effective capacitance Cgensor
reflects the number of fingers a user has placed in contact with the conductive
trackball 110. As described in greater detail herein, the user interface device 100
utilizes this relationship between the effective capacitance Cgensor and the number of
fingers in contact with the conductive trackball 110 to implement a multitouch-

enabled capacitive sensor via the conductive trackball assembly 108.

[0037] FIG. 4 illustrates an example configuration of the capacitive trackball
assembly 108 in accordance with at least one embodiment of the present disclosure.
In the depicted configuration, the capacitive trackball assembly 108 includes a
continuous conductive plate 410 that completely encircles the conductive trackball
110 at the equator of the conductive trackball 110. Further, the conductive plate 410
is electrically connected to an input of the capacitive sense circuit 730 (described
below with reference to FIG. 7) and the electric potential of the conductive trackball
110 is permitted to float relative to a ground potential. In this configuration, the
effective capacitance Ceensor Sensed by the capacitive sense circuit when the
conductive trackball 110 is not in contact with the user would be approximately equal
to the capacitance Cr of the trackball/plate (that is, Csensor = C1). When one or more
fingers are placed in contact with the trackball 110, the effective capacitance Ceepsor
sensed by the capacitive sense circuit then becomes approximately equal to a sum of
the capacitance Cr and the capacitance Cr, introduced by each finger in contact with
the conductive trackball 110 (that is, Csensor = Ct + Cp1 + ...+ Cpy for n fingers in
contact). A number of human body models of the capacitance introduced by a human
have been promulgated. One such human body model represents a user’s finger as a
10 kilo ohm (k€2) resistor and a 150 picofarad (pF) capacitor in series between the
point of contact of the finger and a ground potential. Thus, assuming the capacitance
Cr of the capacitive trackball assembly 108 is, for example, approximately 30 pF,
under this model one finger in contact with the conductive trackball 110 would result

in an effective capacitance Csensor 0f 180 pF (30 pF + 150 pF), whereas three fingers in

11
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contact with the conductive trackball 110 would result in an effective capacitance

Csensor 0f 550 pF (30 pF + 3 x 150 pF).

[0038] FIG. 5 illustrates another example configuration of the capacitive trackball
assembly 108 in accordance with at least one embodiment of the present disclosure.
As with the configuration of FIG. 4, the capacitive trackball assembly 108 includes a
continuous conductive plate 510 that completely encircles the equator of the
conductive trackball 110. However, in the configuration of FIG. 5 it is the conductive
trackball 110 that is electrically connected to an input of the capacitive sense circuit
730 (via the conductive contact 220) and the conductive plate 510 is connected to a
ground potential. In this configuration, the effective capacitance Csensor sSensed by the
capacitive sense circuit then becomes approximately equal to a sum of the capacitance
Cr and the capacitance Cr, introduced by each finger in contact with the conductive

trackball 110 (that is, Csensor = C1 + Cpy + ...+ Cry for n fingers).

[0039] FIG. 6 illustrates yet another example configuration of the capacitive trackball
assembly 108 in accordance with at least one embodiment of the present disclosure.
In the depicted configuration, the capacitive trackball assembly 108 includes a
segmented ring 610 encircling the conductive trackball 110. The segmented ring 610
includes a plurality of physically separate conductive plates 612, 614, 616, and 618,
whereby the conductive plates 612 and 616 are electrically connected to an input of
the capacitive sense circuit 730 and the conductive plates 614 and 618 are electrically
connected to a ground potential. As with the configurations of FIGs. 4 and 5, the
configuration of FIG. 6 provides an effective capacitance Csensor 0f Cr when the user
is not in contact with the conductive trackball 110. Each finger in contact with the
conductive trackball introduces two capacitances: a capacitance between the sensor-
connected ring segments 612/616 and the ground potential (referred to as the
capacitance Cry); and a capacitance between the ground-connected ring segments
614/618 and the ground potential (referred to as the capacitance Crn). Accordingly,
the effective capacitance Csensor Sensed by the capacitive sense circuit becomes
approximately equal to a sum of the capacitance Cr and the capacitance Crn
introduced by each finger n in contact with the conductive trackball 110; that is, Csensor

= Cr + Cp + ...+ Cg, for n fingers, where Cpy = 1/ ((1/Cras) + 1/Crang)).

12
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[0040] Although various example configurations for the capacitive trackball assembly
108 are described above with reference to FIGs. 4-6, other configurations may be
implemented without departing from the scope of the present disclosure. For
example, rather than implement a single plate, the capacitive trackball assembly 108
can implement multiple substantially parallel plates that partially or fully circumscribe
the conductive trackball 110 at different latitudes. In this example, all of the rings
may be coupled to the input of the capacitive sense circuit or all may be coupled to a
ground potential as similarly described above with reference to the configurations of
FIGs. 4 and 5. Alternatively, some of the plates may be coupled to the input of the
capacitive sense circuit 730 while others plates are coupled to the ground potential as
similarly described above with reference to the configuration of FIG. 6. As another
example, the conductive plate may spiral around the conductive trackball 110 as noted

above.

[0041] FIG. 7 illustrates a block diagram of a control system of the user interface
device 100 in accordance with at least one embodiment of the present disclosure. The
control system includes the capacitive trackball assembly 108 with the conductive
trackball 110 and one or more conductive plates 710 (analogous to the conductive
plates 210, 310, 410, 510, or 610). The user interface device 100 further includes a
rotation sensor 711 to detect a rotation vector of the conductive trackball 110. The
rotation sensor 711 can include, for example, roller-based motion sensors 712 and 713
for sensing rotation of the conductive trackball 110 about the x-axis and y-axis,
respectively. A rotation sense circuit 728 generates a rotation vector based on the
signaling provided by the motion sensors 712 and 713 of the rotation sensor 711. A
conductive contact 220, such as a wire brush or a spring-loaded ball bearing, pin, or
wheel, may be used to provide an electrical connection with the conductive trackball

110.

[0042] The control system of the user interface device 100 also includes an interface
722 and an electronic control unit (ECU) 724. In implementations whereby the user
interface device 100 is a portable device (that is, is not externally powered), the ECU
724, the interface 722, and other electrical components of the user interface device
100 may receive power via a power supply 726, such as a pack of one or more

batteries or a capacitive charge-storage device. The ECU 724 is coupled to the
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capacitive trackball assembly 108, the rotation sensor 711, and the interface 722 and
is configured to determine an intended user command based on a number of user
contact points with the conductive trackball 110 and a concurrent rotation vector of
the conductive trackball 110, and then control the interface 722 to transmit a
representation of this intended user command to the system being controlled. In the
depicted example, the ECU 724 includes the rotation sense circuit 728, the capacitive

sense circuit 730, a command controller 732, and a memory 734.

[0043] The rotation sense circuit 728 is coupled to the rotation sensor 711 and is
configured to detect a rotation vector (denoted herein as “RV”) of the conductive
trackball 110 based on signaling received from individual motion sensors 712 and
713. In one embodiment, the motion sensor 712 tracks the rotation of the conductive
trackball 110 around the x-axis and the motion sensor 713 tracks the rotation of the
conductive trackball 110 around the y-axis, and thus the rotation vector RV detected
by the motion detector circuit 728 has an x-axis component and a y-axis component.
Further, in one embodiment, the rotation sensor 711 may implement a third motion
sensor (not shown) to track the rotation of the conductive trackball 110 around the z-
axis, and the rotation vector RV detected by the motion detector circuit 728 thus may

further include a z-axis component.

[0044] The capacitive sense circuit 730 is coupled to the capacitive trackball
assembly 108 and is configured to detect the effective capacitance Csensor O,
alternatively, a change in the effective capacitance Csensor (denoted herein as ACsensor)
of the capacitive trackball assembly 108. The detected capacitance metric (referred to
herein as “Cgensed”’) represents the number of fingers the user has placed in contact
with the conductive trackball 110. As described above, the capacitive sense circuit
730 may have an input electrically connected to the conductive plate 710 and thus
detect the capacitance Ceensor relative to the conductive plate 710. Alternatively, the
capacitive sense circuit 730 may have an input electrically connected to the
conductive trackball 110 (via the conductive contact 220, as described above) and
thus detect the change in capacitance Csensor relative to the conductive trackball 110.
For case of illustration, an implementation whereby the effective capacitance Csensor 18
measured and used is described herein. However, the same principles may be used

with reference to the change in effective capacitance Csensor using the teachings
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provided herein and thus reference to use of the effective capacitance Csepsor also
applies equally to the use of the change in effective capacitance ACepsor unless
otherwise noted. Example implementations of the capacitive sense circuit 730 are

described in greater detail below with reference to FIGs. 10 and 11.

[0045] The command controller 732 includes inputs to receive signaling
representative of the rotation vector RV detected by the motion detector circuit 728
and signaling Cgepseq representative of the capacitance Cgepsor detected by the capacitive
sense circuit 730, and from these inputs, infer a command from the user’s
manipulation of the conductive trackball 110. The command controller 732 then may
provide a representation of the inferred user command to the interface 722 for
transmission to the controlled system. In one embodiment, the command controller
732 may implement hardwired logic to implement this operation. To illustrate, the
command controller 732 may include an application specific integrated circuit
(ASIC), hardwired logic, or a programmable logic device (PLD), such as a
programmable logic array (PLA) or field programmable gate array (FPGA).
Alternatively, the command controller 732 may include a microprocessor or
microcontroller that executes instructions to implement the operations described
herein. The instructions may be stored as software or firmware in the memory 734,
which can include, for example, a flash memory or other non-volatile memory. In
another embodiment, the command controller 732 implements both hardwired logic

and the execution of code to implement the operations described herein.

[0046] In addition to storing instruction code, the memory 734 may store other
configuration information for use by the command controller 732. In one
implementation, the command controller 732 makes use of a table or other data
structure that provides the mappings between combinations of particular rotation
vectors and effective capacitance ACsensor Values and corresponding user commands.
A representation of this data structure may be stored in the memory 734.
Accordingly, mappings may be added, removed, or modified by programming the
memory during, for example, a firmware update of the user interface device 100, or

the mappings may be user-programmed or otherwise user-configured.

[0047] The interface 722 is used to transmit the user command to a system being

controlled by the user interface device 100. In some instances, the user interface
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device 100 may be connected to the controlled system via a bus or other wired
connection. In such instances, the interface 722 can include a wired interface, such as
a proprietary wired interface or a wired interface compliant with one or more
standards, such as a Universal Serial Bus (USB) or Institute of Electrical and
Electronics Engineers (IEEE) 1394 standard. In other instances, the user interface
device 100 is wirelessly connected to the controlled system, and thus the interface 722
can include a wireless interface, such as an infrared-(IR) based transmitter or a radio
frequency (RF)-based transmitter. The wireless interface may implement a
proprietary interface, or may comply one or more wireless standards, such as a
Bluetooth standard, a ZigBee RFACE standard, an IEEE 802.11 standard, an IEEE
802.15 standard, and the like.

[0048] The user interface device 100 can directly transmit a representation of a user
command to the controlled system. To illustrate, the user interface device 100 may be
paired directly with a display system 740 that has an interface 742 compatible with
the interface 722 of the user interface device 100. For example, if the interface 722 is
an IR transmitter, an IR receiver would be a compatible interface for the display
system 740. In this configuration, the user interface device 100 transmits the
representation of the user command for reception by the display system 740. In some
instances, the controlled system may be out of transmission range of the interface 722
or the controlled system may not have an interface compatible with the interface 722.
To enable reception of the user command, the user interface device 100 may
communicate with the controlled system via an intermediary device 744. This
implementation also shows the representation of the user command being transmitted
from the interface 722 of the user interface device 100 to the intermediary device 744,
which then forwards the representation of the user command to the controlled system.
The intermediary device 744 can include, for example, a tablet computer, a notebook
computer, a computing-enabled cellular phone, a set-top box, and the like. As an
example, the interface 722 could be an IEEE 802.11-compliant interface (often
referred to as a “wifi” interface) and the intermediary device 744 could include an IR
transmitter to communicate with an IR receiver of the display system 740 and also
include a wifi interface to communicate with the user interface device 100.
Accordingly, to transmit a user command to the display system 740, the user interface

device 100 wirelessly transmits a representation of the user command to the
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intermediary device 744 via the IEEE 802.11-compliant interfaces and the
intermediary device 744 then transmits the representation of the user command to the

display system 740 via the IR-compliant interfaces.

[0049] FIG. 8 illustrates a method 800 of operation of the user interface device 100 in
accordance with at least one embodiment of the present disclosure. The method 800
is described with reference to the control system of the user interface device 100
outlined above with reference to FIG. 7. The method 800 initiates at block 802 when
the user interface device 100 is powered up and performs an initialization routine.
After initialization is complete, at block 804 the command controller 732 and the
capacitive sense circuit 730 can perform a calibration process to accommodate for
noise introduced into the sensed effective capacitance Cgeyseq (that is, the detected or
sensed representation of effective capacitance Ceensor) Of the capacitive trackball
assembly 108. This noise typically is a result of power supply noise, RF transmitters,
and environmental conditions such as humidity and temperature changes. In one
embodiment, the calibration process includes determining a noise floor for the sensed
effective capacitance Cgensed While a user is not in contact with the conductive
trackball 110 (that is, when Csensea = Cr). After setting this noise floor, any detected
effective capacitance that is at or below this noise floor may be automatically rejected
as a spurious event. The calibration process further can include determining the
“uncontacted” capacitance Cr of the capacitive trackball assembly 108 and scaling the
one or more capacitive threshold levels used to discern the number of user contact
points accordingly. For example, in the event that the capacitance Cr is determined to
be 10% greater than an expected or nominal value, the capacitive threshold level may
be increased by a commensurate amount. In at least one embodiment, the calibration
process may be performed on a continuous or periodic basis to account for changes in

the noise environment.

[0050] During operation, the capacitive sense circuit 730 periodically or continuously
monitors the effective capacitance Cgensor for the capacitive trackball assembly 108
and provides a representation Cgensed Of the effective capacitance Cgensor to the
command controller 732 at block 806. In the event that the effective capacitance

Csensor €xceeds the current noise floor, the command controller 732 registers a user
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contact to the conductive trackball 110 and thus initiates the process of inferring the

user’s intended command.

[0051] In at least one embodiment, the user’s intended command is reflected by at
least two indicia: (1) the direction of rotation of the conductive trackball 110; and (2)
the number of fingers in contact with the conductive trackball 110. Accordingly, at
block 808 the command controller 732 determines the rotation vector RV of the
conductive trackball 110 using the signaling from the rotation sensor 711. In one
embodiment, the rotation vector RV is represented as rotational movement around the
x-axis and the y-axis measured in response to the touch detected at block 806. This
rotational movement can be measured as an instantaneous or single-point
measurement or as a net or average rotational movement over a given sample period
(e.g., over a 10 millisecond period). Either way, the rotation vector RV can be
represented as a value pair {X, Y}, where X represents the rotational movement
around the x-axis and can have a value of, for example, -1 (backward rotation), 0 (no
rotation), or +1 (forward rotation), and Y represents the rotational movement around
the y-axis and can have a value of, for example, -1 (rotation to the left), 0 (no

rotation), or +1 (rotation to the right).

[0052] At block 810 the command controller 732 determines the number of fingers in
contact with the conductive trackball 110 based on the effective capacitance Cgepgor OF
the capacitive trackball assembly 108 resulting from the user’s contact with the
conductive trackball 110. As noted above, the effective capacitance Cgensor increases
with each additional user contact point (e.g., finger) in contact with the conductive
trackball 110. Accordingly, in one embodiment the command controller 732
determines the number of fingers in contact based on a relationship between the
effective capacitance Ceensor Signaled by the capacitive sense circuit 730 and one or
more determined capacitive threshold levels, whereby each capacitive threshold level
represents a corresponding number of fingers. Any number of capacitive threshold
levels may be implemented. A single capacitive threshold level may be implemented
to simply differentiate between “contact” and “no contact” with the conductive
trackball 110. As another example, four thresholds may be implemented to
differentiate between one, two, three, or four fingers in contact with the conductive

trackball 110.
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[0053] Chart 820 depicts an example measurement of the sensed effective capacitance
Cisensed OVer time, whereby a user contacts the conductive trackball 110 at time t; and
ceases contact at time t;. This example includes three capacitive threshold levels: a
one-finger threshold 821, a two-finger threshold 822, and a three-finger threshold 823.
In this example, the one-finger threshold 821 also serves as the noise floor, although
in other implementations the noise floor may be implemented as a separate, lower
threshold. Any sensed effective capacitance Cgepseq falling between the one-finger
threshold 821 and the two-finger threshold 823 is registered by the command
controller 732 as a one-finger touch. Any sensed effective capacitance Csensed falling
between the two-finger threshold 822 and the three-finger threshold 823 is registered
by the command controller 732 as a two-finger touch. Any sensed effective
capacitance Csensed falling above the three-finger threshold 823 is registered by the
command controller 732 as a three-finger touch. In the example of chart 820, the
sensed effective capacitance Csensed as a result of the touch at time t; falls between the
two-finger threshold 822 and the three-finger threshold 823 and thus would be

registered as a two-finger touch.

[0054] The capacitive threshold levels may be fixed at the time of manufacture of the
user interface device 100 by, for example, blowing fuses or antifuses, writing a value
to one-time-programmable (OTP) register, or tying an input pin to a particular
voltage. Alternatively, the number or levels of the capacitive threshold levels may be
modified after manufacture. For example, values representing the capacitive
threshold levels may be stored in the memory 734 (FIG. 7) and thus may be modified
during a firmware update, dynamically adjusted during the calibration process of
block 804, adjusted by a user, and the like. Moreover, the capacitive threshold levels
may be set depending on the user or a characteristic of the user. In this scenario,
higher capacitive threshold levels may be implemented for a user identified as an
adult compared to the capacitive threshold levels implemented for a user identified as
a child. The user type or characteristic may be identified via a user identifier supplied
to the user interface device 100, via an on-board sensor (e.g., a contact sensor that
gauges a size of the user’s hand), via an external sensor (e.g., a video camera used for

gesture controls and which detects a size of the user), key presses, and the like.
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[0055] At block 812, the command controller 732 uses the rotation vector RV

determined at block 808 and the sensed number of fingers in contact (or sensed

effective capacitance Cgensed) detected at block 810 to infer a user command intended

by the user’s manipulation of the conductive trackball 110. In at least one

embodiment, the command controller 732 utilizes a look-up table or other data

structure to identify the user command corresponding to a particular number-of-

fingers/rotation vector combination. Table 1 below illustrates an example of this

mapping for two different contexts: an electronic programming guide (EPG) used to

navigate through television programming; and a widget-based graphical user interface

(GUI). For Table 1, it is assumed that the thumb is the finger primarily placed in

contact with the conductive trackball 110. The “press” referenced in the rotation

vector column of table 1 can refer to no rotation of the conductive trackball 110 while

being touched, to no rotation of the conductive trackball 110 while engaging a

separate button (e.g., push button 112, FIG. 1) or to the user placing force on the

trackball to so as to engage or click a push-button via the conductive trackball 110.

Table 1:

Rotation

Number of Fingers Vector EPG Context Widget GUI Context
Forward Navigate Up Move Cursor Up
Back Navigate Down | Move Cursor Down

Thumb Only (1) Left navigate Left Move Cursor Left
Right Navigate Right | Move Cursor Right
Press Select Item Select
Forward Channel Up Zoom In
Back Channel Down | Zoom Out

Thumb + 1 Finger (2) | Left Volume Up Volume Up
Right Volume Down | Volume Down
Press Menu Menu
Forward Info Rotate In-Focus Widget Up
Back Guide Rotate In-Focus Widget Down

Thumb + 2 Fingers (3) | Left Page Up Rotate In-Focus Widget Left
Right Page Down Rotate In-Focus Widget Right
Press Last Back/Return

[0056] As illustrated by Table 1, the number of detected fingers in contact (that is, the

relationship between the sensed effective capacitance C and the plurality of capacitive

threshold levels) determines which subset of user commands may be intended. The
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particular rotation vector RV then determines which user command of the subset is

selected.

[0057] After the user command has been identified, at block 814 the command
controller 732 provides a representation of the user command to the interface 722 for
transmission to the controlled system. The transmission of the representation of the
user command can be a wireless or wired transmission. Further, as noted above, the
interface 722 may transmit the representation of the user command directly to the

controlled system or indirectly via an intermediary system 744.

[0058] FIG. 9 illustrates an example user interaction with a widget GUI 900 using the
user interface device 100 in accordance with the example user commands of Table 1
reproduced above. The widget GUI 900 displays a plurality of widgets 901, 902, 903,
904, 905, and 906. Each widget can display graphical information, textual
information, or a combination thereof, for a corresponding software object or
application. As provided by Table 1, a user may navigate between widgets by
rotating the conductive trackball 110 using only one finger (¢.g., the thumb). For a
selected widget, identified by an in-focus highlight feature 908, the user can enlarge
or shrink the size of the widget by rotating the conductive trackball 110 forward or
backward, respectively, using two fingers (e.g., the thumb and another finger).
Similarly, a user may rotate the selected widget up, down, left, or right by rotating the
conductive trackball 110 forward, backward, left, or right, respectively, using three
fingers (e.g., the thumb and two other fingers). Each direction of rotation can display
a different graphic or different set of information. For example, the widgets 901-906
can include thumbnail images of movies available for streaming to the user, and
rotating a widget up displays a synopsis of the movie, rotating the widget down
displays reviews of the movie, rotating the widget right displays actors in the movie,

and rotating the widget left displays the director of the movie.

[0059] FIG. 10 illustrates an example implementation of the capacitive sense circuit
730 of FIG. 7 used to sense the effective capacitance Csensor Of the capacitive trackball
assembly 108. The depicted arrangement utilizes the effective capacitance Cgensor in @
resistor-capacitor (RC) arrangement whereby the charge-discharge cycle of the RC
circuit is affected by the effective capacitance Cgepsor and is thus used to sense the

effective capacitance Ceensor. In this implementation, the capacitive sense circuit 730
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includes a current source 1002, a switch 1004, a comparator 1006, and a counter
1008. The current source 1002 is coupled to a node 1012. The switch 1004 is
implemented as, for example, an n-type field effect transistor (FET) having a current
terminal coupled to the node 1012, a current terminal coupled to a node 1014 or a
ground potential, and a gate terminal. The comparator 1006 includes an input
coupled to the node 1012, an input to receive a reference voltage Vrgr and an output
coupled to the gate terminal of the switch 1004. The counter 1008 has an input
coupled to the output of the comparator 1006, an input to receive a clock signal CLK,
and an output to provide a count value representing a number of clock cycles counted
between assertions of the output of the comparator 1006. As noted above, the
capacitive trackball assembly 108 operates as a capacitor (illustrated as capacitor
1016 in FIG. 10) having an effective capacitance Csensor that changes depending on the
number of fingers in contact with the conductive trackball 110 of the capacitive
trackball assembly 108. In the illustrated circuit, the node 1012 is coupled to one
“plate” of this capacitor 1016 and the node 1014 is coupled to the other “plate” or to a
ground reference. Depending on the configuration, the capacitor “plate” coupled to
the node 1012 can include one of the conductive plates (see, ¢.g., the configurations of
FIGs. 4 and 6) or the conductive trackball 110 (see, ¢.g., the configuration of FIG. 5).
The capacitor “plate” coupled to the node 1014 can include one of the conductive

plates (see, e.g., the configurations of FIGs. 5 and 6).

[0060] In operation, the current source 1002 continuously charges the capacitor 1016
(that is, the capacitor formed by the capacitive trackball assembly 108). Each time the
voltage across the capacitor 1016 reaches the reference voltage Vggr, the comparator
1006 pulses high, which in turn closes the switch 1004, which acts as a relatively
small resistor to discharge the capacitor 1016. The high pulse of the comparator 1006
also resets the counter 1008. As the rate at which the capacitor 1016 charges up to the
reference voltage Vggr is inversely proportional to the effective capacitance Cgepsor OF
the capacitor 1016, the number of clock cycles counted by the counter 1008 since the

last reset provides a relative representation of the effective capacitance Ceensor.

[0061] Chart 1020 of FIG. 10 illustrates an example of the relationship between
counted clock cycles and the effective capacitance Cgepsor. In chart 1020, line 1021

represents the charge-discharge cycle of the capacitor 1016 when the user is not in
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contact with the conductive trackball 110, line 1022 represents the charge-discharge
cycle when the user has one finger in contact with the conductive trackball 110, and
line 1023 represents the charge-discharge cycle when the user has two fingers in
contact with the conductive trackball 110. In the depicted example, the relatively low
capacitance of the conductive trackball assembly 108 when the user is not in contact
results in a relatively fast charge time (e.g., 3 clock cycles), whereas the relatively
higher capacitances of the conductive trackball assembly 108 when one finger and
two fingers are in contact result in relatively slower charge times (e.g., 5 clock cycles
and 7 clock cycles, respectively). The command controller 732 thus may use the
counted clock cycles between resets as either a relative representation of the effective
capacitance Cgepnsor OF may use the difference between the number of clock cycles
counted when the user is not in contact and the number of clock cycles counted when
the user is in contact as a relative representation of the change in effective capacitance

AC sensor-

[0062] FIG. 11 illustrates another example implementation of the capacitive sense
circuit 730 of FIG. 7 used to sense the effective capacitance Cgensor Of the capacitive
trackball assembly 108. In the depicted example, the capacitive sense circuit 730
includes an excitation source 1102 (e.g., a square wave generator, saw-wave
generator, or sine wave generator), and an analog-to-digital converter (ADC) 1104.
The excitation source 1102 has an output coupled to a node 1108. The ADC 1104 has
an input coupled to the node 1108 and an output to provide a digital value
representative of the voltage at the input, whereby the output digital value is
representative of the sensed effective capacitance Cgpseq. In one embodiment, the
positive or negative voltage references (not shown) used by the ADC 1104 may be
adjusted based on the calibration process of block 804 of FIG. 8. The node 1108 is
coupled to one of the “plates” of the capacitor provided by the capacitive trackball
assembly 1108 (illustrated in FIG. 11 as capacitor 1110). This plate can include one
or more conductive plates or the conductive trackball 110 depending on the particular

implementation.

[0063] In operation, the excitation source 1102 provides a square wave signal or other
oscillating signal to the capacitor 1110, thereby establishing an electric field at the
capacitor 1110 (that is, at the capacitive trackball assembly 108). The voltage
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potential at the node 1108, and thus the digital value output by the ADC 1104, is
inversely proportional to the effective capacitance Cgepsor. Thus, when there is no user
contact with the conductive trackball 110, the voltage at node 1108 is relatively high,
as is the digital value output by the ADC 1104. However, as more fingers are placed
in contact with the conductive trackball 110, the effective capacitance Cgensor
increases, thereby driving down the voltage at node 1108, and thus resulting in a
lower digital value output by the ADC 1104. Chart 1120 illustrates an example of this
operation. Line 1122 of chart 1120 represents the digital values output by the ADC
1104 based on the voltage at node 1108 as a function of time, whereby a user contact
is initiated at time t; and ceases at time t,. As illustrated by line 1122, the output
digital values substantially decrease in response to the user contact (which reflects the
additional charge introduced by the user’s contact) and then increase after the user
ceases contact. The command controller 732 thus may use the digital value output by
the ADC 1104 as either a relative representation of the effective capacitance Csensor OF
may use the difference between the digital value output when the user is not in contact
and the digital value output when the user is in contact as a relative representation of

the change in effective capacitance ACsensor-

[0064] In accordance with one aspect of the present disclosure, a system includes a
user interface device including a capacitive trackball assembly having a conductive
trackball and a conductive plate proximate to a surface of the conductive trackball.
The user interface device is to transmit a user command responsive to an effective
capacitance of the capacitive trackball assembly resulting from a user contact with the
conductive trackball. In one embodiment, the user interface device further includes a
rotation sensor to detect a rotation vector of the conductive trackball concurrent with
the user contact, wherein the user interface device is to transmit the user command
further responsive to the rotation vector. The user interface device further may
include a housing having a first opening at a first surface, wherein a first
hemispherical portion of the conductive trackball is accessible via the first opening.
The housing also may include a second opening at a second surface, wherein a second

hemispherical portion of the conductive trackball is accessible via the second opening.

[0065] In one embodiment, the user interface device is to determine the user

command based on a relationship between the effective capacitance of the capacitive
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trackball assembly and a plurality of threshold levels, each threshold level
representing a corresponding number of user contact points with the capacitive
trackball assembly. The plurality of threshold levels can include, for example, a first
threshold level and a second threshold level greater than the first threshold level, and
the user interface device can select the user command from a first set of one or more
user commands responsive to the effective capacitance falling between the first
threshold level and the second threshold level and the user interface device can select
the user command from a second set of one or more user commands responsive to

effective capacitance exceeding the second threshold level.

[0066] In one embodiment, the system further includes a display system to receive the
user command, whereby the display system to modify an operation of the display
system responsive to the user command. The system further can include an
intermediary device wirelessly coupled to the user interface device and wirelessly
coupled to the display device, wherein the user interface device is to wirelessly
transmit the user command to the intermediary device and the intermediary device is

to wirelessly transmit the user command to the display system.

[0067] In accordance with another aspect of the present disclosure, a user interface
device includes a capacitive trackball assembly having a conductive trackball and a
conductive plate proximate to a surface of the conductive trackball, and further
includes a capacitive sense circuit coupled to the capacitive trackball assembly, the
capacitive sense circuit to detect an effective capacitance of the capacitive trackball
assembly. The user interface device further can include a command controller
coupled to the capacitive sense circuit, the command controller to determine a user
command based on a relationship between the effective capacitance and a plurality of
threshold levels. The user interface device further can include a rotation sensor
coupled to the command controller, the rotation sensor to detect a rotation vector of
the conductive trackball, and wherein the command controller is to provide the user

command further based on the rotation vector.

[0068] In one embodiment, the conductive plate is coupled to an input of the
capacitive sense circuit. In another embodiment, the conductive plate is coupled to a
ground potential and the conductive trackball is coupled to an input of the capacitive

sense circuit. In one embodiment, the conductive plate substantially encircles the
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conductive trackball. Further, the capacitive trackball assembly can include a
plurality of conductive plates including the conductive plate, wherein the plurality of
conductive plates has a first conductive plate coupled to an input of the capacitive
sense circuit, and a second conductive plate physically separate from the first

conductive plate and coupled to a ground potential.

[0069] The user interface device can be a portable user device having a housing
containing the capacitive trackball assembly and the capacitive sense circuit. The
housing can include a first surface having a first opening, wherein a first
hemispherical portion of a conductive trackball of the capacitive trackball is
accessible via the first opening, and a second surface opposite the first surface. The
housing further can include a second opening at the second surface, wherein a second

hemispherical portion of the conductive trackball is accessible via the second opening.

[0070] In accordance with another aspect of the present disclosure, a method includes
determining an effective capacitance of a capacitive trackball assembly of a user
interface device resulting from a user contact with a conductive trackball, the
capacitive trackball assembly having the conductive trackball and a conductive plate
proximate to a surface of the conductive trackball. The method further includes
determining a number of user contact points in contact with the conductive trackball
based on the effective capacitance, and determining a user command for transmission
from the user interface device based on the number of user contact points.
Determining the number of user contact points can include determining the number of
user contact points based on a relationship between the effective capacitance and a
plurality of threshold levels, each threshold level associated with a different number
of user contact points. The method also may include detecting a rotation vector of the
conductive trackball concurrent with detecting the number of user contact points,
wherein determining the user command for transmission includes determining the
user command further based on the rotation vector. The method further may include
transmitting the user command from the user interface device to a display system and
modifying an operation of the display system based on the user command. In one
embodiment, transmitting the user command includes wirelessly transmitting the user
command from the user interface device to an intermediary device, and wirelessly

transmitting the user command from the intermediary device to the display system.

26



WO 2014/004593 PCT/US2013/047738

[0071] Much of the inventive functionality and many of the inventive principles
described above are well suited for implementation with or in software programs or
instructions and integrated circuits (ICs) such as application specific ICs (ASICs). It
is expected that one of ordinary skill, notwithstanding possibly significant effort and
many design choices motivated by, for example, available time, current technology,
and economic considerations, when guided by the concepts and principles disclosed
herein will be readily capable of generating such software instructions and programs
and ICs with minimal experimentation. Therefore, in the interest of brevity and
minimization of any risk of obscuring the principles and concepts according to the
present invention, further discussion of such software and ICs, if any, will be limited
to the essentials with respect to the principles and concepts within the preferred

embodiments.

[0072] It will be appreciated that the methods and the user interface device described
herein may include one or more conventional processors and unique stored program
instructions that control the one or more processors, to implement, in conjunction with
certain non-processor circuits, some of the functions of the user interface device
described herein. The non-processor circuits may include, but are not limited to,
wireless transmitter and receiver circuits, signal drivers, clock circuits, power source

circuits, sensor circuits, and the like.

[0073] In this document, relational terms such as first and second, and the like, may
be used solely to distinguish one entity or action from another entity or action without
necessarily requiring or implying any actual such relationship or order between such

entities or actions. The terms "comprises,” "comprising,” or any other variation
thereof, are intended to cover a non-exclusive inclusion, such that a process, method,
article, or apparatus that comprises a list of elements does not include only those
elements but may include other elements not expressly listed or inherent to such
process, method, article, or apparatus. An element preceded by “comprises ... a”
does not, without more constraints, preclude the existence of additional identical
elements in the process, method, article, or apparatus that comprises the element. The
term “another”, as used herein, is defined as at least a second or more. The terms
“including” and/or “having”, as used herein, are defined as comprising. The term

“coupled”, as used herein with reference to electro-optical technology, is defined as
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connected, although not necessarily directly, and not necessarily mechanically. The
term “program”, as used herein, is defined as a sequence of instructions designed for
execution on a computer system. A “program”, or “computer program”, may include
a subroutine, a function, a procedure, an object method, an object implementation, an
executable application, an applet, a servlet, a source code, an object code, a shared
library/dynamic load library and/or other sequence of instructions designed for

execution on a computer system.

[0074] The specification and drawings should be considered as examples only, and
the scope of the disclosure is accordingly intended to be limited only by the following
claims and equivalents thereof. Note that not all of the activities or elements
described above in the general description are required, that a portion of a specific
activity or device may not be required, and that one or more further activities may be
performed, or elements included, in addition to those described. Still further, the
order in which activities are listed are not necessarily the order in which they are
performed. Also, the concepts have been described with reference to specific
embodiments. However, one of ordinary skill in the art appreciates that various
modifications and changes can be made without departing from the scope of the
present disclosure as set forth in the claims below. Accordingly, the specification and
figures are to be regarded in an illustrative rather than a restrictive sense, and all such

modifications are intended to be included within the scope of the present disclosure.

[0075] Benefits, other advantages, and solutions to problems have been described
above with regard to specific embodiments. However, the benefits, advantages,
solutions to problems, and any feature(s) that may cause any benefit, advantage, or
solution to occur or become more pronounced are not to be construed as a critical,

required, or essential feature of any or all the claims.
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WHAT IS CLAIMED IS:

1. A system comprising:
a user interface device comprising a capacitive trackball assembly having:
a conductive trackball; and
a conductive plate proximate to a surface of the conductive trackball;
wherein the user interface device is to transmit a user command responsive to
an effective capacitance of the capacitive trackball assembly resulting

from a user contact with the conductive trackball.

2. The system of claim 1, wherein the user interface device further comprises:
a rotation sensor to detect a rotation vector of the conductive trackball
concurrent with the user contact; and
wherein the user interface device is to transmit the user command further

responsive to the rotation vector.

3. The system of claim 1, wherein the user interface device comprises:
a housing having a first opening at a first surface, wherein a first
hemispherical portion of the conductive trackball is accessible via the

first opening.

4. The system of claim 3, wherein the housing comprises:
a second opening at a second surface, wherein a second hemispherical portion

of the conductive trackball is accessible via the second opening.

5. The system of claim 1, wherein the user interface device is to determine the user
command based on a relationship between the effective capacitance of the capacitive
trackball assembly and a plurality of threshold levels, each threshold level
representing a corresponding number of user contact points with the capacitive

trackball assembly.

6. The system of claim 5, wherein:
the plurality of threshold levels comprises a first threshold level and a second

threshold level greater than the first threshold level;
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the user interface device is to select the user command from a first set of one
or more user commands responsive to the effective capacitance falling
between the first threshold level and the second threshold level; and

the user interface device is to select the user command from a second set of
one or more user commands responsive to the effective capacitance

exceeding the second threshold level.

7. The system of claim 1, further comprising:
a display system to receive the user command, the display system to modify an

operation of the display system responsive to the user command.

8. The system of claim 7, further comprising:
an intermediary device wirelessly coupled to the user interface device and
wirelessly coupled to the display system; and
wherein the user interface device is to wirelessly transmit the user command to
the intermediary device and the intermediary device is to wirelessly

transmit the user command to the display system.

9. A user interface device comprising:
a capacitive trackball assembly having:
a conductive trackball; and
a conductive plate proximate to a surface of the conductive trackball;
and
a capacitive sense circuit coupled to the capacitive trackball assembly, the
capacitive sense circuit to detect an effective capacitance of the

capacitive trackball assembly.

10. The user interface device of claim 9, further comprising:
a command controller coupled to the capacitive sense circuit, the command
controller to determine a user command based on a relationship

between the effective capacitance and a plurality of threshold levels.
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11. The user interface device of claim 10, further comprising;:
a rotation sensor coupled to the command controller, the rotation sensor to
detect a rotation vector of the conductive trackball; and
wherein the command controller is to provide the user command further based

on the rotation vector.

12. The user interface device of claim 10, wherein:
the command controller is to select the user command from a first set of one or
more user commands responsive to the effective capacitance falling
below a threshold level of the plurality of threshold levels; and
the command controller is to select the user command from a second set of
one or more user commands responsive to the effective capacitance

exceeding the threshold level.

13. The user interface device of claim 10, wherein the plurality of threshold levels are

adjustable.

14. The user interface device of claim 13, wherein the command controller is to
dynamically adjust the plurality of threshold levels based on a noise calibration of the

capacitive trackball assembly.

15. The user interface device of claim 9, wherein the conductive plate substantially

encircles the conductive trackball.

16. The user interface device of claim 9, wherein the capacitive trackball assembly

comprises a plurality of conductive plates including the conductive plate.

17. The user interface device of claim 16, wherein the plurality of conductive plates
comprises:
a first conductive plate coupled to an input of the capacitive sense circuit; and
a second conductive plate physically separate from the first conductive plate

and coupled to a ground potential.
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18. The user interface device of claim 9, wherein the conductive plate is coupled to

an input of the capacitive sense circuit.

19. The user interface device of claim 9, wherein the conductive plate is coupled to a
ground potential and the conductive trackball is coupled to an input of the capacitive

sense circuit.

20. The user interface device of claim 9, wherein the user interface device comprises
a portable user device having:
a housing containing the capacitive trackball assembly and the capacitive
sense circuit, the housing comprising:
a first surface having a first opening, wherein a first hemispherical
portion of the conductive trackball is accessible via the first
opening; and

a second surface opposite the first surface.

21. The user interface device of claim 20, wherein the housing further comprises:
a second opening at the second surface, wherein a second hemispherical
portion of the conductive trackball is accessible via the second

opening.

22. A method comprising:
determining an effective capacitance of a capacitive trackball assembly of a
user interface device resulting from a user contact with a conductive
trackball, the capacitive trackball assembly comprising the conductive
trackball and a conductive plate proximate to a surface of the
conductive trackball; and
determining a number of user contact points in contact with the conductive

trackball based on the effective capacitance.

23. The method of claim 22, further comprising;:
determining a user command for transmission from the user interface device

based on the number of user contact points.
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24. The method of claim 23, further comprising:
detecting a rotation vector of the conductive trackball concurrent with
detecting the number of user contact points; and
wherein determining the user command for transmission comprises

determining the user command further based on the rotation vector.

25. The method of claim 23, further comprising;:
transmitting the user command from the user interface device to a display
system; and

modifying an operation of the display system based on the user command.

26. The method of claim 25, wherein transmitting the user command comprises:
wirelessly transmitting the user command from the user interface device to an
intermediary device; and
wirelessly transmitting the user command from the intermediary device to the

display system.

27. The method of claim 22, wherein determining the number of user contact points
comprises:
determining the number of user contact points based on a relationship between
the effective capacitance and a plurality of threshold levels, each
threshold level associated with a different number of user contact

points.
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