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(57) ABSTRACT

An 1nput device, such as a mouse, can include a housing
defining an exterior grip portion and an internal volume, a
sensor assembly disposed in the internal volume, and an
emitter electrically coupled to the sensor assembly. In
response to the sensor assembly detecting a first touch input
on the housing, the emitter sends a first signal including
information regarding an angular position of the grip por-
tion. In response to the sensor assembly detecting a second
touch 1nput on the housing, the emitter sends a second signal
including information regarding a direction of a force
exerted on the housing from the second touch input.
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MULTI-MODE MOUSE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This claims priority to U.S. Provisional Patent
Application No. 63/376,763, filed 22 Sep. 2022, and entitled

“Multi-Mode Mouse,” the disclosure of which 1s hereby
incorporated by reference 1n 1ts entirety.

FIELD

[0002] The described embodiments relate generally to
input devices. More particularly, the present embodiments
relate to 1nput devices with multiple modes.

BACKGROUND

[0003] Computer systems and devices, such as portable
computers, tablets, desktop computers, and so forth, receive
iput from a user via an iput device such as a mouse,
trackpad or other mput device. The mput device allows a
user to move an input pointer (1.e., cursor) and make
selections 1n a graphical user interface (GUI) on the com-
puter system. The input device generally includes buttons
and a motion tracking component, for example, a mechani-
cal or optical tracker or other movement tracker. The motion
tracking component can track user directed movements of
the mput device, translating the user’s movement 1nto sig-
nals readable by a computer system. For example, a user
may wish to select a feature displayed on a GUI. The user
can direct an input device that translates the user’s motion to
a cursor on a screen toward the desired feature displayed on
the GUI. Then, the user can depress or tap buttons on the
input device to make the desired selection.

[0004] Conventional user mput devices may 1include
mechanical buttons for data selection and command execu-
tion. The mechanical buttons are located 1n a fixed location
on the user input device creating an orientation specific user
interaction between the user input device and the user. This
orientation specific user interaction limits the user from
interacting with the user input device 1n ways that may be
more eflicient, reducing user productivity and, in some
cases, frustrating the user. In addition, the buttons and 1nput
functionalities of traditional mput devices limit the ways 1n
which the user can interact with the input device. Some input
devices may include a variety of buttons and selectors,
including joysticks and turn-knobs, but require additional
components that complicate manufacturing and add to costs.
These additional buttons, knobs, and joysticks enabling
different mput modes from the user also introduce more
moving parts, which can lead to increased failure rates.

[0005] Therefore, what 1s needed i1n the art are input
devices capable of providing improved user experiences
with multiple input modes without the need for additional
components and moving parts.

SUMMARY

[0006] A In at least one example of the present disclosure,
an mput device includes a housing having an interior surface
defining an internal volume, a touch sensor assembly includ-
ing an array of capacitive sensing elements disposed against
the interior surface, an orientation sensor disposed in the
internal volume, and a force sensor assembly configured to
detect a direction of a force exerted on the housing.
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[0007] In one example, force sensor assembly 1s config-
ured to detect a first hand position of a user touching the
housing based on a first set of capacitive sensing elements
detecting contact between the hand and the housing and
detect a second hand position of a user touching the housing
based on a second set of capacitive sensing elements detect-
ing contact between the hand and the housing. In one
example, the orientation sensor can detect a rotation of the
input device i response to detecting the first hand position
and the force sensor detects the direction of the force exerted
on the housing in response to detecting the second hand
position. In one example, the mput device includes a touch
sensor assembly configured to detect a hand position of a
user touching the housing. In one example, the touch sensor
assembly includes two sensor elements disposed on the
interior surface. In one example, the force sensor assembly
includes two force sensors. In one example, the orientation
sensor includes (IMU, compass . . . etc.). In one example, the
input device further includes a feedback module. In one
example, the feedback module includes a haptic mechanism.
In one example, the feedback mechanism includes a speaker.

[0008] In at least one example of the present disclosure, a
mouse includes a housing including a base and a grip portion
coupled to the base, a plurality of touch sensors disposed on
the grip portion, and a force sensor disposed on the base
portion, the force sensor sensitive to a direction and mag-
nitude of a force applied to the grip portion.

[0009] In one example, the mouse further includes grip
detection. In one example, the mouse further includes a
processor electrically coupled to the plurality of touch
sensors and the force sensor. In one example, the mouse
further includes an emitter electrically coupled to the pro-
cessor, wherein when the plurality of touch sensors detects
a first hand position contacting the grip portion, the emaitter
sends mformation regarding a direction to force applied on
the grip portion detected by the force vector sensor and when
the plurality of touch sensors detects a second hand position
contacting the grip portion detected by the force vector
sensor and when the plurality of touch sensors detects a
second hand position contacting the grip portion, the emitter
sends 1nformation regarding an orientation of the mouse.
The mouse further includes an orientation sensor electrically
coupled to the processor.

[0010] In at least one example, a mouse can include a
housing defining an exterior grip portion and an internal
volume, a sensor assembly disposed 1n the internal volume,
and an emitter electrically coupled to the sensor assembly. In
such an example, 1n response to the sensor assembly detect-
ing a first touch input on the housing, the emitter sends a first
signal including information regarding an angular position
of the grip portion. Also, 1n such an example, 1n response to
the sensor assembly detecting a second touch input on the
housing, the emitter sends a second signal including infor-
mation regarding a direction of a force exerted on the
housing from the second touch input.

[0011] In one example, the first touch mput includes a set
of touch mput locations on the housing. In one example, the
second touch mput includes a single touch location. In one
example, the sensor assembly includes a force vector sensor,
a touch sensor array, and an angular sensor. In one example,
the touch sensor array includes a plurality of capacitive
sensing elements configured to detect the first touch 1nput
and the second touch mput. In one example, the force vector
sensor includes a first force sensor disposed at a first location
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with the internal volume and a second force sensor disposed
at a second location within the internal volume.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The disclosure will be readily understood by the
following detailed description 1n conjunction with the
accompanying drawings, wherein like reference numerals
designate like structural elements, and 1n which:

[0013] FIG. 1 shows a perspective view of a mouse and a
display;

[0014] FIG. 2A shows a perspective view of a mouse;
[0015] FIG. 2B shows a bottom perspective view of a
mouse;

[0016] FIG. 2C shows a top view of a mouse and a plane;
[0017] FIG. 3 shows a side cutaway view ol a mouse and

various Sensors .

[0018] FIG. 4 shows a side cutaway view ol a mouse and
various sensors;

[0019] FIG. S shows a side cutaway view of a mouse with

SENSors.

[0020] FIG. 6 shows a top cutaway view of a mouse;

[0021] FIG. 7 shows a perspective view of a mouse and a

light array;

[0022] FIG. 8 shows a side cutaway view of a mouse with

SENSors;

[0023] FIG. 9A shows a mouse and a user’s hand;

[0024] FIG. 9B shows a mouse detecting a hand position;

[0025] FIG. 10A shows a mouse and a user’s hand;

[0026] FIG. 10B shows a mouse detecting a hand position;

[0027] FIG. 11A shows a mouse and a user’s hand; and

[0028] FIG. 11B shows a mouse detecting a hand position.
DETAILED DESCRIPTION

[0029] Reference will now be made 1n detail to represen-

tative embodiments 1llustrated in the accompanying draw-
ings. It should be understood that the following descriptions
are not mtended to limit the embodiments to one preferred
embodiment. To the contrary, 1t 1s itended to cover alter-
natives, modifications, and equivalents as can be included
within the spirit and scope of the described embodiments as
defined by the appended claims.

[0030] The following disclosure relates to mput devices.
More particularly, the present embodiments relate to mput
devices, such as a mouse, that have multiple modes of input.
Input devices allow a user to interact with a digital envi-
ronment by interacting with a computing device (e.g., por-
table computer, desktop computer, tablet, etc.) and a display
via the mput device. The mput device allows the user to
move an mput pointer (e.g., cursor) to make selections 1n a
graphical user interface (GUI) on the display of the com-
puting device. Input devices generally include buttons and a
location tracking device (e.g., mechanical movement
tracker, optical movement tracker, or an array of sensors
identifying a user mput). As the mput device 1s moved, for
example translated across a support surface such as a
mousepad or desktop surface, the mput device tracks the
user induced movement to generate signals readable by the
computing device, which then presents the motion of the
input device on a display as represented by a cursor or other
visual object.

[0031] In some instances, a user may wish to make a
selection shown on a display. A conventional user input
device requires the user to interact with a specific location of
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the user mput device to make a selection, for example,
clicking a button while hovering over an 1con to generate a
signal readable by the computing device. Generally, a button
has a specific mput programmed by the manufacturer and 1s
difficult to change or 1s unchangeable. The button location
and fixed functions of the button create a simple user-device
interaction.

[0032] Unfortunately, many users require more advanced
button functions and prefer buttons in different locations.
The fixed location of the buttons on the user mput device
creates a frustrating experience, forcing the user to grip the
user mput device in a way that can be uncomiortable or
undesired. Additionally, buttons located 1n a fixed location
create a difhicult user experience for a left handed user and
a right hanged user sharing the same user input device, since
the buttons of the user imput device may have fixed functions
(e.g. left-click and right-click buttons) and locations.
[0033] Additionally, a conventional user mput device 1s
limited 1n orientation and functionality, for example, the user
input device may have a fixed coordinate system, forcing a
user to properly orient the user mput device to generate the
user’s intended movement direction.

[0034] While having a user input device 1s advantageous
for interacting with a computing device, as described above,
conventional user input devices fail to have a dynamic
coordinate system that adapts to the user and have fixed
button locations that cannot actively adjust to the user’s
change 1n hand position. The examples of input devices
described herein below detaill a user input device with
features and function relative to button placement and cursor
position that create a more satistying and interactive user
experience. In addition, these features enable the input
devices described herein to detect and interpret multiple
types of user interactions, depending on how the user grips
the device, to switch operational modes.

[0035] In at least one example, an input device includes a
housing including an interior surface defining an internal
volume. The mput device further includes an orentation
sensor disposed in the internal volume and a force sensor
assembly. The force sensor and force sensor assembly are
configured to detect a direction of a force exerted on the
housing. For example, a user may place his or her finger on
the housing and press in a certain direction with a certain
amount of force. The input device can detect the user force
vector (e.g., direction and magnitude of the force) causing
the cursor to move 1n the user intended direction.

[0036] In another example, an mput device, such as a
mouse, includes a housing including a base and a grip
portion coupled to the base. The mput device further
includes a plurality of touch sensors disposed on the grip
portion. The base portion includes a force vector sensor
capable of detecting user input disposed on the base portion.

[0037] In such examples, the mput device can be said to
operate 1 a joystick mode, where, based on the detected
finger position pressing on the device, the device itseltf can
be manipulated as a joystick would be to control the cursor.

[0038] In another example, the user input device (e.g., a
mouse) includes a housing defining an internal volume, a
sensor assembly, and an electrical component configured to
send a user 1nterface signal. The sensor assembly can detect
a first touch mput (e.g. a user’s finger or hand) on the
housing translating the first touch mput via the electrical
component mto a user iterface signal. The user interface
signal includes information regarding the angular position of
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the grip portion. The sensor assembly can detect a second
touch 1mput (e.g. a force exerted by a user’s finger or hand)
on the housing. The user interface signal includes a direction
of a force exerted on the housing from the second touch
input.

[0039] In such an example, the mput device can be said to
operate 1 a turn-knob or dial mode, where, based on the
detected finger positions pressing on the device, the device
itsell can be manipulated or twisted as a dial would be to
control the cursor or make selections on a display screen. In
addition, the input device can switch from one mode to
another, for example between a traditional mode, a joystick
mode, and a dial mode, automatically based on the detected
hand position of the user contacting the mput device. The
functionalities of the mput device in each mode do not
require different or unique buttons, knobs, or joysticks since
the sensor array can assign any location contacted by the
user to a functional 1nput region or contact location. Thus,
the complexity of the mput device 1s reduced while the
functionality of different operational modes 1s increased.

[0040] Accordingly, electronic mput devices, described
herein, including a computer mouse, can create a more
satistying and interactive user experience by including mul-
tiple input modes without the need for additional compo-
nents and moving parts.

[0041] These and other embodiments are discussed below
with reference to FIGS. 1-11B. However, those skilled in the
art will readily appreciate that the detailed description given
herein with respect to these Figures i1s for explanatory
purposes only and should not be construed as limiting.
Furthermore, as used herein, a system, a method, an article,
a component, a feature, or a sub-feature comprising at least
one of a first option, a second option, or a third option should
be understood as referring to a system, a method, an article,
a component, a feature, or a sub-feature that can include one
of each listed option (e.g., only one of the first option, only
one of the second option, or only one of the third option),
multiple of a single listed option (e.g., two or more of the
first option), two options simultaneously (e.g., one of the
first option and one of the second option), or combination
thereol (e.g., two of the first option and one of the second
option).

[0042] FIG. 1 illustrates an input device 100 located on a
support surface 106 being connected via a connector 110 to

a computing device 102. The mput device 100 can also be
referred to herein as a mouse 100. The connector 110 1s
shown 1n broken lines to indicate that the connector 110 1s
optional. In one example, the mouse 100 can be wirelessly
connected to the computing device 102. The computing
device 102 can include a display screen 104 and an input
pointer (e.g., a cursor) 108 displayed on the display screen
104. The mouse 100 can rest on a support surface 106 and
be manipulated by a user interacting with the computing
device 102 (e.g., a computer system). A processor in the
mouse 100 or 1n the computing device 102 can transmit the
user induced movement of the mouse 100 to the cursor 108
on the display screen 104 of the computing device 102, thus
controlling the cursor 108 on the display screen 104.

[0043] The term “mouse” 1s mtended to describe an elec-
tronic mput device or circular user mput device that i1s
described herein as a mouse 100. In one or more examples,
the electronic mput devices or circular user mput devices
described herein, including the mouse 100, can be a remote
control, volume control, pointer, or other electronic 1put
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device capable of providing control signals to an electronic
device like the computing device 102 shown 1n FIG. 1.

[0044] The mouse 100 can interact with a variety of
clectronic devices (e.g. laptops, tablets, televisions, virtual
reality headsets, etc.) providing a diverse set of functions to
users. The mode of the mouse 100 can change corresponding
to the connection between the mouse 100 and an electronic
device. For example, the mouse 100 can act as a mouse for
a computer and switch (dynamically or manually) between
devices to interact with a television set or other electronic
device or computing system.

[0045] The mouse 100 can be connected to the computing
device 102 wvia the connector 110. In one example, the
connector 110 can be a cable (e.g. a plurality of wires for
transmitting energy, signals, or other interface data) creating
a wired connection between the mouse 100 and another
clectronic device (e.g. computer, display, television, etc.). In
one example, the connector 110 between the mouse 100 and
the computing device 102 or other electronic device can be
wireless (BLE, RF, WLAN, LAN, WPAN, etc.) electroni-
cally communicating movements of the mouse 100 to the
computing device 102 or other electronic device.

[0046] A user can grip the mouse 100 1n a variety of grip
configurations and hand positions. For example, a user can
use a left hand to grip electronic device 100 1n one instance
and a right had to grip the mouse 100 1n another instance. In
another example, the user can grip the mouse 100 with all
five fingers and a portion of his or her palm. In another
example, the user can grip the mouse 100 with only two or
three fingers. The mouse 100 can actively and automatically
reorient which direction corresponds to direction of the
cursor 108 on the display screen 104 based on the position
of the user’s hand. Additionally, as will be described 1n
greater detail below with reference to other figures, the
circular design of the mouse 100 allows the user to grip the
clectronic mmput device in different orientations without

having to physically reorient the mouse for use or interrupt
functionality.

[0047] Any of the features, components, and/or parts,
including the arrangements and configurations thereof
shown 1 FIG. 1 can be included, either alone or in any
combination, 1 any of the other examples of devices,
features, components, and parts shown in the other figures
described herein. Likewise, any of the features, components,
and/or parts, including the arrangements and configurations
thereol shown and described with reference to the other
figures can be included, either alone or 1n any combination,
in the example of the devices, features, components, and
parts shown 1n FIG. 1.

[0048] FIGS. 2A and 2B illustrate top and bottom per-
spective views, respectively, of a mouse 200 including a grip
surface 214, a lower portion defining a lower surface (e.g.,
contact surface) 216, and a housing 212. The mouse 200 can
be an example embodiment of the mouse 100 of FIG. 1. The
lower surface 216 1s configured to rest on a support surface
106 whereby the mouse 200 can be slidably translated from
one position to another position by a user. The mouse 200
turther includes a motion sensor 220 (e.g., an optical loca-
tion, position, or movement sensor (€.g., an mirared sensor),
a mechanical location sensor (e.g., a mouse ball), a laser
location, position, or movement sensor, a similar device, or
combinations thereof) aligned with an aperture 218 defined
in the lower surface 216. The motion sensor 220, aligned
with the aperture 218, can detect the support surtace 106 and
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movement (changes in location) of the mouse 200 on the
support surface 106 through the aperture 218.

[0049] FIG. 2C shows a top view of the mouse 200
wherein the housing 212 defines a circular shape or circular
outer perimeter around a major cross-sectional plane 222,
otherwise referred to as the major plane 222. In at least one
example, the major plane 222 can be parallel to the lower
surface 216. The circular cross-sectional shape of the mouse
200 1n the major plane 222 can be centered on a central axis
223 extending normal to the major plane 222. The lower
surface 216 can be secured to the grip surface 214 of the
housing 212, and the major plane 222 and the lower surface
216 can be parallel to each other.

[0050] In at least one example, the grip surface 214 can be
composed of materials (e.g. plastics, metals, rubbers, etc.)
being penetrable by signals detected by capacitive sensors or
other sensor types. Accordingly, in at least one example of
the mouse 200, one or more sensors, such as touch sensors,
can be disposed within the mouse 200 and configured to
detect a user’s contact (e.g., from a finger, palm, wrist, etc.)
with the grnip surface 214 through the housing 212. In
addition, at least one embodiment of the mouse 200 can
include a transparent or semi-transparent material such that
light can project through the housing 212 and display
teedback or other information to a user.

[0051] Any of the features, components, and/or parts,
including the arrangements and configurations thereof
shown 1n FIGS. 2A-2C, can be included, either alone or 1n
any combination, 1 any of the other examples of devices,
features, components, and parts shown in the other figures
described herein. Likewise, any of the features, components,
and/or parts, including the arrangements and configurations
thereol shown and described with reference to the other
figures can be included, either alone or 1n any combination,

in the example of the devices, features, components, and
parts shown 1 FIGS. 2A-2C.

[0052] FIG. 3 shows a side cutaway view of the mouse
300 (e.g. input device) including the housing 312 with an
exterior surface (e.g. outer surface) 324 and an interior
surface (e.g. inner surface) 326 defining an internal volume
328. The housing 312 can include an upper portion/grip
portion 314 and a lower portion 316 configured to rest on,
or to be parallel to, a support surface while the mouse 300
1s used. In at least one example, the mouse 300 can also
include an orientation sensor 330 disposed in the internal
volume 328 and a force sensor assembly 332. The force
sensor assembly 332 and the orientation sensor 330 can be
connected via at least one electrical connection 336 to a
processor 334. The processor 334 can process signals trans-
mitted from the force sensor assembly 332 and the orienta-
tion sensor 330.

[0053] The term “force sensor” (e.g. strain gage force
sensor, thin-film force sensor, piezoresistive force sensor,
hydraulic force sensor, load cell force sensor, etc.) within the
context of this application refers to a sensor that senses an
input mechanical force (e.g., load force, weight force, ten-
sion force, compression force, torsional force, pressure
force, etc.) and produces an output such as a measureable
clectrical output signal. The electrical output signal i1s con-
verted and standardized such that as a mechanical force
increases or decreases, the electrical signal changes (e.g.,
proportionally to the increase or decrease in mechanical
force). For example, a user may apply pressure to the
housing 312 of the mouse 300 such that the force sensor
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assembly 332 detects a change in mechanical force. The
change 1n mechanical force 1s converted to an electrical
signal and transmitted via the connection 336 to the proces-
sor 334 that processes the electrical signal to determine the
direction of force exerted on the mouse 300.

[0054] The force sensor assembly 332 can include one or
more force sensors configured to sense a direction and/or
magnitude of a force applied to the housing 312. In one
example, the force sensor assembly 332 can include two or
more sensors disposed at an interface between the grip
portion 314 and the lower portion 316, for example disposed
on the lower portion 316 where the grip portion 314 meets
the lower portion 316, to detect a magmtude of force applied
to the housing 312 that urges the grip portion 314 against the
lower portion 316. In on example, multiple force sensors of
a force sensor assembly 332 can each detect a magnitude of
the applied force and the direction of that force can be
calculated based on the positions of the sensors and the
respective magnitudes detected. In at least one example, the
force sensor assembly 332 can include one or more strain
gauges disposed on the housing 312 to detect a deformation
of the housing 312 material as the user presses thereon with
a force.

[0055] The term “orientation sensor” (e.g. accelerometer,
gyroscope, magnetometer, compass, iertial measurement
umt (IMU), etc.) within the context of this application refers
to a sensor or combination of sensors that detect an input
device’s (e.g. a mouse 300) orientation in three-dimensional
space. For example, an orientation sensor can measure
specific force, angular rate, angular velocity, linear accel-
cration, etc. with respect to an axis, a gravitational direction,
a magnetic field (e.g., earth’s magnetic field), other signals
(e.g., relative to global positioming system (GPS) signals or
nearby short-range electronic signals (e.g., WI-FI®, BLU-
ETOOTH®, near-field communications (NFC) emuitters,
etc.)). The orientation sensor 330 can be a combination of
orientation sensors, for example, an accelerometer may
detect acceleration 1n a certain direction, a gyroscope may
detect angular velocity, and a magnetometer may detect a
magnetic field (e.g., direction relative to an object such as
carth). The orientation sensed can be a relative orientation,
an absolute orientation, a geomagnetic orientation, other
orientation types, or combinations thereof depending on the
types of sensors present and active when the mput device
orientation 1s detected.

[0056] Any of the features, components, and/or parts,
including the arrangements and configurations thereof
shown 1 FIG. 3 can be included, either alone or in any
combination, 1 any of the other examples of devices,
features, components, and parts shown 1n the other figures
described herein. Likewise, any of the features, components,
and/or parts, including the arrangements and configurations
thereol shown and described with reference to the other
figures can be included, either alone or 1n any combination,
in the example of the devices, features, components, and
parts shown in FIG. 3.

[0057] FIG. 4 illustrates a side cutaway view of a mouse
400 1ncluding a housing 412, an interior surface 426 of the
housing 412 defining an 1nternal volume 428, a touch sensor
assembly 440, an orientation sensor 430, a force sensor
assembly 432, a base 416, and a processor 434.

[0058] The processor 434 can perform actions by execut-
able 1nstructions stored or encoded therein on memory. In
some embodiments, the processor 434 can be part of a
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controller device positioned in the housing 412 which
includes a processor 1in electronic communication with a
non-transitory computer-readable memory device or similar
clectronic storage device configured to store thereon a set of
instructions executable by the processor to perform a series
of tasks or actions. Any kind and/or number of processor(s)
434 may be present, including one or more central process-
ing umt(s) (CPUs), digital signal processors (DSPs), micro-
processors, computer chips, and/or processing units config-
ured to execute machine-language instructions and process
data, such as executable instruction, transmit sensor data, or
transmit location and/or force vector data transmitted by
sensors. The processor 434 can be coupled to the touch
sensor assembly 440 via an electrical connection 436. The
processor 434 can be configured to determine an orientation
of the mouse 400 based on touch input (e.g. via a set of
capacitive sensing elements, force sensing elements, or other
input elements) detected by a sensor (e.g. a touch sensor
443, orientation sensor 430, force sensor 432, etc.)

[0059] The touch sensor assembly 440 can be configured
to detect a hand position of a user touching the housing 412,
as shown 1 FIGS. 9A-11A. The touch sensor assembly can
440 1nclude at least two sensor elements 442 disposed on the
interior surface 426. In one example, the touch sensor
assembly 440 includes at least two sensor elements 442
disposed on the interior surface 426 of the housing 412
wherein the touch sensor assembly includes a plurality of
capacitive sensing elements 442 configured to detect touch
inputs. The capacitive sensing elements 442 can 1n transmit
a signal to the processor 434 coupled to the sensor assembly
440 whereby the processor 434 can process the signal from
the touch inputs of the user.

[0060] Any of the features, components, and/or parts,
including the arrangements and configurations thereof
shown 1 FIG. 4 can be included, either alone or in any
combination, 1 any of the other examples ol devices,
features, components, and parts shown in the other figures
described herein. Likewise, any of the features, components,
and/or parts, including the arrangements and configurations
thereof shown and described with reference to the other
figures can be included, either alone or 1n any combination,
in the example of the devices, features, components, and
parts shown 1n FIG. 4.

[0061] FIG. 5 shows a side cutaway view of a mouse 500
including the housing 512 defining a grip portion 514 and a
lower portion or base 516 configured to rest on or move
parallel to a support surface during use. The housing 512 can
include an interior surface 526 defining an internal volume
528 and a touch sensor assembly 540 including a plurality of
touch sensors 542, a force sensor assembly (including, for
example, first and second force sensors 532a and 3325), an
antenna 546, which can also be referred to as an emutter,
recerver, or wireless communications module, and a feed-
back module 544 connected via the connection 536 to the
processor, can be disposed in the internal volume 528. The
teedback module 544 can include one or more of a haptic
mechanism 1ncluding a haptic motor, a light, and a speaker.
These feedback modules 544 can use tactile, visual, or audio
teedback means, respectively, to communicate with the user.
Feedback communications can convey mouse or computing
device mformation to the user of the mouse 500 such as
confirmatory signals, power status, operational mode status,
and so forth.
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[0062] The force sensor assembly 532 includes at least
two force sensors 332a, 5325 disposed on the lower portion
516 of the mouse 500 and within the internal volume 528 at
a first location and a second location, respectively. The force
sensors 532a, 5325 can detect one or more forces exerted on
the housing 512, for example from a user’s hand or fingers,
such as by compression of the housing 512 between the hand
and a support surface under the lower portion 516. The force
sensors 332a, 5326 can be independent from the one
another. In one example, the force sensor 532a located at the
first location can detect an X-component of the force vector
and the force sensor 3325 located at the second location can
detect a Y-component of the force, with the X and Y
directions being oriented perpendicular to one another. The
magnitude of the force 1n erther direction (or as a vector
combining both directions) can also be detected by the two

force sensors 532a, 5325.

[0063] In one example, a user may press their finger 1 a
certain direction with a certain force against the housing
512. The force vector detected by the force sensors 532 can
then be transmitted to the processor 334 and processed in
real-time to interpret the force vector information as a
movement, click, or other function of a cursor on a display
screen, such as the cursor 108 on the display screen 104
shown 1 FIG. 1. In another example, a user may press
multiple fingers with a certain force against the housing 512
to produce a function different from one lone finger pressing
against the housing 512. It should be appreciated that the
above examples are provided to illustrate the function of the
force sensors 332 and other embodiments are contemplated
herein. Additional detail about detecting and responding to
user mput 1s discussed in connection with FIGS. 9A-11B
herein.

[0064] In some examples, the force sensor assembly 532
can include two force sensors 532a, 532bH, as discussed
above. The force sensor assembly 332 includes a feedback
module 544 wherein the feedback module 544 includes a
speaker and a haptic mechanism creating an experience of
touch by applying forces, vibrations, or motions to a user.
The haptic mechanism of the feedback module 544 can
include a haptic engine. The haptic engine can include
clectromechanical components or devices that vibrate,
shake, or pulsate, providing tactile feedback to a user via the
housing 512. The haptic engine can include linear resonant
actuators (LRA) (e.g., a combination of multiple LRAs) to
create motion or tactile feedback 1n one or more axes relative
to the mouse 500. Similarly, the haptic engine can include
one or more eccentric rotating mass (ERM) motors to create
motion or tactile feedback 1n one or more axes relative to the
mouse 300. These haptic components can be driven by
different waveforms to create distinct haptic eflects repre-
senting different functions. For example, when the mouse
500 rotates about its central vertical axis, an audible sound
or vibration resembling a turn-dial or knob can be produced.
In another example, a user may tap the mouse 500 with a
finger to select a feature or icon on the surface of the mouse
or, via a cursor, on a connected display screen. The feedback
module 344 of the mouse 500 can create a different sound or
haptic effect diflerentiating a user tap or click from a rotation
of the mouse 500. In some examples, the haptics can have
a resolution (e.g. detent resolution) that can be user varied
according to a certain user need or specification. In another
example, audio signals produced by music, games, movies,
or other digital media can be converted to haptic effects and
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relayed to the user via the feedback module 544. In some
embodiments, the mouse 300 can be used as a speaker to
play back audio media. It should be appreciated that other
embodiments are contemplated herein and the above

description provides examples to illustrate the feedback
module 544.

[0065] The sensor assembly can include the force vector
sensor(s) 332a and 5325, the touch sensor array (e.g. touch
sensor assembly 540), and the orientation sensor 330 (e.g.
angle or displacement sensors). For example, the sensor
assembly disposed within the mouse 500 senses a user
interacting with the mouse 500, which can include a user
touching the mouse 500 (and thereby changing capacitance
or resistance 1 a touch sensor), applying pressure to the
mouse 500 (and thereby affecting a piezoresistive sensor
clement), and/or jostling or manipulating the mouse 500
(and thereby aflecting an accelerometer, compass, gyro-
scope, or similar IMU sensor). The various sensors 5324,
532b, 540, 530 can transmit signals (e.g., touch signals,
pressure vector signals, angular signals relative to an axis,
etc.) to the processor 534, which converts the sensor signals
into computer readable outputs which can be presented on
the display 104 and/or represented by the cursor 106.

[0066] In some examples, the mouse 500 includes the
housing 512 defining the internal volume 528, the sensor
assembly, and an electrical component configured to send a
user interface signal. In some examples, the user interface
signal 1s transmitted via an antenna 546, otherwise generally
referred to as an emitter. When the sensor assembly detects
a first touch input on the housing 512, the user interface
signal can include information regarding the angular posi-
tion of the grip portion (e.g., grip surface 214), and when the
sensor assembly detects a second touch input on the housing
512, the user interface signal can include a direction of a
force exerted on the housing 512 from the second touch
input. Each of the first and second touch mputs referred to
above can include distinct combinations of contact regions
of the user’s hand and fingers against the housing 512 of the
mouse 500 as detected by the touch sensor assembly 540.

[0067] The antenna 546 or other wireless interface module
of the mouse 500 may include PCB antennas, wire antennas,
chips antennas, or any other type of suitable antenna con-
figuration. The antenna 546 may include monopole, dipole,
patch, slot, planar mverted-F (PIFA), or any other type of
antenna suited for ommnidirectional antenna radiation and
reception, which 1s advantageous for short-range connectiv-
ity and unpredictable access points that vary in location
relative to the user, or large sector directional radiation and
reception such as hemispherical patterns. Additionally,
antenna arrays can also be implemented to steer radiation/
reception patterns to aflect connectivity. The antenna 546
can operate at, or be optimized for, specific frequencies (e.g.,
2.4 GHz or 5 GHz) and/or radio frequency (RF) bands. The
antenna can be a BLUETOOTH® device transmitting at a
similar frequency (e.g., 2.4 GHz). It should be understood
that other embodiments of antennas are contemplated and
the above description provides examples.

[0068] In another example, the mouse 300 includes a base
516 and a grip portion (e.g. housing 512) couples to the base
516. A plurality of touch sensors 542 are attached to the grip
portion. For example, the touch sensor(s) 542 can be dis-
posed within the internal volume 528 and against the interior
surface 526 of the housing 512. The force vector sensor(s)

532a, 532b can be disposed on the base 516 or within the
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base 516. The mouse 500 can further include the processor
534 electrically coupled (e.g., via the connection 336) to the
plurality of touch sensors 540 and the force sensor 532. The
emitter 346 can also be electrically coupled to the processor

534.

[0069] Any of the features, components, and/or parts,
including the arrangements and configurations thereof
shown 1 FIG. 5§ can be included, either alone or in any
combination, i any of the other examples of devices,
features, components, and parts shown 1n the other figures
described herein. Likewise, any of the features, components,
and/or parts, including the arrangements and configurations
thereof shown and described with reference to the other
figures can be included, either alone or 1n any combination,
in the example of the devices, features, components, and
parts shown 1n FIG. 5.

[0070] FIG. 6 illustrates a bottom cutaway view of the
mouse 600 including a housing 612 including a grip portion
614, a sensor assembly 640, a light array 6350, and a
processor 634 communicatively coupled to the sensor
assembly 640 and a light array 650 via an electrical con-
nection 636. Certain electrical connections (e.g., 5336) are
omitted. The housing 612 can include an interior surface
626. The interior surface 626 can define an internal volume
628. The sensor assembly 640 and the light array 650 can be
disposed 1n the internal volume 628. In one example, the
light array 650 can be located concentrically within the
internal volume 628 and disposed on the interior surface
626. The light array 650 can include multiple 1ndividual
LEDs 652 arranged in a circular shape having a first diam-
cter. The sensor assembly 640 can be arranged circularly and
located concentrically within the housing, disposed on the
interior surface 626, and include a second diameter. In some
embodiments, the first diameter 1s smaller than the second
diameter (as shown 1n FIG. 6), and 1n some embodiments,
the second diameter 1s smaller, wherein the light array 440
surrounds the sensor assembly 430. Additionally, 1n some
embodiments, the light array 440 and sensor assembly 430
have substantially equal and concentric diameters, wherein
individual lights 442 are spaced between or overlapping
with capacitive sensor elements 432.

[0071] In one example, the mouse 600 (e.g. electronic
input device) includes the housing 612, a circular sensor
array 640 including a plurality of capacitive sensor elements
642 disposed against or embedded within the interior surface
628 of the housing 612, and a circular light array 650
disposed against the interior surface 628 of the housing 612.
In at least one example, the circular light array 6350 1includes
a plurality of light emitting diodes (LEDs) 652 (e.g., DIP
LED, SMD LED, COB LED, smmilar light sources, and
combinations thereof) oriented 1n a circle concentric with
the circular sensor array 640. In at least one example, the
sensor array 640 can include a plurality of sensor elements
642. In one example, the sensor elements 642 can include
capacitive touch sensor elements.

[0072] The housing 612 can be a transparent or semi-
transparent material such that when an LED 652 on the
circular light array 6350 1s energized, emitting visible spec-
trum light, the light 1s visible to a user through the housing
612 external to the mouse 600. The LED 652 can vary 1n
light intensity and color. For example, the light array 650 can
provide notifications (e.g. text message notification, calen-
dar notification, time notification, etc. for a connected com-
puting device) corresponding to a hue, brightness, satura-
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tion, blinking or color pattern, or similar light indicator
property. In another example, the LED 652 can provide
indicators such as device battery life, device orientation, or
other indicators. In at least one example, the LEDs 652 of
the light array 650 can be synchronized over time to produce
ammated light appearing to move one way or the other to
communicate with the user (e.g., 1n patterns moving around
the circumierence of the circle).

[0073] In one example, the processor 634 1s configured to
display a direction of the orientation of the mouse 600. For
example, as the mouse 600 1s rotated about the normal/
vertical axis 223 while having 1ts bottom surface 216
parallel to the support surface 106, an LED 652 located on
the circular light array 650 can illuminate, and the light can
shift from a first energized LED 652 to a second energized
LED 652, with the first LED 6352 becoming de-energized as
the second LED 652 1s energized. In this way, as the mouse
600 1s rotated, the energized LED 652 can appear to remain
in one location relative to the user’s viewing perspective.

[0074] In another example, the processor 634 1s config-
ured to display a mode 1n which the mouse 600 1s operating.
The mode can depend on a hand position of the user
grasping the mouse 600 and can switch automatically upon
sensing the contact between the user’s hand and the housing
612 via the sensor assembly 640. As noted elsewhere herein,
the various operational modes of the mouse 600 can include
a joystick mode, a dial mode, or a traditional mouse mode
depending on how the user grasps the mouse 600.

[0075] Any of the features, components, and/or parts,
including the arrangements and configurations thereof
shown 1 FIG. 6 can be included, either alone or in any
combination, 1 any of the other examples ol devices,
features, components, and parts shown in the other figures
described herein. Likewise, any of the features, components,
and/or parts, including the arrangements and configurations
thereol shown and described with reference to the other
figures can be included, either alone or 1n any combination,
in the example of the devices, features, components, and
parts shown 1n FIG. 6.

[0076] FIG. 7 illustrates a perspective view ol a mouse
700 including a housing 712, a grip portion 714, a light
sensor 750 disposed within the housing 712, and a “true
north,” “user-facing,” or “forward” direction indicated by an
illuminated LED 754, which light can be emitted from any
of the LEDs 752 of the light sensor 750. The housing can be
transparent or semi-transparent to the visible light spectrum
produced by the light sensor 750. The light sensor 750 can
produce light visible to a user when 1n use.

[0077] The light array 750 can react to user movement or
indicate information or signals to a user. For example, the
light array 750 may emit a certain color and or pattern in
reaction to a first movement (e.g., a movement of the entire
mouse 700 or a movement, tap, gesture, etc. of a user’s
finger, stylus, hand, or other tool as detected by the touch
sensors 542), and a different color and/or pattern 1n reaction
to a second movement (e.g., a different movement of the
entire mouse, a different movement of the tool, or a detection
of a diflerent type of movement/by diflerent type of sensor
(1.e., switching from detecting a user’s hand to detecting
movement of the entire mouse)). In some examples, the light
array may produce a sequence, such as a rotating circular
pattern or a flashing/pulsating function. The light emaitted to
the user can indicate a confirmatory signal of the user’s
intent to switch operational modes. The operational mode of
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the mouse 700 can depend on a hand position of the user
grasping the mouse 700, which can switch automatically
upon sensing the contact between the user’s hand and the
housing 712 via the sensor assembly within the mouse 700.
As noted above, the various operational modes of the mouse
700 can include a joystick mode, a dial mode, trackball
mode, trackpad mode, a traditional mouse mode, or any
other type of operational mode, depending on how the user
grasps the mouse. In some embodiments, an additional
three-dimensional mouse mode can also be detected based
on signals indicating that the mouse has been grasped and
picked up or otherwise moved vertically ofl of a support
surface. The light array 750 can also 1indicate other commu-
nications or signals, including alerts, status, and other sig-
nals from the computing device or mouse.

[0078] Any of the features, components, and/or parts,
including the arrangements and configurations thereof
shown 1 FIG. 7 can be included, either alone or in any
combination, 1n any of the other examples of devices,
features, components, and parts shown in the other figures
described herein. Likewise, any of the features, components,
and/or parts, including the arrangements and configurations
thereol shown and described with reference to the other
figures can be included, either alone or 1n any combination,
in the example of the devices, features, components, and
parts shown 1 FIG. 7.

[0079] FIG. 8 shows a cross-sectional side view of a
mouse 800 including a light array 850, a touch sensor
assembly 840, a feedback module 854, an antenna 856, and
an electrical component 858. The antenna can also be
referred to as an emitter and/or a receiver. The electrical
component 858 can include multiple components. The hous-
ing 812 can include an exterior surface 826, an interior
surface 826, a grip portion 814, and a base 816. In one
example, the sensor assembly 840 can include individual
touch sensor elements 842 disposed circularly against the
interior surface 826 of the housing 812. In one example, the
light array 850 can include individual lights or LEDs 852
arranged circularly and against or near the interior surface
826 of the housing 812. The mouse 800 can also include a
processor 834 electrically coupled or in communication with
the other components via at least one electrical connection
836, including wires and other circuitry components. The
processor 834 can thus be connected to the touch sensor
assembly 840, the feedback module 854, the antenna 856,
and the electrical component(s) 858. The processor 834
receives signals transmitted via the electrical connection 836
and can transmit, via the antenna 856, signals to the com-
puting device and/or the computing device 102 signaling
commands for the cursor 108.

[0080] The clectrical component 858, processor 834,
antenna 836, feedback module 854, touch sensor assembly
840, light array 850, and other electrical components of FIG.
8 can collectively form a computer system interconnected
via a bus (e.g., via electrical connections 836) for electrical
communication to a memory device, a power source, an
clectronic storage device, a network interface (e.g., a wire-
less interface via the antenna 856), an input device adapter,
and an output device adapter. For example, one or more of
these components can be connected to each other via a
substrate (e.g., a printed circuit board or other substrate)
supporting the bus and other electrical connectors providing
clectrical communication between the components. The bus
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can comprise a communication mechanism for communi-
cating information between parts of the system.

[0081] The processor 834 can be a microprocessor or
similar device configured to receive and execute a set of
instructions stored by the memory of the electrical compo-
nent 858. The memory can be referred to as main memory,
such as random access memory (RAM) or another dynamic
clectronic storage device for storing information and nstruc-
tions to be executed by the processor 834. The memory can
also be used for storing temporary variables or other inter-
mediate 1nformation during execution of 1nstructions
executed by the processor 834. The processor 834 can
include one or more processors or controllers, such as, for
example, a CPU for the mouse 700 and a touch controller or
similar sensor or I/O interface used for controlling and
receiving signals from the sensors being used (e.g., 842, any
IMU or other orientation sensor, etc.). The power source of
the electrical component 858 can comprise a power supply
capable of providing power to the processor 834 and other
components connected to the bus, such as a connection to an
clectrical utility grid or a battery system.

[0082] The storage device of the electrical component 858
can comprise read-only memory (ROM) or another type of
static storage device coupled to the bus for storing static or
long-term (1.e., non-dynamic) imnformation and instructions
for the processor. For example, the storage device can
comprise a magnetic or optical disk (e.g., hard disk drive
(HDD)), solid state memory (e.g., a solid state disk (SSD)),

or a comparable device.

[0083] The instructions can comprise information for
executing processes and methods using components of the
system. Such processes and methods can include, for
example, the methods described 1n connection with other
embodiments elsewhere herein, including, for example, the

methods and processes described 1n connection with FIGS.
9A-11B.

[0084] The network interface can comprise an adapter for
connecting the system to an external device via a wired or
wireless connection. For example, the network interface can
provide a connection to a computer network such as a
cellular network, the Internet, a local area network (LAN),
a separate device capable of wireless communication with
the network interface, other external devices or network
locations, and combinations thereof. In one example
embodiment, the network interface 1s a wireless networking
adapter configured to connect wvia WI-FI®, BLU-
ETOOTH®, BLE, Bluetooth mesh, or a related wireless
communications protocol to another device having interface
capability using the same protocol. In some embodiments, a
network device or set of network devices 1n the network can
be considered part of the system. In some cases, a network
device can be considered connected to, but not a part of, the
system.

[0085] The input device adapter can be configured to
provide the system with connectivity to various input
devices such as, for example, the touch sensor assembly 840,
orientation sensor (e.g., 530), optical sensor, force sensor
(e.g., 532a, 532b), related devices, and combinations
thereol. The sensors can be used to detect physical phenom-
ena (e.g., light, sound waves, electric fields, forces, vibra-
tions, etc.) in the vicinity of the mouse (or caused by
movement ol the mouse) and convert those phenomena to
clectrical signals.
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[0086] The output device adapter can be configured to
provide the system with the ability to output information to
a user, such as by providing visual output using one or more
displays (e.g., light array 650/750/850 or an external display
screen), by providing audible output using one or more
speakers, or providing haptic feedback sensed by touch via
one or more haptic feedback devices (e.g., 544). Other
output devices can also be used. The processor 834 can be
configured to control the output device adapter to provide
information to a user via the output devices connected to the
adapter.

[0087] In at least one example, the feedback module 854
can include a haptic mechanism such as a haptic engine. In
at least one example, the feedback module 854 can include
a speaker. In at least one example, the haptic module 854 can
include a light. In at least one example, the electronic
component 858 can include a memory component storing
clectronic instructions executable by the processor 834. In at
least one example, 1n response to the sensor assembly 840
detecting a first touch mput on the housing 812, the antenna
856 sends a first signal including information regarding an
angular position of the grip portion 814 and, in response to
the sensor assembly 840 detecting a second touch input on
the housing 812, the antenna 8356 sends a second signal
including information regarding a direction of a force
exerted on the housing 812 from the second touch nput.

[0088] In at least one example, the housing 812 1s sym-
metric (e.g., rotationally symmetric) about the central axis
8353 oriented generally perpendicular to a surface on which
the mouse 800 can rest or be manipulated. For example, the
housing 812 can be circular with the central axis 853 being
a central axis of rotation and/or symmetry of the mouse 800.
In at least one example, the user can 1mtially grasp the
mouse 800, including the housing 812 thereof, 1n any
orientation and have the mouse 800 be oriented as intended
by the user based on the user’s grip or hand position
regardless of the actual orientation of the mouse 800, as
described herein. In such an example, the processor 834 can
determine the hand position and intended orientation of the
mouse 800 based on the hand position of the user grasping
the housing 812 via the touch sensor elements 842.

[0089] In at least one example, the housing 812 of the
mouse 800 1s circular or domed, as shown 1n FIG. 8, such
that the housing 812 can be rotated about the central axis 853
serving as a central axis of rotation of the circular housing
812. In such an example, the mouse 1s agnostic to the actual
orientation of the housing 812 relative to a support surface
on which the housing 812 rests. Rather, the housing 812 can
be oriented and/or re-oriented digitally or computationally
by the processor 834 based on the hand position of the user,
as detected by the touch sensor elements 842, without the
need to physically move or rotate the mouse 800 upon
grasping the housing 812.

[0090] Any of the features, components, and/or parts,
including the arrangements and configurations thereof
shown 1 FIG. 8 can be included, either alone or in any
combination, 1 any of the other examples of devices,
features, components, and parts shown in the other figures
described herein. Likewise, any of the features, components,
and/or parts, including the arrangements and configurations
thereol shown and described with reference to the other
figures can be included, either alone or 1n any combination,
in the example of the devices, features, components, and
parts shown 1n FIG. 8.
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[0091] FIG. 9A illustrates a mouse 900 manipulated by a
user’s hand 960, the user’s hand 960 gripping the grip
portion 914 of the housing 912 of the mouse 900. The
circular profile of the mouse 900 enables the user to grip the
mouse 900 from any direction while the mouse 900 inter-
prets touch points or contact areas from the hand 960 and
fingers 962 via the sensors 1n the sensor array, such as sensor
clements 842 of sensor array 840 shown in the mouse 800
of FIG. 8. The sensor elements determine placement and
positioning of the hand 960 and fingers 962 on the mouse
900 to dynamically orient the mouse 900 based on sen-
sorally determining the user hand 960 and finger 962 posi-
tioming on the grip portion 914 of the mouse 900. The user’s
hand 954 can be a left hand or a right hand depending on
user preference. The mouse 900 can detect either a left hand
or right hand placement dynamically providing convenience
and efliciency for multi-handed users or multiple different
users of the same mouse 900.

[0092] In one example, a user may grip the grip portion
914 of the mouse 900. A plurality of touch sensors can detect
a first hand position, such as the user initially gripping the
orip portion 914. The emitter 546 can send the information
regarding a direction of force applied on the grip portion 914
detected by the force sensors (e.g. force vector sensors) 532.
When the plurality of touch sensors 840 detects a second
hand position, for example, the user adjusting their hand 960
or fingers 962 on the mouse 900, the emitter sends infor-
mation regarding an orientation of the mouse 900. The
orientation of the mouse 900 can be determined by the
orientation sensor 330 and transmitted via the emitter 546.

[0093] FIG. 9B shows a top view of the mouse 900 and the

housing 912 including the grip portion 914. Contact regions
964a-f representing detected contact between the user’s
hand 960 and fingers/thumb 962 and the mouse 900 are
shown 1n broken lines to illustrate the general contact areas
between the hand and housing 912. In the illustrated
example, the detected touch regions 964a-f can include a
first finger sensor contact region 964a, a second finger
sensor contact region 964bH, a third finger sensor contact
region 964c¢, a fourth finger contact region 964d, a {ifth
finger contact region 964e, and a palm sensor contact region
964f. As noted above with reference to other examples, the
mouse 900 shown in FIGS. 9A-9B can be equipped with
sensors and sensor arrays to detect the touch regions of the
user’s hand 960 (e.g., palm) and fingers/thumb 962. The
contact regions 964a-f can be collectively referred to as a
contact profile 964.

[0094] The contact profile 964 includes sensor readings
from portions of the hand 960 in contact with the mouse 900.
For example, a user may grip the mouse 900 with all his or
her fingers 962 as well as with a portion of the palm, creating,
the sensor contact profile illustrated in FIG. 9B. The first
contact region 964a representing a first finger 962 contacting
the mouse 900 can vary from the second contact region 9645
resulting 1n unique sensor profiles for each finger and/or
palm 1n contact with the outer surface of the housing 912 of
the mouse 900. For example, the sensor profile 964 can be
a real-time capacitive reading of the finger based on unique
user hand contact characteristics, for example: finger contact
length, finger contact width, finger contact cross-sectional
area, and so forth. These hand contact characteristics are
used by at least the first touch sensor configured to detect a
first response at a first location, for example, to i1dentity/
detect the first contact region 964a, on the grip portion 914
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and the second touch sensor configured to detect a second
touch response at a second location, for example the second
finger contact region 964b, on the exterior surface. In this
way, an intended operational mode of the mouse 900 can be
determined automatically. Examples of different intended
operational modes corresponding to different contact pro-
files are illustrated 1n more detail below with reference to

FIGS. 10A-11B.

[0095] In the illustrated example of 9B, the contact profile
detected as a combination of contact regions 964a-f can
indicate an intent by the user to operate the mouse 900 1n a
traditional mode where the mouse 900 1s slid back and forth,
left and right on a support surface such as a mousepad or
desktop surface. The contact profile 964 illustrated in FIG.
9B can be referred to as a conventional mouse grip con-
figuration, a full hand grasping configuration, a “pinch grip”
configuration, or a “claw grip” configuration that, when
detected, causes the system to enable usage of the mouse
900 1f 1t were a conventional mouse with buttons (e.g.,
interpreting certain mput (such as a tap on designated parts
of the outer surface while maintaining a minimum amount of
contact with the mouse with other parts of the hand or on
other parts of the mouse) as an input intended by the user to
imitate actuation of a left click button, a right click button,
a middle click button, side mouse buttons, etc.). Similarly,
alter detecting a conventional mouse grip by the user, the
system can interpret certain gestures on a designated part of
the outer surface of the mouse 900 as inputs intended by the
user to 1mitate usage of a touchpad/trackpad or mouse wheel
(e.g., interpreting 1-3 fingers dragging on the top surface to
enable scrolling, zooming, control of user interface elements
(e.g., window control functions)). In one example, the
system can 1dentily that the user imntends to use the mouse as
a conventional mouse while the user maintains consistent
thumb contact (e.g., at 964a) and at least one opposite finger
contact (e.g., at 964d or 964¢) with the mouse, and other
fingers (e.g., at 964b-d) can be moved or not sensed without
altering the system’s touch interpretation mode. The pro-
cessor of the mouse 900 (or a computing device 1n electronic
communication with the mouse) can identity the contact
proflle and correlate 1t to a user intent via preset instructions
or, 1n one or more other examples, the memory component
of the mouse 900 can include instructions to carry out
machine learning algorithms to learn the user’s intent based
on the contact profiles and movements of each user over
time.

[0096] Any of the features, components, and/or parts,
including the arrangements and configurations thereof
shown 1n FIGS. 9A-9B, can be included, either alone or 1n
any combination, in any of the other examples of devices,
features, components, and parts shown in the other figures
described herein. Likewise, any of the features, components,
and/or parts, including the arrangements and configurations
thereof shown and described with reference to the other
figures can be included, either alone or 1n any combination,

in the example of the devices, features, components, and
parts shown 1n FIGS. 9A-9B.

[0097] FIG. 10A 1llustrates a user’s hand 1060 touching a

grip portion 1014 of a mouse 1000 with a single finger 1062.
In the 1llustrated example, the contact profile can include a
detected touch mput 1n a single touch mput location repre-
sented by the contact region 1064 shown in FIG. 10B. In at
least one example, the sensors and sensor assemblies dis-
closed herein with reference to other examples and other
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ﬁgures can include touch sensors disposed anywhere against
the grip portion 1014, including 1n a central upper location
where the user presses a single finger as shown in FI1G. 10B.
The locations and configuration of multiple sensor elements
of the touch sensor assemblies disclosed herein and shown
in the figures are exemplary and not meant to be limiting.
One or more other examples, including the example shown
in FIG. 10B, can include touch sensor assemblies having
touch sensors and elements disposed anywhere within the
device such that a single finger touch or multiple finger
touch anywhere on the grip portion 1014 can be detected.

[0098] The sensor assembly detecting the single touch
iput can transmit, via the force sensor(s) of the mouse 1000,
the angular posltlon and force applied by the finger 1062 at
the contact region 1064 to the processor. The processor can
then process and transmit the recerved touch input location
and vector information to operate the mouse 1000 1n a
“joystick” mode. That 1s, the single finger touch can be
detected and the user can operate the mouse 1000 as 1f
operating a joystick by changing a direction of a force on the
or1p portion 1014 (e.g., by tilting the user’s finger while the
fingertip remains substantially stationary or by varying the
predominant direction in which pressure 1s being applied by
the finger while the fingertip 1s 1n a single position 1064,
similar to an “eraser head”-type mouse). Rather than oper-
ating 1n a traditional mode, where the mouse 1000 must be
moved on a support surface, the mouse 1000 can automati-
cally switch to a joystick mode to detect the direction of the
force applied by the finger 1062 so that the user can control
a cursor on a screen via the mouse 1000 as 11 the mouse 1000
were a joystick.

[0099] The contact profile, including the single contact
region 1064 shown in FIG. 10B, can correspond to a user’s
intent to operate the mouse 1000 1 a joystick mode.
However, the 1llustrated contact profile 1s exemplary only
and not meant to be limiting. Other contact profiles includ-
ing multiple contact regions at certain other locations on the
or1p portion 1014 of the mouse 1000 can also be indicative
of a user’s intent to operate the mouse 1000 1n joystick
mode, such as two to five fingers touching the top of the
mouse 1 a bunched together or clustered formation within
a single contact region (e.g., 1064). Other modes of opera-
tion are also contemplated herein. The finger 1062 can be
detected via a touch sensor (e.g., from the sensor assembly
840).

[0100] Any of the features, components, and/or parts,
including the arrangements and configurations thereof
shown 1n FIGS. 10A-10B, can be included, either alone or
in any combination, in any of the other examples of devices,
features, components, and parts shown 1n the other figures
described herein. Likewise, any of the features, components,
and/or parts, including the arrangements and configurations
thereol shown and described with reference to the other
figures can be included, either alone or 1n any combination,
in the example of the devices, features, components, and

parts shown 1n FIGS. 10A-10B.

[0101] FIG. 11A 1illustrates a user’s hand 1160 touching a
orip portion 1114 of a mouse 1100 with multiple fingers
1162. In the illustrated example, the contact profile can
include a detected touch 1nput 1n multiple spaced apart touch
input locations represented by the contact regions 1164a,
11645, and 1164¢ shown 1n FIG. 11B. These contact regions
1164a-c can correspond to locations of contact between the

user’s fingers 1162 shown 1n FIG. 11 A and the housing 1112
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of the mouse 1100. The contact regions 1164a-c can difler
from the contact regions 964a-f (see FIG. 9B) due to their
positioning on the surface (i.e., positioned higher up on the
outer surface than a claw grip configuration), the number of
contacts (1.e., 2-3 versus 5 or more), the type of contacts
(e.g., inger-sized contact areas 1164a-c versus palm-sized
9640. The sensor assembly detecting the single touch mput
can transmit, via the force sensor(s) of the mouse 1100, the
angular position and force profiled by the fingers 1162 at the
contact regions 1164a-c to the processor. The processor can
then process and transmit the recerved touch input location
and vector mformation to operate the mouse 1100 1n a
turn-knob or dial mode. That 1s, the specific combination of
detected contact regions 1164a-c can indicate an intent of
the user to operate the mouse 1100 as a dial. In such an
operational mode, the user can rotate the mouse 1100 as 1f
it were a turnable dial, to control a cursor or scroll through
menu items within a GUI displayed on a screen. In this way,
the mouse can automatically switch into dial mode based on
the hand position of the user.

[0102] The mouse 1100 shown 1n FIGS. 11A and 11B can
include any or all of the component of other examples of
mice shown in other figures and described herein. For
example, the mouse 1100 can include one or more orienta-
tion sensors, including IMU sensors, angular sensors, accel-
erometers, and so forth, to detect an orientation of the mouse
1100 relative to a starting orientation or position as the user
twists the mouse 1n dial mode.

[0103] The contact profile, including the three contact
regions 1164a-c shown 1n FIG. 11B, can correspond to a
user’s intent to operate the mouse 1100 1n a dial mode.
However, the illustrated contact profile 1s exemplary only
and not meant to be limiting. Other contact profiles includ-
ing one or multiple contact regions at certain other locations
on the grip portion 1114 of the mouse 1100 can also be
indicative of a user’s intent to operate the mouse 1100 1n dial
mode. Other modes of operation are also contemplated
herein. Accordingly, the touch sensor array of the mouse
1100 can include a plurality of capacitive sensing elements
configured to detect the first touch mput including the first
contact profile shown 1n FIG. 10B and a second touch input
including the second contact profile shown 1n FIG. 11B.

[0104] Any of the features, components, and/or parts,
including the arrangements and configurations thereof
shown 1n FIGS. 11 A-11B, can be included, either alone or 1in
any combination, in any of the other examples of devices,
features, components, and parts shown in the other figures
described herein. Likewise, any of the features, components,
and/or parts, including the arrangements and configurations
thereol shown and described with reference to the other
figures can be included, either alone or 1n any combination,
in the example of the devices, features, components, and

parts shown 1 FIGS. 11A-11B.

[0105] It 1s well understood that the use of personally
identifiable information should follow privacy policies and
practices that are generally recognized as meeting or exceed-
ing industry or governmental requirements for maintaining
the privacy of users. In particular, personally i1dentifiable
information data should be managed and handled so as to
minimize risks of unintentional or unauthorized access or
use, and the nature of authorized use should be clearly
indicated to users.

[0106] The foregoing description, for purposes of expla-
nation, used specific nomenclature to provide a thorough
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understanding of the described embodiments. However, it
will be apparent to one skilled in the art that the specific
details are not required 1n order to practice the described
embodiments. Thus, the foregoing descriptions of the spe-
cific embodiments described herein are presented for pur-
poses of 1llustration and description. They are not target to
be exhaustive or to limit the embodiments to the precise
forms disclosed. It will be apparent to one of ordinary skill
in the art that many modifications and variations are possible
in view of the above teachings.

What 1s claimed 1s:

1. An input device, comprising;:

a housing having an interior surface defimng an internal

volume;

a touch sensor assembly including an array of capacitive

sensing elements disposed against the interior surface;
an orientation sensor disposed in the internal volume; and

a force sensor assembly configured to detect a direction of

a force exerted on the housing.
2. The mput device of claim 1, wherein:
the touch sensor assembly 1s configured to:
detect a first hand position of a user touching the
housing based on a first set of capacitive sensing
clements detecting contact between the hand and the
housing; and
detect a second hand position of a user touching the
housing based on a second set of capacitive sensing
clements detecting contact between the hand and the
housing; and
the orientation sensor detects a rotation of the input device
in response to detecting the first hand position; and

the force sensor detects the direction of the force exerted
on the housing 1n response to detecting the second hand
position.

3. The mput device of claim 2, wherein the housing
includes an interior surface defining the iternal volume and
the touch sensor assembly includes two sensor elements
disposed on the interior surface.

4. The mput device of claim 1, wherein the force sensor
assembly 1ncludes two force sensors.

5. The mput device of claim 1, wherein the orientation
sensor 1mcludes an inertial measurement unit (IMU).

6. The mput device of claim 1, further comprising a
teedback module.

7. The mput device of claim 6, wherein the feedback
module includes at least one of:

a haptic mechanism;

a light; or

a speaker.

8. The mput device of claim 6, wherein the housing 1s
circular about a central axis.

9. The mput device of claim 6, wherein:

the mput device further comprises a processor electrically

coupled to the touch sensor assembly; and

the processor 1s configured to determine an intended

orientation of the housing based on a hand position of
a user detected by the touch sensor assembly.

10. A mouse, comprising:

a housing including a base and a grip portion coupled to

the base:
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a plurality of touch sensors disposed on the grip portion;

and

a force sensor disposed on the base portion, the force

sensor sensitive to a direction and magnitude of a force
applied to the grip portion.

11. The mouse of claim 10, wherein the plurality of touch
sensors are configured to detect positions of a hand contact-
ing the grip portion.

12. The mouse of claim 11, further comprising a processor
in electrical communication with the plurality of touch
sensors and the force sensor.

13. The mouse of claim 12, further comprising an emitter
clectrically coupled to the processor and a memory compo-
nent storing electronic instructions that, when executed by
the processor, cause the emitter to:

in response to the plurality of touch sensors detecting a

first hand position of the positions, send a first signal
including first information regarding a direction of
force applied on the grip portion detected by the force
vector sensor; and

in response to the plurality of touch sensors detecting a

second hand position contacting the grip portion, send
a second signal including second information regarding,
an orientation of the mouse.

14. The mouse of claim 13, further comprising an orien-
tation sensor electrically coupled to the processor.

15. A mouse, comprising;:

a housing defining an exterior grip portion and an internal

volume:

a sensor assembly disposed 1n the internal volume; and

an emitter electrically coupled to the sensor assembly;

wherein:

in response to the sensor assembly detecting a first touch
input on the housing, the emitter sends a first signal
including mformation regarding an angular position of
the grip portion; and

in response to the sensor assembly detecting a second
touch mmput on the housing, the emitter sends a second
signal including information regarding a direction of a
force exerted on the housing from the second touch
input.

16. The mouse of claim 135, wherein the first touch input

includes a set of touch mput locations on the housing.

17. The mouse of claim 15, wherein the second touch
input mcludes a single touch put location.

18. The mouse of claim 15, wherein the sensor assembly
COmMprises:

a force vector sensor;

a touch sensor array; and

an angular sensor.

19. The mouse of claim 18, wherein the touch sensor array
includes a plurality of capacitive sensing elements config-
ured to detect the first touch mput and the second touch
input.

20. The mouse of claim 18, wherein the force vector
sensor includes a first force sensor disposed at a first location
within the internal volume and a second force sensor dis-
posed at a second location within the internal volume.
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