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RING INPUT DEVICES

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application 1s a continuation of U.S. Pat.
Apphication No. 16/994.476 entitled “RING INPUT
DEVICE,” filed on Aug. 14, 2020, which claims the benefit
of U.S. Provisional Application No. 62/906,651, entitled
“RING INPUT DEVICES,” filed Sep. 26, 2019, the entirety

of each of which are incorporated herein by reference.

TECHNICAL FIELD

[0002] The present description relates generally to mput
devices, and, more particularly, to ring mput devices worn
on fingers of users.

BACKGROUND

[0003] Various devices can be operated by a user with one
or more of a variety of input devices that recerve user mputs.
The user mputs can be communicated to another device for
execution of an action that corresponds to the user input. For
example, a head-mountable device can be worn by a user to
display visual mformation within the field of view of the
user. The head-mountable device can be used as a virtual
reality (VR) system, an augmented reality (AR) system,
and/or a mixed reality (MR) system. A user may observe
outputs provided by the head-mountable device, such as
visual information provided on a display. The display can
optionally allow a user to observe an environment outside
of the head-mountable device. Other outputs provided by
the head-mountable device can include speaker output and/
or haptic feedback. A user may further mteract with the
head-mountable device by providing inputs for processing
by one or more components of the head-mountable device
and/or by components of an mput device that 1s separate
from the head-mountable device. For example, the user
can provide tactile mputs, voice commands, and other inputs

while the head-mountable device 1s mounted to the user’s
head.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Certamn features of the subject technology are set
forth 1n the appended claims. However, for purpose of
explanation, several embodiments of the subject technology
are set forth m the following figures.

[0005] FIG. 1 1illustrates a schematic view of a system
including an external device and a ring mput device worn
on a finger of a user, according to some embodiments of the
present disclosure.

[0006] FIG. 2 illustrates a side view of a ring 1mput device
and a front view of an external device, according to some
embodiments of the present disclosure.

[0007] FIG. 3 illustrates a side view of a ring input device,
according to some embodiments of the present disclosure.
[0008] FIG. 4 1llustrates a side view of a ring input device,
according to some embodiments of the present disclosure.
[0009] FIG. 5 1illustrates a side view of a ring iput device,
according to some embodiments of the present disclosure.
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[0010] FIG. 6 1illustrates a side sectional view of a ring
mput device, according to some embodiments of the present
disclosure.

[0011] FIG. 7 illustrates a side sectional view of a ning
input device, according to some embodiments of the present
disclosure.

[0012] FIG. 8 illustrates a side view of a ring 1input device,

according to some embodiments of the present disclosure.
[0013] FIG. 9 illustrates a side sectional view of a ring

input device, according to some embodiments of the present
disclosure.

[0014] FIG. 10 illustrates a side sectional view of the ring
input device of FIG. 9, according to some embodiments of
the present disclosure.

[0015] FIG. 11 1llustrates a front sectional view of the ring
iput device of FIG. 9, according to some embodiments of

the present disclosure.
[0016] FIG. 12 illustrates a front view of a ring input

device and a front view of an external device, according to
some embodiments of the present disclosure.

[0017] FIG. 13 illustrates a side sectional view of the ring
input device of FIG. 12, according to some embodiments of
the present disclosure.

[0018] FIG. 14 illustrates a front sectional view of a ring
mput device, according to some embodiments of the present
disclosure.

[0019] FIG. 15 illustrates a front sectional view of the ring
input device of FIG. 14, according to some embodiments of

the present disclosure.
[0020] FIG. 16 1llustrates a schematic view of a ring input

device and various external devices, according to some
embodiments of the present disclosure.

[0021] FIG. 17 1llustrates a side view of a feedback system
including a watch on a wrist of a user and a pair of ring
clements on a finger of the user, according to some embodi-

ments of the present disclosure.
[0022] FIG. 18 illustrates a side view of the feedback sys-

tem of FIG. 17 with the pair of ring elements separated from
cach other on the finger of the user, according to some

embodiments of the present disclosure.
[0023] FIG. 19 illustrates a side view of the feedback sys-

tem of FIGS. 17 and 18 with a tensioning element attaching
the watch to the pair of ring elements, according to some

embodiments of the present disclosure.
[0024] FIG. 20 illustrates a side view of the feedback sys-

tem of FIGS. 17-19 with the tensioming element limiting
movement of the finger, according to some embodiments
of the present disclosure.

[0025] FIG. 21 1illustrates a side view of a tensioning ele-
ment 1 a released configuration, according to some embo-

diments of the present disclosure.
[0026] FIG. 22 illustrates a side view of the tensioning

clement of FIG. 21 1n an engaged configuration, according

to some embodiments of the present disclosure.
[0027] FIG. 23 1llustrates a side view of a tensioning ele-

ment 1 a released configuration, according to some embo-

diments of the present disclosure.
[0028] FIG. 24 illustrates a side view of the tensioning

element of FIG. 23 1n an engaged configuration, according

to some embodiments of the present disclosure.
[0029] FIG. 25 illustrates a block diagram of a system
including an external device and a ring mput device, 1n
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accordance with some embodiments of the present
disclosure.

DETAILED DESCRIPTION

[0030] The detailed description set forth below 1s intended
as a description of various configurations of the subject
technology and 1s not mtended to represent the only config-
urations in which the subject technology may be practiced.
The appended drawings are mcorporated heremn and consti-
tute a part of the detailed description. The detailed descrip-
tion includes specific details for the purpose of providing a
thorough understanding of the subject technology. However,
1t will be clear and apparent to those skilled 1n the art that the
subject technology 1s not limited to the specific details set
forth herein and may be practiced without these specific
details. In some instances, well-known structures and com-
ponents are shown 1n block diagram form 1n order to avoid
obscuring the concepts of the subject technology.

[0031] Various devices can be operated by a user with one
or more of a variety of input devices that recerve user mputs.
The user mputs can be communicated to another device for
execution of an action that corresponds to the user input. For
example, head-mountable devices, such as head-mountable
displays, headsets, visors, smartglasses, head-up display,
etc., can perform a range of functions that are managed by
the components (€.g., sensors, circuitry, and other hardware)
included with the wearable device and/or a separate mput
device.

[0032] While some 1mput devices are bulky or require
separate tracking mechanisms, an mput device can desirably
provide a user with intuitive input options while remaining
compact. Additionally, some types of input can be provided
in VR, AR, and/or MR applications without requiring track-
ing of the mput devices. As such, the mput device can be
made compact enough to be worn regularly, such that the
user does not find the device to be bothersome to be worn
regularly. By providing an mput device that 1s already womn
regularly by the user, the user can enter a VR, AR, and/or
MR session without requiring the additional step of donning
the mput devices. Accordingly, a ring mput device of the
present disclosure can provide a compact form factor that
1s also able to secamlessly allow the user to perform complex

interactions without compromising the overall comftort.
[0033] Some wearable devices, such as rings, can become

uncomfortable when using them for extended periods. This
can lead the user to adapt by employing unnatural move-
ments, which can lead to an overall poor user experience.
Accordimngly, a ring input device of the present disclosure
can be easily adjusted and provide user comfort while
retaining the functions of the mput device.

[0034] A ring input device can further act as a security key
to unlock and control one or more other devices. The ring
input device can mclude biometric or other security features
that allow 1t to operate as an identifier of the user wearing
the device. The ring mput device can then communicate
with other devices to allow the user to efficiently and

securely mteract with each of the devices.
[0035] A feedback device can further be worn by a user to

provide force feedback while remaining portable and com-
pact. Some feedback devices are bulky and require a signit-
1cant amount of time for donming prior to use. In contrast, a
compact feedback device can be worn 1n a variety of config-
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urations for portability, efficient deployment, and effective
feedback during use.

[0036] These and other embodiments are discussed below
with reference to FIGS. 1-25. However, those skilled 1n the
art will readily appreciate that the detailed description given
herein with respect to these Figures 1s for explanatory pur-
poses only and should not be construed as limiting.

[0037] According to some embodiments, for example as
shown 1n FIG. 1, a system 1 can include a ring input device
100 that 1s worn by a user 10. For example, the ring 1nput
device 100 can be wom on a finger of a first hand 20 of the
user 10 and operated by a finger of the same hand 20 and/or
by a finger of another hand 22. While only one ring input
device 100 1s shown 1n FIG. 1, 1t will be understood that any
number of ring mput devices can be worn on a single or
multiple fingers of the user 10 and/or on one or both
hands. Where multiple ring mput devices 100 are used,

they can have the same or different features.
[0038] As further shown 1 FIG. 1, the system 1 can

turther include an external device 50. The ring mnput device
100 can be operated to recerve user mputs that can be com-
municated to the external device 50 for operations thereof.
For example, the ring input device 100 can receive a user
input and communicate a signal to the external device 50.
The external device 50 can perform one or more operations
based on the received user mput. The external device 50 can
be configured to provide one or more outputs to the user 10.
For example, the external device 50 can include a display 64
providing visual output to the user 10. By turther example,
the external device S0 can provide other types of outputs to
the user, including audio output, haptic feedback, and the
like. Additionally or alternatively, the external device S0
can be configured to recerve mputs directly from the user
and/or from another device other than the ring mput device
100.

[0039] In 1 example, the external device 50 can be a head-
mountable device that 1s worn on a head of a user. The head-
mountable device can be positioned 1n front of the eyes of a
user to provide information within a field of view of the user.
The head-mountable device can provide nose pads or
another feature to rest on a user’s nose. The head-mountable
device can be supported on a user’s head with a securement
clement. The securement element can wrap or extend along
opposing sides of a user’s head. The securement element
can imclude earpieces for wrapping around or otherwise
engaging or resting on a user’s ears. It will be appreciated
that other configurations can be applied for securing the
head-mountable device to a user’s head. For example, one
or more bands, straps, belts, caps, hats, or other components
can be used 1n addition to or 1n place of the 1llustrated com-
ponents of the head-mountable device. By further example,
the securement element can mclude multiple components to
engage a user’s head.

[0040] The head-mountable device can include and/or
support one or more cameras, as discussed further herein.
The cameras can be positioned on or near an outer side of
the head-mountable device to capture images of views
external to the head-mountable device. The captured images
can be used for display to the user or stored for any other
purpose. Additionally or alternatively, other sensors, 1nput
devices, and/or output devices can be positioned at or on
an exterior side of the head-mountable device.
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[0041] The head-mountable device of a system 1 can be
used 1 conjunction with the ring mput device 100. The
head-mountable device can operate the camera 1n a manner
that captures one or more views of the ring mput device 100
and/or the hands 20 and 22 within a field of view of the
camera. The captured images can be produced on the dis-
play 60 of the head-mountable device for observation by the
user 10. As used herein, a camera 15 a device that can opti-
cally capture a view of an environment (¢.g., within and/or
outside the visible spectrum of light).

[0042] The display 60 can optionally transmait light from a
physical environment for viewing by the user. Such a dis-
play 60 can mclude optical properties, such lenses for vision
correction based on mcoming light from the physical envir-
onment. Additionally or alternatively, the display 60 can
provide information as a display within a field of view of
the user. Such mformation can be provided to the exclusion
of a view of a physical environment or in addition to (e.g.,
overlaid with) a physical environment. Additionally or alter-
natively, other sensors, mput devices, and/or output devices
can be positioned at or on an mterior side of the head-moun-

table device.
[0043] A physical environment refers to a physical world

that people can sense and/or interact with without aid of
clectronic systems. Physical environments, such as a physi-
cal park, mnclude physical articles, such as physical trees,
physical buildings, and physical people. People can directly
sense and/or mteract with the physical environment, such as
through sight, touch, hearing, taste, and smell.

[0044] In contrast, a computer-generated reality (CGR)
environment refers to a wholly or partially simulated envir-
onment that people sense and/or interact with via an electro-
nic system. In CGR, a subset of a person’s physical motions,
or representations thereod, are tracked, and, 1n response, one
or mor¢ characteristics of one or more virtual objects simu-
lated 1n the CGR environment are adjusted in a manner that
comports with at least one law of physics. For example, a
CGR system may detect a person’s head turning and, n
response, adjust graphical content and an acoustic field pre-
sented to the person 1n a manner similar to how such views
and sounds would change i a physical environment. In
some situations, (€.g., for accessibility reasons), adjustments
to characteristic(s) of virtual object(s) in a CGR environ-
ment may be made 1 response to representations of physi-

cal motions (e.g., vocal commands).
[0045] A person may sense and/or mteract with a CGR

object usmng any one of their senses, including sight,
sound, touch, taste, and smell. For example, a person may
sense and/or mteract with audio objects that create 3D or
spatial audio environment that provides the perception of
pomt audio sources in 3D space. In another example,
audio objects may enable audio transparency, which selec-
tively incorporates ambient sounds from the physical envir-
onment with or without computer-generated audio. In some
CGR environments, a person may sense and/or mteract only
with audio objects.

[0046] Examples of CGR include virtual reality and mixed
reality.

[0047] A virtual reality (VR) environment refers to a
simulated environment that 1s designed to be based entirely
on computer-generated sensory inputs for one or more
senses. A VR environment comprises a plurality of virtual
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objects with which a person may sense and/or mteract. For
example, computer-generated mmagery of trees, buildings,
and avatars representing people are examples of virtual
objects. A person may sense and/or interact with virtual
objects 1n the VR environment through a simulation of the
person’s presence within the computer-generated environ-
ment, and/or through a sitmulation of a subset of the person’s
physical movements within the computer-generated

environment.
[0048] In contrastto a VR environment, which 1s designed

to be based entirely on computer-generated sensory mputs, a
mixed reality (MR) environment refers to a simulated envir-
onment that 1s designed to mcorporate sensory inputs from
the physical environment, or a representation thereof, 1n
addition to including computer-generated sensory imputs
(e.g., virtual objects). On a virtuality continuum, a mixed
reality environment 1s anywhere between, but not including,
a wholly physical environment at one end and virtual reality
environment at the other end.

[0049] In some MR environments, computer-generated
sensory mmputs may respond to changes mn sensory imputs
from the physical environment. Also, some electronic sys-
tems for presenting an MR environment may track location
and/or orientation with respect to the physical environment
to enable virtual objects to interact with real objects (that 1s,
physical articles from the physical environment or represen-
tations thereof). For example, a system may account for
movements so that a virtual tree appears stationery with
respect to the physical ground.

[0050] Examples of mixed realities include augmented
reality and augmented virtuality.

[0051] An augmented reality (AR) environment refers to a
simulated environment 1 which one or more virtual objects
are superimposed over a physical environment, or a repre-
sentation thereot. For example, an electronic system for pre-
senting an AR environment may have a transparent or trans-
lucent display through which a person may directly view the
physical environment. The system may be configured to pre-
sent virtual objects on the transparent or translucent display,
so that a person, using the system, perceives the virtual
objects superimposed over the physical environment. Alter-
natively, a system may have an opaque display and one or
more 1maging sensors that capture mmages or video of the
physical environment, which are representations of the phy-
sical environment. The system composites the 1mages or
video with virtual objects, and presents the composition on
the opaque display. A person, usmg the system, mdirectly
views the physical environment by way of the images or
video of the physical environment, and perceives the virtual
objects supermmposed over the physical environment. As
used herein, a video of the physical environment shown on
an opaque display 1s called “pass-through video,” meaning a
system uses one or more 1mage sensor(s) to capture images
of the physical environment, and uses those 1mages 1n pre-
senting the AR environment on the opaque display. Further
alternatively, a system may have a projection system that
projects virtual objects into the physical environment, for
example, as a hologram or on a physical surface, so that a
person, using the system, perceives the virtual objects super-
imposed over the physical environment.

[0052] An augmented reality environment also refers to a
simulated environment 1 which a representation of a phy-
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sical environment 1s transformed by computer-generated
sensory 1nformation. For example, m providing pass-
through video, a system may transform one or more sensor
1mages to impose a select perspective (e.g., viewpoint) dif-
ferent than the perspective captured by the imaging sensors.
As another example, a representation of a physical environ-
ment may be transformed by graphically moditying (e.g.,
enlarging) portions thereof, such that the modified portion
may be representative but not photorealistic versions of the
originally captured 1mages. As a turther example, a repre-
sentation of a physical environment may be transformed by
oraphically eliminating or obfuscating portions thereof.
[0053] An augmented virtuality (AV) environment refers
to a simulated environment 1n which a virtual or computer
generated environment incorporates one Or more Sensory
inputs from the physical environment. The sensory inputs
may be representations of one or more characteristics of
the physical environment. For example, an AV park may
have virtual trees and virtual buildings, but people with
faces photorealistically reproduced from images taken of
physical people. As another example, a virtual object may
adopt a shape or color of a physical article imaged by one or
more 1maging sensors. As a further example, a virtual object
may adopt shadows consistent with the position of the sun 1
the physical environment.

[0054] There are many different types of electronic sys-
tems that enable a person to sense and/or imnteract with var-
1ous CGR environments. Examples mclude head-mountable
systems, projection-based systems, heads-up displays
(HUDs), vehicle windshields having integrated display cap-
ability, windows having integrated display capability, dis-
plays formed as lenses designed to be placed on a person’s
eyes (e.g., stmilar to contact lenses), headphones/carphones,
speaker arrays, mput systems (e.g., wearable or handheld
controllers with or without haptic feedback), smartphones,
tablets, and desktop/laptop computers. A head-mountable
system may have one or more speaker(s) and an integrated
opaque display. Alternatively, a head-mountable system
may be configured to accept an external opaque display
(c.g., a smartphone). The head-mountable system may
Incorporate one or more 1maging sensors to capture 1mages
or video of the physical environment, and/or on¢ or more
microphones to capture audio of the physical environment.
Rather than an opaque display, a head-mountable system
may have a transparent or translucent display. The transpar-
ent or translucent display may have a medium through
which light representative of images 1s directed to a person’s
cyes. The display may utilize digital light projection,
OLEDs, LEDs, uLEDs, liquid crystal on silicon, laser scan-
ning light source, or any combination of these technologies.
The medium may be an optical waveguide, a hologram med-
1um, an optical combiner, an optical reflector, or any combia-
nation thereof. In one embodiment, the transparent or trans-
lucent display may be configured to become opaque
selectively. Projection-based systems may employ retinal
projection technology that projects graphical images onto a
person’s retia. Projection systems also may be configured
to project virtual objects mto the physical environment, for
example, as a hologram or on a physical surface.

[0055] Retferring now to FIG. 2, a ring mput device and an
external device can be used m concert to receive and
respond to user mputs.
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[0056] As shown 1n FIG. 2, a ring input device 100 can
include an outer ring 110 and an mmner ring 150. Each of
the outer ring 110 and the mner ring 150 can form part or
an entire annular shape that 1s formed about an axis that
extends through the ring input device 100 (e.g., through a
space for recerving a finger). While the outer ring 110 and
the mner ring 150 are 1llustrated as bemg circumierentially
continuous, 1t will be understood that either or both can
include mterruptions and/or gaps along the circumference
thereof.

[0057] The outer ring 110 can form a radially outermost
extent of the ring mput device 100 or otherwise be at least
partially exposed to provide access for operation by a user.
For example, a finger of a hand 22 can apply a torque to the
outer ring 110 to cause 1t to rotate 1 one of two opposite
directions relative to the mner ring 150. The outer ring 110
may be knurled or otherwise textured to improve grip with
the user’s finger and/or thumb.

[0058] In some embodiments, the ring mput device 100
may be used to accept rotary input from the user, which
may be used to control aspects of the external device 50.
The ring 1mput device 100 and the external device 50 can
be separate devices that communicate with each other. The
ring mput device 100 can receive a user mput and commu-
nicate with the external device 50, and the external device
S0 can perform a corresponding action. The action per-
formed can be based, at least 1n part, on an existing output
of the external device 50 that 1s provided at the time the user
mput 1s received.

[0059] For example, the outer ring 110 may be rotated by
the user to scroll through items 70 shown to a user on the
display 60 or select from a range of values. As such, rotation
can be performed to effect a corresponding action per-
formed by the external device 50, such as scrolling through
a list or other set of 1tems visually displayed by the external
device 50. In some embodiments, the outer ring 110 may be
rotated to move a cursor or other type of selection mechan-
1sm from a first displayed location to a second displayed
location 1n order to select an icon or move the selection
mechanism between various items 70 that are output on
the display 60. Additionally or alternatively, the ring 1mnput
device 100 may be used to control the volume of a speaker,
the brightness of the display 60, a visual output of the exter-
nal device 50, optical settings of the external device 50, or
other hardware settings. In these and other examples, the
direction, speed, and/or acceleration of rotation can be 1nter-
preted as part of a user mput, with corresponding actions
being based on one or more of the detected characteristics
of the user input. For example, the different directions of
rotation can have the opposite, otherwise different, similar,
or the same actions performed 1n response.

[0060] Referring again to FIG. §, a ring mput device can
provide enhanced flexibility and comiort to the user during
operation. For example, the ring mput device 100 can
include a user engagement portion 190 that forms a radially
mnermost extent of the rmg mput device 100. The user
engagement portion 190 can have a shape and other features
that facilitate a comfortable engagement with a finger of the
user. The user engagement portion 190 can allow radially
iner portions of the ring mput device 100 to engage the
finger such that they do not rotate about the finger when
other portions of the ring mput device 100 are rotated or
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otherwise receive a torque. For example, the user engage-
ment portion 190 can include a flexible, elastic, and/or com-
pliant material that conforms to the shape of the user’s fin-
ger. By further example, the user engagement portion 190
can be of a polymer (e.g., silicone, tluoropolymer, etc.), a
oel, a putty, and/or a foam. In contrast, the outer ring 110,
the mner ning 150, and/or other portions of the ring mput
device 100 can be more rigid than the user engagement por-
tion 190. For example, the outer ring 110, the mner ring 150,
and/or other portions of the ring input device 100 can
include metal, glass, and/or plastic. While the outer portions
of the ring mput device 100 (e.g., the outer ring 110) are
rotated, user engagement portion 190 can provide adequate
friction against the finger so that it does not rotate with the
outer portions. Thus, the user engagement portion 190 can
help avoid shippage during operation, thereby making the
ring mput device 100 easier to control and more responsive
to the user’s mputs.

[0061] Referring now to FIG. 3, a ring mput device can
optionally include one or more features for user engage-
ment. As shown n FIG. 3, the ring mput device 100 can
include an outer ring 110 that includes at least one surface
feature 112. For example, the surface feature 112 can be a
flat portion of the outer ring 110. Other portions of the outer
ring 110 can have a consistent curvature or otherwise differ-
ent shape, such that the flat portion of the surtace feature 112
1s visually and/or tactilely distinguishable from other por-
tions of the outer ring 110. It will be understood that other
shapes are contemplated, such as convex, concave, undulat-
ing, and/or textured surface features 112. One or more func-
tional (e.g., input and/or output) features can be provided at
the surface feature 112, such as biometric (e.g., fingerprint)
sensors, light indicators, cameras, and the like.

[0062] Referring now to FIG. 4, a ring mput device can
optionally include one or more features at an outer periphery
thereof. For example, as shown in FIG. 4, a cover 160 can be
provided over and about at least a portion of the outer ring
110. The outer ring 110 can rotate within the cover 160. The
outer ring 110 can be at least partially exposed through an
opening of the cover 160 to provide access for operation by
a user. A portion of the outer ring 110 that 1s within the cover
160 can rotate without being exposed to adjacent objects
(¢.g., fingers), which might otherwise contact and resist
rotation of the outer ring 110.

[0063] Referring now to FIG. 5, a ring mput device can
recerve user mputs based on torque applied by the user.
Such a capability can be provided without requiring sub-
stantial rotation of an outer portion of the ring mput device.
For example, a ring input device can simulate a spimning
ring without actually spinning. This can be accomplished
by providing a smooth ring surface and sensing the scrolling
action (e.g., torque) with a sensor. Haptic feedback can
simulate detents to give the illusion of rotation past such
detents.

[0064] The ring input device 100 can include a torque sen-
sor 120 configured to detect torque that 1s applied by a user
to the outer ring 110. For example, the user can apply a
torque to the outer ring 110 by urging the outer ring 110 to
tend to rotate about the imnner ring 150. It will be understood
that such a torque may not result 1n significant rotation about
the mner ring 150. For example, the outer ring 110 can be
coupled to the mner ring 150 such that no significant rota-
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tion 1s achieved. Despite this coupling, a torque can be
applied to the outer rimg 110 and transferred to an interface
between the outer ring 110 and the mnner ring 150. As the
outer ring 110 1s subjected to such a torque, a torque sensor
120 can detect the torque and interpret the torque as an input
from the user.

[0065] In some embodiments, the outer ring 110 may be
used to accept torque mput from the user, which may be
used to control aspects of the head-mountable device. The
outer ring 110 may be smooth or textured to facilitate grip
with the user’s finger and/or thumb. It will be understood
that torque can be applied to the outer ring 110 by friction-
ally pressing a finger against the outer ring 110 and applying
a torque without moving the finger across the surface. It will
also be understood that torque can be applied to the outer
ring 110 by shiding the finger over a smooth surface of the
outer ring 110. In either case, torque can be transmitted and
detected.

[0066] In some embodiments, the outer ring 110 may be
operated to provide inputs such as those described above.
For example, the outer ring 110 may be torqued by the
user to scroll a display or select from a range of values. In
other embodiments, the outer ring 110 may be torqued to
move a cursor or other type of selection mechanism from a
first displayed location to a second displayed location 1n
order to select an 1con or move the selection mechanism
between various 1cons that are output on the display. The
outer ring 110 may also be used to control the volume of a
speaker, the brightness of the display screen, visual output
of the head-mountable device, zooming 1n on or out from an

image, or control other settings.
[0067] The torque sensor 120 can include one or more

straimn gauges. The strain gauges of the torque sensor 120
can operate as a resistive sensor formed from a material
that exhibits a change 1n electrical resistance (€.g., conduc-
tance) 1 response to a dimensional change such as compres-
sion, tension, or force. The strain gauges can each be a com-
pliant material that exhibiats at least one electrical property
that 1s variable 1n response to deformation, deflection, or
shearmg of the electrode. The strain gauges may be formed
from a piezoelectric, piezoresistive, resistive, or other
stramn-sensitive maternials. While the torque sensor 120 1s
llustrated between the outer ring 110 and the inner ring
150, 1t will be understood that one or more torque sensors
can be positioned between any two components, including a
user engagement portion 190. By further example, a torque
sensor can be mcorporated mto a compliant material, such
as a material of the user engagement portion 190. Where an
applied torque causes the compliant material to deform, the
torque sensor can detect the extent and/or other characteris-
tics of the deformation to mterpret a user mput.

[0068] For certain matenals, resistance can change line-
arly with compression or tension. For other materials, resis-
tance can change following a known curve in response to
compression or tension. Accordingly, depending upon the
material selected for the strain gauges and the position of
the stramm gauges, a particular resistance and/or measured
voltage can be correlated to a particular amount of strain
experienced by a particular strain gauge, which 1n turn can
itself be correlated to an amount of force applied to the
force-sensitive structure, which 1n turn can be correlated to
an amount of torque applied to the outer ning 110.
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[0069] As fturther shown n FIG. §, the ring mnput device
100 can be provided with a feedback device 180 that
includes mechanisms that facilitate haptic feedback. The
teedback device 180 can be directly or indirectly coupled
to the user engagement portion 190 or another portion of
the ring input device 100. A teedback device can be imple-
mented as any suitable device configured to provide force
teedback, vibratory feedback, tactile sensations, and the
like. For example, 1n one embodiment, the feedback device
may be implemented as a linear actuator configured to pro-
vide a punctuated haptic feedback, such as a tap or a knock,
and/or a repeating pattern of feedback. Additionally or alter-
natively, the feedback device 180 can include or be con-
nected to motors, hydraulic actuators, pneumatic actuators,
magnetic actuators, piezoelectric actuators, electroactive
materials (e.g., polymers), stepper motors, shape-memory
alloys, and/or the like for providing mechanical movement

as haptic feedback.
[0070] The feedback device 180 can be operated based on

the torque detected by the torque sensor 120. For example,
the duration, amplitude, frequency, or other parameters of
haptic feedback can be based on the magnitude, direction,
duration, or other parameter of the applied torque. Such
teedback can simulate rotation of the outer ring 110 along
a pattern of detents, even when the outer ring 110 1s not
rotating.

[0071] Reterring now to FIG. 6, a ring input device can
detect rotation and provide feedback to the user based on
the rotation. As shown m FIG. 6, a ring imput device 100
can 1nclude an outer ring 110 that 1s configured to rotate
relative to an mner ring 150. While the ring input device
100 of FIG. 6 1s shown without a separate user engagement
portion, 1t will be understood that such a feature can be pro-
vided 1n addition to or as part of the mner ring 150. The
inner ring 150 can include, support, or otherwise provide
multiple 1mner ring protrusions 130 that extend toward the
outer ring 110. The outer ring 110 can include, support, or
otherwise provide one or more outer ring protrusions 132
that extend toward the mner ring 150. As the outer ring
110 rotates about the mner ring 150, the outer ring protru-
sion 132 can pass across one or more of the imnner ring pro-
trusions 130. The mnner ring protrusions 130 and the outer
ring protrusion 132 can be positioned and shaped to contact
cach other to provide tactile feedback to the user as the outer
rimg 110 rotates about the inner ring 150. For example,
rather than passing smoothly over an annular surface, the
outer ring protrusion 132 can bump up against the mner
ring protrusions 130 during rotation. As such, the tactile
feedback can be provided in a manner that 1s based on the
type of rotation that 1s made by the user.

[0072] The ring mput device 100 can further include a
sensor 134 configured to detect rotation of the outer ring
110 about the nner ring 150. For example, a sensor 134
can be provided at or near the outer ring protrusion 132 to
detect the presence of the mner ring protrusions 130. The
inner rig protrusions 130 can include, support, or otherwise
provide magnets m an alternating polarity arrangement. As
the sensor 134 moves past the magnets of the mner ring
protrusions 130, 1t can detect the magnetic fields thereof.
For example, the sensor 134 can include a magnetometer,
a hall effect sensor, a magnetic encoder, a reed switch,

Nov. 2, 2023

and/or another sensor configured to detect magnetic fields

and/or changes thereof.
[0073] The magnets of the mner ring protrusions 130 can

be provided 1n an alternating polarity arrangement to facil-
itate detection. For example, the magnets can be provided
with different polanties relative to the outer ring 110, so that
cach magnet 1s detected by the sensor 134. By further exam-
ple, the magnets can be provided 1n a non-repeating pattern
(€.g2., N-S-N-N-S8-N-N-N-8), rather than a repeating pattern
(e.g., N-S-N-S), so that the direction of rotation can be
inferred from the sequence of magnets as they are detected
by the sensor 134. Accordingly, the ring mput device 100
can determine, based on the detected movement across the
magnets, the direction, rate, and/or extent of rotation of the
outer ring 110 about the inner ring 150.

[0074] It will be understood that the arrangement of inner
ring protrusions and outer ring protrusions can be different
than as 1llustrated 1n FIG. 6. For example, the outer ring 110
can include multiple protrusions providing the magnets, and
the 1nner rimg 150 can provide one or more protrusions pro-
viding the sensor. Such an arrangement maintains the ability
to provide both tactile feedback and detection of magnetic
fields during rotation. It will be turther understood that
where relative rotation of the mner and outer rings can be
determined, 1t can further be determined what rotation 1s
being achieved with respect to the user.

[0075] Retferring now to FIG. 7, another ring input device
can detect rotation and provide feedback to the user based
on the rotation. As shown m FIG. 7, a ring mput device 100
can include an outer ring 110 that 1s configured to rotate
relative to an mner ring 150. While the ring input device
100 of FIG. 7 1s shown without a separate user engagement
portion, 1t will be understood that such a feature can be pro-
vided 1n addition to or as part of the imnner ring 150. The
inner ring 150 can include, support, or otherwise provide
multiple inner ring protrusions 140 that extend toward the
outer ring 110. The outer nng 110 can include, support, or
otherwise provide one or more outer ring protrusions 142
that extend toward the inner ring 150. As the outer ring
110 rotates about the mnner ring 150, the outer ring protru-
sion 142 can pass across one or more of the mner ring pro-
trusions 140. The mner ring protrusions 140 and the outer
ring protrusion 142 can be positioned and shaped to contact
cach other to provide tactile teedback to the user as the outer
ring 110 rotates about the mner ring 150. For example,
rather than passing smoothly over an annular surface, the
outer ring protrusion 142 can bump up agamst the inner
ring protrusions 140 during rotation. As such, the tactile
feedback can be provided 1n a manner that 1s based on the
type of rotation that 1s made by the user.

[0076] The ring mput device 100 can further mnclude a
sensor 144 configured to detect contact between the outer
ring protrusion 142 and the mner ring protrusions 140. For
example, a sensor 144 can be provided at or near the outer
ring protrusion 132 to detect contact with the mner ring pro-
trusions 140. As the outer ring protrusion 142 contacts the
inner ring protrusions 140 1n a manner that deflects the outer
ring 110, the sensor 144 can detect such deflection. For
example, the sensor 144 can include a six-degrees of free-
dom 1nertial measurement umit (“IMU”) sensor that calcu-
lates the position, velocity, and/or acceleration of the outer
ring protrusion 142 based on six degrees of freedom (X, vy, z,
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0x, Oy, and 0z). The sensor 144 can include one or more of
an accelerometer and/or a gyroscope. Passage of the outer
ring protrusion 142 across the mner ring protrusions 140 can
cause detectable deflections. Accordingly, the ring mput
device 100 can determine, based on the detected movement,
the direction, rate, and/or extent of rotation of the outer ring
110 about the imnner ring 150.

[0077] It will be understood that the arrangement of mner
ring protrusions and outer ring protrusions can be different
than as 1llustrated in FIG. 7. For example, the outer ring 110
can mclude multiple protrusions, and the inner ring 150 can
provide one or more protrusions providing the IMU sensor.
Such an arrangement maintains the ability to provide both
tactile feedback and detection of deflections during rotation.
It will be further understood that where relative rotation of
the mner and outer rings can be determined, 1t can further be
determined what rotation 1s being achieved with respect to
the user.

[0078] Reterring now to FIG. 8, another ring mput device
can detect rotation and provide feedback to the user based
on the rotation. As shown 1n FIG. 8, a ring mput device 100
can 1mnclude an outer ring 110 that 1s configured to rotate
relative to an nner ring 150. While the ring input device
100 of FIG. 8 1s shown without a separate user engagement
portion, 1t will be understood that such a feature can be pro-
vided 1n addition to or as part of the mner ring 150. The
outer ring 110 can include, support, or otherwise provide
multiple outer ring protrusions 164 that are separated from
each other by gaps 162. The mner ring 150 can include,
support, or otherwise provide an optical sensor 154 on a
housmg 152 that extends about at least a portion of the
outer ring 110. As the outer ring 110 rotates about the
inner ring 150, the outer ring protrusions 164 and the gaps
162 alternatingly pass through an optical pathway of the
optical sensor 154. The optical sensor 154 can detect the
presence of each outer ring protrusion 164 and gap 162
that passes through the optical pathway. For example, the
optical sensor 154 can include a light emitter and a light
sensor. The optical sensor 154 can detect the light when a
oap 162 1s aligned with the optical pathway 1n that the gap
162 transmits the light. The optical sensor 154 can detect a
lack of light when an outer ring protrusion 164 1s aligned
with the optical pathway.

[0079] The outer ring protrusions 164 and the gaps 162 of
the outer ring 110 can be provided 1n an alternating arrange-
ment to facilitate detection. For example, the outer ring pro-
trusions 164 and/or the gaps 162 can be provided with dif-
ferent sizes, shapes, or other features so as to be 1 a non-
repeating pattern, rather than a repeating pattern. The differ-
ences 1n features can facilitate detection of the direction of
rotation based on the sequence of outer ring protrusions 164
and/or the gaps 162 as they are detected by the optical sen-
sor 154. Accordingly, the ring input device 100 can deter-
mine, based on the detected movement across the magnets,
the direction, rate, and/or extent of rotation of the outer ring
110 about the mmner ring 150.

[0080] It will be understood that the optical sensor 154 can
operate 1 other ways, such as an optical encoder. In some
embodiments, the optical sensor 154 can utilize an encoding
pattern disposed directly on the outer ring 110. For example,
the encoding pattern can mclude a number of light and dark
markings or stripes that are axially disposed along the outer
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ring 110. Each stripe or combination of stripes on the outer
ring 110 may be used to 1dentify a position of the outer ring
110. For example, as light 1s emitted and reflected off of the
outer ring 110 mto the optical sensor 154, a position, rota-
tion, rotation direction and rotation speed of the outer ring
110 may be determined. In other embodiments, the shape or
form of the outer ring 110 may be used to determine a posi-
tion, rotation, rotation direction and rotation speed of the
outer ring 110. For example, the outer ring 110 may be fluted
or have a number of channels that cause the light to be
reflected 1n a number of different directions. Accordingly,
a diffractive pattern may be used to determine the rotation,
rotation direction and rotation speed of the outer ring 110.

[0081] The ring mput device 100 can be provided with a
feedback device 180 that includes mechamisms that facilitate
haptic feedback. An example of a feedback device includes
the feedback device 180 of FIG. 5. Such a feedback device
can be incorporated 1nto the ring mput device 100 of FIG. 8
and operated based on the rotation detected by the optical
sensor 154. For example, the duration, amplitude, fre-
quency, or other parameters of haptic feedback can be
based on the magnitude, direction, duration, or other para-
meter of the detected rotation. Such feedback can simulate

rotation of the outer ring 110 along a pattern of detents.
[0082] It will be understood that the arrangement of the

outer ring and the mner ring can be different than as 1llu-
strated m FIG. 8. For example, the mner ring 150 can
include protrusions and gaps, and the outer ring 110 can
provide an optical sensor for detecting movement of the pro-
trusions and gaps of the mner ring 150 through an optical
pathway of the optical sensor. Such an arrangement main-
tains the ability to provide both tactile feedback and detec-
tion of deflections during rotation. It will be further under-
stood that where relative rotation of the inner and outer rings
can be determined, it can further be determined what rota-
tion 1s being achieved with respect to the user.

[0083] Referring now to FIGS. 9-11, a ring nput device
can detect rotation and selectively provide feedback to the
user based on the rotation and an amount of deflection
applied by the user. As shown i FIGS. 9 and 10, a ning
mput device 100 can mclude an outer ring 110 that 15 con-
figured to rotate relative to an mnner ring 150. While the ring
input device 100 of FIGS. 9 and 10 1s shown without a sepa-
rate user engagement portion, 1t will be understood that such
a feature can be provided 1n addition to or as part of the inner
ring 150. The mnner ring 150 can include, support, or other-
wise provide multiple inner ring protrusions 140 that extend
toward the outer ring 110. The outer ring 110 can include,
support, or otherwise provide one or more outer ring protru-

sions 114 that extend toward the inner ring 150.
[0084] In a first configuration shown 1n FIG. 9, the outer

ring 110 has a nominal position relative to the mner ring
150. The outer ring 110 can be biased to the nominal posi-
tion 1n the absence of an external force. In the nominal posi-
tion, the outer ring 110 and the mner ring 150 can be con-
centric or otherwise share a common central axis (e.g., of
rotation). In the nominal position, the outer rmg 110 can
rotate about the nner ring 150 without requiring contact
between the outer ring protrusions 114 and the imner ring
protrusions 140. As such, the rotation of the outer ring 110
can be smooth such that 1t does not provide prominent feed-
back to the user beyond the rotation 1tself.
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[0085] In a second configuration shown mn FIG. 10, the
outer ring 110 has a deflected position relative to the mner
ring 150. The outer ring 110 can be deflected by an mput
torce from a user. In the deflected position, the axes of the
outer ring 110 and the 1nner ring 150 can be displaced away
from each other, such that they no longer share a common
central axis (e.g., of rotation). While 1n the deflected posi-
tion and as the outer ring 110 rotates about the mner ring
150, the outer ring protrusions 114 can pass across one or
more of the inner ring protrusions 140. The mnner ring pro-
trusions 140 and the outer ring protrusions 114 can be posi-
tioned and shaped to contact each other to provide tactile
feedback to the user as the outer ring 110 rotates about the
inner ring 150. For example, rather than passing smoothly
over an annular surface, the outer ring protrusions 114 can
bump up against the mner ring protrusions 140 during rota-
tion. As such, the tactile feedback can be provided 1 a man-
ner that 1s based on the type of rotation that 1s made by the
user.

[0086] As shown in FIG. 11, the outer ring 110 can be
suspended relative to the mner ring 150 by magnets that
biased the outer ring 110 to the nominal position. For exam-
ple, the outer ring 110 can include outer ring magnets 118
that are positioned across inner ring magnets 158 of the
inner ring 150. Each pair of opposing magnets can be
arranged with polarities that repel each other. At least
some of the magnet pairs can be radially aligned with each
other to provide radial stability (e.g., as a radial magnetic
bearmg). Such an arrangement can bias the outer ring 110
to a radial position relative to the mner ring 150 that pro-
vides a consistent spacing between the outer rimg 110 and
the mner ring 150. Optionally, at least some of the magnet
pairs can be aligned at an angle that provides axial stability
(¢.g., as an axial magnetic bearing). Such an arrangement
can has the outer ring 110 to an axial position relative to
the mnner ring 150 that provides a consistent axial alignment
of the outer ring 110 and the mner ring 150. It will be recog-
nized that other types of radial and axial bearings can be
utilized.

[0087] The ring mput device 100 can further include a
sensor. Such a sensor can include a magnetometer, such as
the sensor 134 of FIG. 6, an IMU sensor, such as the sensor
144 of FIG. 7, and/or an optical sensor, such as the sensor
144 of FIG. 8. Such a sensor can be operated to determine
the direction, rate, and/or extent of rotation of the outer ring
110 about the mner ring 150. Additionally or alternatively,
the ring input device 100 can include a sensor for detecting
an amount or presence of deflection from the nominal posi-
tion to the deflected position.

[0088] Referring now to FIG. 12, a nng mput device 1s
shown receiving a force that results mn tilting or sliding of
components thereof.

[0089] For example, a ring mput device 100 may be used
to accept lateral input from the user, which may be used to
control aspects of an external device 50. As described
herem, the ring mput device 100 and the external device
S0 can be separate devices that communicate with each
other. The ring mput device 100 can receive a user mput
and communicate with the external device 50, and the exter-
nal device 50 can perform a corresponding action. The
action performed can be based, at least 1 part, on an exist-
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ing output of the external device 50 that 1s provided at the
time the user mput 18 recerved.

[0090] For example, the outer ring 110 may be moved lat-
crally by the user to select or otherwise modify one or more
of the 1tems 70 shown to a user on the display 60 or select
from a range of values. As such, lateral movement can be
performed to eftect a corresponding action performed by the
external device 50, such as selecting one of a list of 1tems 70
visually displayed by the external device S50. In some embo-
diments, the outer ring 110 may tilt or slide to move a cursor
or other type of selection mechanism from a first displayed
location to a second displayed location 1n order to select an
icon or move the selection mechanism between various
items 70 that are output on the display 60. The action can
be different from an action that corresponds to rotation of
the outer ring 110 about the mnner ring 1350. In these and
other examples, the direction, speed, and/or acceleration of
lateral movement can be mterpreted as part of a user mput,
with corresponding actions being based on one or more of
the detected characteristics of the user mput. For example,
the different directions of lateral movement can have the
opposite, otherwise ditferent, similar, or the same actions
performed 1n response.

[0091] Retferring now to FIG. 13, a ring mnput device can
facilitate tilting of one or more components thereof relative
to other components. For example, a ning mput device 100
can be provided with an outer ring 110 and an mner ring 150
tor providing relative rotation there between. Such rotation
can be facilitated and detected by one or more of the
mechanisms described herein. By further example, the rota-
tion of the outer ring 110 about the inner ring 150 can turther
be about an axis that extends through a space defined within
the outer ring 110 and the 1inner ring 150, for example along
a length of a finger on which the ring mput device 100 1s
worn. The ring input device 100 can further include a gim-
bal system 192 that facilitates tilt about a different axis. For
example, the gimbal system 192 can facilitate tilt of the
outer ring 110 and the mmner ring 150 relative to a user
engagement portion 190. The tilt can be about an axis that
extends through opposing ends of each of the outer ring 110,
the 1nner ring 150, and/or the user engagement portion 190.
By further example, the axis of the tilt can be transverse to
the axis of the rotation of the outer ring 110 about the mner
ring 150.

[0092] The ring mput device 100 can further include a
sensor to detect tilt. The sensor can be a sensor that detects
strain along an axis of the gimbal system 192 and/or relative
positions of components connected by the gimbal system
192 (¢.g., the mner ring 150 and the user engagement por-
tion 190). The sensor can output an amount, speed, and/or
direction of tilt for performance of an action by the ning

input device 100 and/or an external device.
[0093] Referring now to FIGS. 14 and 15, a ning input

device can be provided with mechanisms to facilitate both
rotary and lateral mputs by a user. As shown in FIG. 14, a
ring mput device 100 can include an outer ring 110 that 1s
configured to rotate relative to an mner ring 150. Whale the
ring mput device 100 of FIGS. 14 and 15 1s shown without a
separate user engagement portion, it will be understood that
such a feature can be provided 1n addition to or as part of the
inner ring 150. The outer ring 110 can include, support, or
otherwise provide multiple outer ring protrusions 164 that
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are separated trom each other by gaps. The mnner ring 150
can include, support, or otherwise provide an optical sensor
154 that extends about at least a portion of the outer ring
110. As the outer ring 110 rotates about the mnner ring 150,
the outer ring protrusions 164 and the gaps alternatingly
pass through an optical pathway of the optical sensor 154.
The optical sensor 154 can detect the presence of each outer
ring protrusion 164 and gap 162 that passes through the opti-
cal pathway, as described herein with respect to the ring
input device 100 of FIG. 8. It will be recognized that rota-
tion and/or torque can be detect by one or more other
mechanisms, mcluding those described herein (e.g., sensors

of FIGS. 5-11).
[0094] As further shown i FIGS. 14 and 15, the outer ring

110 can include a first outer ring portion 172 and a second
outer ring portion 174 that are configured to move laterally
relative to each other. The first outer ring portion 172 can
have a bias to a nominal position and be movable to a later-

ally detlected position relative to the second outer ring por-

tion 174.
[0095] In a first configuration shown 1n FIG. 14, the first

outer ring portion 172 has a nominal position relative to the
second outer ring portion 174. The first outer ring portion
172 can be bias to the nominal position 1n the absence of an
external force. For example, one or more spring elements
176 can be provided between the first outer ring portion
172 and the second outer ring portion 174.

[0096] In a second configuration shown in FIG. 15, the
first outer ring portion 172 has a deflected position relative
to the second outer ring portion 174. The first outer ring
portion 172 can be deflected 1n each of two opposing direc-
tions by an input force from a user. Alternatively, the first
outer ring portion 172 can be deflected 1n only one direction
by an mput force from a user.

[0097] The ring mput device 100 can be provided with one
or more sensors to detect lateral movement of the first outer
ring portion 172 relative to the second outer ring portion 174
and/or the mner ring 150.

[0098] For example, one or more sensors 168 can be pro-
vided at or near the inner ring 150 to detect the position of
the first outer ring portion 172. The first outer ring portion
172 can include, support, or otherwise provide one or more
magnets 166. As the magnets 166 moves toward or away
from the sensors 168 of the mnner ring 150, the sensors 168
can detect the magnetic fields thereof. For example, the sen-
sors 168 can mclude a magnetometer, a hall effect sensor, a
magnetic encoder, a reed switch, and/or another sensor con-
figured to detect magnetic fields and/or changes thercof.
Further example, a sensor 168 on one side can detect lateral
movement toward or away from that sensor, and a sensor
168 on an opposite side can detect movement toward or
away from that sensor. By further example, the sensors for
detecting lateral movement can operate i other ways, such
as an optical encoder, an IMU sensor, and the like.

[0099] Retferring now to FIG. 16, a ring mput device can
be used to 1dentify a wearer to an external device. For exam-
ple, as shown m FIG. 16, a ring mput device 100 can com-
municate with any number of external devices. The external
devices can correspond to the external device 50 described
hereimn with respect to FIG. 1. By further example, examples
of external devices can include a computing device 210, a
smart phone 220, a head-mountable device 230, wearable
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audio devices 240, and/or a television 250. It will be recog-
mzed that yet other external devices are contemplated, as
well as other devices operably connected to any one of
those described herein.

[0100] In some embodiments, the ring mput device 100
can include a sensor 48 configured to detect a characteristic
of a user wearing the ring input device 100. For example, the
sensor 48 can include a biometric sensor, such as a finger-
print sensor or another touch sensor. By further example, the
sensor 48 can perform facial feature detection, facial move-
ment detection, facial recognition, eye tracking, user mood
detection, user emotion detection, voice detection, etc. By
further example, the sensor 48 sensor can be a bio-sensor
for tracking biometric characteristics, such as health and
activity metrics. The sensor 48 can include a bio-sensor
that 1s configured to measure biometrics such as heart rate,
electrocardiographic (ECQG) characteristics, galvanic skin
resistance, and other electrical properties of the user’s body.
[0101] Accordingly, the ring mput device 100 can detect,
verily, or otherwise be correlated with an identity of a
wearer. While the ring mput device 100 1s worn by an 1den-
tified user, the ring input device 100 can communicate with
one or more external devices 1n a manner that causes such
external devices to perform certain actions based on the
1denftity of the wearer. For example, the nng mput device
100 can detect and determine an idenfity of the wearer
(e.g., with the sensor 48) and communicate with the external
device to activate or unlock features thereof.

[0102] The ring mnput device 100 can automatically com-
municate with a given external device based on proximity
thereto. For example, the ring input device 100 can commu-
nicate the identity of the wearer when brought within a par-
ticular distance to the external device. Such proximity can
be determined based on a communication protocol between
the ring mput device 100 and the external device.

[0103] User mputs provided to the ring input device 100
can be communicated to one of multiple external devices
based on a proximity thereto. For example, a user can oper-
ate the ring input device 100 by providing inputs to the ring
mput device 100. The ring mput device 100 can then com-
municate with whichever one of multiple external devices to
which 1t 1s closest. Accordingly, the user can operate the
same ring mput device 100 to provide inputs to each of mul-
tiple devices, wherein the desired target of the inputs 1s
selected by the user moving closer to the target external
device. Such determinations can be made based on different
thresholds for distance. For example, the ring input device
100 can communicate with the smart phone 220 when the
smart phone 220 1s held within the same hand or an opposite
hand as that on which the ring mput device 100 1s worn. By
further example, the ring mput device 100 can communicate
with the head-mountable device 230 when the user 1s wear-
ing the head-mountable device 230. By turther example, the
ring mput device 100 can communicate with the television
250 when the user 1s within the same room as the television

250.

[0104] The ring mput device 100 can communicate with
the given external device based on user input. For example,
the user can provide an input (e.g., tactile input) to the ring
mput device 100 to select a different target external device
to which signals will be transmitted from the ring mput
device 100. By further example, the user can provide
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another mput that 1s detectable by the ring input device 100.
Such 1nputs can include tapping a surface (e.g., other than a
surface of the ring input device 100) with a finger on which
the ring mput device 100 1s worn. The mput can then be
detected by the ring mput device 100 to select a particular
external device and/or pertform other actions. Thereatter,
additional mputs by the user can be transmitted to the
selected external device for performance of corresponding

actions.
[0105] By further example, the user can touch an external

device to select the external device as a target for user inputs
received by the ring input device 100. Such inputs can
include tapping a surtace of the external device with a finger
on which the ring mput device 100 1s worn. The mput can
then be detected by the ring mput device 100 to select the
particular external device and/or perform other actions. For
example, the touch can be directly detected by the external
device and/or mferred based on the occurrence of a touch
detected by the ring mput device 100 and the detection of
the most nearby external device. Thereafter, additional
inputs by the user can be transmitted to the selected external

device for performance of corresponding actions.
[0106] Retferring now to FIGS. 17-20, a feedback system

can be operated to provide tactile teedback to a hand of a
user, such as when operating 1n a VR, AR, and/or MR sys-
tem. The feedback system can include components that are
stowable and portable when not 1n use, so that the system 1s
readily and etficiently deployed when desired.

[0107] FIG. 17 1illustrates a side view of a watch 400,
including the watch body 410 and a watch band 420. As
shown 1 FIG. 17, the watch body 410 mcludes a housing
that supports a display. The watch body 410 can be worn on
a user’s wrist and secured thereto by the watch band 420.
The watch band 420 can be a continuous structure or
assembled as separate portions (e.g., straps) that join
together and provide adjustable size configurations. For
example, a clasp or another mechanism (e.g., buckles, but-
tons, latches, locks, snaps, threads, and/or pins) can be pro-
vided to adjustably connect separate portions of the watch
band 420. The watch band 420 can include attachment
members (€.g., lugs) at opposing ends of the watch band
420 that fit within respective recesses or channels of the
watch body 410 and allow the watch band 420 to be remo-
vably attached to the watch body 410 at one or more

interfaces.
[0108] The watch body 410 can include components for

interacting with a user. For example, the display may pro-
vide an 1mage or video output for the watch body 410. The
display may also provide an mput surface for one or more
input devices such as a touch sensing device, force sensing
device, temperature sensing device, and/or a fingerprint sen-
sor. The display may be any size suitable for inclusion at
least partially within the housing of the watch body 410
and may be positioned substantially anywhere on the
watch body 410. The watch body 410 can further include
one or more other mnput/output components, for receiving
input from and/or providing output to a user. For example,
one or more buttons, dials, crowns, switches, or other
devices can be provided for receiving input from a user.
The mput/output component can iclude a speaker, a micro-
phone, and/or a haptic device. A haptic device can be imple-
mented as any suitable device configured to provide force
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teedback, vibratory teedback, tactile sensations, and the
like. For example, in one embodiment, the haptic device
may be implemented as a linear actuator configured to pro-
vide a punctuated haptic feedback, such as a tap or a knock.
The watch body 410 can further include one or more

SENSOrs.
[0109] The watch 400 can further include a tensioning ele-

ment 330 extending from the watch body 410 and/or the
watch band 420. Processing circuitry such as the main pro-
cessor or other circuitry of the watch 400 may be commu-
nicatively coupled, via an mtertace, to the tensioning ele-
ment 330 and/or the watch band 420. The feedback system
300 can further include a pair of ring devices 310 and 312.
[0110] In a stowed configuration, the tensioning element
330 can be maintained at or adjacent to other components of
the watch 400. For example, as shown 1n FIG. 17, the ten-
stoning element 330 can wrap around or adjacent to a por-
tion of the watch band 420. In this configuration, the ten-
stoning element 330 does not interfere with the user’s
operation of other components of the watch 400. As further
shown 1n FIG. 17, each of the ring devices 310 and 312 can
be worn on a finger of a user 1n a configuration that 1s com-
pact and comfortable for the user. For example, the ring

devices 310 and 312 can be worn adjacent to each other.
[0111] The ring devices and the tensioning element can be

deployed and connected to each other to form a feedback
device that 1s operable to deliver tactile feedback to a user.
For example, as shown 1n FIG. 18, the ring devices 310 and
312 can be rearranged on a finger of the user such that they
are positioned a distance apart from each other at different
locations on the finger. By further example, the ring devices
310 and 312 can be separated by at least one joint along the
length of the finger. When positioned at such a distance,
cach of the ring devices 310 and 312 can maintain a position

on the finger by comiortably engaging the finger.
[0112] The tensioning element 330 can be deployed to

attach to each of the ring devices. For example, as shown
in F1G. 19, the tensioning element 330 can be moved from a
position adjacent to other components of the watch 400. The
tensioning ¢lement 330 can further be attached to each of the
ring devices 310 and 312. The tensioning element 330 and/
or each of the ring devices 310 and 312 can include one or
more mechanisms to releasably lock the tensioning element
330 to the ring devices 310 and 312. Such mechanisms can
include locks, latches, snaps, screws, clasps, threads, mag-
nets, pins, an interference (€.g., friction) fit, knurl presses,
bayoneting, hook and loop fasteners, and/or combinations
thereof. The tensioning element 330 can optionally remain
locked to the ring devices 310 and 312 until a release
mechanism 1s actuated.

[0113] As further shown 1n FIG. 19, the tensioming ele-
ment 330 can mclude multiple sliding elements 332 and
334 that are configured to slide relative to each other to
increase or decrease a length of the tensioning element
330. Such a change 1 length can be based on an amount
of overlap between the multiple shiding elements 332 and
334. The shding elements 332 and 334 can be configured
to controllably lock relative to each other to limit any
change m the length of the tensioning element 330, as
described further herem.

[0114] The tensioning element 330 can be operated to
limit movement of a user’s finger by controlling whether
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the sliding elements are free to slide relative to each other.
For example, as shown 1n FIG. 20, a user wearing the feed-
back system 300 can flex or otherwise band a finger such
that the separate ring devices 310 and 312 are moved
about a joint of the user’s finger. As such articulation occurs,
the distance between the ring devices 310 and 312 along a
pathway defined by the tensioning element 330 will tend to
increase. Such articulation can be freely permitted while the
shiding elements 332 and 334 are allowed to shide relative to
cach other. However, where the sliding elements 332 and
334 arc locked relative to each other, the feedback system
300 can limit the amount of articulation that can occur about
the jomnt of the finger. In such a condition, the user can
experience a sensation of having finger articulation limited.
Such a sensation can be similar to the sensation of contact-
ing a physical object. Accordingly, the feedback system 300
can be operated to simulate contact with the physical object.
[0115] The simulation of contact with the physical object
can be coordinated with and operation of a VR, AR, and/or
MR system. For example, the user can be provided with a
display of an environment that includes one or more objects.
Such a display can be provided by, for example, a head-
mountable device. Additionally, the display can output and
indicator corresponding to a location of the user’s hand and/
or fingers relative to the displayed object. As the displayed
hand and/or fingers contact, push, and/or grasp the displayed
object, the tensioning element 330 of the feedback system
300 can be operated to limit movement and/or articulation of
the finger to stmulate such contact, as 1t the displayed object
were a physical object in contact with the user’s finger.
[0116] At the conclusion of a session, the user can return
the tensioning element 330 to the watch 400 and the ring
devices 310 and 312 to a stowed configuration on the finger.
The user can continue to wear the watch 400 and/or the ring
devices 310 and 312 while not 1 use and/or while 1n use for
other purposes. As such, the corresponding components are
ready for deployment when operation as a feedback system
1s desired.

[0117] Reterring now to FIGS. 21-24, mechanisms are
illustrated to lock sliding elements relative to each other.
For example, as shown i FIG. 21, multiple sliding elements
332 and 334 can be free to slide relative to each other 1n a
first configuration. As shown i FIG. 22, the slhiding ¢le-
ments 332 and 334 can be activated to be attracted to each
other and create friction there between to resist relative slid-
ing and/or other movement. In some embodiments, the slid-
ing elements 332 and 334 can be or include an electrostatic
brake mechanism. The multiple sliding elements 332 and
334 can include metallic strips. An electrical voltage of
opposite polarities can be applied to each of the sliding ¢le-
ments 332 and 334. The resulting attractive force can cause
the shiding elements 332 and 334 to be attracted to each
other 1n a manner that 1s sufficient to create friction there
between. In this condition, the shiding elements 332 and
334 can be constramned 1n their ability to shide relative to
cach other, thereby maintaining a particular length of the
tensioning element 330.

[0118] By further example, as shown 1n FIG. 23, multiple
sliding elements 332 and 334 can be free to shide relative to
cach other 1n a first configuration. As shown 1 FIG. 24, the
shiding elements 332 and 334 can be mechanically pressed
against each other by clamp members 350 to create friction
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there between and to resist relative shiding and/or other
movement. In some embodiments, the clamp members 350
can be operated by a motor, actuator, or other mechanism
controllably drive them towards each other. The resulting
forces can be sufficient to create friction between the shiding
clements 332 and 334. In this condition, the sliding elements
332 and 334 can be constrained 1n their ability to shide rela-
tive to each other, thereby maintaining a particular length of
the tensioning element 330.

[0119] Referrmg now to FIG. 25, components of a system
can be provided and operatively connected to achieve the
performance described herein. FIG. 25 shows a simplified
block diagram of an external device 50 (¢.g., head-mounta-
ble device, computing device, smart phone, wearable audio
device, television, etc.) and a ring mput device 100, n
accordance with one or more embodiments of the
disclosure.

[0120] As shown 1n FIG. 25, the external device 50 can
include a processor 570 with one or more processing units
that include or are configured to access a memory having
mstructions stored thereon. The instructions or computer
programs may be configured to perform one or more of the
operations or functions described with respect to the exter-
nal device 50. The processor 570 can be implemented as any
clectronic device capable of processing, receiving, or trans-
mitting data or instructions. For example, the processor 570
may 1nclude one or more of: a microprocessor, a central
processing unit (CPU), an application-specific integrated
circuit (ASIC), a digital signal processor (DSP), or combi-
nations of such devices. As described herein, the term “pro-
cessor’” 18 meant to encompass a single processor or proces-
sing unit, multiple processors, multiple processing unaits, or
other suitably configured computing element or elements.
The memory can store electronic data that can be used by
the external device 50. For example, the memory can store
clectrical data or content such as, for example, audio and
video files, documents and applications, device settings
and user preferences, timing and control signals or data for
the various modules, data structures or databases, and so on.
The memory can be configured as any type of memory. By
way of example only, the memory can be implemented as
random access memory, read-only memory, Flash memory,
removable memory, or other types of storage elements, or
combinations of such devices.

[0121] The external device S0 can turther include a dis-
play 60 for displaying visual information for a user. The dis-
play 60 can provide visual (e.g., image or video) output. The
display 60 can be¢ or include an opaque, transparent, and/or
translucent display. The display 60 may have a transparent
or translucent medium through which light representative ot
images 1s directed to a user’s eyes. The display 60 may uti-
lize digital light projection, OLEDs, LEDs, uLEDs, hqud
crystal on silicon, laser scanning light source, or any combi-
nation of these technologies. The medium may be an optical
waveguide, a hologram medmum, an optical combiner, an
optical reflector, or any combination thereof. In one embo-
diment, the transparent or translucent display may be con-
figured to become opaque selectively. Projection-based sys-
tems may employ retinal projection technology that projects
graphical images onto a person’s retina. Projection systems
also may be configured to project virtual objects mto the
physical environment, for example, as a hologram or on a
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physical surface. The external device 50 can include an opti-
cal subassembly configured to help optically adjust and cor-
rectly project the image-based content bemg displayed by
the display 60 for close up viewing. The optical subassem-
bly can include one or more lenses, mirrors, or other optical
devices.

[0122] The external device 50 can include a sensor 540,
such as a camera for capturing a view of an environment
external to the external device S50. The camera can 1nclude
an optical sensor, such as a photodiode or a photodiode
array. Additionally or alternatively, the camera can include
one or more of various types of optical sensors that are
arranged 1n various configurations for detecting user mnputs
described herein. The camera may be configured to capture
an 1mage of a scene or subject located within a field of view
of the camera. The mmage may be stored m a digital file n
accordance with any one of a number of digital formats. In
some embodiments, the external device 50 includes a cam-
era, which mcludes an mmage sensor formed from a charge-
coupled device (CCD) and/or a complementary metal-
oxide-semiconductor (CMOS) device, a photovoltaic cell,
a photo resistive component, a laser scanner, and the like.
It will be recognized that a camera can include other motion
sensing devices.

[0123] Additionally or alternatively, the sensor 540 can
include an environmental sensor that detects one or more
conditions 1n an environment of the external device 50.
For example, an environmental sensor can mclude an 1ma-
oing device, a thermal sensor, a proximity sensor, a motion
sensor, a humidity sensor, a chemical sensor, a light sensor,
and/or a UV sensor. An environmental sensor can be config-
ured to sense substantially any type of characteristic such as,
but not limited to, images, pressure, light, touch, force, tem-
perature, position, motion, and so on. For example, the
environmental sensor may be a photodetector, a temperature
sensor, a light or optical sensor, an atmospheric pressure
sensor, a humidity sensor, a magnet, a gyroscope, an accel-
crometer, a chemical sensor, an ozone sensor, a particulate
count sensor, and so on. The sensor can be used to sense
ambient conditions 1n a neighboring environment.

[0124] The sensor 540 can provide information regarding
a characteristic of the external device 50, such as mertial
angles thereotf. For example, the sensor 540 can include a
six-degrees of freedom IMU that calculates the external
device’s position, velocity, and/or acceleration based on
s1x degrees of freedom (X, vy, z, 0x, Oy, and 6z). The IMU
can 1mclude one or more of an accelerometer, a gyroscope,
and/or a magnetometer. Additionally or alternatively, the
external device 50 can detect motion characteristics of the
external device 50 with one or more other motion sensors,
such as an accelerometer, a gyroscope, a global positioning
sensor, a tilt sensor, and so on for detecting movement and
acceleration of the external device 50. The IMU can provide

data to the processor 570 for processing.
[0125] The sensor 540 can include one or more user sen-

sors for tracking features of the user using or wearing the
external device 50. For example, a user sensor can perform
facial feature detection, facial movement detection, facial
recognition, eye tracking, user mood detection, user emo-
tion detection, voice detection, etc. Such eye tracking may
be used to determine a location of mformation to be dis-
played on the display 60 and/or a portion (e.g., object) of a
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view to be analyzed by the external device 50. By further
example, the user sensor can be a bio-sensor for tracking
biometric characteristics, such as health and activity
metrics. The user sensor can include a bio-sensor that 1s
configured to measure biometrics such as electrocardio-
oraphic (ECG) characteristics, galvanic skin resistance,
and other electrical properties of the user’s body. Addition-
ally or alternatively, a bio-sensor can be configured to mea-
sure body temperature, exposure to UV radiation, and other
health-related intformation.

[0126] The external device 50 can include an mput/output
component 526, which can include any suitable component
tor allowing a user to provide mput and/or receive output.
The mput/output component 526 can mnclude, for example,
one or more buttons, crowns, keys, dials, trackpads, micro-
phones, haptic devices, and the like. Additionally or alter-
natively, the mput/output component 526 can include any
suitable component for connecting the external device S0
to other devices. Suitable components can include, for
example, audio/video jacks, data connectors, or any addi-
tional or alternative input/output components. The input/
output component 526 can include a microphone that can
be operably connected to the processor 570 for detection
of sound levels and communication of detections for further
processing, as described further herem. The mput/output
component 526 can include the speakers that can be oper-
ably connected to the processor 370 for control of speaker
output, including sound levels, as described further herem.

[0127] The external device S0 can include a communica-
tion element 528 for communicating with one or more ser-
vers or other devices using any suitable communications
protocol. For example, the communication element 528
can support Wi-Fi1 (e.g., a 802.11 protocol), Ethernet, Blue-
tooth, high frequency systems (¢.g., 900 MHz, 2.4 GHz, and
5.6 GHz communication systems), mfrared, TCP/IP (e.g.,
any of the protocols used mm each of the TCP/IP layers),
HTTP, BitTorrent, FTP, RTP, RTSP, SSH, any other commu-
nications protocol, or any combination thereof. The commu-
nication element 528 can also include an antenna for trans-
mitting and receiving electromagnetic signals.

[0128] FIG. 25 also shows a simplified block diagram of
the ring mput device 100 1n accordance with one or more

embodiments of the disclosure.
[0129] As shown i FIG. 25, the ring input device 100 can

include a processor 72 with one or more processing units
that include or are configured to access a memory having
instructions stored thereon. The mstructions or computer
programs may be configured to perform one or more of the
operations or functions described with respect to the ring
input device 100. The processor 72 can be implemented as
any ¢lectronic device capable of processing, receiving, or
transmitting data or instructions. For example, the processor
72 may mnclude one or more of: a microprocessor, a central
processing unit (CPU), an application-specific integrated
circuit (ASIC), a digital signal processor (DSP), or combi-
nations of such devices. As described herein, the term “pro-
cessor’” 18 meant to encompass a single processor or proces-
sing unit, multiple processors, multiple processing unaits, or
other suitably configured computing element or elements.
The memory can store electronic data that can be used by
the ning mput device 100. For example, the memory can
store electrical data or content such as, for example, audio
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and video files, documents and applications, device settings
and user preferences, timing and control signals or data for
the various modules, data structures or databases, and so on.
The memory can be configured as any type of memory. By
way of example only, the memory can be implemented as
random access memory, read-only memory, Flash memory,
removable memory, or other types of storage elements, or

combinations of such devices.
[0130] As shown n FIG. 25, the ring input device 100 can

include a scroll sensor 30 for detecting relative rotation of
components thereof, as described herein. As further shown
in FIG. 235, the ring mput device 100 can include a lateral
sensor 32 for detecting relative lateral movement of compo-
nents thereot, as described herein. The ring imput device 100
can 1nclude a battery 42, which can charge and/or power
components of the nng mput device 100.

[0131] 'The sensor 48 can include one or more user Sensors
for tracking features of the user using or wearing the ring
input device 100. For example, a user sensor can perform
facial feature detection, facial movement detection, facial
recognition, eye tracking, user mood detection, user emo-
tion detection, voice detection, etc. Such eye tracking may
be used to determine a location of mformation to be dis-
played on the display 60 and/or a portion (e.g., object) of a
view to be analyzed by the ring input device 100. By further
example, the user sensor can be a bio-sensor for tracking
biometric characteristics, such as health and activity
metrics. The user sensor can include a bio-sensor that 1s
configured to measure biometrics such as electrocardio-
oraphic (ECQG) characteristics, galvanic skin resistance,
and other electrical properties of the user’s body. Addition-
ally or alternatively, a bio-sensor can be configured to mea-
sure body temperature, exposure to UV radiation, and other
health-related mformation.

[0132] The sensor 48 can provide information regarding a
characteristic of the ring mput device 100, such as mertial
angles thereof. For example, the sensor 48 can include a s1x-
degrees of freedom IMU that calculates the external
device’s position, velocity, and/or acceleration based on
s1x degrees of freedom (X, vy, z, 0x, Oy, and 6z). The IMU
can 1nclude one or more of an accelerometer, a gyroscope,
and/or a magnetometer. Additionally or alternatively, the
ring mput device 100 can detect motion characteristics of
the ring nput device 100 with one or more other motion
sensors, such as an accelerometer, a gyroscope, a global
positioning sensor, a tilt sensor, and so on for detecting
movement and acceleration of the nng mput device 100.
The IMU can provide data to the processor 72 {for
processing.

[0133] The external device 50 can include a communica-
tion element 28 for communicating with one or more servers
or other devices using any suitable communications proto-
col. For example, the communication element 28 can sup-
port Wi-F1 (e.g., a 802.11 protocol), Ethernet, Bluetooth,
high frequency systems (e.g., 900 MHz, 2.4 GHz, and
5.6 GHz communication systems), infrared, TCP/IP (e.g.,
any of the protocols used in each of the TCP/IP layers),
HTTP, BitTorrent, FTP, RTP, RTSP, SSH, any other commu-
nications protocol, or any combination thereof. The commu-
nication ¢lement 28 can also include an antenna for trans-
mitting and receiving electromagnetic signals.
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[0134] Accordingly, embodiments of the present disclo-
sure provide a system for facilitating user mput for an exter-
nal device, such as a head-mountable device, which can be
operated with a ring input device worn on a finger of a user.
Such devices can be operated to provide mputs that are
recerved and acted upon by the external device. The mnputs
can be provided as rotating, tilting, and/or sliding at least a
portion of the ring mput device with another finger of the
user. The ring mput device can provide feedback to the user
as confirmation that the mputs are being received. A feed-
back system can also be operated to limit or otherwise pro-
vide a force on the finger and/or another portion of the hand
to stmulate sensations perceived by the user..

[0135] As described above, one aspect of the present tech-
nology may include the gathering and use of data available
from various sources. The present disclosure contemplates
that 1n some 1nstances, this gathered data may include per-
sonal mformation data that uniquely i1dentifies or can be
used to contact or locate a specific person. Such personal
information data can include demographic data, location-
based data, telephone numbers, email addresses, twitter
ID’s, home addresses, data or records relating to a user’s
health or level of fitness (e.g., vital signs measurements,
medication 1nformation, exercise formation), date of
birth, or any other 1dentifymg or personal mformation.
[0136] The present disclosure recognizes that the use of
such personal information data, 1n the present technology,
can be used to the benefit of users. For instance. health and
fitness data may be used to provide insights mnto a user’s
ogeneral wellness, or may be used as positive feedback to
individuals using technology to pursue wellness goals.
[0137] The present disclosure contemplates that the enti-
ties responsible for the collection, analysis, disclosure,
transter, storage, or other use of such personal information
data will comply with well-established privacy policies and/
or privacy practices. In particular, such entities should
implement and consistently use privacy policies and prac-
tices that are generally recognized as meeting or exceeding
industry or governmental requirements for maimtaining per-
sonal information data private and secure. Such policies
should be easily accessible by users, and should be updated
as the collection and/or use of data changes. Personal infor-
mation from users should be collected for legitimate and
reasonable uses of the entity and not shared or sold outside
of those legitimate uses. Further, such collection/sharing
should occur after recerving the mformed consent of the
users. Additionally, such enfities should consider taking
any needed steps for safeguarding and securing access to
such personal mformation data and ensuring that others
with access to the personal information data adhere to their
privacy policies and procedures. Further, such entities can
subject themselves to evaluation by third parties to certity
their adherence to widely accepted privacy policies and
practices. In addition, policies and practices should be
adapted for the particular types of personal mmformation
data being collected and/or accessed and adapted to applic-
able laws and standards, mncluding jurisdiction-specific con-
siderations. For instance, in the US, collection of or access
to certain health data may be governed by federal and/or
state laws, such as the Health Insurance Portability and
Accountability Act (HIPAA); whereas health data in other
countries may be subject to other regulations and policies
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and should be handled accordingly. Hence different privacy
practices should be maimtamed for different personal data
types 1 each country.

[0138] Despite the foregoing, the present disclosure also
contemplates embodiments 1 which users selectively block
the use of, or access to, personal mnformation data. That 1s,
the present disclosure contemplates that hardware and/or
software e¢lements can be provided to prevent or block
access to such personal mformation data. For example, n
the case of advertisement delivery services, the present tech-
nology can be configured to allow users to select to “opt in”
or “opt out” of participation m the collection of personal
information data during registration for services or anytime
thereafter. In another example, users can select not to pro-
vide mood-associated data for targeted content delivery ser-
vices. In yet another example, users can select to limait the
length of time mood-associated data 1s mamtamed or
entirely prohibit the development of a baseline mood profile.
In addition to providing “opt ™ and “opt out” options, the
present disclosure contemplates providing notifications
relating to the access or use of personal information. For
instance, a user may be notified upon downloading an app
that their personal mformation data will be accessed and
then reminded again just before personal mformation data

1s accessed by the app.
[0139] Moreover, 1t 1s the mntent of the present disclosure

that personal information data should be managed and
handled 1n a way to mimmize risks of unintentional or
unauthorized access or use. Risk can be minimized by Iimat-
ing the collection of data and deleting data once 1t 1s no
longer needed. In addition, and when applicable, including
in certain health related applications, data de-identification
can be used to protect a user’s privacy. De-1dentification
may be facilitated, when appropriate, by removing specific
1dentifiers (e.g., date of barth, etc.), controlling the amount or
specificity of data stored (e.g., collecting location data a city
level rather than at an address level), controlling how data 1s
stored (e.g., aggregating data across users), and/or other

methods.
[0140] Therefore, although the present disclosure broadly

covers use of personal mformation data to implement one or
more various disclosed embodiments, the present disclosure
also contemplates that the various embodiments can also be
implemented without the need for accessing such personal
information data. That 18, the various embodiments of the
present technology are not rendered moperable due to the
lack of all or a portion of such personal mmformation data.
For example, content can be selected and delivered to
users by inferring preferences based on non-personal mfor-
mation data or a bare minimum amount of personal mforma-
tion, such as the content being requested by the device asso-
ciated with a user, other non-personal information available
to the content delivery services, or publicly available

information.
[0141] A reference to an element 1n the singular 15 not

intended to mean one and only one unless specifically so
stated, but rather one or more. For example, “a” module
may refer to one or more modules. An element proceeded
by “a,” “an,” “the,” or “said” does not, without further con-
stramtsj preclude the existence of additional same elements.
[0142] Headings and subheadings, 1f any, are used for con-
venience only and do not It the mvention. The word
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exemplary 1s used to mean serving as an example or 1llustra-
tion. To the extent that the term 1nclude, have, or the like 1s
used, such term 1s mtended to be mclusive 1n a manner simi-
lar to the term comprise as comprise 1s interpreted when
employed as a transitional word 1mn a claim. Relational
terms such as first and second and the like may be used to
distinguish one entity or action from another without neces-
sarily requiring or implying any actual such relationship or
order between such entities or actions.

[0143] Phrases such as an aspect, the aspect, another
aspect, some aspects, one or more aspects, an implementa-
tion, the implementation, another mmplementation, some
implementations, one or more implementations, an embodi-
ment, the embodiment, another embodiment, some embodi-
ments, one or more embodiments, a configuration, the con-
figuration, another configuration, some configurations, one
or more configurations, the subject technology, the disclo-
sure, the present disclosure, other vanations thercof and
alike are for convenience and do not imply that a disclosure
relating to such phrase(s) 1s essential to the subject technol-
ogy or that such disclosure applies to all configurations of
the subject technology. A disclosure relating to such
phrase(s) may apply to all configurations, or one or more
configurations. A disclosure relating to such phrase(s) may
provide one or more examples. A phrase such as an aspect or
some aspects may refer to one or more aspects and vice

versa, and this applies sitmilarly to other foregoing phrases.
[0144] A phrase “at least one of” preceding a series of

items, with the terms “and” or “or” to separate any of the
items, modifies the list as a whole, rather than each member
of the list. The phrase “at least one of” does not require
selection of at least one item; rather, the phrase allows a
meaning that mcludes at least one of any one of the 1tems,
and/or at least one of any combination of the items, and/or at
least one of each of the items. By way of example, ¢ach of
the phrases “at least one of A, B, and C” or “at least one of
A, B, or C” refers to only A, only B, or only C; any combi-
nation of A, B, and C; and/or at least one of each of A, B,

and C.
[0145] It 1s understood that the specific order or hierarchy

of steps, operations, or processes disclosed 1s an 1llustration
of exemplary approaches. Unless explicitly stated other-
wise, 1t 1s understood that the specific order or hierarchy of
steps, operations, or processes may be performed 1n differ-
ent order. Some of the steps, operations, or processes may be
performed simultaneously. The accompanying method
claims, 1f any, present elements of the various steps, opera-
tions or processes 1n a sample order, and are not meant to be
limited to the specific order or hierarchy presented. These
may be performed 1n serial, linearly, in parallel or 1n differ-
ent order. It should be understood that the described mstruc-
tions, operations, and systems can generally be integrated
together 1 a single software/hardware product or packaged
into multiple software/hardware products.

[0146] In one aspect, a term coupled or the like may refer
to being directly coupled. In another aspect, a term coupled
or the like may refer to being mdirectly coupled.

[0147] Terms such as top, bottom, front, rear, side, hori-
zontal, vertical, and the like refer to an arbitrary frame of
reference, rather than to the ordinary gravitational frame of
reference. Thus, such a term may extend upwardly, down-
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wardly, diagonally, or horizontally 1n a gravitational frame
of reference.

[0148] The disclosure 1s provided to enable any person
skilled 1n the art to practice the various aspects described
herein. In some 1nstances, well-known structures and com-
ponents are shown 1n block diagram form 1n order to avoid
obscuring the concepts of the subject technology. The dis-
closure provides various examples of the subject technol-
ogy, and the subject technology 1s not limited to these exam-
ples. Various modifications to these aspects will be readily
apparent to those skilled in the art, and the principles
described herein may be applied to other aspects.

[0149] All structural and functional equivalents to the ele-
ments of the various aspects described throughout the dis-
closure that are known or later come to be known to those of
ordinary skill in the art are expressly imncorporated herein by
reference and are intended to be encompassed by the claims.
Moreover, nothing disclosed herem 1s mtended to be ded:-
cated to the public regardless of whether such disclosure 1s
explicitly recited 1n the claims. No claim element 1s to be
construed under the provisions of 35 U.S.C. §112, sixth
paragraph, unless the element 1s expressly recited using the
phrase “means for” or, 1n the case of a method claim, the
clement 1s recited using the phrase “step for”.

[0150] The title, background, brief description of the
drawings, abstract, and drawings are hereby incorporated
into the disclosure and are provided as 1llustrative examples
of the disclosure, not as restrictive descriptions. It 1s sub-
mitted with the understanding that they will not be used to
limat the scope or meaning of the claims. In addition, 1n the
detailed description, 1t can be seen that the description pro-
vides illustrative examples and the various features are
grouped together 1n various implementations for the purpose
of streamliming the disclosure. The method of disclosure 1s
not to be interpreted as reflecting an intention that the
claimed subject matter requires more features than are
expressly recited 1in each claim. Rather, as the claims reflect,
inventive subject matter lies m less than all features of a
single disclosed configuration or operation. The claims are
hereby 1ncorporated into the detailed description, with each
claim standing on 1ts own as a separately claimed subject

matter.
[0151] The claims are not mtended to be limited to the

aspects described herein, but are to be accorded the tull
scope consistent with the language of the claims and to
encompass all legal equivalents. Notwithstanding, none of
the claims are mtended to embrace subject matter that fails
to satisiy the requirements of the applicable patent law, nor
should they be mterpreted m such a way.

What 1s claimed 1s:

1. A nng mput device comprising:
an nner ring;

an outer ring comprising:

a first outer ring portion configured to rotatably engage
the inner ring such that the outer ring rotates about the
inner ring; and

a second outer ring portion configured to slidably engage
the first outer ring portion such that the second outer
ring portion slides relative to the first outer ring portion
and the mner ring;

a first sensor configured to detect rotation of the outer ring
about the mner ring; and
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a second sensor configured to detect sliding of the second
outerring portmn relative to the first outer ring portion or
the mner ring.

2. The ring mput device of claim 1, further comprising a
spring element biasing the second outer ring portion to a nom-
nal position relative to the first outer ring portion, the second
outer ring portion being configured to slide m each of two
opposing directions away from the nominal position.

3. The ring input device ot claim 1, wherein:
the second outer ring portlon comprises a magnet; and
the second sensor comprises a magnetometer.

4. The ring mput device of claim 1, wherein the first sensor
comprises an optical sensor and the first outer ring portion
comprises protrusions and gaps that alternatingly block and
allow light to pass between a light pathway of the optical
SENSOT.

S. The ring mnput device of claim 1, wherein the inner ring
forms multiple mner ring protrusions and the first outer ring
portion forms an outer ring protrusion, wherein the first sensor
1s positioned within the outer ring protrusion.

6. The ring input device of claim 5, wherein the inner ring
protrusions comprise magnets 1n an alternating polarity
arrangement and the first sensor comprises a magnetometer.

7. The ring mput device of claim 5, wherein the first sensor
comprises an inertial measurement unit sensor configured to
detect contact of the outer ring protrusion with the mner ring
protrusions.

8. Aring input device comprising:

an 1nner ring extending about an axis;

an outer ring compnsmg

a first outer ring portion extending about the mner ring
and configured to rotate about the axis; and

a second outer ring portion configured to move laterally
across the first outer ring portion;

a first sensor configured to detect rotation of the outer ring

about the axis; and

a second sensor configured to detect lateral movement of

the second outer ring portion.

9. The ring input device of claim 8, wherein:
the second outer ring portlon comprises a magnet; and

the second sensor comprises a magnetometer.

10. The ring input device of claim 8, wherein the first sensor
comprises an optical sensor and the first outer ring portion
comprises protrusions and gaps that alternatingly block and
allow light to pass between a light pathway of the optical
SENSOT.

11. The ring mput device of claim 8, wherein the mner ring
forms multiple mner ring protrusions and the first outer ring
portion forms an outer ring protrusion, wherein the first sensor
1s positioned within the outer ring protrusion.

12. The ring input device of claim 11, wherem the mner ring
protrusions comprise magnets 1n an alternating polarity
arrangement and the first sensor comprises a magnetometer.

13. The ning mput device of claim 11, wherein the first sen-
sor comprises an mertial measurement unit sensor configured
to detect contact of the outer ring protrusion with the mnerring
protrusions.

14. A ring mput device comprising:

an mnner ring comprising:

a first sensor; and
a second sensor; and

an outer ring comprising:

a first outer ring portion, wherein the first sensor 18 con-
figured to detect rotation of the first outer ring portion
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and communicate a first signal based on the rotation;
and
a second outer ring portion, wherein the second sensor 18

configured to detect lateral movement of the first outer
ring portion and communicate a second signal based
on the lateral movement.

15. The ning mput device of claim 14, wherein:

the second outer ring portion comprises a magnet; and

the second sensor comprises a magnetometer.

16. The ring mput device of claim 14, wherein the first sen-
sor comprises an optical sensor and the first outer ring portion
comprises protrusions and gaps that alternatingly block and
allow light to pass between a light pathway of the optical
SeNsor.

17. The ring mput device of claim 14, wherein the innerring
forms multiple mner ring protrusions and the first outer ring
portion forms an outer ring protrusion, wherein the first sensor
1s positioned within the outer ring protrusion.
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18. The ring input device of claim 17, wherein the mnner ring
protrusions comprise magnets 1n an alternating polarity
arrangement and the first sensor comprises a magnetometer.

19. The ring input device of claim 17, wherein the first sen-
sor comprises an mertial measurement unit sensor configured
to detect contact of the outer ring protrusion with the mnerring
protrusions.

20. A system comprising:
the ring input device of claim 14; and

a head-mountable device, wherem the first signal and the
second signal are communicated to the head-mountable
device, the head-mountable device comprising a display
configured to:

alter afirst visual output in response to the first signal; and
alter a second visual output inresponse to the second signal.
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