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SMART RING

BACKGROUND
[0001] Computing devices are being manufactured in ever more form factors. Many
of these form factors do not lend themselves to traditional user input technologies, such as
keyboard and mouse. For example, wearable devices such as glasses, wrist bands, and
watches tend to have limited input options. For instance, small wearable smart devices
may have a small interface with a lack of touch real estate, or the positioning of the device
itself may make interaction difficult. The present concepts can offer user control options

for many different types of computing devices.

SUMMARY

[0002] The description relates to a smart ring. In one example, the smart ring can
be configured to be worn on a first segment of a finger of a user. The example smart ring
can include at least one flexion sensor secured to the smart ring in a manner that can detect
a distance between the at least one flexion sensor and a second segment of the finger. The
example smart ring can also include an input component configured to analyze signals
from the at least one flexion sensor to detect a pose of the finger.

[0003] The above listed example is intended to provide a quick reference to aid the

reader and is not intended to define the scope of the concepts described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The accompanying drawings illustrate implementations of the concepts
conveyed in the present document. Features of the illustrated implementations can be
more readily understood by reference to the following description taken in conjunction
with the accompanying drawings. Like reference numbers in the various drawings are
used wherever feasible to indicate like elements. Further, the left-most numeral of each
reference number conveys the FIG. and associated discussion where the reference number
is first introduced.

[0005] FIG. 1 shows a first smart ring use case scenario example in accordance
with some implementations of the present concepts.

[0006] FIGS. 2-4 show finger pose examples in accordance with some

implementations of the present concepts.
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[0007] FIG. 5-8 show additional smart ring use case scenario examples in
accordance with some implementations of the present concepts.

[0008] FIG. 9 shows a smart ring system example in accordance with some
implementations of the present concepts.

[0009] FIG. 10 shows an example flow chart in accordance with some

implementations of the present concepts.

DETAILED DESCRIPTION

OVERVIEW

[00010] The present concepts relate to a smart ring that can allow a user to use his/her
finger to control a companion device. Implementations relate to a smart ring (e.g., smart
ring device, wearable ring device, finger-worn device) worn on a user’s finger. The smart
ring can detect a pose of the finger (e.g., finger pose, position). In some cases, the smart
ring can also define a coordinate system relative to the finger, and detect the finger pose
relative to one or more axes of the coordinate system. The smart ring can also detect
and/or interpret movement of the finger and/or fingertip (e.g., change in finger pose)
relative to the coordinate system. The smart ring can wirelessly transmit information

related to the pose and/or movement of the finger to control the companion device.

FIRST SMART RING USE CASE SCENARIO EXAMPLE

[00011] FIG. 1 illustrates an example use case scenario 100 in accordance with some
implementations of the present concepts. In scenario 100, an example smart ring 102 is
worn by a user 104. User 104 can be using the smart ring to interact with an example
companion device 106. In this example, only a single smart ring 102 is employed.
However, user 104 could wear multiple smart rings 102 (e.g., on multiple fingers,
including thumbs).

[00012] As shown in Instance 1 of FIG. 1, user 104 is wearing the smart ring 102 on his
index finger 108. The smart ring 102 can be worn near the base of the index finger (e.g.,
finger base), opposite a fingertip 110. (As used herein, the term ‘finger’ can include the
‘thumb’).

[00013] FIG. 1 illustrates Instance 1, Instance 2, and Instance 3 of interaction by user
104 with companion device 106 using the smart ring 102. In this case, companion device
106 is a tablet-type device with a display 112. As shown in Instance 1 of FIG. 1, the index
finger 108 of user 104 is extended such that the fingertip 110 is toward an upper left hand
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arca of the x-y reference axes. In some implementations, the smart ring 102 can detect the
pose of the finger; in this case, the finger is relatively extended.

[00014] As shown in Instance 2 of FIG. 1, the index finger 108 is relatively flexed (e.g.,
bent). Thus, in Instance 2, the fingertip 110 is relatively lower with respect to the y
reference axis as compared to Instance 1. In this case, the smart ring 102 can detect the
relative flexion of the finger. As shown in Instance 3 of FIG. 1, the user has rotated his
index finger such that the fingertip has generally moved toward the right along the x
reference axis. In this case, the smart ring can detect the relative extension (similar to
Instance 1) of the index finger, and/or that the finger is rotated (e.g., changed in
orientation) as compared to Instances 1 and 2.

[00015] In some cases, control of the companion device 106 by the smart ring 102 can
include the finger pose corresponding to a location on the display 112 of the companion
device 106, such as to control a cursor location. For example in Instance 1, point 114 on
the display 112 of the companion device 106 can correspond to a relative location of the
fingertip 110 in the x-y reference plane. Note that the location of point 114 is generally
toward an upper left hand area of the display, corresponding to the pose of the index finger
108.

[00016] In other cases, control of the companion device 106 by the smart ring 102 can
include the finger pose corresponding to a work-engaging hand pose. For example,
detection of the relative flexion of the finger (Instance 2) can be interpreted to indicate that
the hand is in a position similar to a hand holding a computer mouse. In some
implementations, one or more smart rings can be used to approximate a virtual computer
mouse (e.g., to mimic computer mouse actions). For example, the finger pose shown in
Instance 2 can be detected by the smart ring and used to alert the companion device to
receive virtual computer mouse control input. The smart ring can then be used to detect
subsequent control input that mimics computer mouse use, such as moving a cursor or
clicking right or left mouse buttons, for example.

[00017] In some implementations, the smart ring 102 can detect the change in pose of
the index finger 108 from Instance 1 to Instance 2, representing flexion. The smart ring
102 can also detect the change in pose of the index finger 108 from Instance 2 to Instance
3, representing extension and rotation. Flexion/extension-type finger movements will be
discussed in more detail relative to FIG. 2. Rotation-type finger movements will be

discussed in more detail relative to FIGS. 3-4.
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[00018] Furthermore, in some implementations, the smart ring 102 can interpret
change(s) in finger pose as a movement(s) of the fingertip. For example, finger pose
changes can be interpreted as movement of the fingertip in the x-y reference plane of FIG.
1.

[00019] In some cases, movement of the index finger 108 can be detected by the smart
ring 102 and interpreted for control of the companion device 106, depending on a
computing environment (e.g., context) of the companion device. For example, in a case
where the user 104 is using the smart ring to interact with a drawing program on the
companion device, the movement of the index finger from Instance 1 to Instance 2 can be
interpreted as stroke 116 on the display 112 (e.g., on the GUI of the drawing program).
Also in this case, the movement of the index finger from Instance 2 to Instance 3 can be
interpreted as stroke 118 on the display 112. In another example, the user can be using the
smart ring to interact with a web browser. In this case, the movement of the index finger
from Instance 1 to Instance 2 could be interpreted as scrolling of search results on the
display. In yet other examples, the finger movement could be interpreted as a control
input to drag an item on the display. These examples are not meant to be limiting, instead
the detected finger movement and/or pose can be mapped to any of a variety of control
inputs (e.g., user inputs).

[00020] In summary, the smart ring can sense finger pose and/or fine-grained, subtle
fingertip motion from the finger base, which enables readily-available finger control input
with a device that looks and feels like an ordinary ring. The smart ring can sense finger
pose and/or track subtle fingertip movements from the finger base without requiring
instrumentation of the fingertip (e.g., without the user wearing something on his/her
fingertip). This keeps normal hand function of the user intact and allows for a socially

acceptable appearance.

FINGER POSE EXAMPLES

[00021] FIGS. 2-4 illustrate example finger poses in accordance with some
implementations of the present concepts.

[00022] FIGS. 2-3 show example scenario 200. In scenario 200, example smart ring
102 is worn by user 204 on his index finger 206. FIG. 2 shows views along the x axis of
the x-y-z reference axes and FIG. 3 shows a view along the z axis. FIGS. 2-3 will be used
to describe different finger poses. FIGS. 2-3 also illustrate a coordinate system which can

be used to describe movement of the fingertip 208 in the x-y plane.
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[00023] As can be appreciated from FIG. 2, the fingertip 208 of the index finger 206,
the thumb 210, and/or the palm 212 of user 204 can be resting on a surface 214, such as a
desk or table top. In some cases, the fingertip 208 can refer to an end of the index finger
206 that naturally or comfortably touches the surface 214 when user 204 rests his palm
212 on the surface.

[00024] As shown in FIG. 2, the index finger 206 can have a first segment 216 (e.g.,
proximal phalanx), second segment 218 (e.g., middle phalanx), and third segment 220
(e.g., distal phalanx). In this example, the smart ring 102 can be worn on the first segment
216 of the index finger 206. The index finger can also have a first joint 222 (e.g.,
metacarpal phalangeal joint), a second joint 224 (e.g., proximal interphalangeal joint), and
a third joint 226 (e.g., distal interphalangeal joint).

[00025] FIG. 2 includes Instance 1, where the index finger 206 is relatively extended,
with the fingertip 208 further away from the thumb 210 and/or palm 212 along the y axis.
FIG. 2 also includes Instance 2, where the index finger is relatively flexed, with the
fingertip 208 relatively closer to the thumb 210 and/or palm 212 along the y axis.

[00026] In some cases, finger movement can include flexion (e.g., bending) and/or
extension (e.g., straightening). A progression from the relative extension of the index
finger in Instance 1 to the relative flexion in Instance 2 can be considered flexion of the
index finger. In some cases, the flexion or extension can be effected through first joint
222, second joint 224, and/or third joint 226.

[00027] In some cases, flexion (e.g., bending) of the second joint 224 can cause a
change in distance from the first segment 216 to the second segment 218 of the index
finger. In Instance 1 of FIG. 2, the smart ring 102 can be a distance di to the second
segment 218. In Instance 2, the smart ring 102 can be a distance d2 to the second segment
218. In this case distance d2 is smaller than distance di, corresponding to the second
segment 218 being closer to the smart ring in Instance 2. In some implementations, the
smart ring can determine distance di, distance dz, and/or a change from distance di to
distance d2. Discussion of example components for determining distances such as distance
d1 and distance d2 is provided relative to FIG. 9.

[00028] Alternatively or additionally, the smart ring 102 can determine distances
between other fingers, finger segments, the smart ring, etc. in order to detect finger
pose(s). For example, in some implementations the smart ring may detect or approximate
a distance from the third segment 220 to the thumb 210, or from the third segment to the
palm 212.
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[00029] Furthermore, in some cases the palm 212 can be resting in a relatively fixed
position on the surface 214. In this case, with the palm resting in a relatively fixed
position on the surface, flexion or extension of the index finger can cause movement of the
fingertip in the y direction relative to the surface. In some implementations, the smart ring
102 can interpret flexion/extension-type changes in finger pose as movement of the
fingertip in the y direction.

[00030] As described relative to Instances 2 and 3 of FIG. 1, the smart ring 102 can
detect poses of the index finger 108 that differ by rotation as well as flexion/extension of
the finger. Referring now to FIG. 3, rotational movement of the finger can be correlated to
an x-y-z coordinate system.

[00031] FIG. 3 illustrates a view along the z axis, with smart ring 102 worn by user 204
on his index finger 206. Similar to the example in Instance 3 of FIG. 1, the index finger is
relatively extended in FIG. 3. In some cases, the user 204 can move his index finger 206
and/or fingertip 208 by rotating his hand 300 with respect to the z axis of the x-y-z
reference axes. For example, as shown in FIG. 3, the user can rotate (e.g., pivot) his hand
at the wrist 302 (e.g., carpus), and the wrist can be considered an anchor point 304. In this
example, the fingertip 208 can follow an arc 306. In FIG. 3, the arc 306 is at radius r from
the anchor point 304. Note that if the flexion/extension of the finger changes, radius r will
also change.

[00032] In the example shown in FIG. 3, angle ® can be considered an amount of
rotational movement of the fingertip. Stated another way, rotation of the index finger can
be a rotation rate d® (e.g., delta @). In some implementations, the user’s comfortable
motion range can have a physical size (e.g., area) that can define a unit square 308. In
some cases, a center of the unit square can be considered an origin 310 of a coordinate
system. The origin can be at a fixed distance w to the anchor point 304.

[00033] Elements of the coordinate system relative to the wrist (e.g., w, r, ®) can be
considered parts of a wrist coordinate system. The coordinate system shown in FIG. 3 is
not meant to be limiting, for example, other sizes and/or locations for the unit square,
origin, anchor point, etc. are considered. Techniques for mapping radius r and angle @ to
locations and/or movements relative to the x and y axes of the coordinate system will be
described in detail relative to FIG. 9.

[00034] In some implementations, the coordinate system shown in FIG. 3 can be fixed
with respect to a surface, such as surface 214 shown in FIG. 2. For example, in the case

where the user 204 is resting his palm 212 on the surface 214 in a relatively fixed position,
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the anchor point 304 in FIG. 3 could correspond to the relatively fixed position of the palm
212 on the surface 214 in FIG. 2. In this case, rotational movement (e.g., angle @) of the
index finger 206 detected by the smart ring 102 could be correlated to movement of the
fingertip 208 in the x direction on the surface. Also, flexion/extension-type movement
(e.g., radius r) of the index finger detected by the smart ring could be correlated to
movement of the fingertip in the y direction on the surface.

[00035] In some implementations, the location of the axis of rotation may be different
than that shown in FIG. 3, although the rotation may still be about the z axis. An example
is illustrated in FIG. 4. FIG. 4 shows an example scenario 400 where example smart ring
102 is worn by user 404 on his index finger 406. In scenario 400, user 404 can move his
index finger 406 and/or fingertip 408 by rotating the index finger 406 with respect to the z
axis of the x-y-z reference axes. In this example, the user can rotate (e.g., pivot) his index
finger at the first joint at 410 (e.g., adduction, abduction), and the first joint can be
considered an anchor point 412. In this example, the fingertip 408 can move along an arc
414 which is at radius r’ from the anchor point 412. In this case, angle @’ can be
considered an amount of rotational movement of the fingertip. In some implementations,
the coordinates (e.g., r’, @) relative to the first joint can be considered part of a first joint
coordinate system. In other examples, an axis of rotation may pass through yet another
point in the x-y plane (e.g., a point relative to the user’s elbow).

[00036] To summarize, in some implementations a smart ring can be used to detect a
pose of the finger upon which the smart ring is worn. In some cases, the smart ring can
detect a change in the pose of the finger. Furthermore, a coordinate system for movement
of a fingertip of a user can be defined. The smart ring can then be used to track movement
of the fingertip relative to the coordinate system. For example, the smart ring can track

subtle fingertip movements in an x-y plane of any surface.

ADDITIONAL SMART RING USE CASE SCENARIO EXAMPLES

[00037] FIGS. 5-8 illustrate additional example use case scenarios.

[00038] FIG. 5 shows example use case scenario 500. In scenario 500, an example
smart ring 502 is worn by a user 504 on his index finger 506. This scenario also involves
an example companion device 508. Companion device 508 is positioned in a right back
pocket 510 of user 504. FIG. 5 shows user 504 touching the side of his pant leg 512 with
his index finger 506.
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[00039] In this example, a pose(s) of the index finger 506 can be detected by smart ring
502. In this case, the pose and/or changes in the pose can be interpreted as control input
(e.g., user input), such as input to control companion device 508. Further, the
interpretation can be applied, such as with an action involving the companion device 508.
For example, companion device 508 can be a smart phone type device. User 504 can
receive a phone call on the smart phone, and may wish to decline the phone call without
taking the companion device 508 out of his back pocket. In this case, user 504 can
perform a gesture with his index finger. The gesture can be detected by the smart ring.
The smart ring can communicate the gesture to companion device 508. The companion
device 508 can interpret the gesture within a context of a computing environment of the
companion device 508. In this example, the companion device 508 can interpret the
gesture to decline the phone call. Mechanisms for accomplishing this functionality are
described below relative to FIG. 9.

[00040] In some implementations, gestures detected by the smart ring 502 can be
communicated to the companion device 508 without line-of-sight (e.g., optical
transmission). For example, in FIG. 5 the companion device 508 is in the back pocket 510
of the user 504. Alternatively or additionally to the companion device 508 being in a
pocket, the user 504 could be using the smart ring while his hand is in a pocket (e.g., a
front pants pocket).

[00041] In some implementations, finger poses and/or movements can be detected by
the smart ring 502 regardless of a surface material that the finger 506 and/or hand may be
touching. In some cases, the surface or material need not be rigid. For example, the pant
leg 512 shown in FIG. 5 is not a rigid surface or material.

[00042] In the example shown in FIG. 5, the fingertip of the index finger 506 can move
vertically up and down the pant leg 512 in the y direction, or horizontally back and forth
on the pant leg in the x direction (in and out of the drawing page). This x-y coordinate
system can be used to describe control input with the smart ring 502 to the companion
device 508. In some implementations, the orientation of the companion device 508 can be
independent of the coordinate system associated with the smart ring. For example, the
companion device 508 could be located in the right back pocket 510 of user 504, in the left
back pocket 514, in a front pocket (not shown), held by user 504 in his hand (e.g., held in
his left hand), or located somewhere else, such as resting on chair 516 or at a remote
location. As such, the companion device 508 could be in any of a variety of locations,

positions, or orientations and receive control input from the smart ring. In this case, the
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companion device 508 can map finger poses and/or movements collected relative to a
coordinate system of the smart ring to an appropriate orientation of the companion device
508.

[00043] FIG. 6 shows a use case scenario 600 involving an example smart ring 602
worn by a user 604 on his index finger 606. In this case user 604 is engaging a digital
display device 608 (e.g., companion device). In this example, the digital display device
includes a depth sensor 610. In some implementations the depth sensor can be manifest as
a red, green, blue, plus depth (RGBD) camera. Various types of visible light, non-visible
light, and/or sonic depth sensors, among others, can be employed.

[00044] The depth sensor 610 can be useful in detecting the presence of user 604 in
front of the digital display device 608 and detecting large-scale gestures (e.g., arm
movements) performed by the user in front of the digital display device. However, the
depth sensor may not be able to accurately detect user control inputs close to the digital
display device. For instance, the depth sensor may not be able to distinguish fine-grained,
subtle fingertip motions (e.g., stroke input). The smart ring 602 can sense subtle fingertip
motions, such as stroke input in a downward direction as indicated by arrow 612. Data
from the depth sensor 610 and the smart ring 602 can detect large-scale user gestures in
front of the digital display device as well as smaller-scale, subtle fingertip motions at the
digital display device. Thus, the smart ring 602 and the depth sensor 610 can collectively
provide information that can allow the digital display device to function in a manner
similar to a touch sensitive display device without actually being ‘touch sensitive.’

[00045] FIG. 7 shows another use case scenario 700 that is similar to the use case
scenario of FIG. 6. In this case, the smart ring 602 can operate cooperatively with smart
glasses 702 to provide information about user 604. For instance, the smart glasses can
capture information about what is in front of the user. In this example, the smart glasses
can ‘see’ content on the digital display device 608. The smart glasses may be less
effective at distinguishing fine-grained, subtle fingertip motions as control input to the
digital display device 608. However, as explained above relative to FIG. 6, the smart ring
602 can accurately determine small-scale control input, such as stroke input 704. The
smart ring 602 and the smart glasses 702 can communicate with the digital display device
608 to detect touch and/or non-touch user gestures to provide an enhanced interactive
experience to the user.

[00046] FIG. 8 shows a use case scenario 800 involving example smart rings 802(1)

and 802(2) worn by a user 804. Smart ring 802(1) is positioned on the user’s index finger
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806 and smart ring 802(2) is positioned on the user’s middle finger 808. In this case user
804 is engaging a smart watch 810 (e.g., companion device) at Instance 1, Instance 2, and
Instance 3. In some implementations, the smart ring(s) can detect finger pose(s) whether
or not the finger(s) and/or hand are touching a surface. In the example shown in FIG. 8§,
user 804 is not touching a surface with his index finger, middle finger, and/or right hand.
[00047] Instance 1 shows user 804 with his index finger 806 relatively extended. The
relative extension of the index finger can be detected by smart ring 802(1). The relative
extension can be interpreted as a first user control input, such as to select an application to
run on the smart watch 810.

[00048] Instance 2 shows user 804 performing a control input by flexing the index
finger 806. This control input can be detected by smart ring 802(1) and distinguished by
the smart ring from the control input of Instance 1 by a change in finger pose to a relative
flexion of the index finger. This control input could be interpreted as a scroll down
control input by the smart watch 810, for example.

[00049] Instance 3 shows a control input by user 804 similar to Instance 2 except that it
is performed by both the index finger 806 and the middle finger 808 (e.g., a multi-finger
gesture) and detected by smart ring 802(1) and smart ring 802(2). This control input could
be interpreted as a ‘select’” control input by the smart watch 810, for example.

Mechanisms for accomplishing this functionality are described below relative to FIG. 9.

EXAMPLE SMART RING SYSTEM

[00050] FIG. 9 shows an example smart ring system 900. For purposes of
explanation, system 900 includes smart ring 902 (similar to smart rings 102, 502, 602,
and/or 802), and multiple example companion devices 106 (e.g., a tablet-type device), 508
(e.g., a smart phone-type device), 608 (e.g., a digital display device), 610 (e.g., a depth
sensor), 702 (e.g., smart glasses), and 810 (e.g., smart watch), among others. Any of these
devices can communicate over one or more networks 904.

[00051] Two configurations 906(1) and 906(2) are illustrated for smart ring 902.
Briefly, configuration 906(1) represents an operating system centric configuration and
configuration 906(2) represents a system on a chip configuration. Configuration 906(1) is
organized into one or more applications 908, operating system 910, and hardware 912.
Configuration 906(2) is organized into shared resources 914, dedicated resources 916, and

an interface 918 there between.
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[00052] In either configuration, the smart ring 902 can include storage 920, a
processor 922, a battery 924 (or other power source), a battery charger 926, sensors 928, a
communication component 930, an input component 932, and/or a gesture component
934. These clements can be positioned in/on or otherwise associated with a physical
finger band 936. For instance, the elements can be positioned within the finger band 936
so that the smart ring 902 has the general appearance of a traditional ‘jewelry’ ring. The
finger band 936 can be formed of various materials such as plastics, polymers, and/or
natural materials such as jade or other minerals, among other materials. The smart ring
902 can also include ornamental aspects such as precious stones to mimic a traditional
jewelry ring.

[00053] In some implementations, an instance of input component 932(3) and/or a
gesture component 934(3) can be located on the companion device, such as smart watch
810 as shown in FIG. 9. Alternatively or additionally, the input component 932(3) and/or
the gesture component 934(3) can be located on any companion device (e.g., devices 106,
508, 608, 610, and/or 702), including multiple devices, and/or on remote cloud based
resources (not shown).

[00054] From one perspective, any of smart ring 902 and companion device 106,
508, 608, 610, 702, and/or 810 can be thought of as computers.

[00055] The term “device,” "computer,” or "computing device" as used herein can
mean any type of device that has some amount of processing capability and/or storage
capability. Processing capability can be provided by one or more processors that can
execute data in the form of computer-readable instructions to provide a functionality.
Data, such as computer-readable instructions and/or user-related data, can be stored on
storage, such as storage that can be internal or external to the computer. The storage can
include any one or more of volatile or non-volatile memory, hard drives, flash storage
devices, and/or optical storage devices (e.g., CDs, DVDs, etc.), remote storage (e.g.,
cloud-based storage), among others. As used herein, the term "computer-readable media"
can include signals. In contrast, the term "computer-readable storage media" excludes
signals. Computer-readable storage media includes "computer-readable storage devices."
Examples of computer-readable storage devices include volatile storage media, such as
RAM, and non-volatile storage media, such as hard drives, optical discs, and/or flash
memory, among others.

[00056] As mentioned above, configuration 906(2) can be thought of as a system on
a chip (SOC) type design. In such a case, functionality provided by the device can be
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integrated on a single SOC or multiple coupled SOCs. One or more processors can be
configured to coordinate with shared resources, such as memory, storage, ctc., and/or one
or more dedicated resources, such as hardware blocks configured to perform certain
specific functionality. Thus, the term “processor” as used herein can also refer to central
processing units (CPUs), graphical processing units (GPUs), controllers, microcontrollers,
processor cores, or other types of processing devices.

[00057] Generally, any of the functions described herein can be implemented using
software, firmware, hardware (e.g., fixed-logic circuitry), or a combination of these
implementations. The term “component” as used herein generally represents software,
firmware, hardware, whole devices or networks, or a combination thercof. In the case of a
software implementation, for instance, these may represent program code that performs
specified tasks when executed on a processor (e.g., CPU or CPUs). The program code can
be stored in one or more computer-readable memory devices, such as computer-readable
storage media. The features and techniques of the component are platform-independent,
meaning that they may be implemented on a variety of commercial computing platforms
having a variety of processing configurations.

[00058] Multiple types of sensors 928 can be included in the smart ring 902. For
example, smart ring 902 can include a flexion sensor 938 and a rotation sensor 940. In
some implementations, the flexion sensor can sense proximity of the middle portion 218
of the index finger 206 to the smart ring 902 by measuring a distance d (e.g., di in Instance
1 and d2 in Instance 2 of FIG. 2). The flexion sensor can produce proximity signals related
to the distance d. The flexion sensor can also produce changing proximity signals, such as
successively detected signals.

[00059] In one example, the flexion sensor 938 can be an infrared proximity sensor for
measuring finger flexion and/or extension. In this example, the flexion sensor can consist
of an infrared emitter with an LED and a detector. Together, the infrared emitter and the
detector can serve as the infrared proximity sensor. For instance, the amount of IR light
detected by the detector can relate to the distance between the smart ring 902 and the
middle portion of the index finger of the user. In some cases, Lambertian reflectance of
skin can be assumed, and light intensity can fall off quadratically with distance (e.g.,
inverse square law). The distance d can change when the index finger is flexed or
extended. In some implementations, the infrared emitter and detector can have a narrow
viewing angle (e.g., 6° and 12°, respectively, for example) to prevent spurious reflections

from other fingers or an input surface (e.g., surface 214 in FIG. 2). To suppress ambient
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lighting changes, the distance d can be measured by first registering output from the
detector with the LED turned “off,” then registering output from the detector with the LED
turned “on.” The value with the LED “off” can be subtracted from a value with the LED
“on” to determine the distance d.

[00060] In some implementations, the rotation sensor 940 can produce rotation signals
that can give an indication of rotation of the finger. The rotation sensor can also produce
changing rotation signals. For example, the rotation sensor can be a 1-axis gyroscope for
measuring finger rotation, such as angle ® as shown in FIG. 3.

[00061] In FIG. 9, the flexion sensor 938 and the rotation sensor 940 are shown
protruding from the finger band 936, but can be mounted more integral to the finger band.
Alternatively or additionally, the flexion sensor and the rotation sensor need not be
mounted adjacent to each other. For example, the rotation sensor can be mounted on an
opposite side from the flexion sensor (not shown). For instance, the rotation sensor can be
disguised as a “jewel” or other ornamentation on the finger band. Additionally or
alternatively, ornamentation could include and/or obscure the battery 924 and/or other
components.

[00062] The input component 932 can receive control input (e.g., signals) from the
sensors 928. In some implementations, the input component 932 can identify a finger
pose and/or movement from the sensor signals. For example, the input component can use
signals from the sensors to identify the relative extension of index finger 206 in Instance 1
of FIG. 2. In this example, the input component may identify the relative extension of the
finger with signals from flexion sensor 938. For example, a signal from flexion sensor
938 can correlate to distance di, indicating the relative extension.

[00063] In some implementations, the input component 932 can identify changes in the
finger pose using signals from the sensors 928. For example, referring to FIG. 1, the input
component can use signals from the sensors to detect a change in the pose of the index
finger 108 between Instance 2 and Instance 3. In this case, the input component can
identify an extension of the finger using signals from flexion sensor 938, and can identify
a rotation of the finger using signals from rotation sensor 940.

[00064] Furthermore, in some implementations the input component 932 can define a
coordinate system for movement of the fingertip 208, such as described relative to FIG. 3.
The input component can communicate the finger pose, pose changes, and/or coordinate
system information to the gesture component 934. The gesture component 934 can

interpret finger poses and/or changes as movement of a user’s fingertip relative to the
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defined coordinate system. For example, the gesture component can interpret finger pose
changes as movements of the fingertip within the x-y plane shown in FIG. 3.

[00065] In some implementations, the gesture component 934 can identify a control
input gesture associated with the finger pose and/or movement. In some of these cases the
gesture component can consider a computing environment of a companion device (e.g.,
companion device 106) to more accurately identify the control input gesture intended by
the user. For example, the gesture component can determine a computing environment of
the companion device that the user is interacting with corresponds to a drawing program,
internet browser, word processing application, etc. Accordingly, the gesture component
can provide different interpretations of finger poses or movements depending on a type of
interaction in which the user is engaging. Examples of different interpretations were
provided relative to FIG. 1.

[00066] To summarize, the input component 932 can receive signals from sensors 928,
such as flexion sensor 938 or rotation sensor 940. The input component can determine a
finger pose(s) and/or movement from the signals. The finger pose(s) can be
communicated to the gesture component 934, which can interpret the finger
pose(s)/movement as any of a variety of complex, fine-grained, subtle user control inputs
to a companion device. For example, the user can use the smart ring to enter text to a
companion device. In some cases, control input can be interpreted by the gesture
component as two-dimensional (2D) input. In other cases, control input can be interpreted
as three-dimensional (3D) input, or other types of input, such as touch sensing or touch
approximation. Further description of smart ring control input is provided below.

[00067] Referring again to FIG. 9, the communication component 930 can allow the
smart ring 902 to communicate with various devices, such as the illustrated companion
devices. The communication component can include a receiver and a transmitter and/or
other radio frequency circuitry for communicating with various technologies, such as
cellular, Wi-Fi (IEEE 802.xx), Bluetooth (e.g., Bluetooth transmitter), etc.

[00068] Note that in some cases the input component 932 on the smart ring 902 can
be relatively robust and perform analysis on signals received from sensors 928 to
determine a finger pose and/or finger movement. The input component could then send an
indication of the determined finger pose and/or movement to the gesture component 934
on the smart ring and/or to a companion device (e.g., any of devices 106, 508, 608, 610,

702, and/or 810) that the smart ring is operating in cooperation with. In other scenarios
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the input component on the smart ring could send signals and/or other information to a
remote resource, such as cloud based resources, for processing.

[00069] Similarly, in some cases, the gesture component 934 on the smart ring 902
can be relatively robust and perform analysis on information received from the input
component 932 to identify a user control input. For example, the gesture component on
the smart ring can direct an action on a companion device (e.g., any of devices 106, 508,
608, 610, 702, and/or 810) based on the identified control input. In other cases, the
gesture component, such as gesture component 934(3), can be located on a companion
device that the smart ring is operating in cooperation with. In these cases, the input
component can send the signals, finger poses, and/or finger movement information to the
gesture component 934(3) on the companion device for analysis. The gesture component
on the companion device could then analyze the sensor signals, finger pose(s), and/or
finger movement information to interpret and/or identify the user control input.
Additionally, in some cases the gesture component can also analyze additional signals
from sensors on one or more additional smart rings, the companion device, and/or another
device to collectively interpret a user control input. In other scenarios the gesture
component could send information to a remote resource, such as cloud based resources,
for processing.

[00070] Some implementations may utilize a calibration procedure to enhance accuracy
with individual users. An example calibration procedure for a wrist coordinate system
(such as described relative to FIG. 3) can begin with a user resting his/her wrist and a
fingertip of an instrumented finger (e.g., a finger wearing a smart ring) on a surface (such
as surface 214 in FIG. 2). Note that resting the wrist on a surface may include resting any
part of the palm, hand, wrist, or arm on the surface in a manner that allows the user to
comfortably pivot (e.g., rotate) at the wrist. In some cases, resting the wrist and fingertip
on the surface can prevent fatigue of the arm and/or hand of the user during the
interaction. Additionally, in some cases, resting the wrist and fingertip on the surface can
limit the variety of hand movements and promote those movements that can be measured
with the sensors on the smart ring.

[00071] As noted above relative to FIG. 3, the wrist anchor point 304 can be considered
a fixed point in space. With the wrist 302 at a relatively fixed location, the fingertip 208
of the instrumented index finger 206 can be moved using two basic movements. The first
movement is rotation of the hand 300 at the wrist 302 (correlated to left/right movement,

or movement in the x direction as shown in FIG. 3). Rotation of the hand 300 can move
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the fingertip 208 along arc 306 at radius r. Rotation can change the angle ®. The second
movement is flexion/extension of the instrumented index finger 206 (correlated to
up/down movement, or movement in the y direction as shown in FIG. 3). Flexing and/or
extending the index finger 206 can move the fingertip 208 further from and/or closer to the
wrist anchor point 304, which can change radius r. Note that when the fingertip 208 is in
line with the wrist anchor point 304 along the y direction, an x value and angle ® can both
be considered zero.

[00072] In some implementations, the input component 932 can determine angle ® by
integrating a rotation sensor 940 output d® (e.g., rotation rate, delta @) over time. For
example, d® can be integrated from a beginning of an interaction, where angle ® = 0. In
cases where the rotation sensor 940 includes a gyroscope as one of the sensors 928,
gyroscope drift may not be corrected, or may be corrected with a magnetometer, such as
for longer interactions.

[00073] In some implementations, the input component 932 can determine radius r by
mapping between the measured distance d (see FIG. 2) and the radius r. In cases where
the flexion sensor 938 on the smart ring 902 includes an infrared proximity sensor, the
mapping can include accounting for several nonlinear effects. For example, the nonlinear
effects can include kinematics of finger flexion/extension movement, IR brightness falloff
of the infrared proximity sensor, and nonlinearities in the IR detector of the infrared
proximity sensor. In some cases, the calibration procedure can include letting the user
move their finger along a set of known radii r, and recording the corresponding distance d
values.

[00074] In some implementations, the input component 932 can use a linear model to
approximate the mapping between distance d and radius r. Additionally or alternatively,
angle ® may be relatively small in practice, such that the input component can use angle ®
to directly approximate linear movement in the x direction. Therefore, in some cases, a
model for mapping sensor readings to the wrist coordinate system can be linear: x = a*®
and y = b*d — w. An example calibration of the variables “a” and “b” will be described
below.

[00075] In some implementations, an initialization sequence performed by the user can
be used by the input component 932 to find sensor values that correspond to distance d
and angle ®. An example initialization sequence can include tracing a circle in an x-y
plane on a surface (such as surface 214 in FIG. 2) with the fingertip 208 three times (or

some other unique action). In some cases, tracing the circle can move the fingertip within
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a comfortable range of motion for the user assuming that the wrist is kept at a fixed
location. In these cases, the initialization sequence can include motion within the unit
square 308 of the wrist coordinate system shown in FIG. 3. The input component can use
the size of the circle to define a physical size of the unit square 308, and also provide the
origin 310 (e.g., center of the circle(s)).

[00076] In some implementations, while the user is performing the initialization
sequence, the input component 932 can record sensor data which can be used to compute
the following calibration parameters: a = 0.35/SD(®), b = 0.35/SD(d), and w = mean(d),
where SD is standard deviation. Here, 0.35 is a scale factor (=1/2V2) that is the inverse
SD of a sine wave signal with peak-to-peak amplitude 1. In this example, since the user
traces a circle, angle @ and “b” will be sine waves, therefore the scale factor can map the
user’s traced circle to the unit square 308 (the physical size) of the wrist coordinate
System.

[00077] To summarize, the input component 932 can use a linear model for mapping
sensor readings to a wrist coordinate system to determine fingertip positions in coordinates
x and y. The input component can use sensor signals to determine angle @ and radius r.
The input component can then use angle ® and radius r to recover the x and y coordinates
of a fingertip position. In this manner, the input component can send information to the
gesture component 934 for interpretation of a variety of fine-grained, subtle user control
inputs in the x-y plane. For example, the gesture component can interpret text input traced
by a user with his/her fingertip, pointing with a cursor on a screen of a companion device,
or a variety of gestures performed by the user, such as swiping, scrolling, etc. Stated
another way, the smart ring 902 can allow an approximation of control input on a touch-
enabled surface using any available surface. The surface may have any orientation, and
need not be flat.

[00078] Note that the user may move his/her fingertip relative to a different axis of
rotation, such as shown in FIG. 4. However, although a shift in the location of the rotation
axis may change the distance w from the origin to an anchor point of the coordinate
system (see FIG. 3), the location shift may not change other modelling assumptions used
by the input component 932 for calibrating a coordinate system or recovering fingertip
positions in coordinates x and y. For example, a linear mapping model can be used.
[00079] Referring again to FIG. 9, in some implementations, the input component 932
can place the smart ring 902 in an inactive sleep state to prevent accidental interpretation

of day-to-day user activities as control input and/or gestures. Alternatively or additionally,
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the smart ring can be placed in an inactive state to conserve energy. For example, the
rotation sensor 940 can be in a low-power, autonomous motion-detection state when not in
use.

[00080] When a user is ready to enter control input on an available surface, the smart
ring 902 can be brought into an active state by the input component 932. Stated another
way, interaction with the smart ring can be initiated (e.g., triggered), and/or the smart ring
can be “unlocked” by the input component. In some implementations, the smart ring may
be brought into an active state when the user performs a unique movement with the smart
ring. In some cases, the unique movement can be the initialization sequence that may also
be used for calibrating the smart ring. For example, the initialization sequence of tracing a
circle in an x-y plane three times (or some other unique action) can be interpreted by the
input component to both “unlock” the smart ring and calibrate a coordinate system for
control input with the smart ring. In this manner, a size range of a unit square of a
coordinate system can be adapted to different applications or body poses (which may
differ in terms of comfortable motion ranges). Stated another way, the size range of the
unit square can change between uses depending on the user’s position, and it may be
advantageous to re-calibrate the coordinate system of the smart ring to a more appropriate
unit square size.

[00081] Some smart ring systems can include visual feedback on a companion device
(e.g., a cursor) with a screen, or an option for visual feedback use cases. In these systems
or use cases, interaction with the smart ring 902 can be “always on” during use with visual
feedback. In these cases, a user can move a cursor toward an edge of the screen by
moving a finger instrumented with the smart ring in a corresponding direction. In some
cases, the user may continue to move their finger in the corresponding direction, such as
after the cursor has reached the edge of the screen of the companion device. In some
implementations, a cursor position can be clamped (e.g., pinned) at edges of the screen, so
that when the user moves the cursor towards a screen edge using the smart ring, any
further movement in that direction will drag the wrist coordinates along in space. Viewed
from one perspective, a unit square (such as unit square 308 shown in FIG. 3) can be
mapped to an arca of the screen. When the cursor reaches the edge of the screen, the
smart ring system can adjust an alignment of the unit square and/or the screen such that
the unit square remains aligned with and/or mapped to the screen. In this manner, the

cursor can be prevented from leaving the screen, or becoming “lost.” Other methods of
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maintaining a cursor within a screen view, or accommodating “always on” use of the
smart ring with visual feedback are considered.

[00082] Further, powering sensors and analyzing sensor data consumes power. The
input component 932 can manage the sensors 928, battery 924, processor 922, and/or other
components to conserve resources. In other configurations a power management
controller (not shown) may manage the components.

[00083] In summary, at least some of the present implementations can offer a wearable
smart ring that can enable users to enter control input. The smart ring can use finger pose

detection to capture user interaction instances.

EXAMPLE METHODS

[00084] FIG. 10 illustrates a flowchart of a technique or method 1000 that is
consistent with at least some implementations of the present concepts.

[00085] At block 1002, the method 1000 can obtain rotation signals from a smart
ring worn on a finger of a hand, the rotation signals reflecting rotation of the finger
relative to the hand.

[00086] At block 1004, the method 1000 can obtain flexion signals reflecting
flexion of the finger.

[00087] At block 1006, the method 1000 can analyze the rotation signals and the
flexion signals to identify a control input performed by the finger. In some cases, the
analysis can include identifying a pose of the finger.

[00088] In some cases, the method 1000 can be performed on the smart ring by a
processor or microcontroller. In other cases, the signals can be sent from the smart ring to
another device, such as a companion device that is proximate to the smart ring and is
working cooperatively with the smart ring. The companion device can then perform the
interpreting. Some implementations can involve a single user wearing multiple smart
rings. In such a case, each smart ring can communicate its signals to the companion
device (e.g., with a different ring identifier with the signals). The companion device can
then interpret control inputs relating to a single finger or multiple fingers (e.g., multi-
finger control input).

[00089] In some cases, the smart ring may contain other sensors that sense other
parameters. Signals from the other sensors can be interpreted in combination with signals
from the flexion sensor and/or the rotation sensor to identify the user control input. In still

other cases, sensors on other devices may provide signals that can be utilized in
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combination with the sensed signals to identify the user control input. Examples of such
scenarios are illustrated relative to FIGS. 6-7 where the digital display device 608, the
depth sensor 610, and/or the smart glasses 702 may sense the user and provide data that is
useful in combination with the flexion and/or rotation data. Also, in some cases, such as a
digital whiteboard scenario, multiple users may be performing control inputs and each user

may be wearing one or more smart rings.

CONCLUSION

[00090] In summary, the present implementations can derive useful information about
finger pose from a flexion sensor and/or a rotation sensor on a smart ring worn on a user’s
finger.

[00091] The described methods or processes can be performed by the systems and/or
devices described above, and/or by other devices and/or systems. The order in which the
methods are described is not intended to be construed as a limitation, and any number of
the described acts can be combined in any order to implement the method, or an alternate
method. Furthermore, the method can be implemented in any suitable hardware, software,
firmware, or combination thereof, such that a device can implement the method. In one
case, the method is stored on computer-readable storage media as a set of instructions such
that execution by a processor of a computing device causes the computing device to
perform the method.

[00092] Although techniques, methods, devices, systems, etc., pertaining to detecting
user control inputs are described in language specific to structural features and/or
methodological acts, it is to be understood that the subject matter defined in the appended
claims is not necessarily limited to the specific features or acts described. Rather, the
specific features and acts are disclosed as exemplary forms of implementing the claimed

methods, devices, systems, etc.
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CLAIMS
1. A system, comprising:
a smart ring configured to be worn on a first segment of a finger of a user;
at least one flexion sensor secured to the smart ring in a manner that can detect a
distance between the at least one flexion sensor and a second segment of
the finger; and,
an input component configured to analyze signals from the at least one flexion
sensor to detect a pose of the finger.
2. The system of claim 1, wherein the input component is further configured
to analyze additional signals from other sensors to identify additional information about
the finger of the user.
3. The system of claim 2, wherein the input component is located on a
companion device to the smart ring or wherein the input component is located on the smart
ring.
4. The system of claim 1, the system further comprising a gesture component,
the gesture component configured to analyze the pose and additional signals from at least
one other sensor to identify a gesture associated with the pose and the additional signals.
5. The system of claim 1, wherein the input component is further configured
to define a wrist coordinate system.
6. The system of claim 5, wherein the wrist coordinate system includes a first
axis relative to rotational movement of the finger and a second axis relative to flexion
and/or extension of the finger.
7. The system of claim 1, further comprising a rotation sensor secured to the smart
ring, the rotation sensor configured to detect rotation of the finger, and wherein the input
component is further configured to analyze signals from the rotation sensor to detect the
pose of the finger.
8. A computer-implemented method, comprising:
obtaining rotation signals from a smart ring worn on a finger of a hand, the rotation
signals reflecting rotation of the finger relative to the hand;
obtaining flexion signals reflecting flexion of the finger; and,
analyzing the rotation signals and the flexion signals to identify a control input

performed by the finger.
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9. The computer-implemented method of claim 8, wherein the analyzing
includes interpreting the rotation signals and the flexion signals as changes in a pose of the
finger to identify the control input.

10. The computer-implemented method of claim 8, further comprising
implementing the control input on a companion device.

11. The computer-implemented method of claim 10, wherein the implementing
includes interpreting the control input relative to a computing environment of the
companion device.

12. The computer-implemented method of claim 8, wherein the obtaining the
flexion signals comprises sensing the flexion signals with a flexion sensor on the smart
ring or obtaining the flexion signals from the smart ring.

13. The computer-implemented method of claim 12, wherein the flexion
signals include a distance from the smart ring worn on a first segment of the finger to a
second segment of the finger.

14. The computer-implemented method of claim 8, wherein the obtaining the
rotation signals and the obtaining the flexion signals comprise receiving the rotation
signals and the flexion signals at a companion device, and wherein the companion device
performs the analyzing.

15. The computer-implemented method of claim 14, wherein the companion
device comprises a smart phone, a smart watch, smart glasses, a tablet type computer, or a

display device.
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