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SYSTEMS, ARTICLES AND METHODS FOR WEARABLE ELECTRONIC

DEVICES THAT ACCOMMODATE DIFFERENT USER FORMS

BACKGROUND

Technical Field

The present systems, articles and methods generally relate to

wearable electronic devices and particularly relate to systems, articles and

methods that enable a wearable electronic device to accommodate a wide

range of user forms.

Description of the Related Art

WEARABLE ELECTRONIC DEVICES

Electronic devices are commonplace throughout most of the world

today. Advancements in integrated circuit technology have enabled the

development of electronic devices that are sufficiently small and lightweight to

be carried by the user. Such "portable" electronic devices may include o n

board power supplies (such as batteries or other power storage systems) and

may be designed to operate without any wire-connections to other electronic

systems; however, a small and lightweight electronic device may still be

considered portable even if it includes a wire-connection to another electronic

system. For example, a microphone may be considered a portable electronic

device whether it is operated wirelessly or through a wire-connection.

The convenience afforded by the portability of electronic devices

has fostered a huge industry. Smartphones, audio players, laptop computers,

tablet computers, and ebook readers are all examples of portable electronic

devices. However, the convenience of being able to carry a portable electronic

device has also introduced the inconvenience of having one's hand(s)



encumbered by the device itself. This problem is addressed by making an

electronic device not only portable, but wearable.

A wearable electronic device is any portable electronic device that

a user can carry without physically grasping, clutching, or otherwise holding

onto the device with their hand(s). For example, a wearable electronic device

may be attached or coupled to the user by a strap or straps, a band or bands, a

clip or clips, an adhesive, a pin and clasp, an article of clothing, tension or

elastic support, an interference fit, an ergonomic form, etc. Examples of

wearable electronic devices include digital wristwatches, electronic armbands,

electronic rings, electronic ankle-bracelets or "anklets," head-mounted

electronic display units, hearing aids, and so on.

The potential users of a wearable electronic device may come in

many different shapes and sizes. To address this, either a unique wearable

electronic device must be designed and built (i.e., customized) for each

individual user, or an individual device must be able to accommodate a variety

of different user forms. For some devices this is simply a matter of comfort for

the user, whereas for other devices the operation/performance is affected by

the fit between the device and the user. For example, the

operation/performance of a wearable electronic device that employs sensors to

detect inputs from a user may be influenced by the relative positions of the

sensors on the user's form. In this case, the same wearable electronic device

may operate/perform differently when worn by two different users, or even

when worn in different ways by the same user. Such operation/performance

inconsistencies can result in a poor user experience and are clearly

undesirable. It is impractical to design and build a customized wearable

electronic device for each user, thus there is a need in the art for wearable

electronic devices with improved robustness against variations in user form.



HUMAN-ELECTRONICS INTERFACES

A wearable electronic device may provide direct functionality for a

user (such as audio playback, data display, computing functions, etc.) or it may

provide electronics to interact with, receive information from, and/or control

another electronic device. For example, a wearable electronic device may

include sensors that detect inputs from a user and transmit signals to another

electronic device based on those inputs. Sensor-types and input-types may

each take on a variety of forms, including but not limited to: tactile sensors (e.g.,

buttons, switches, touchpads, or keys) providing manual control, acoustic

sensors providing voice-control, electromyography sensors providing gesture

control, and/or accelerometers providing gesture control.

A human-computer interface ("HCI") is an example of a human-

electronics interface. The present systems, articles, and methods may be

applied to wearable human-computer interfaces, but may also be applied to any

other form of wearable human-electronics interface.

MUSCLE INTERFACE DEVICES

Muscle interface devices are wearable electronic devices.

Conventionally, in the research and medical fields, electromyography ("EMG")

electrodes are manually positioned directly above the muscles of interest by a

trained health care professional. This ensures that the sensors are properly

located on a patient in order to obtain the desired signals. In order for muscle

interface devices to be commercially viable as consumer devices, the sensors

must be positioned in a standardized fashion across a broad range of users

who will be using the device. Furthermore, to be commercially viable as

consumer devices, muscle interface devices cannot be designed to require the

assistance of a trained professional in order to properly position the sensors

each time the device is worn.



Thus, there is a need in the art for an improved muscle interface

device which overcomes at least some of these limitations.

BRIEF SUMMARY

An annular wearable electronic device having a variable

circumference may be summarized as including a first pod structure positioned

at least approximately on the circumference, wherein the first pod structure

includes a first sensor to detect an input from a user; a second pod structure

positioned at least approximately on the circumference, wherein the second

pod structure includes a second sensor to detect an input from the user, and

wherein the first and the second sensors are physically spaced apart from one

another by a circumferential spacing C and by an angular spacing Θ and at

least one adaptive coupler that physically couples the first pod structure and the

second pod structure, wherein a length of the at least one adaptive coupler is

variable such that the circumferential spacing C between the first and second

sensors is variable, and wherein the angular spacing Θ between the first and the

second sensors is at least approximately constant regardless of the length of

the at least one adaptive coupler. At least one of the first sensor and the

second sensor may be selected from the group consisting of: an

electromyography sensor; a magnetomyography sensor; a mechanomyography

sensor; a blood pressure sensor; a heart rate sensor; an accelerometer; a

gyroscope; a compass; and a thermometer. The first pod structure may include

electrical circuitry and the second pod structure may include electrical circuitry,

and at least one of the first pod structure and the second pod structure may

include at least one component selected from the group consisting of: an

amplification circuit, an analog-to-digital conversion circuit, a battery, a wireless

transmitter, and a connector port. The annular wearable electronic device may

further include at least one electrical coupling between the electrical circuitry of

the first pod structure and the electrical circuitry of the second pod structure.

The at least one adaptive coupler may include at least one elastic band.



The annular wearable electronic device may further include a third

pod structure positioned at least approximately on the circumference, where the

at least one adaptive coupler provides a physical adaptive coupling between

the second pod structure and the third pod structure such the physical adaptive

coupling between the second pod structure and the third pod structure has a

variable length. The at least one adaptive coupler may include a single

adaptive coupler that provides physical adaptive coupling both between the first

pod structure and the second pod structure and between the second pod

structure and the third pod structure. The at least one adaptive coupler may

include a first adaptive coupler that provides physical adaptive coupling

between the first pod structure and the second pod structure and a second

adaptive coupler that provides physical adaptive coupling between the second

pod structure and the third pod structure. The third pod structure may include a

third sensor to detect an input from the user, the second and third sensors

physically spaced apart from one another by the circumferential spacing C and

by the angular spacing Θ, and the circumferential spacing C between the

second and the third sensors may be variable and the angular spacing Θ

between the second and the third sensors may be at least approximately

constant regardless of the length of the physical adaptive coupling between the

second pod structure and the third pod structure. The angular spacing Θ

between the second and the third sensors may be at least approximately equal

to the angular spacing Θ between the first and the second sensors.

The annular wearable electronic device may further include at

least one additional pod structure positioned at least approximately on the

circumference, wherein each one of the first pod structure, the second pod

structure, the third pod structure, and the at least one additional pod structure is

positioned adjacent two other ones of the first pod structure, the second pod

structure, the third pod structure, and the at least one additional pod structure,

and wherein the at least one adaptive coupler provides a respective physical

adaptive coupling between each pair of adjacent pod structures such that the

physical coupling between each pair of adjacent pod structures has a variable



length. Each additional pod structure may include a respective sensor to detect

an input from the user, the respective sensors in each pair of adjacent pod

structures physically spaced apart from one another by the circumferential

spacing C and by the angular spacing Θ, and the circumferential spacing C

between the respective sensors in each pair of adjacent pod structures may be

variable and the angular spacing Θ between the respective sensors in each pair

of adjacent pod structures may be at least approximately constant regardless of

the length of the physical adaptive coupling between the each pair of adjacent

pod structures. The angular spacing Θ between the respective sensors in each

pair of adjacent pod structures may be at least approximately equal.

A wearable electronic device may be summarized as including a

set of pod structures arranged in an annular configuration having a variable

circumference, wherein each pod structure in the set of pod structures is

positioned adjacent two other pod structures in the set of pod structures at least

approximately on the circumference, and wherein a first pod structure in the set

of pod structures includes a first sensor to detect an input from a user and a

second pod structure in the set of pod structures includes a second sensor to

detect an input from the user, the first and the second sensors physically

spaced apart from one another in the annular configuration by a circumferential

spacing C and an angular spacing Θ and at least one adaptive coupler that

physically couples each pod structure in the set of pod structures to two

adjacent pod structures in the set of pod structures such that the at least one

adaptive coupler physically binds the set of pod structures in the annular

configuration, wherein a length of the at least one adaptive coupler is variable

such that the circumferential spacing C between the first and the second

sensors is variable, and wherein the angular spacing Θ between the first and

the second sensors is at least approximately constant regardless of the length

of the at least one adaptive coupler. Each pod structure in the set of pod

structures may include a respective sensor to detect an input from the user.

The circumferential spacing C may be at least approximately equal between the

respective sensors of each pair of adjacent pod structures. The angular



spacing Θ may be at least approximately equal between the respective sensors

of each pair of adjacent pod structures, and the angular spacing Θ between the

respective sensors of each pair of adjacent pod structures may be at least

approximately constant regardless of the length of the at least one adaptive

coupler. The set of pod structures may include at least two pod structures. The

set of pod structures may include at least eight pod structures.

At least one of the first sensor and the second sensor may be

selected from the group consisting of: an electromyography sensor; a

magnetomyography sensor; a mechanomyography sensor; a blood pressure

sensor; a heart rate sensor; an accelerometer; a gyroscope; a compass; and a

thermometer. Each pod structure in the set of pod structures may include

respective electrical circuitry, and at least one pod structure in the set of pod

structures may include a component selected from the group consisting of: an

amplification circuit, an analog-to-digital conversion circuit, a battery, a wireless

transmitter, and a connector port. The annular wearable electronic device may

further include at least one electrical coupling between the electrical circuitry of

the first pod structure and the electrical circuitry of the second pod structure.

The annular wearable electronic device may further include a respective

electrical coupling between the respective electrical circuitries of each pair of

adjacent pod structures in the set of pod structures. The at least one adaptive

coupler may include at least one elastic band. The at least one adaptive

coupler may include a single adaptive coupler that provides physical coupling

between each pair of adjacent pod structures in the set of pod structures., or

the at least one adaptive coupler may include a set of adaptive couplers, where

each adaptive coupler in the set of adaptive couplers provides physical

adaptive coupling between a respective pair of adjacent pod structures in the

set of pod structures.

The present disclosure relates to human-computer interface

devices, and more specifically to a wearable muscle interface device based

human-computer interface (HCI).



A wearable muscle interface device may be configured to be worn

on the forearm of the user, and may include a plurality of pods arranged in

spaced apart relation around a resiliently expandable band. For example, the

pods may be spaced apart equidistant to each other, although in some cases

the space between different pods may vary.

Each pod may contain one or more sensors, such as an

electromyography (EMG) sensor, a mechanomyography (MMG) sensor, or an

inertial measurement unit (IMU). When the muscle interface device is worn, the

resiliently expandable band may stretch over a portion of a limb, such as the

forearm of a user.

A muscle interface device may be adapted to be worn on a user's

forearm closer to the elbow than the wrist. This allows a plurality of sensors to

be positioned over and around the largest circumference of the forearm to

ensure that the sensors are able to pick up the strongest electrical signals from

the largest muscle masses in the forearm.

As the circumference of the forearm is greater near the elbow

than near the wrist, and the surface of the skin tapers as it approaches the

hand, the wearable muscle interface device may be generally configured to

allow a frusto-conical shape to be assumed to conform to the taper of the

forearm of various users.

Conveniently, the resiliently expandable band of the muscle

interface device may allow the device to be worn by users having differently

sized forearms. Furthermore, by allowing the resiliently expandable band to be

stretched substantially uniformly, the resiliently expandable band may also

ensure that the relative spaced apart positions of the sensors around a forearm

are maintained from user to user within a defined range.

Advantageously, the present systems, articles, and methods do

not require that the sensors be placed in exactly the same position every time

the user puts the device on. Rather, the present systems, articles, and method

provide the ability to maintain the relative positions of the sensors from user to

user allowing the wearable muscle interface device to be pre-calibrated for



different users as the pattern of signals around the circumference of the users'

forearms is generally maintained.

Other features and advantages of the present systems, articles,

and methods will become apparent from the following detailed description and

accompanying drawings. It should be understood, however, that the detailed

description and specific examples are given by way of illustration and not

limitation. Many modifications and changes within the scope of the present

systems, articles, and methods may be made without departing from the spirit

thereof, and the present systems, articles, and methods include all such

modifications.

A wearable muscle interface device configured to be worn on the

forearm of a user may be summarized as comprising: a resiliently expandable

band; and a plurality of pods arranged around the resiliently expandable band,

whereby the plurality of pods maintain a relative position around a

circumference of the forearm of a user. The pods may be spaced apart and

expandable in a relative relation to each other. The pods may be spaced apart

in equal relation to each other. Each pod may contain one or more sensors,

including one or more electromyography (EMG) sensor, a mechanomyography

(MMG) sensor, and/or an inertial measurement unit (IMU). The resiliently

expandable band may be stretchable around the largest forearm muscle mass

of users. The resiliently flexible band may be generally a frusto-conical shape

conforming to the taper of a forearm.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

In the drawings, identical reference numbers identify similar

elements or acts. The sizes and relative positions of elements in the drawings

are not necessarily drawn to scale. For example, the shapes of various

elements and angles are not drawn to scale, and some of these elements are

arbitrarily enlarged and positioned to improve drawing legibility. Further, the

particular shapes of the elements as drawn are not intended to convey any



information regarding the actual shape of the particular elements, and have

been solely selected for ease of recognition in the drawings.

Figure 1 is a perspective view of an exemplary wearable

electronic device that is designed to accommodate a variety of different user

forms in accordance with the present systems, articles and methods.

Figure 2A is a side-elevation view of a wearable electronic device

that accommodates a wide range of different user forms in accordance with the

present systems, articles, and methods.

Figure 2B is another side-elevation view of the device from Figure

2A, showing an annular configuration of pod structures having a circumference

or perimeter that is larger than a corresponding circumference or perimeter

from Figure 2A in accordance with the present systems, articles, and methods.

Figure 2C is another side-elevation view of the device from Figure

2A and Figure 2B, showing an annular configuration of pod structures having a

circumference or perimeter that is larger than both the corresponding

circumference or perimeter from Figure 2A and the corresponding

circumference or perimeter from Figure 2B in accordance with the present

systems, articles, and methods.

Figure 2D is a side-elevation view of the device from Figures 2A,

2B, and 2C, showing the three respective annular configurations of pod

structures from Figures 2A, 2B, and 2C, all overlaid in one Figure to facilitate

comparison.

Figure 3A is a schematic diagram of a muscle interface device

that employs two continuous "resiliently expandable" elastic bands as adaptive

couplers that adaptively physically couple a set of seven pod structures in an

annular configuration in accordance with the present systems, articles, and

methods.

Figure 3B is a schematic diagram of the muscle interface device

from Figure 3A in an expanded configuration corresponding to being worn on a

larger user form, in accordance with the present systems, articles, and

methods.



Figure 4 is a schematic diagram of a wearable electronic device

implementing folded or bent wiring harnesses in between adjacent pod

structures in accordance with the present systems, articles, and methods.

DETAILED DESCRIPTION

In the following description, certain specific details are set forth in

order to provide a thorough understanding of various disclosed embodiments.

However, one skilled in the relevant art will recognize that embodiments may be

practiced without one or more of these specific details, or with other methods,

components, materials, etc. In other instances, well-known structures

associated with electronic devices, and in particular portable electronic devices

such as wearable electronic devices, have not been shown or described in

detail to avoid unnecessarily obscuring descriptions of the embodiments.

Unless the context requires otherwise, throughout the

specification and claims which follow, the word "comprise" and variations

thereof, such as, "comprises" and "comprising" are to be construed in an open,

inclusive sense, that is as "including, but not limited to."

Reference throughout this specification to "one embodiment" or

"an embodiment" means that a particular feature, structures, or characteristics

may be combined in any suitable manner in one or more embodiments.

As used in this specification and the appended claims, the

singular forms "a," "an," and "the" include plural referents unless the content

clearly dictates otherwise. It should also be noted that the term "or" is generally

employed in its broadest sense, that is as meaning "and/or" unless the content

clearly dictates otherwise.

The headings and Abstract of the Disclosure provided herein are

for convenience only and do not interpret the scope or meaning of the

embodiments.

The various embodiments described herein provide systems,

articles, and methods for wearable electronic devices that accommodate

different user forms. In particular, wearable electronic devices that employ



sensors to detect inputs from a user (such as muscle interface devices)

incorporate the present systems, articles, and methods to improve

operation/performance robustness against variations in user form.

Throughout this specification and the appended claims, the term

"form" as in "user form" is used to generally describe the physical properties of

the portion of a user upon which a wearable electronic device is worn. The

physical properties may include any characteristic that can influence the

operation/performance of the wearable electronic device, including but not

limited to: shape, size, geometry, topography, mass, volume, density,

composition, elasticity, etc.

Figure 1 is a perspective view of an exemplary wearable

electronic device 100 that is designed to accommodate a variety of different

user forms in accordance with the present systems, articles and methods.

Exemplary device 100 is an armband designed to be worn on the wrist,

forearm, or upper arm of a user, though a person of skill in the art will

appreciate that the teachings described herein may readily be applied in

wearable electronic devices designed to be worn elsewhere on the body of the

user (including without limitation on the leg, ankle, torso, finger, or neck of the

user). Device 100 includes a set of eight pod structures 10 1, 102, 103, 104,

105, 106, 107, and 108 arranged in an annular configuration having a variable

circumference or perimeter such that each pod structure in the set of eight pod

structures is positioned adjacent (e.g., in between) two other pod structures in

the set of eight pod structures at least approximately on the circumference or

perimeter of the annular configuration. For example, pod structure 10 1 is

positioned adjacent (i.e., in between) pod structures 102 and 108 at least

approximately on the circumference or perimeter of the annular configuration,

pod structure 102 is positioned adjacent pod structures 10 1 and 103 at least

approximately on the circumference or perimeter of the annular configuration,

pod structure 103 is positioned adjacent pod structures 102 and 104 at least

approximately on the circumference or perimeter of the annular configuration,

and so on. Each of pod structures 10 1 , 102, 103, 104, 105, 106, 107, and 108



is physically coupled to the two adjacent pod structures by at least one adaptive

coupler (not shown in Figure 1) . For example, pod structure 10 1 is physically

coupled to pod structure 108 by an adaptive coupler and to pod structure 102

by an adaptive coupler. The term "adaptive coupler" is used throughout this

specification and the appended claims to denote a system, article or device that

provides flexible, adjustable, modifiable, extendable, extensible, expandable, or

otherwise "adaptable" physical coupling. Adaptive coupling is physical coupling

between two objects that permits limited motion of the two objects relative to

one another. An example of an adaptive coupler is an elastic material such as

an elastic band. Thus, each of pod structures 10 1 , 102, 103, 104, 105, 106,

107, and 108 in the set of eight pod structures may be physically coupled to the

two adjacent pod structures by at least one elastic band. The set of eight pod

structures may be physically bound in the annular configuration by a single

elastic band that couples over or through all pod structures or by multiple

disparate elastic bands that couple between adjacent pairs of pod structures or

between groups of adjacent pairs of pod structures. Device 100 is depicted in

Figure 1 with the at least one adaptive coupler completely retracted and

contained within the eight pod structures 10 1 , 102, 103, 104, 105, 106, 107,

and 108 (and therefore the at least one adaptive coupler is not visible in Figure

1) -

Throughout this specification and the appended claims, the term

"pod structure" is used to refer to an individual segment, pod, section, structure,

component, link, unit in a connected series of units, etc. of a wearable

electronic device. For the purposes of the present systems, articles, and

methods, an "individual segment, pod, section, structure, component, link, unit,

etc." (i.e., a "pod structure") of a wearable electronic device is characterized by

its ability to be moved or displaced relative to another segment, pod, section,

structure component, link, unit, etc. of the wearable electronic device. For

example, pod structures 10 1 and 102 of device 100 can each be moved or

displaced relative to one another within the constraints imposed by the adaptive

coupler providing adaptive physical coupling therebetween. The desire for pod



structures 10 1 and 102 to be movable/displaceable relative to one another

specifically arises because device 100 is a wearable electronic device that

advantageously accommodates the movements of a user and/or different user

forms. Device 100 includes eight pod structures 10 1 , 102, 103, 104, 105, 106,

107, and 108. The number of pod structures included in a wearable electronic

device is dependent on at least the nature, function(s), and design of the

wearable electronic device, and the present systems, articles, and methods

may be applied to any wearable electronic device employing any number of pod

structures, including wearable electronic devices employing more than eight

pod structures and wearable electronic devices employing fewer than eight pod

structures.

In exemplary device 100 of Figure 1, each of pod structures 10 1 ,

102, 103, 104, 105, 106, 107, and 108 comprises a respective housing having a

respective inner volume. Each housing may be formed of substantially rigid

material and may be optically opaque. Thus, details of the components

contained within the housings (i.e., within the inner volumes of the housings) of

pod structures 10 1 , 102, 103, 104, 105, 106, 107, and 108 may not be visible in

Figure 1 (unless an optically transparent or translucent material is used for the

housing material). To facilitate descriptions of exemplary device 100, some

internal components are depicted by dashed lines in Figure 1 to indicate that

these components are not actually visible in the view depicted in Figure 1. For

example, any or all of pod structures 10 1 , 102, 103, 104, 105, 106, 107, and/or

108 may include electrical circuitry. In Figure 1, pod structure 10 1 is shown

containing electrical circuitry 111, pod structure 102 is shown containing

electrical circuitry 112, and pod structure 108 is shown containing electrical

circuitry 113 . The electrical circuitry in any or all pod structures may be

electrically coupled (i.e., directly or indirectly) to the electrical circuitry in any or

all other pod structures. For example, Figure 1 shows electrical coupling 12 1

between electrical circuitry 111 of pod structure 101 and electrical circuitry 112

of pod structure 102 and electrical coupling 122 between electrical circuitry 111

of pod structure 10 1 and electrical circuitry 113 of pod structure 108. Electrical



coupling between electrical circuitries of adjacent pod structures in device 100

may advantageously include systems, articles, and methods for strain

mitigation as described in US Provisional Patent Application Serial No.

61/857,1 05, which is incorporated by reference herein in its entirety.

Throughout this specification and the appended claims, the term

"rigid" as in, for example, "substantially rigid material," is used to describe a

material that has an inherent tendency to maintain its shape and resist

malformation/deformation under the moderate stresses and strains typically

encountered by a wearable electronic device.

As previously described, a wearable electronic device may

include sensors to detect input signals from a user. In exemplary device 100,

each of pod structures 10 1, 102, 103, 104, 105, 106, 107, and 108 includes a

respective sensor 110 (only one called out in Figure 1 to reduce clutter) to

detect input signals from the user. Sensor 110 may be any type of sensor that

is capable of detecting a signal produced, generated, or otherwise effected by

the user, including but not limited to: an electromyography sensor, a

magnetomyography sensor, a mechanomyography sensor, a blood pressure

sensor, a heart rate sensor, a gyroscope, an accelerometer, a compass, and/or

a thermometer. In exemplary device 100, each of pod structures 10 1 , 102, 103,

104, 105, 106, 107, and 108 includes a respective electromyography sensor

110 (only one called out in Figure 1 to reduce clutter) to detect input signals

from the user in the form of electrical signals produced by muscle activity.

Exemplary device 100 is therefore a muscle interface device or

"electromyography device." Electromyography device 100 may transmit

information based on the detected input signals to provide a human-electronics

interface (e.g., a human-computer interface). Further details of exemplary

electromyography device 100 are described in US Provisional Patent

Application Serial No. 61/752,226 (now US Non-Provisional Patent Application

Serial No. 14/1 55,087 and US Non-Provisional Patent Application Serial No.

14/1 55,1 07), US Provisional Patent Application Serial No. 61/768,322 (now US

Non-Provisional Patent Application Serial No. 14/1 86,878 and US Non-



Provisional Patent Application Serial No. 14/186,889), and US Provisional

Patent Application Serial No. 61/771 ,500 (now US Non-Provisional Patent

Application Serial No. 14/194,252) of which is incorporated herein by reference

in its entirety. Those of skill in the art will appreciate, however, that a wearable

electronic device having electromyography functionality (i.e., a muscle interface

device) is used only as an example in the present systems, articles, and

methods and that the systems, articles and methods for wearable electronic

devices that accommodate different user forms described herein are in no way

limited to wearable electronic devices that employ electromyography sensors

unless explicitly recited in a respective claim to such.

The components and functions of the electrical circuitry in any or

all of pod structures 10 1 , 102, 103, 104, 105, 106, 107, and/or 108 depend on

the nature of device 100. In the example of device 100 as an electromyography

device, electrical circuitry 113 of pod structure 108 may include, for example, a

battery 13 1 , a wireless transmitter 132 (e.g., a Bluetooth® transmitter) with

associated antenna(s), and/or a tethered connector port 133 (e.g., wired,

optical). Battery 13 1 may be included to provide a portable power source for

device 100, wireless transmitter 132 may be included to send signals to another

electronic device based on the muscle activity signals detected by

electromyography sensors 110, and connector port 133 may be included to

provide a direct communicative (e.g., electrical, optical) coupling to another

electronic device for the purpose of power transfer (e.g., recharging battery

13 1) and/or data transfer. Connector port 133 is illustrated in Figure 1 as a

micro-Universal Serial Bus port, though a person of skill in the art will

appreciate that any connector port may similarly be used, including but not

limited to: a Universal Serial Bus port, a mini-Universal Serial Bus port, a SMA

port, a THUNDERBOLT® port and the like. Furthermore, the electrical circuitry

in any or all of pod structures 10 1 , 102, 103, 104, 105, 106, 107, and/or 108

may include components for processing signals from electromyography sensors

110, including but not limited to an amplification circuit to amplify signals from

an electromyography sensor and/or an analog-to-digital conversion circuit to



convert analog signals output by an electromyography sensor into digital

signals for further processing.

Device 100 employs sensors 110 to detect inputs from the user

and, as previously described, the operation/performance of device 100 may be

influenced by the relative positions of sensors 110 on the user's form. To

address the fact that potential users of a wearable electronic device may come

in a variety of different forms, the various embodiments described herein

provide systems, articles, and methods that improve the operation/performance

robustness of a wearable electronic device (e.g., device 100) against variations

in user form. In particular, the various embodiments described herein provide

systems, articles, and methods for wearable electronic devices that achieve at

least approximately equal and/or constant angular spacing between respective

sensors of adjacent pod structures regardless of the form of the user wearing

the device. In this way, the various embodiments described herein also enable

the sensors 110 to be readily positioned in a standardized fashion (i.e., having

at least approximately equal angular spacing therebetween) across a broad

range of users who will be using the device.

Figure 2A is a side-elevation of a wearable electronic device 200

that accommodates a wide range of different user forms in accordance with the

present systems, articles, and methods. Device 200 is substantially similar to

device 100 from Figure 1 in that device 200 includes a set of eight pod

structures 201 (only one called out in Figure 2A to reduce clutter) arranged in

an annular configuration having a variable circumference or perimeter, and

each pod structure 201 includes a respective sensor 210 (only one called out in

Figure 2A to reduce clutter). In the same way as described for device 100 of

Figure 1, each pod structure 201 in device 200 is physically coupled to two

adjacent pod structures by at least one adaptive coupler. The at least one

adaptive coupler is not clearly visible in Figure 2A because device 200 is

depicted with the at least one adaptive coupler completely retracted and

contained within the eight pod structures 201 . In other words, device 200 is

depicted in Figure 2A in the smallest/tightest annular configuration that device



200 can adopt in order to accommodate the smallest user form with which

device 200 is compatible. Further structures and components of device 200

(e.g., electrical circuitries, connector ports, batteries, etc.) are omitted from

Figure 2A in order to reduce clutter. A person of skill in the art will appreciate

that the omission of any component in any Figure is for the purpose of

enhancing illustrative clarity of other components and in no way indicates the

omitted component is somehow of lesser utility or value to the present systems,

articles, and methods. Furthermore, Figure 2A depicts all of pod structures 201

as substantially the same as one another, whereas in practice different pod

structures may embody different shapes, sizes, components, and/or functions.

For example, in Figure 1 pod structure 108 is of a different size and shape from

pod structure 101 because pod structure 108 includes battery 13 1, transmitter

132, and connector port 133.

The physical spacing between the respective sensors 2 10 of each

respective pair of adjacent pod structures 201 in device 200 may be

characterized in at least two ways: a circumferential spacing C and an angular

spacing Θ. The circumferential spacing C refers to the distance between

adjacent sensors 210 measured along the circumference or perimeter of the

annular configuration of pod structures 201 . In Figure 2A, the circumference of

the annular configuration of pod structures 201 is approximately represented by

dashed line 251 . The term "circumference" and variations such as

"circumferential" are used in an approximate sense throughout this specification

and the appended claims to refer to the general vicinity of the perimeter of a

closed or generally annular structure. The closed or generally annular structure

may be an at least approximately circular geometry or a polygonal geometry

(e.g., pentagon, hexagon, heptagon, octagon, nonagon, dodecagon) with a

substantially closed inner perimeter and a substantially closed outer perimeter

spaced radially outward from the inner perimeter across a dimension (e.g.,

thickness) of the pod structures, links or units 201 that form the wearable

electronic device 200. Each pod structure, link or unit 201 may have a

generally flat cross sectional profile (as illustrated), to form a polygonal



structure. Alternatively, each pod structure, link or unit 201 , may have a

respective arcuate cross sectional profile to form a curved, circular or

substantially circular structure. Unless the specific context requires otherwise,

a person of skill in the art will understand that the terms "circumference" and

"circumferential" as used herein are not intended to limit the corresponding

description to the outer surface of a precisely circular form. Thus, even though

the annular configuration of pod structures 201 is depicted as octagonal in

Figure 2A, the octagonal annular configuration is still described as having a

circumference 251 .

The circumferential spacing C between adjacent sensors 2 10

depends on the length(s) of the at least one adaptive coupler that provides

physical coupling between respective pairs of adjacent pod structures 201 .

Thus, because the length of the at least one adaptive coupler is variable, the

circumferential spacing C is similarly variable. And because the circumferential

spacing C is variable, the circumference 251 itself is variable. As previously

described, device 200 is depicted in Figure 2A in the smallest/tightest annular

configuration that device 200 can adopt (i.e., with the at least one adaptive

coupler completely retracted and contained within the eight pod structures 201 )

in order to accommodate a small user form. Therefore, Figure 2A depicts

device 200 in an annular configuration with minimal circumferential spacing C

between adjacent pod structures 201 .

In geometrical terms, the circumferential spacing C is the length of

the arc that subtends the angle Θformed by: a first ray extending from the

center/origin of the circumference 251 of the annular configuration of pod

structures 201 and passing through a first sensor 210; and a second ray

extending from the center/origin of the circumference 251 of the annular

configuration of pod structures 201 and passing through a second sensor 210

that is adjacent the first sensor. The angle Θ has a vertex at the center/origin of

the circumference 251 of the annular configuration of pod structures 201 .

Throughout this specification and the appended claims, the term "angular

spacing" refers to the size of this angle Θ, which depends on both the length of



the variable (i.e., "adaptive") physical coupling between adjacent pod structures

201 (i.e., on the size of the circumferential spacing C) and on the radius of the

annular configuration of pod structures 201 . In accordance with the present

systems, articles, and methods, when the circumferential spacing C between

respective pairs of adjacent pod structures 201 of wearable electronic device

200 is increased to accommodate the form of a user (i.e., a user whose form is

too large to fit in the annular configuration of pod structures 201 with the

circumferential spacing C depicted in Figure 2A), the radius of the annular

configuration of pod structures 201 also increases. In this way, device 200

achieves at least approximately equal and/or constant angular spacing Θ

between respective sensors 2 10 of adjacent pod structures 201 regardless of

the form of the user wearing the device.

Figure 2B is another side-elevation of device 200 from Figure 2A,

showing an annular configuration of pod structures 201 having a circumference

252 that is larger than circumference 251 from Figure 2A. In other words,

Figure 2B depicts device 200 with larger circumferential spacing C between

adjacent pod structures 201 than that depicted in Figure 2A in order to

accommodate a user with a larger form than would fit in circumference 251

from Figure 2A. The circumferential spacing C in Figure 2B is larger than the

circumferential spacing C in Figure 2A because adaptive couplers 230 (only

one called out in Figure 2B to reduce clutter) providing physical coupling

between respective pairs of adjacent pod structures 201 have extended in

length to accommodate the larger user form. Thus, adaptive couplers 230 that

were fully-retracted and not visible in Figure 2A are partially extended or

expanded and visible in Figure 2B.

Although the circumferential spacing C of circumference 252

depicted in Figure 2B is larger than the circumferential spacing C of

circumference 251 depicted in Figure 2A, the angular spacing Θ is at least

approximately the same in both Figures. In accordance with the present

systems, articles, and methods, when the circumference of device 200 is

increased to accommodate a larger user form, the radius of device 200 also



increases and, as a result, the angular spacing Θ between respective sensors

2 10 of adjacent pod structures 201 remains at least approximately constant

regardless of the form of the user wearing device 200. In this way, the

operation/performance of device 200 (and the placement/positioning of sensors

2 10 thereof) is made substantially robust against variations in the form of the

user of device 200.

Figure 2C is another side-elevation of device 200 from Figure 2A

and Figure 2B, showing an annular configuration of pod structures 201 having a

circumference 253 that is larger than both circumference 251 from Figure 2A

and circumference 252 from Figure 2B. In Figure 2C, device 200 is depicted in

the largest/loosest annular configuration that device 200 can adopt (i.e., with

the at least one adaptive coupler 230 completely extended or expanded) in

order to accommodate the largest user form with which device 200 is

compatible. Therefore, Figure 2C depicts device 200 in an annular

configuration with maximal circumferential spacing C between adjacent pod

structures 201 . Although the circumferential spacing C of circumference 253

depicted in Figure 2C is larger than both the circumferential spacing C of

circumference 252 depicted in Figure 2B and the circumferential spacing C of

circumference 251 depicted in Figure 2A, the angular spacing Θ is at least

approximately the same in all three Figures. Thus, the angular spacing Θof

device 200 is substantially robust against variations in the form of the user.

Figure 2D is a side-elevation of device 200 showing the three

annular configurations of pod structures 201 from Figures 2A, 2B, and 2C, all

overlaid in one Figure to facilitate comparison. The smallest/tightest annular

configuration of pod structures 201 having circumference 251 from Figure 2A is

depicted in solid lines, the intermediate configuration of pod structures 201

having circumference 252 from Figure 2B is depicted in coarsely-dashed lines,

and the largest/loosest annular configuration of pod structures 201 having

circumference 253 from Figure 2C is depicted in finely-dashed lines. Lines

representing circumferences 251 , 252, and 253 are not shown in Figure 2D to

reduce clutter. Figure 2D clearly demonstrates that the angular spacing Θfor



device 200 is substantially constant regardless of the circumference,

circumferential spacing C, or form of the user.

The present systems, articles, and methods describe maintaining

a substantially constant angular spacing Θ between respective sensors of

respective pairs of adjacent pod structures in a wearable electronic device. As

previously described, substantially constant angular spacing Θ between sensors

may be particularly advantageous for, e.g., a wearable electronic device

employing electromyography sensors (e.g., in a muscle interface device).

Electromyography sensors detect electrical signals produced by muscle activity

and their operation/performance can be heavily influenced by their proximity to

certain muscles. For example, device 200 may be worn on the arm of a user

and sensors 2 10 may detect muscle activity corresponding to physical gestures

performed by the arm, hand, and/or fingers of the user. The arm contains

multiple muscle groups that activate in characteristic ways when a user

performs a particular gesture, and the angular spacing between these muscle

groups may be substantially the same regardless of the form of the user.

Device 200 may be calibrated to detect and characterize gestures based on a

particular relationship between the angular spacing between muscle groups in

the arm and the angular spacing Θ between sensors 2 10 . Thus, maintaining a

substantially constant angular spacing Θ between respective pairs of adjacent

electromyography sensors 2 10 may improve the robustness of the

operation/performance of a wearable electromyography device against

variations in the form of the user.

The present systems, articles, and methods also describe

maintaining a substantially equal (i.e., evenly or uniformly distributed) angular

spacing Θ between respective sensors of respective pairs of adjacent pod

structures in a wearable electronic device. The use of pair-wise adaptive

couplers 230 enables the circumferential spacing C of an annular configuration

of pod structures 201 to vary uniformly between each respective pair of

adjacent pod structures 201 , and as a result the angular spacing Θ between

respective pairs of adjacent sensors 2 10 may vary uniformly as well. Device



200 may be calibrated to detect and characterize gestures based on an equal

(i.e., even or uniform) distribution of sensors 2 10, and maintaining an equal

angular spacing Θ between respective pairs of adjacent electromyography

sensors 210 may improve the robustness of the operation/performance of a

wearable electromyography device against variations in the form of the user.

Thus, the various embodiments described herein provide systems, articles, and

methods that enhance robustness against variations in user form by ensuring at

least one or both of: a) substantially constant angular spacing Θ between

respective pairs of adjacent sensors regardless of user form; and/or b)

substantially equal (i.e., evenly or uniformly distributed) angular spacing Θ

between every respective pair of adjacent sensors regardless of user form.

As previously described, the at least one adaptive coupler (230)

that physically couples between one or more respective pair(s) of pod

structures (201 ) is extendable/stretchable/expandable and may include elastic

material. In accordance with the present systems, articles, and methods,

elastic material is particularly well-suited for use as/in an adaptive coupler (230)

because elastic material is "resiliently expandable" and, when expanded,

exhibits a restorative force that can provide the tension necessary to hold an

annular wearable electronic device on a limb of the user. Throughout this

specification and the appended claims, the term "resiliently expandable" is

generally used to refer to any element or material that allows limited

deformation under moderate stresses and strains but exhibits a restoring force

that effects an inherent resiliency, i.e., a tendency to return to its original shape

or configuration when the stresses or strains are removed. Elastic material is a

non-limiting example of a resiliently expandable material. Examples of a

wearable electronic device that implements elastic bands as adaptive couplers

are illustrated in Figures 3A and 3B.

Figure 3A is a schematic diagram of a muscle interface device

300 that employs two continuous "resiliently expandable" elastic bands 360a

and 360b as adaptive couplers that adaptively physically couple a set of seven

pod structures 350 (only one called out in the Figure to reduce clutter) in an



annular configuration in accordance with the present systems, articles, and

methods. Exemplary muscle interface device 300 is configured to be worn on

the forearm of the user. Each pod structure 350 includes one or more sensors

330 (only one called out in the Figure to reduce clutter) such as a capacitive

electromyography (cEMG) sensor, a surface electromyography (sEMG) sensor,

a mechanomyography (MMG) sensor, or an inertial measurement unit (IMU),

for example. One or more of the pod structures 350 may also contain a haptic

feedback module including a vibrating mechanism, and/or other notification

mechanisms, including for example an LED indicator light.

In order to cover forearm circumferences of the majority of users

(e.g., from the age of twelve and up), resiliently expandable bands 360a and

360b may be configured to provide a particular stretching factor, i.e., a

particular ratio of "stretch length":"unstretched length." A person of skill in the

art will appreciate that the stretching factor for an elastic band depends on a

number of properties, including the material used, the density of the material

used, the dimensions of the band, and so on. While in general any stretching

factor may be implemented, a stretching factor in the range of about 2 to 3,

(e.g., a stretching factor of about 2.4) is generally found to accommodate a

wide range of user forms. In order to achieve this degree of

expansion/contraction, the resiliently expandable band may be formed from a

variety of elastic materials, such as elasticized fabric, latex or rubber, for

example. Resilient, mechanically expandable linkages similar in structure to

metal wrist bands for watches may also be used.

In exemplary muscle interface device 300 of Figure 3A, pod

structures 350 are attached to two continuous bands of elastic material 360a

and 360b. Alternatively, the elastic material may be provided between each

adjacent pod structure 350 such that pod structures 350 are continuously

connected by the elastic material between each adjacent pair, or separate,

discrete sections of elastic material may provide adaptive physical coupling

between respective pairs of pod structures 350. Some implementations may



employ a single band of elastic material (i.e., band 360a or 360b) or more than

two band of elastic material.

The elasticity of the material(s) between pod structures 350 may

be selected to be substantially the same, in order to allow pod structures 350 to

expand away from each other substantially uniformly as the band(s) 360a

and/or 360b is/are stretched onto the user's limb (e.g., forearm).

Figure 3B is a schematic diagram of muscle interface device 300

from Figure 3A in an expanded configuration corresponding to being worn on a

larger user form, in accordance with the present systems, articles, and

methods. In this example, pod structures 350 maintain a same relative position

with respect to one another (i.e., a same order and a same angular spacing Θ) ,

regardless of the size of the forearm of the user, and the amount of stretching

that the resiliently expandable bands 360a and 360b undergo. However, in an

alternative implementation, the relative elasticity of the elastic material(s)

provided between each respective pair of pod structures 350 may be different,

such that there is a controlled but uneven expansion of pod structures 350

around the forearm of the user. This may be useful, for example, if it is desired

that there be little or no stretching/expansion between two of the pods (e.g.

between 250a and 250b), while there should be stretching between the

remainder of the pods.

Elastic bands 360a and 360b are completely visible in the views

of Figures 3A and 3B for illustrative purposes only. In general, the portions of

bands 360a and 360b that are contained within pod structures will not be visible

unless pod structures 350 are formed of transparent or translucent material, or

pod structures 350 include holes or windows through which bands 360a and

360b may be seen.

In exemplary muscle interface device 300, pod structures 350 are

positioned substantially equidistant from each other, such that the expansion of

pod structures 350 is uniform and they remain substantially equidistant from

each other when muscle interface device 300 is in a stretched state.

Advantageously and in accordance with the present systems, articles, and



methods, exemplary muscle interface device 300 shown in Figures 3A and 3B

does not require that the sensors 330 in pod structures 350 be placed in exactly

the same location on the user's arm every time the user puts the device on. In

other words, the user is not required to orient muscle interface device 300 in the

same way each time he/she slides device 300 onto his/her arm. Rather, the

constant order of and angular spacing between pod structures 350 helps to

ensure that the sensors 330 are properly aligned regardless of variations in the

size of forearm of the user.

As the circumference of a user's forearm is, typically, greater near

the elbow than near the wrist, the surface of the skin typically tapers as it

approaches the hand. To accommodate this form, the various embodiments of

wearable electronic devices (e.g., muscle interface devices) described herein

may, if so desired, have a generally frusto-conical shape to conform to the taper

of the forearm. For example, each of pod structures may, in some

implementations, be suitably shaped to form a segment of the generally frusto-

conical shape in order to conform to the taper of a forearm.

The resiliently expandable bands 360a and 360b of muscle

interface device 300 allow device 300 to be worn by users having differently

sized forearms. Furthermore, by stretching substantially uniformly, the

resiliently expandable bands 360a and 360b also ensure that the relative

spaced apart positions of sensors 330 around a forearm are maintained from

user to user, at least within a predictable range.

In order to provide electrical connections for all of the sensors 330

at each of the pod structures around the circumference of device 300, a bent

wiring harness or flexible PCB interconnect may be utilized between each

respective pair of adjacent pod structures 350.

Figure 4 is a schematic diagram of a wearable electronic device

400 implementing folded or bent wiring harnesses 470 in between adjacent pod

structures 450 in accordance with the present systems, articles, and methods.

The wire harnesses 470 may be folded about 180 degrees in between each

pair of pod structures 450 when device 400 is in its rest/contracted/unexpanded



state (i.e., as illustrated in Figure 3A). At each pod structure 450, the

corresponding wiring harness 470 may have a break-out of a plurality of wires

may be are used to connect to the pod structure 450 and provide power,

ground, virtual ground, and output wiring. By connecting each of the pod

structures 450 in this way, pod structures 450 are able to expand away from

one another while maintaining electrical connections. The slack wire harnessed

in between each respective pair of pod structures 450 is taken up as device 400

expands (as in Figure 3B) to accommodate different user forms. To keep the

wire(s) from bending in the wrong direction in between pod structures 450 and

getting pinched or touching the user's skin etc., a guide may be used as

described, for example, in US Provisional Patent Application Serial No.

61/857,1 05. As examples, this guide can either be a separate smaller pod

which is also affixed to the adaptive couplers, or it can be done in the way of a

molded interconnect in between each pod structure 450 which contains a track

into which the wires are placed. Wiring harnesses 470 may include flex printed

circuit board (PCB) interconnects.

In some implementations, any or all of the various embodiment of

wearable electronic devices described herein may include one or more

marking(s) that indicate the appropriate position and orientation for the device

on the user's limb. For example, a marking on muscle interface device 300

may show the top center of the forearm and the direction in which muscle

interface device 300 should be worn.

The various embodiments described herein may employ elastic

conductors. For example, any or all pod structures, electrical circuitry, electrical

couplings, etc. may employ elastic conductors to enhance adaptability and

better accommodate the size, form, and/or movements of a user.

The above description of illustrated embodiments, including what

is described in the Abstract, is not intended to be exhaustive or to limit the

embodiments to the precise forms disclosed. Although specific embodiments of

and examples are described herein for illustrative purposes, various equivalent

modifications can be made without departing from the spirit and scope of the



disclosure, as will be recognized by those skilled in the relevant art. The

teachings provided herein of the various embodiments can be applied to other

portable and/or wearable electronic devices, not necessarily the exemplary

wearable electronic devices generally described above.

The various embodiments described above can be combined to

provide further embodiments. To the extent that they are not inconsistent with

the specific teachings and definitions herein, all of the U.S. patents, U.S. patent

application publications, U.S. patent applications, foreign patents, foreign patent

applications and non-patent publications referred to in this specification and/or

listed in the Application Data Sheet, including but not limited to US Provisional

Patent Application Serial No. 61/857,1 05; US Provisional Patent Application

Serial No. 61/752,226 (now US Non-Provisional Patent Application Serial No.

14/1 55,087 and US Non-Provisional Patent Application Serial No. 14/155,1 07);

US Provisional Patent Application Serial No. 61/768,322 (now US Non-

Provisional Patent Application Serial No. 14/1 86,878 and US Non-Provisional

Patent Application Serial No. 14/1 86,889); US Provisional Patent Application

Serial No. 61/771 ,500 (now US Non-Provisional Patent Application Serial No.

14/1 94,252), US Provisional Patent Application Serial No. 61/822,740, filed May

13, 201 3, and US Provisional Patent Application Serial No. 61/860,063, filed

July 30, 201 3, are incorporated herein by reference, in their entirety. Aspects of

the embodiments can be modified, if necessary, to employ systems, circuits

and concepts of the various patents, applications and publications to provide

yet further embodiments.

These and other changes can be made to the embodiments in

light of the above-detailed description. In general, in the following claims, the

terms used should not be construed to limit the claims to the specific

embodiments disclosed in the specification and the claims, but should be

construed to include all possible embodiments along with the full scope of

equivalents to which such claims are entitled. Accordingly, the claims are not

limited by the disclosure.



CLAIMS

1. An annular wearable electronic device having a variable

circumference, the annular wearable electronic device comprising:

a first pod structure positioned at least approximately on the

circumference, wherein the first pod structure includes a first sensor to detect

an input from a user;

a second pod structure positioned at least approximately on the

circumference, wherein the second pod structure includes a second sensor to

detect an input from the user, and wherein the first and the second sensors are

physically spaced apart from one another by a circumferential spacing C and by

an angular spacing Θ and

at least one adaptive coupler that physically couples the first pod

structure and the second pod structure, wherein a length of the at least one

adaptive coupler is variable and the circumferential spacing C between the first

and second sensors is variable, and wherein the angular spacing Θ between the

first and the second sensors is at least approximately constant regardless of the

length of the at least one adaptive coupler.

2 . The annular wearable electronic device of claim 1 wherein

at least one of the first sensor and the second sensor is selected from the group

consisting of: an electromyography sensor; a magnetomyography sensor; a

mechanomyography sensor; a blood pressure sensor; a heart rate sensor; an

accelerometer; a gyroscope; a compass; and a thermometer.

3 . The annular wearable electronic device of claim 1 wherein

the first pod structure includes electrical circuitry and the second pod structure

includes electrical circuitry, and wherein at least one of the first pod structure

and the second pod structure includes at least one component selected from

the group consisting of: an amplification circuit, an analog-to-digital conversion

circuit, a battery, a wireless transmitter, and a connector port.



4 . The annular wearable electronic device of claim 3, further

comprising:

at least one electrical coupling between the electrical circuitry of

the first pod structure and the electrical circuitry of the second pod structure.

5 . The annular wearable electronic device of claim 1 wherein

the at least one adaptive coupler includes at least one elastic band.

6 . The annular wearable electronic device of claim 1, further

comprising:

a third pod structure positioned at least approximately on the

circumference; and

at least one adaptive coupler that physically couples the second

pod structure and the third pod structure, wherein the at least one adaptive

coupler that physically couples the second pod structure and the third pod

structure has a variable length.

7 . The annular wearable electronic device of claim 6 wherein

a single adaptive coupler provides physical adaptive coupling both between the

first pod structure and the second pod structure and between the second pod

structure and the third pod structure.

8 . The annular wearable electronic device of claim 6 wherein

a first adaptive coupler provides physical adaptive coupling between the first

pod structure and the second pod structure and a second adaptive coupler

provides physical adaptive coupling between the second pod structure and the

third pod structure.

9 . The annular wearable electronic device of claim 6 wherein

the third pod structure includes a third sensor to detect an input from the user,

the second and third sensors physically spaced apart from one another by the



circumferential spacing C and by the angular spacing Θ, and wherein the

circumferential spacing C between the second and the third sensors is variable

and the angular spacing Θ between the second and the third sensors is at least

approximately constant regardless of the length of the at least one adaptive

coupler that physically couples the second pod structure and the third pod

structure.

10 . The annular wearable electronic device of claim 9 wherein

the angular spacing Θ between the second and the third sensors is at least

approximately equal to the angular spacing Θ between the first and the second

sensors.

11. The annular wearable electronic device of claim 9, further

comprising:

at least one additional pod structure positioned at least

approximately on the circumference, wherein each one of the first pod

structure, the second pod structure, the third pod structure, and the at least one

additional pod structure is positioned adjacent two other ones of the first pod

structure, the second pod structure, the third pod structure, and the at least one

additional pod structure, and wherein at least one adaptive coupler provides a

respective physical adaptive coupling between each pair of adjacent pod

structures and the respective physical adaptive coupling between each pair of

adjacent pod structures has a variable length.

12 . The annular wearable electronic device of claim 11 wherein

each additional pod structure includes a respective sensor to detect an input

from the user, the respective sensors in each pair of adjacent pod structures

physically spaced apart from one another by the circumferential spacing C and

by the angular spacing Θ, and wherein the circumferential spacing C between

the respective sensors in each pair of adjacent pod structures is variable and

the angular spacing Θ between the respective sensors in each pair of adjacent



pod structures is at least approximately constant regardless of the length of the

at least one adaptive coupler providing physical adaptive coupling between

each pair of adjacent pod structures.

13 . The annular wearable electronic device of claim 12 wherein

the angular spacing Θ between the respective sensors in each pair of adjacent

pod structures is at least approximately equal.

14. A wearable electronic device comprising:

a set of pod structures arranged in an annular configuration

having a variable circumference, wherein each pod structure in the set of pod

structures is positioned adjacent two other pod structures in the set of pod

structures at least approximately on the circumference, and wherein a first pod

structure in the set of pod structures includes a first sensor to detect an input

from a user and a second pod structure in the set of pod structures includes a

second sensor to detect an input from the user, the first and the second

sensors physically spaced apart from one another in the annular configuration

by a circumferential spacing C and an angular spacing Θ and

at least one adaptive coupler that physically couples each pod

structure in the set of pod structures to two adjacent pod structures in the set of

pod structures and physically binds the set of pod structures in the annular

configuration, wherein a length of the at least one adaptive coupler is variable

and the circumferential spacing C between the first and the second sensors is

variable, and wherein the angular spacing Θ between the first and the second

sensors is at least approximately constant regardless of the length of the at

least one adaptive coupler.

15 . The wearable electronic device of claim 14 wherein each

pod structure in the set of pod structures includes a respective sensor to detect

an input from the user.



16 . The wearable electronic device of claim 15 wherein the

circumferential spacing C is at least approximately equal between the

respective sensors of each pair of adjacent pod structures.

17 . The wearable electronic device of claim 15 wherein the

angular spacing Θ is at least approximately equal between the respective

sensors of each pair of adjacent pod structures, and wherein the angular

spacing Θ between the respective sensors of each pair of adjacent pod

structures is at least approximately constant regardless of the length of the at

least one adaptive coupler.

18 . The wearable electronic device of claim 14 wherein the set

of pod structures includes at least two pod structures.

19 . The wearable electronic device of claim 18 wherein the set

of pod structures includes at least eight pod structures.

20. The wearable electronic device of claim 14 wherein at least

one of the first sensor and the second sensor is selected from the group

consisting of: an electromyography sensor; a magnetomyography sensor; a

mechanomyography sensor; a blood pressure sensor; a heart rate sensor; an

accelerometer; a gyroscope; a compass; and a thermometer.

2 1 . The wearable electronic device of claim 14 wherein each

pod structure in the set of pod structures includes respective electrical circuitry,

and wherein at least one pod structure in the set of pod structures includes a

component selected from the group consisting of: an amplification circuit, an

analog-to-digital conversion circuit, a battery, a wireless transmitter, and a

connector port.



22. The wearable electronic device of claim 2 1 , further

comprising:

at least one electrical coupling between the electrical circuitry of

the first pod structure and the electrical circuitry of the second pod structure.

23. The wearable electronic device of claim 22, further

comprising:

a respective electrical coupling between the respective electrical

circuitries of each pair of adjacent pod structures in the set of pod structures.

24. The wearable electronic device of claim 14 wherein the at

least one adaptive coupler includes at least one elastic band.

25. The wearable electronic device of claim 14 wherein the at

least one adaptive coupler includes a single adaptive coupler that physically

couples between each pair of adjacent pod structures in the set of pod

structures.

26. The wearable electronic device of claim 14 wherein the at

least one adaptive coupler includes a set of adaptive couplers, and wherein

each adaptive coupler in the set of adaptive couplers physically adaptively

couples between a respective pair of adjacent pod structures in the set of pod

structures.
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