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WEARABLFE DEVICE ASSEMBLY HAVING ANTENNA
{CROSS-REFERENCE TO RELATED APPLICATION

This application claims priority to U.S. Provisional Patent Application No.
61/588,632 filed on January 19, 2012 and titled, “Wearable Device Assembly Having

Flexible Circuit Momber,” which is hercin incorporated by reference in its ontirety.
TECHNICAL FIELD

Aspects of the mvention generally relate to antenvas of mobile devices and

particularly relate to antennas for wrist-worn devices.
BACKGROUND

While most people appreciate the importance of physical fitness, many have dithculty
finding the motivation required to maintain a regular exercise program. Some people
find it particularly difficult to maintain an exereise regimen that involves continuously

repetitive motions, such as running, walking and bicycling.

Additionally, individuals may view exercise as work or a chore and thus, separate it
from enjoyable aspects of their daily hives. Often, this clear scparation between
athletic activity and other activities reduces the amount of motivation that an
mdividual might have toward excrcising. Further, athletic activity services and
systems directed toward encouraging individuals to engage 1o athletic activities roight
also be too focused on one or more particular activities while an individual’s interest
are ignored. This may further decrease a user’s inferest in participating in athletic

activities or using the athletic activity services and systems.

Therefore, improved systems and methods to address these and other shortcomings in

the art are desired.
BrIEF SUMMARY

The following presents a simplified summary in order to provide a basic
understanding of some aspects of the disclosure. The surmmary 18 not an extensive
overview of the disclosure. It is neither intended to identify key or critical elements of
the disclosure nor to delineate the scope of the disclosure. The following summary
merely presents some concepts of the disclosure in a simplified form as a prefude to

the description below.
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A wrist-worn device that monitors movements of a user is provided. A sensor
asserubly of the wrist-worn device s configured to detect moveraent of the user and
generate sensor data based on the movement detected. A controller connected to the
sensor assembly obtains movement data based on the sensor data. An antenna
connected to the controller is configured to operate at a desired frequency when a
wrist of the user 1s received by the device such that the movement data 1s wirclessly
transmittable from the wrist-worn device to an electronic device. The antenna may be
tuned such that when the wrist of the user 15 received by the wrist-worn device, the
antenna operates at a peak resonant frequency and when the wrist of the user is not
received by the wrist-worn device, the antenna operates at an off-peak resonant

frequency.

The antenna may be connected to and, in some cases, embedded in a flexible circuit
member of the wrist-worn device, and the flexible circuit member may be wrapped
around and counected to an internal spine member that extends through the body of
the wrist worn device. A portion of the antenna may be located in a flex arca defined

by the body of the wrist-worn device.

The antenna may exhibit a ditferent design and configuration depending on the size of
the wrist-worn device. An antenna may have a first shape when installed in a wrist-
worn device of a first size, may have a second shape when justalled in a wast-worn
device of a second size larger than the first size, and may exhibit a third shape when
wstalled m a wast-worn device of a third size larger than both the first and second
sizes.

An antenna for a wrist-worn device that monitors movements of a user is also
provided 1o accordance with the principles set forth above.

Brier DESCRIPTION OF THE DRAWINGS

The present disclosure is illustrated by way of example and not limited in the
accompanying figurcs in which like reference numerals indicate similar cleraents and

in which:
FIG. T s an example of an implementation of a system for providing personal
trafning.
FIG. 2 s an example of an implermentation of a computing device for providing

personal training.
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FIG. 3 is an example of an implementation of a wrist-worn sensor assembly device

that monttors movements of a user.
FIG. 4 1s a flowchart of example method steps for calculating energy expenditure.

FIG. 5 is an exploded view of portions of the wrist-worn sensor assembly device of

FIG. 3.

FIG. 6A 1s an example of an implementation of a first type of antenna installed 1o a

wrist-worn sensor assembly device.
FIG. 6B 1s a closec-up view of the first type of antenna of FIG. 6A

FIG. 7 1s an example of a radiation pattern generated by the first type of antenna of
FIG. 6 when the wrist-worn sensor assembly device is worn around the wrist of a

USCY.

FIG. 8A 1s an example of an iraplementation of a second type of antenna installed ina

wrist-worn sensor assembly device.
FIG. 8B is a close-up view of the second type of antenna of FIG. 8A.

FIG. 9 1s an example of a radiation pattern generated by the sccond type of antenna of

FIG. 8 when the wrist-worn sensor assembly device is worn around the wrist of a

FIG. 10A 18 an cxample of an implementation of 4 third type of antenna nstalled in a

wrist-worn sensor assembly device.
FIG. 10B is a close-up view of the third type of antenna of FIG. 10A.

FIG. 11 is an example of a radiation pattern gencrated by the third type of antenna of
FIG. 10 when the wrist-worn sensor assembly device is worn around the wrist of a

USCY.
DETAILED DERCRIPTION

In the following description of the varicus embodiments, reference is made to the
accompanying drawings, which form a part hereof, and in which is shown by way of
iilustration various embodiments in which the disclosure may be practiced. It 18 to be
understood that other embodiments may be utilized and structural and functional
modifications may be made without departing from the scope and spirit of the present
disclosure. Further, headings within this disclosure should vot be considered as

]
-
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limiting aspects of the disclosure. Those skilled in the art with the benefit of this
disclosure will appreciate that the example embodimeunts are npot hmited to the

example headings.
1. Example Personal Training System
1.1, Hiustrative Computing Devices

FIG. 1 dlusirates an example of a personal trajning systemn 100 1 accordance with
example embodiments. Example system 100 may imclude one or more electronic
devices, such as computer 102, Computer 102 roay comprise a mobile terramal, such
as a telephone, music player, tablet, netbook or any portable device. In other
ernbodiments, computer 102 may comprise a set-top box {STB), desktop compuicr,
digital video recorder(sy (DVR), cowmputer server(s), and/or any other desired
computing device. In certain configurations, computer 102 may comprise a gaming
console, such as for example, a Microsofi® XBOX, Sony® PlayStation, and/or a
Nintendo® Wil gaming consoles. Those skilled in the art will appreciate that these are
mercly exaraple consoles for descriptive purposes and this disclosure 1s not himited to

any console or device.

Turning briefly to FIG. 2, computer 102 may include computing unit 104, which may
comprise at least one processing unit 106, Processing unit 106 way be any type of
processing device for executing software instructions, such as for example, a
microprocessor device. Computer 102 may include a variety of non-transitory
computer readable media, such as memory 108, Memory 108 may include, but is not
limited to, random access memory (RAM) such as RAM 110, and/or rcad only
memory {ROM), such as ROM 112, Memory 108 may include any of: electronically
erasable programmable read only memory (EEPROM), flash memory or other
merory technology, CD-ROM, digital versatile disks (DVD) or other optical disk
storage, magnetic storage devices, or any other medium that can be used to store the

desired information and that can be accessed by computer 102,

The processing unit 106 and the systern voemory 108 may be conuected, euther
directly or indirectly, through a bus 114 or alternate commumication structure to one
or more peripheral devices. For exarople, the processing unit 106 or the systew
memory 108 may be directly or indirectly connected to additional memory storage,

such as a hard disk drive 116, a removable magnetic disk drive, an optical disk drive

4.
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118, and a flash memory card. The processing unit 106 and the system memory 108
also may be directly or indivectly conuected to one or roore input devices 120 and one
or more output devices 122, The output devices 122 may include, for example, a
display device 136, television, printer, stereo, or speakers. In some crobodiments one
or more display devices may be incorporated into eyewear. The display devices
ncorporated into eyewear may provide feedback to users. Eyewear incorporating one
or more display devices also provides for a portable display system. The input devices
120 may inchude, for cxample, a kevboard, touch screen, a remote control pad, a
pointing device (such as a roouse, touchpad, stylus, trackball, or joystick), a scanver, a
camera or a microphone. In this regard, input devices 120 may comprise one or more
sensors configured to sense, detect, and/or measure athletic movement from a user,

such as user 124, shown in FIG. 1.

Locking again to FIG. 1, image-capturing device 126 and/or sensor 128 may be
atifized in detecting and/or measuring athletic wovements of uaser 124, In oue
cmbodiment, data obtained from image-capturing device 126 or sensor 128 may
directly detect athletic moverments, such that the data obtaimed from image-capturing
device 126 or sensor 128 is directly correlated to a motion parameter. Yet, in other
erabodiracnts, data from image-capturing device 126 and/or sensor 128 may be
utilized in combination, cither with cach other or with other sensors fo detect and/or
measure movernents. Thus, certain measurements raay be determined from combining
data obtained from two or more devices. Image-capturing device 126 and/or sensor
128 may mclude or be operatively connected to one or more sensors, inchuding but
not hmited to: an accelerometer, a gyroscope, a locatiou-deternuning device {c.g.,
GPS), light sensor, temperature sensor {including ambient temperature and/or body
temperature), heart rate monitor, iroage-capturing scusor, moisture sensor and/or
combinations thereof. Example uses of tllustrative sensors 126, 128 are provided
below in Section L.C, entitled “Hlustrative Sensors.” Computer 102 may also usc
touch screens or image capturing device to determine where a user is pointing to make
sclections from a graphical user interface. One or more embodiments may utilize one
or more wired and/or wireless technologies, alone or in combination, wherein
examples of wireless technologies inchide Bluctooth® technologies, Bluetooth® low

energy technologies, and/or ANT techuologies.
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1.2, Mlustrative Network

Computer 102, computing unit 104, and/or any other clectronic devices may be
directly or indirectly connected to one or more network interfaces, such as example
interface 130 {(shown in FIG. 2) for communicating with a network, such as network
132, In the example of FIG. 2, network mterface 130, may comprise a network
adapter or network interface card (NIC) configured to translate data and control
signals from the computing unit 104 into network messages according to one or more
communication protocels, such as the Transmission Control Protocol {(TCP), the
Internet Protocol (IP), and the User Datagram Protocol (UDP). These protocols are
well known in the art, and thus will not be discussed here in more detail, An interface
130 may employ any suttable connection agent for connecting to a network,
meluding, for example, a wircless trausceiver, a power line adapter, a roodern, or an
Ethernet connection. Network 132, however, may be any one or more information
distribution network(s), of any type(s) or topology(s), alone or in combination(s), such
as internet(s), intranet(s), cloud(s), LAN(s). Network 132 may be any one or more of
cable, fiber, satellite, telephone, cellular, wireless, etc. Networks are well known in
the art, and thus will not be discussed here in more detail. Network 132 may be
variously configured such as having one or more wired or wircless corrunication
channels to connect one or more locations {e.g., schools, businesses, homes, consumer
dwellings, network resources, ¢tc.), to one or more remote servers 134, or to other
computers, such as simotar or identical to computer 102, Indeed, system 100 way
include more than one instance of cach component (e.g., more than onc computer 102,

more than one display 136, etc.).

Regardless of whether computer 102 or other electronic device within network 132 is
portable or at a fixed location, it should be appreciated that, in addition to the input,
output and storage peripheral devices specifically histed above, the computing device
may be connected, such as cither directly, or through network 132 to a variety of other
peripheral devices, including some that may perform nput, output and storage
functions, or some combination thereof. In certain embodiments, a single device may
ntegrate one or more components shown in FIG. 1. For example, a single device may
include computer 102, image-capturing device 126, sensor 128, display 136 and/or
additional componcnts. In one embodiment, scnsor device 138 may comprise a
mobile termoinal having a display 136, fmage-capturing device 126, and one or more

-6 -
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sensors 128, Yet, in another embodiment, image-capturing device 126, and/or sensor
128 may be peripherals configured fo be operatively counected to a media device,
inchading for example, a gaming or media system. Thus, it goes from the foregoing
that this disclosure is not hmited to statiovary systems and methods. Rather, certain

emabodiments may be carried out by a user 124 i almost any location,
1.3. IHustrative Sensors

Computer 102 and/or other devices may comprise one or more sensors 126, 128
configured to detect and/or wounitor at least one fitness parameter of a user 124,
Sensors 126 and/or 128 may include, but are not limited to: an accelerometer, a
gyroscope, a location-deterraining device (e.g., GPS), light sensor, teraperature sensor
(including ambient temperature and/or body temperature), sicep pattern sensors, heart
rate monitor, irnage-capturing scusor, moisture sensor and/or combinations thercof.
Network 132 and/or computer 102 may be in communication with one or more
clectronic devices of system 100, inchuding for exarnple, display 136, an image
capturing device 126 {c.g., one or more video cameras}, and sensor 128, which may
be an infrared (IR} device. In onc cmbodiment sensor 128 may comprise an IR
trausceiver. For example, sensors 126, and/or 128 may transmut waveforms iuto the
environment, including towards the direction of user 124 and receive a “reflection” or
otherwise detect alterations of those released waveforms. In yet another embodiment,
image-capturing device 126 and/or sensor 128 may be configured to transmit and/or
receive other wircless signals, such as radar, sonar, and/or audible information. Those
skilled in the art will readily appreciate that signals corresponding to a multitude of
different data spectrums may be utilized 1n accordance with various embodiments. In
this regard, sensors 126 and/or 128 may detect waveforms cmitted from external
sources {e.g., not system 100). For cxample, sensors 126 and/or 128 may detect heat
being emitied frow user 124 and/or the surrounding environment. Thus, iroage-
capturing device 126 and/or sensor 128 may comprise one or more thermal imaging
devices. In one embodimaent, iroage-capturing device 126 and/or sensor 128 may
comprise an IR device configured to perform range phenomenoclogy. As a non-limited
exarnple, image-capturing devices configured to perform range phenomenology are
commercially available from Flir Systems, Inc. of Portland, Oregon. Although image

capturing device 126 and sensor 128 and display 136 are shown in direct (wirclessly
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or wired) communication with computer 102, those skilled in the art will appreciate

that any may directly cornrounicate {wirelessly or wired) with network 132,
1.3.1 Multi-Parpose Electronic Devices

User 124 may possess, carry, and/or wear any number of electronic devices, including
sensory devices 138, 140, 142, and/or 144. In certain embodimnents, one or more
devices 138, 140, 142, 144 may not be specially manufactured for fitness or athletic
purposes. Indeed, aspects of this disclosure relate to utilizing data from a plurality of
devices, some of which are not fiiness devices, to collect, detect, and/or measure
athletic data. In one cmbodiment, device 138 may comprise a portable electronic
device, such as a telephone or digital vousic player, including an IPOD®R, IPAD®, or
iPhone®, brand devices available from Apple, Inc. of Cupertino, California or Zune®
or Microsoft® Windows devices available from Microsoft of Redmond, Washington.
As known in the art, digital media players can serve as both an output device for a
computer {(e.g., outputting music from a sound file or pictures trorn an image file) and
a storage device. In one embodiment, device 138 may be computer 102, yet in other
emnbediments, computer 102 may be entirely distinet from device 138, Regardless of
whether device 138 i3 configured to provide certain output, it may serve as an nput
device for receiving sensory information. Devices 138, 140, 142, and/or 144 may
mclude one or more sensors, inchuding but not limited to: an accelerometer, a
gyroscope, a location-determining device (e.g., GPS), light sensor, temperature sensor
{(including ambient temperature and/or body teraperature), heart rate roonitor, irnage-
capturing sensor, moisture sensor and/or combinations thereof. In  certain
cmbodiments, sensors may be passive, such as reflective materials that may be
detected by image-capturing device 126 and/or sensor 128 (among others). In certain
emmbeodiments, sensors 144 may be integrated into apparel, such as athietic clothing.
For instance, the user 124 may wear one or more on-body sensors 144a-b. Sensors
144 may be incorporated into the clothing of user 124 and/or placed at any desired
location of the body of user 124. Sensors 144 way comarounicate {e.g., wirclessly)
with computer 102, sensors 128, 138, 140, and 142, and/or camera 126. Examples of
interactive gaming apparel are described m UK. Pat. App. No. 10/286,396, filed
Cctober 30, 2002, and published as U.S. Pat. Pub, No. 2004/0087366, the contents of
which arc mncorporated herein by reference in its entirety for any and all non-hmiting
purposes. In certain embodiments, passive sensing surfaces may reflect waveforms,

-
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such as infrared light, emitted by image-capturing device 126 and/or sensor 128, In
one embodiment, passive sensors located on user’s 124 apparel way comprise
generally spherical structures made of glass or other transparent or {ranslucent
surfaces which may retlect wavetorros. Different classes of apparel may be utilized
which a given class of apparel has specific sensors configured to be located proximate
to a specific portion of the user’s 124 body when properly worn. For example, golf
apparel may include one or more sensors positioned on the apparel in a first
configuration and yet soccer apparel may mclude one or rore sensors positioned on

apparet in a second counfiguration.

Bevices 138-144 may communicate with cach other, either directly or through a
nctwork, such as network 132, Communication between one or more of devices 138-
144 may take place via computer 102, For example, two or more of devices 138-144
may be peripherals operatively connected to bus 114 of computer 102, In yet another
erabodiment, a first device, such as device 138 may communicate with a first
computer, such as computer 102 as well as another device, such as device 142,
however, device 142 may not be configured to connect to computer 102 but may
communicate with device 138, Those skilled in the art will appreciate that other

configurations arc possible.

Some implernentations of the exaraple embodiments may alternately or additionally

cmploy computing devices that are intended to be capable of a wide variety of

functions, such as a deskiop or laptop persouval computer. These computing devices

may have any combination of peripheral devices or additional components as desired.
)

Also, the componcunts shown 1o FIG. 2 may be meluded in the server 134, other

computers, apparatuses, ete.
1.3.2. Hlustrative Apparel/Accessory Sensors

In certain embodiments, sensory devices 138, 140, 142 and/or 144 may be formed
within or otherwise associated with user’s 124 clothing or accessories, inchuding a
watch, armband, wristband, necklace, shirt, shoe, or the like. Examples of shoe-
mounted and wrist-worn devices {devices 140 and 142, respectively) are described
tmmediately below, however, these are merely example embodiments and this

disclosure should not be limited o such.

-0,
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As shown in FIG. 3, an example of an implementation of a wrist-worn sensory
asserubly device 226 is shown (“wrist-worn device” or “device™). The device 226
{which may resemble or be sensory device 142 shown in FIG. 1) may be configured
to be worn by user 124, such as around a wrist, arm, ankle or the hike. Device 226
may monitor athletic movements of a user, including all-day activity of user 124, In
this regard, device assembly 226 may detect athletic movernent during user’s 124
interactions with computer 102 and/or operate independently of computer 102, For
exarnple, 1n one embodiment, device 226 may be an-all day activity monitor that
measures activity regardless of the user’s proximity or interactions with coraputer
102, Device 226 may conumunicate directly with network 132 and/or other devices,
such as devices 138 and/or 140. In other embodiments, athictic data obtained from
device 226 may be utilized in determinations conducted by computer 102, such as
determinations relating to which exercise programs are presented to user 124, In one
embodiment, device 226 may also wirelessly interact with a mobile device, such as

evice 138 associated with user 124 or a remote website such as a site dedicated to
fitness or health related subject matter. At some predetermined time, the user may

wish to transfer data from the device 226 to another location.

As shown in FIG. 3, device 226 may mclude an input mechanism, such as a
depressible input button 22K assist in operation of the device 226. The input button
228 may be operably connected to a controller 230 and/or any other electronic
components, such as one or more of the elements discussed in relation to computer
102 shown in FIG. 2. Controller 230 may be embedded or otherwise part of housing
232, Housing 232 may be formed of one or more matenals, inchuding elastomeric
components and comprise one or more displays, such as display 234. The display may
be considered an illaminable portion of the device 226. The display 234 way wneclude
a series of individual lighting elements or light members such as LED lights 234 0 an
excraplary ernbodiment. The LED hights may be forrmned m an array and operably
connected to the controlier 230. Device 226 may include an indicator system 236,
which may also be considered a portion or component of the overall display 234, Tt 18
understood that the wdicator systern 236 can operate and dlurminate in conjunction
with the display 234 (which may have pixel member 235) or completely separate
from the display 234, The indicator system 236 may also include a plurality of

additional lighting elements or light members 238, which may also take the form of

- 18-
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LED lights in an cxemplary embodiment. In certain embodiments, indicator system
may provide a visual indication of goals, such as by illumunating a portion of lighting

members 238 to represent accomplishment towards one or more goals.

A fastening mechanista 240 can be unlatched wherein the device 226 can be
positioned around a wrist of the user 124 and the fastening mechanism 240 can be
subscquently placed in a latched position. The user can wear the device 226 at all
times it desived. In one embodiment, fastening mechanism 240 may comprise an
interface, including but not limited to a USB port, for operative interaction with

cormputer 102 and/or devices 138, 140,

It will be understood that the device 226 will undergo some flexing as the device is
positioned around the wrist of a user 124 or removed from the wrist of the user 124,
When the fastening roechanism 2440 1s unlatched and the device 226 pulled open, the
device will flex at various flex arcas 250 to allow the wrist to be received by the
device as the device wraps around the wrist of the user 124, The device 226 flexes in
a similar fashion when the fastening mechanism 240 is unlatched and the device
pulled open to remove the device from the wrist of the user 124, In the example
device 226 of FIG. 3, the device includes two flex arcas 250 located near what voay be

described as the “shoulders” of the device.

In certain cmbodiments, device 226 may comprise a sensor assernbly (not shown in
FIG. 3). The sensor assembly may comprise a plurality of different sensors. In an
cxample cmbodiment, the sensor assembly may coraprise or pernit operative
conuection to an accelerometer (inchuding in the form of a multi-axis accelerometer),
heart rate sensor, location-determining sensor, such as a GPS sensor, and/or other
sensors. Detected movements or pararoeters from device’s 142 sensor(s), may nclude
{or be used to form} a varicty of different paramecters, metrics or physiclogical
characteristics including but not limited to speed, distance, steps taken, and cncrgy
expenditure such as calories, heart rate, sweat detection, effort, oxygen consumed,
and/or oxygen kinetics. Such pararacters may also be expressed in terms of activity

points or currency earned by the user based on the activity of the user.
2. Energy Expenditure Point Calculations

FIG. 4 1s a flowchart of example method steps for calculating energy expenditure

values, such as points, in accordance with an embodiment of the tnvention. Certain
%
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cmbodiments may classify physical motions of a user. For example, at illustrative step
302, oue or more activities may be classified. System 100 may process data received
from one or more of the sensors described above to attempt to classify a user’s
activity. For example, systern 100 may corapare a sensor signal to one or more signal
or activity “templates” or “signatures” corresponding to selected activities. In certain
embodiments, temmplates may be created by attaching sensors to a user and monitoring
signals generated when the user performs various activities. In accordance with
certain crnbodiments, an activity may be associated with an activity template specific
to user 124, In one such embodiment, user 124 may be assigned a default template for
a specific activity unless a specific template has been assigned to that activity. Thus,
user 124 may create or receive (but s not required to create or receive) an activity
template that may be more accurate than a default template because the template is
more spectfic to the user and/or the activity. User 124 may have the option to create
templates for one or more predefined or undefined activities. A specific or otherwise

cw template might be shared amoung the community of users. Shared templates may
be based on a variety of different sensors. In some embodiments templates may be
refined or adjusted for use with different sensors. For example, a template that was
created for use with a shoe based sensor may be refined for use with a wrist worn

SEHSOr,

An activity template may be created from data obtained from one or more of g
plurality of different sensors. For example, a first group of sensors {(e.g. sensors 126
and 138) may be utilized in the formation or refinement of a first activity template;
however, a sccound group of sensors {e.g., scosors 128 and 140) may be utilized in the
formation or refinement of a sccond activity template. In yet further embodiments, a
third group of sensors, such as sensors 128 and 140 {(and/or other sensors), may be
utilized n the creation of the first activity template for a second user {e.g., not user
124} than utihized for the formation of the samc activity teraplate as user 124, Thus, in
accordance with certain embodiments, there is no requirement that data from a
specific sensor be received for either: 1) the same activity teraplate for different users;
and/or 2) different activity teraplates for the same aser.

in one embodiment, a8 wrist mounted accelerometer, which may be a multi-axis
accelerometer, may be attached to a user and signal ternplates based on the
accelerometer output when the user runs, walks, etc. may be created. The templates
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may be functions of the sensor(s) used and/or the locations of the sensor(s). In some
embodiments, a single signal {(or value) is created by combining multiple sigoals {or
values). For example, three outputs of a three axis accelerometer may be summed or
otherwise combined fo create one or more signals. Example step 302 way include
comparing a signal, multiple signals or a combination of signals to one or more
templates. In sorne embodiments, a best match approach may be implernented
which every activity is attempted to be classified. In other embodiments, if a signal,
multiple signals or combination of signals docs not sufficicntly match a template, the

activity may remain unclassified.

After at least one of user’s 124 activity is classified, step 304 may be mplemented to
determine a corresponding activity factor. An activity factor may correspond to brisk
running, running at a moderate pace, walking slowly or any other activity. An activity
factor for an activity nmway be related to calories or enmergy generally required to
perform the activity. It an activity was pot classified 1o step 302, a default activity
factor may be sclected or derived. In some embodiments mmltiple default activity
factors may be utilized. An activity’s mtensity, duration or other characteristic{s} may
be assessed, from which one or more default activity factors may be applied. The
plural activity factors may be sct via medians/averages, ranges, or other statistical

approaches.

In varipus embodiments of the invention, activity factors are used to calculate energy
expenditure points. After at least one of user’s 124 activity is classified, in step 306
energy expenditure points may be calculated. The use of energy expenditure points
allows for comparison of activity levels and may promote collaboration among users,
normalize for competition among users of different capabilitics, and otherwise

CRCOUTage activity.
In one embodiment, energy expenditure points are calculated as follows:
EEPs = AF*D (equation 1)

wherein EEPs refer to energy expenditure points; AF refers to the activity factor
determined in step 304; and D refers to the duration of the activity classified in step

302
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Step 306 may be performed at a device that includes sensors that monitor activity
and/or at another device that inchudes a processor, such as a mobile phone (see, e.g.,

138} or server {see, ¢.g., 134},

In some cmbodiments cquation 1 may be modified to include a scalar that is
multiplied by the activity factor and duration. The scalar way be selected so that
typical energy expenditure points fall within a desired range. The range of points may

be desired for various games or competitions.

Variations of equation 1 may be used in other embodiments of the invention. In some
ernbediments, users may select an equation and/or one or more variables, such as for
exarnple, a scalar. Equations may be selected for different games and competitions. In
one example a group may set handicaps among the players based on fitness, so that
the most fit generate EEPs only if they do a common activity or set of activities for
fonger period{s) of time. A group of users participating in an energy expenditure point
competition may agrec on a particular equation or method before beginning the
competition. In some embodiments of the invention, a user may participate in multiple
competitions and earn different points for the same activity because of different
calculation methods. For example, a user muay be participating tn two competitions
that have unique calcunlation methods. The user may carn two different point fotals for
the two different games and a third point total foe their overall energy expenditure.

Some point totals may be maintained separate from an overall point total.

After the energy expenditure points are calculated, the calculated points may be
combined, such as being added, to a total in step 308. The total may allow user 124
{and/or selected individuals or groups approved by user 124} to see how many points
are carned over various periods of time, such as days, weeks and months. Totals way
also be calculated for multiple time periods. For example, a user may receive totals
tor periods that imclude 24 hours, one weck, onc month and one year. In some
embodiments users may select other time periods or deselect time periods. A user may
track multiple time pertods concurrently and track points award since the beginning of
use of a device or start of a program. The total for any giving time period may
cpresent points carned for several activities. For example, in a day a user may receive
poiuts for walking, jogging and sprinting during different tiae periods. As mentioned
above, the points carned for each activity may be a function of a corresponding
activity factor.
- 14 -
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Energy expenditure points may be deducted when user 124 has been inactive for a
predetermined period of tirne or enhanced when certain criteria are met. This feature
may be included with all calculations or may be used in various games and
competitions. For example, n step 314 it voay be determined whether an adjustrucot
criteria has been met. The adjustment criteria may include mactivity for a
predetermined time period. In sorne embodiments mactivity 18 not determined by

merely determining that an amount of time has passed since with user was active.

When an adjustment criteria has been met, the total of energy expenditure points may
be adjusted in step 310, The adjustment may be a function of duration of inactivity. In
some embodiments, a device may warn user 124 {or authorized groups/individuals)
that they are close to receiving a reduction in encrgy expenditure points to encourage
activity. It vet other embodiments, an alarm may notify user 124 (and/or other
authorized individuals and/or groups) that they have received a reduction of cnergy
expenditure poiots. o certain embodiments, team-mates and/or competing users way

¢ notified of a reduction {or potential for reduction). In further embodiments,
teachers, trainers, and/or parents way more readily monitor the physical activity of
others. When a user has not been inactive, the process may end in step 314. Of course,
the rocthod shown in FIG 3 may be repeated at various intervals and allow for

tracking points concurrently for different time periods, such as days, weeks and years.

In another aspect, a device 10, such as device 226 may provide a message based on
wmactivity or non-active periods. If the device senses that the user has been 1o a von-
active {¢.g., low activity) state for a predetermined amount of time, an alert message
may be delivered to the indicator systermn or display to rermind the user to becorne
more active. The alert message can be delivered in any of the manners described
herein. The threshold levels of a low activity state and amount of inactive time could

also vary and be individually set by the aser.

fn some arrangements, user non~-activity or inactivity may also be detected and affect
the user’s progress toward corapletion of an activity goal. For example, inactivity may
be detected when a user does not exhibit movement of a particular level or a type of
movement for a specified amount of time, does not exhibit a heart rate of at least a
threshold level, does not move a sufficient amount of distance over an amount of time
and the like and/or combinations thereof. For arrangements in which a user
accumulates activity poinds to reach an activity point goal, points or a value way be
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deducted from the user’s activity point or other activity metric total when an amount
of von-activity {¢.g., inactivity or sedentary state) is detected. Various conversion
rates for converting inactivity to activity point deductions may be used. In a particular
exaraple, 10 minutes of mactivity roay correspond o a 5 pownt deduction. fu another
example, 30 minutes of inactivity may correspond to a 100 point deduction. Loss or
deduction of activity points may be lincar or roay be non-linear, for exampic,

expounential, parabolic and the like.

A user’s non-active time may include inactive time and sedentary time. Inactivity and
scdentary tirae roay be defined by different movement, heart-rate, step or other
thresholds or may be defined using the same thresholds. In one example, sedentary
time may have a higher threshold (c.g., requiring a higher level of activity) than an
inactivity threshold. That is, an individual may be considered sedentary but not
inactive. The non-active threshold may correspond to the sedentary threshold or a
higher threshold, if desired. Altervatively, an inactivity threshold may be greater than
a scdentary threshold. There may also be multiple sedentary thresholds, inactivity
thresholds and/or non-active thresholds (e.g., cach of the sedentary and inactivity
thresholds may be a non-active threshold). Different point deductions or rates of point
deductions may also be defined between the multiple thresholds and levels of little to
no activity {e.g., non-activity). For example, a user may lose 50 points per hour for
mactivity and 30 points per hour for sedentary activity or vice versa. Further, activity
point deduction may be triggered at different times depending on if the user is inactive
or sedentary. For instance, a user may begin losing activity points after 30 minutes of
mactivity or 45 rmutes of being sedentary. Additional thresholds (e.g., more than two

thresholds) and corresponding rates of activity point loss may also be defined.

In some arrangements, various sensors may be used to detect non-active periods of
time. As discussed, non-achivity time peniods may be defined based ou heart-rate,
araplitude of a movement signal, step rate {c.g., < 10 steps per minute), or the like.
Alternatively or additionally, mactivity and sedentary tivoe periods moay be measuared
based on a physical position, body position, body orientation, body posture of or type
of activity being perforracd by the individual. The detrimental cffocts of various
physical inactivity or sedentary body positions or orientations may also differ.
Accordingly, 30 minutes of reclining may introduce the same health risks as 45
minutes of sitting. The potential for health risks may alse be time-dependent.
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Accordingly, non-activity {¢.g., sleeping) for a specified range of durations and during
a specified range of time muight not jutroduce health risks. In one exarple, sleeping
for 7-9 hours between 9 PM and 9 AM might not introduce detrimental health risks
and thus, might not contribute to activity poiut or other activity metrie value
deduction. Indeed, in some example, a lack of inactivity {such as sleep} for a specified
range of durations and/or during a specified range of time may be considered
detrimental to a user’s health. Thus, activity points may be deducted or activity points

may be accumulated at a slower rate during these times.

Alternatively or additionally, the amount by which a value of the activity metric {(¢c.g.,
an activity points} is decreased may be determined based on time of day, location of
the user, physical position of the user, level of inactivity and the like. For cxample, g
user may lose greater value in an activity metric and/or at a faster rate during the
afternoon than during the evenings. In another example, if a user 18 at a gym, the user
may lose fewer activity points or other activity metric or lose value in the metric at a

slower rate than if the user was located at home.

To account for the variances in types of non-active activity {(¢.g., below a requisite
tevel of moversent to be considered activity), a system may distinguish between
physical body positions or orientations including, for example, sleeping, reclining,
sitting and standing. Distinguishing between different physical body positions and
oricntations may include placing sensors at different locations of the user’s body to
detect the wdividual positions of each body part. The physical body position of the
user may then be determined based on the relative positions of the body parts to one
another. For example, when a knee location sensor 1s within a first threshold distance
of a waist or chest sensor, the systern may determine that the user is sitting. If the
kuce location sensor 18 outside of the first threshold distance, the systern may
determine that the user is standing. In the above example, the systern may use a
portion of the distance such as the vertical distance. By using vertical distance alone
or wn combination with an absolute distance (e.g., straight bne distance between the
two sensors), the system may further distinguish between when a user is lying down
and standing up. For exaraple, a lying down position may correspond to a very low
vertical distance between the knee sensor and chest or waist sensor even though the
absolute distance may be larger. A standing position may correspond to a larger

vertical distance between the knee sensor and the waist or chest sensor but exhibit a
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similar absolute distance. In other examples, an angle formed by the various sensors
may be used to deterroine an individual’s position. Additionally or alternatively, the
location of the user’s varicus body parts may be evaluated in conjunction with
accelerometer or roovement data to determine 1f the user 1s exhibiting wovement or

{c.g., at, above or below) a specified level of movement.

In addition to deductions in activity points, the system may alert a user to inactivity to
encourage active lifestyles. In one cxample, the systera may alert the user by
displaying a message or indicator on a device such as the wearable device assembly
described herein after a specified amount of inactivity such as 2 minutes, S minutes,
36 minutes, 1 hour and the like. The amount of inactivity time may be additive over
non-consccutive time periods. An amount of consccutive inactivity time may
alternatively or additionally be tracked. For example, if the user is inactive between
10:15 and 11:00 AM and then again between 2:00 and 2:30 PM, the total amount of
non-active tine may be 1 hour and 15 monutes. The message or jndicator of 1nactivity
may be provided as a warning prior to deducting activity points. For example, the
message may indicate that X amount of activity poiots will be deducted if the user
does not exhibit a sufficient level of activity within a specified amount of time {e.g.,
30 minutes, 5 minutes, 10 seconds, 30 seconds, 1 hour, 2 hours, etc.). Accordingly,
the device may include an non-active timer to determine the amount of user non-
activity. Additionally, the message may provide a suggestion as to g type of activity
the user should perform to counter any risks introduced by the inactivity. For
example, the system may suggest that the user walk 1 hour at a 10 minute mile pace.
When the user has counteracted or accounted for the risks or negative effects of the
ictected amount of inactivity time, a ceicbratory message or other indication may be

provided.

Warnings, poiot deductions and/or other notifications may be provided f a user
returns to a sedentary or a non-active mode within a specified amount of time of
exiting sedentary or a nop~active mode. For example, the user may exercise or exhibit
a sufficient level of activity o cxit the sedentary or @ non-active mode for a peried of
10 minutes. However, the system or device may require at least 30 minutes of activity
to avoid additional warnings for a period of time such as 1 hour, 2 hours, 3 hours, etc.
For example, the warnings ruay indicate that the user did not exhibit activity for a
sufficient amount of time or a sufficient level of activity or a combination thereof.
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Additionally, mmltiple sedentary perieds within short amounts of time {c.g., a
threshold aroount of tivae) way require higher or additional levels of activity to
counteract potential sedentary effects including health risks and the like. In a
particalar exarople, the user may be required to perform a higher level of activity to

halt point deduction.

The device or other system may further advise a user as to an amount of non-active
time allowed before negative health effects woay occur. Iu one example, the device or
system may include a countdown indicating a remaining amount of aliowable non-
active time before potential health risks may begin taking effect. An amount of
permissible non-active time may be earned or accumulated based on an amount of
activity performed. Accordingly, the device may also provide suggestions or
recommendations as to a type and/or duration of activity that may be performed to
carn a specified amount of non-active time {e.g., 1 hour of TV watching). Different
types of non-active or sedentary activities may require diffevent types or amounts of
activity. For cxample, 1 hour of reclining may require more strenuous or longer
exercise than 1 hour of sitting. In another example, 1 hour of sitting while kmitting
may require less strenuous or a lower amount of exercise or activity than 1 hour of
sitting while watching telovision. According to one or more arrsngemcents,
recommendations may be generated based on empirical data and/or predefined
prograroming and data tables specifying a type and/or duration of activity and a

corresponding amount of permissible non-activity.

The device or activity tracking system may further recommend activities based on
historical records. For stance, the device or tracking system may determine activity
performed by the user in the past and generate recommendations based on those types
of activitics. Additionally or altcrnatively, the deviee or tracking systern may gencrate
recommendations for specific workouts performed by the user wn the past. For
example, a user may need to perform 500 calories worth of activity to counteract 2
hours of TV walching. In such a case, the system may recommend a particular
workout performed by the user in the past in which the user burned 500 calories.
Cornbinations of historical activity types and speeitic historical workouts may be used
to generate recommendations. In one example, the system may recommend one of
two workouts that the user has performed in the past based on a type of workout that

the user appears to prefer. The preference may be determined based on a number of
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times the user has performed each type of workout. A workout or activity type nwy
also be recommended based on location and time. For exanple, if a user previously
performs a particular type of activity or a particular workout routine at the same
location and/or at the same time, the system roay recommend that type of activity or

workout routine. Other recommendations algorithms and factors may be used.

System 100 may be configured to transmit encrgy expenditure points to a social
networking website. The users may be ranked based on their total momber of poiuts

for a desired time interval (e.g., rank by day, week, month, year, etc.}.
3. Antenna for Wrist-Worn Sensor Assembly Bevice

Referring now to FIG. S, an exploded view of portions of the wrist-worn device 226
of FIG. 3 is shown. As seen in FIG. 5, example implementations of the wrist-worn
device 226 may include an outer over-mold member 502, a flexible circuit member
504, an internal spine member 506, and an inner over-mold mernber 308, The flexible
circuit member 504 may be wrapped around the internal spine member 506. The
flexible circuit merober 304 and internal spine mewmber 506 asserably may be situated
between the outer over-mold member 502 and the inner over-mold member 508, The
outer over-muold member 502 and the inner over-mold member 508 may thus form an
outer encasement that encloses and protect the flexible circuit member 504 and the

nternal spine member 506,

As noted above, flex arcas 250 of the device 226 permit the device to flex as the
device is wrapped around or removed from the wrist of a user. To facilitate the flexing
of the device 226, the outer over-mold member 502, the flexible circuit merber 504,
the internal spine member 506, and the inner over-mold member 508 also include
corresponding flex arcas 250 as shown by way of example in FIG. 5. In this example,
the flex areas 250 are also located near the “shoulders” of the device components

506-508.

The flexible circuit member 504 may be, for example, a flexable printed cireuit board
(FPCHB or FPC). The flexible circuit member 504, in this example, is wrapped around
the internal spine member 506 of the device 226. The flexible circuit member 504 is
flexible enough to wrap around the spine wmember 506 of the device 226, and also
robust enough to survive the over-mold process and subsequent flexing in use. The

flexible circuit member 504 may use rolled annealed copper on internal layers {with
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the grain along the long dimension of the flex), so as to provide superior wear
characteristics. In sorne example implementations, high temperatare clongation (HTE)
electroformed copper foil—as well as any other types of copper foil that provide more
elongation or ductile properties velative to cold rolled copper—may be selectively
eraployed. Some or all of the repetitive flex areas 250 may have the copper on internal
layers, ¢.g. 8o as to avoid weakening duc to plating (which occurs on external layers)
and/or to keep the copper closer to the neutral middle layer. Where the copper is on
mternal layers in these flex arcas 250, the outer solder mask may be removed since
the outer solder mask may not be needed to protect such copper, and the solder mask
may add to the stiffness of the flex (which added stiffness tends to be undesirable,
¢.g., where Ut promotes insufficient flex or otherwise jmpedes reaching sufficient
flex). In one embodiment, all such copper s internal, such that all, substantially ali, or
some otherwise desirable group of outer solder masks are removed (e.g., sclect one or
more may be retained to impart addition stiffness toward an optimal or desired flex).
Additionally, to aid in survivability, one or more, or all junctions in the copper layer
where acute or sharp angles would be formed {or otherwise where cracks might arise)
may be filleted and rounded out to remove stress concentrations, ¢.g., toward
preventing cracks. Examples of these places wmchude junctions between traces and
vias, traces and pads, and anywhere where a trace may make a change in direction.
Lastly, where the over-molding operation has a penchant for inducing ripples {e.g.,
adjacent or otherwise by the USB connection of the FPC 504), additional structures

and methods are employed to fraprove the survivability of the FPC 504,

As discussed above, the device includes an outer over-mold member 302 and an mnper
over-mold member 508 that collectively form an outer encasement. The outer over-
mold merober 302 and the juner over-mold member 504 may be an clastomer or
polymeric member that is over-molded on to the flexible circuit member 504 mounted
to the internal spine meraber 506, There s a chance for crystals to be "crushed” or
otherwise damaged, weakened or made infirm (e.g., so as to shorten life, retard
perforrnance, or the like) m the over-mold tool duc to the extreme covironment (e.g.,
high pressure). As an example, the metal can, which makes up the outside of the
crystal {the actual crystal being housed within), might deform in the over-molding
process. In one embodiment, crystal caps are used. By placing & crystal cap over a

crystal and securing such cap with cyanoacrylate, the crystal {e.g., the crystal’s top)
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may be protected {(¢.g., from any deformation). That 18, by so placing crystal caps, the

crystals operate after the over-mold operation.

As discussed further below, the device 226 may also include an antenna for wirclessly
transmitting movement data obtained by the device to an clectronic device. The
antenna 18 designed and positioned in the device to enhance communication and
operation. Since the device uses Bluctooth, the antenna efficiently transmits and
receives associated RF signals. Because of the device configuration, however, certain
constraints are present that impact the type of antenna that could be utilized in the
device. The form factor is highly constrammed, being thin and small. Additionally, the
assoctated circuitry is to be over-molded with an elastomer/polymer member,
Accordingly, in an cxemplary ernbodimaent, the anteuna s enclosed within the device
226. In some example implementations, the antenna may be embedded in the FPC
504 when the antenna is installed in the wrist-worn device 226. Where the antenna is
erabedded in the flexible circuit raember, the contour of the antenna may follow the

contour of the flexible circuit member.

Various factors relating to the device 226 can affect the resonance of the antenna and
the resulting radiation pattern. Refraction, reflection, absorption, and other pass loss
effects can attenuate the power of the wircless signals that the antenna transmits. As
an example, when the wrist-worn device 226 s wrapped around the wrist of a user—
i.e., when the wrist-wom device receives the wrist of the user—the wrist or arm of the
user may absorb the wircless signals the antenna transmits thereby atterating the
power of the wireless signals. Accordingly, the presence or absence of the wrist of the
user 1s onc factor that can affect the resonance and radiation pattern of the antenuna of

the wrist-worn device 226.

Other factors that may affect the resonance and radiation pattern of the antenna may
wnclude the size of the antenna, the shape of the antenna, the location of the antenna
within the body of the wrist-worn device 226, the materials used o construct the
wrist-worn device (¢.g., the over-roold material, the electronic components, and the
like), and the dimensions of the wrist-worn device itself. Modification of any of these

factors may change the resonance and resulting radiation pattern of the antenna.

Accordingly, the antenna is designed and configured to generate a radiation patiern

sufficient to wirelessly fransmit the movement data to another clectronic device
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despite any path loss that may occur. The designs and configurations of the example
antennas described below may be employed to wirelessly trausmit the movement data
gbtained by the device 226 to another electronic device such as, e.g., a2 computing

device or another sensor assernbly device worn by the user.

As noted above, the size, shape, and location of the antenna may affect the resonance
and resulting radiation pattern of the antenna. In addition, the size of the wrist-worn
device 226 itself may affect the resonance and radiation pattern of the antenva, For
example, the antenna may be configured for installation in a wrist-worn device 226
having a relatively small size—e.g., approximately around 150-160 mim (5.91-6.30
in} in circumference; a relatively medium size—e.g., approximately around 180-190
mm {7.09-7.48 in) i circumference; or a relatively large size—e.g., approximately
200-210 mm (7.87-8.27 in} in circumference. In some example embodiments, a
relatively small-sized wrist-worn device may be approximately around 158 mm (6.22
my o circeumference; a relatively wedinm-sized wost-worn  device roay be
approximately around [82 mm (7.17 in) in circumference; and a relatively large-sized
wrist~-worn device may be approximately around 206 mm (R.11 10} 1o circumference.
it will be understood with the benefit of this disclosure that the wrist-worn device 226
may exhibit additional or alternative sizes. Accordingly, cach different sized device
may include a different antenna design and configuration due to the different

placerents of various mctallic structurcs among the respectively sized devices.

For cach size of the device 226, the antenna may be designed and modeled using
representative models of the electrical layout, the mechanical design, the materials
being used, and a human wrist roodel. The antennas are designed such that they
resonate at an off-peak resonant frequency generally associated with the device 226
alone, 1.c., without a human wrist. As such, when a wrist 18 present, the antennas
resonate at, close to or otherwise at a peak resonant frequency geoerally associated
with the device 226, e.g., a desired frequency. The resonant frequency at which
performance of the anteona is optimal way be referred to as the peak resonaunt
frequency. When the wrist of the user 18 not present {(i.e., not received at) the device
226, the off-peak resonant frequency may be slightly higher or slightly lower than the
peak resonant frequency desired. In one embodiment, an automatic antenna
optirnization 18 prosent when the wrist is present. Automatic antenna optitaization
refers to the automatic shift from an off-peak resonant frequency when the wrist is not
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present at the wrist-worn device to a peak resonant frequency when the wrist is
present at the wrist-worn device. In order to account for the presence of the wrist
when wirelessly transmitting the movement data, the antenna may be tuned such that,
when the wrist is not present, the antenna transmits at an off-peak resonant frequency
and when the wrist is present, the off-peak resonant frequency shifts fo the peak
resonant frequency. In this way, the antenna may wirclessly transmit at the peak
resonant frequency (i.c., at optumum performance) when the wrist is present at the
wrist-worn device. In some example embodiments the peak resonant frequency may
fall within the industrial, scientific, and wedical (JISM) radio band. In other words, the
antenna of the device 226 may operate at a peak resonant frequency between 2.4-2.5
GHz. In yet another embodiraent, the antenna of the device 226 may operate at a peak
resonant frequency between 2.40-2.48 GHz The design and the configuration of the
antenna achicves optimum performance across the ISM band. In one embodiment,
optimum performance may be defined as achieving a minimum of reflected power as

defined by the measured S11 parameter of the antenna,

As noted above, antevnas having different designs and configurations may be
respectively emploved in relatively large-sized, medium-sized, and smali-sized wrist-
worn devices. FIGS. 6A-B show an example of an implementation of an antenna 600
designed and configured for a relatively large-sized device 602; FIGS. RA-B show an
cxample of an implementation of an antenna 800 designed and configured for a
relatively medium-sized device 802; and FIGS. 10A-B show an example of an
irmplementation for an antenna 1000 designed and configured for a relatively small-

sized device 1002,

In the example implementations of antennas shown below, the antennas 600, 800,
1000 arc positioned within the respective flex arcas 250 of the respective wrist worn
devices 602, 802, 1002, In this way, interference and noise caused by the electronic
components of the wrist-worn device {e.g., traces, vias, pads, LEDs, and the like) may
be reduced. By positioning the anteonas 600, 800, 1000 m the flex arcas 250 of the
espective wrist-worn devices 602, 802, 1002, the antennas are located relatively far
tromn the other clectronic components of the wrist-worn devices, It will be understood
with the benefit of this disclosure that an antenna may be positioned at alternative
locations at the wrist-worn device s as to reduce noise and mterference from the
other electronic components.
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Referring to FIGS. 6A-B, an antenna 600 for a relatively large-sized wrist-worn
device 602 is shown. As shown in this example, the antenna 608 is located within one
of the flex areas 250 of the wrist worn device 602, In this example, substantially all of
the antenna 600 s located within the upper-right flex arca 250 of the wrist worp
device 602. As noted above, the antenna 600 may be embedded in the flexible circuit
member 504 and may therefore follow the contour of the flexible circuit raember, for
example, as the flexible circuit member dips through the flex area 250 of the wrist-
wornt device 602. At its widest, the antenna may have a maximum width 604 of
approximately around 3—4 yaro {0.118-80.157 in), and n some example embodiments
may have a maximum width of approximately around 3.4 mm (0.134 in). At its
tongest, the antenna may have a rmeaximum length 606 of approximately around 19-20
mm {0.748-0.787 in), and in some example embodiments may have a maximum
length of approximately around 19.88 mm

(6.783 in).

The antenna 600, in this example, inchudes a rounded end 608 and a pointed end 610
that s disposed or positioned opposite the rounded end. The antenna 600 also includes
fateral edges, e.g., a left lateral edge 612 and a right lateral edge 614 that extend
between the round end 608 and the pomnted end 610 of the antenna. The right lateral
edge 614, in this example, inclhades a substantially straight edge portion 616 extending

between the rounded end 608 and the pointed end 610,

The left lateral edge 612 of the antenna 600, 1 this example, 1uclades a substantially
straight edge portion 618 posttioned proximate to the rounded end 608 and a sloped
edge portion 620 positioned proxirnate to the pointed end 610, In this cxample, the
straight edge portion 618 and the sloped edge portion 620 meet near the middie 622 of
the antenna 600. The sloped cdge portion 620 slopes away from the straight edge
portion 618 toward the poioted end 610 such that the width of the autenna tapers
between the middle 622 of the antenna and the pointed end 610 as shown by way of
exaraple 1o FIG. 6.

The design and configuration of the antenna 600 in FIGS. 6A-B may produce the
radiation pattern 700 shown in FIG. 7. As scen in FIG. 7, the antenna 600 may
produce the radiation patiern 700 wheun the wrist 702 of the user is received at the
wrist-worn device 602, The radiation pattern 700 shown in FIG. 7 may successfully
trausmit wireless signals countaining the wovement data obtaimed by the wrst-worn

- 25 .



WO 2013/109925 PCT/US2013/022196

|83

[84]

PEEEEST
Ji

device 602 to another electronic device. The radiation pattern 700 in FIG. 7, tllustrates
the relative gain (dB) of the wireless signals at various regious surrounding the wrist-
worn device 602. Relatively warm arcas of the radiation pattern 700 wdentify regions
where relatively more gain is observed while relatively cool arcas of the radiation
pattern identify regions where relatively less gain is observed. In this regard, the
design and the configuration of the antenna 600 produce a radiation pattern 700 where
the relatively higher gain arcas 704 are directed away from the body of the user. In
this way, the design and configuration of the antenna 600 advantageously increases
the hkelihood that the wireless signals will reach the desired clectrouic device and
decreases the likelihood that the wircless signals will be absorbed or otherwise

attenuated by the body of the user.

Referring now to FIGS. BA-B, an antenuna 800 for a relatively medium-sized wrist-
worn: device 802 is shown. The antenna 800 in this example is similarly located
within one of the flex areas 250 of the wrist worn device 802, e.g., the upper-right flex
arca. As noted above, the antenna 800 may be embedded in the flexible circnit
member 504 and may therefore follow the contour of the flexible circuit roember, for
example, as the flexible circuit member dips through the flex area 250 of the wrist-
wornt device 802, At its widest, the antenna may have a maximum width 804 of
approximately around 5-6 mam (0.197-0.236 in}, and in some example embodiments
may have a maxirourn width of approximately around 543 mm (0.214 ). The
antenna 00, in this example, may also be relatively narrower near the middie 806 of
the antenna. Near the middic 806, the antenna 800 may have a width 808 of
approximately around 3—4 yaro {0.118-80.157 in), and n some example embodiments
may have a middle width of around 3.29 mm (0.130 in). At its longest, the antenna
may have a maxirourn fength 810 of approximately around 22-23 vom {0.866-0.906
in}, and in some example embodiments mway have a maximum length of

approximately around 22.77 mm (0.896 in}.

The antenna 800, 1 this example, also includes a rounded end 812 and a pomted end
814 disposed or positioned opposite the rounded end. The antenna also inchudes a left
cdge 816 and a right lateral edge 818 that extend between the rounded end K12 and
the pointed end 814 of the antenna. The right lateral edge 818, in this example,
mcludes a substantially straight edge portion 820 that extends between the rounded
end 812 and the pointed end 814, The left lateral edge 816 of the antenna RG(, in this
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cxample, includes a substantially straight upper odge portion 822, a substantially
straight roiddle edge portion 824, and a sloped lower edge portion 826, As seen i
FIG. 8B, the straight middle edge portion 824 is offset from the straight upper edge
portion 822, Accordingly, the antenna 800 also includes a curved edge portion R28
positioned between and connecting the straight upper edge portion 822 and the
straight middle edge portion 824, The curved edge portion 828 of the loft lateral edge
816, in this example, exhibits an S-shape such that the left later edge curves mward
toward the antenna 800 between the straight upper edge portion 822 and the muddie
edge portion 824, The sloped edge portion 826 and the straight nuddle edge portion
824 meet near the middle 806 of the antenna 800 in this example. the sloped edge
portion 826 slopes away from the straight roiddle edge portion 824 toward the pointed
end 814 such that the width of the antenna tapers between the middie 806 of the

antenna and the pointed end 814 as shown by way of example m FIG. 8.

The design and configuration of the antenna 800 i FIGS. 8A-B may produce the
radiation pattern 900 shown in FIG. 9. As scen in FIG. 9, the antenna 800 may
produce the radiation patiern 900 wheun the wrist 902 of the user is received at the
wrist-worn device 802, The radiation pattern 900 shown in FIG. 9 may successfully
fransmit wireless signals containing the movement data obtained by the wrist-worn
device 802 to another electronic device. The radiation pattern 900 in FIG. 9, iilustrates
the relative gain {(dB) of the wireless signals at various regions surrounding the wrist-
worn device 802, Relatively warm areas of the radiation pattern 900 identify regions
where relatively more gain is observed while relatively cool arcas of the radiation
pattern identify regions where relatively less gain s observed. Sumilar to FIG. 7, the
radiation pattern 900 produced by the antenna 800 advantageously directs the

velatively high gain arcas 904 away from the body of the user.

Referring now to FIG. 10, an anterna 1000 for a relatively small-sized wrist-wormn
device 1002 is shown. The antenna 1000 in this example is likewise located within
one of the flex arcas 250 of the wrist worn device 1002, e.g., the upper-right flex area.
As noted above, the antenna 1000 may be embedded in the flexible circuit member
504 and may therefore folow the contour of the flexible circuit member, for example,
as the flexible circuit member dips through the flex area 250 of the wrist-worn device
1002, At its widest, the antcnna 1000 may have a maximum width 1004 of

ey
I

approximately around 3-4 mam (0.118-0.157 in}, and in some example embodiments
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may have a maximum width of approximately around 3.54 mm {0.139 in). At its
longest, the antenna may have a maximum length 1006 of approximately around 12—
13 mm (0.472-0.512 in), and in some example embodiments may have a maximum
length of approximately around 12.6 m (0.496 my).

As seen in this exarople, the antenva 1000 for the relatively small-sized wrist worn
device 1002 includes multiple substantially lincar antenna portions 1008-1020 that
are disposed at an angle velative to one another such that the avtenna 1000 exhibits or
defines a jagged shape. In this example shown in FIGS. 10A-B, the antenna 1000
mcludes seven lincar antcuna portions, and a first lincar antenna portion 1008 1s
contiguous with a second linear antenna portion 1010; the second linecar antenna
portion 1019 is also contigunous with a third lincar antenna portion 1012; the third
fincar antenna portion 1012 is contiguous with a fourth linear antenna portion 1014;
the fourth lincar antenna portion 1014 is contiguous with a fifth linear antenna portion
1016, the fifth hinear antenna portion 1016 is contiguous with a sixth lincar antenna
portion 1018; and the sixth lincar antenna portion is contiguous with a seventh linear

antenna portion 1020,

The first lincar antenna portion 1008 aund the second hinear anteuna portion 1010 are
disposed at an angle relative to one another to form one of six V-shaped sections
1022-1032 of the antenna 800. The other five V-shaped sections 1024-1032 of the
antenna 800 are respectively formed by the second and third lincar antenna portions
1010 and 1012, the third and fourth hnear antenna portions 1012 and 1014, and the
fourth and fifth linear antenna portions 1014 and 1016, the fifth and sixth linear
antenna portions 1016 and 1018, and the sixth and seventh lincar antenna portions
1018 and 1028, which are similarly disposed at an angle relative to one another. The
V-shaped sections 1022-1032 of the antenna 800 may point in opposite directions,
¢.g., toward the front 1034 of the wrist-worn device 1002 or toward the rear 1036 of
the wrist-worn device. In this cxample, the first, third, and fitth V-shaped scctions
1022, 1026, and 1030 point toward the front 1034 of the wrist-worn device 1002, and
the second, fourth, and sixth V-shaped sections 1024, 1028, and 1032 point toward

the rear 1036 of the wrist-worn device 1002,

The desigo and configuration of the anteuna 1000 in FIGS. 10A-B may produce the
radiation pattern 1100 shown in FIG. 11, As scen in FIG. 11, the antenna 1000 may
produce the radiation pattern 1100 when the wrist 1102 of the user 18 received at the
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wrist-worn  device 1002, The radiation pattern 1100 shown in FIG. 11 may
successfully transmit wireless signals containing the movement data obtamed by the
wrist-worn device 1002 to another electronic device. The radiation pattern 1100
FIG. 11, dlustrates the relative gain (dB) of the wireless sigunals at various regions
surtounding the wrist-worn device 1002, Relatively warm areas of the radiation
patternn 1100 wdentify regions where relatively more gain 1s observed while relatively
cool areas of the radiation pattern identify regions where relatively less gain is
obscrved. Similar to antermas 600 and 800 above, the antcona 1000 likewise produces
a radiation pattern 1100 where the relatively high gain arcas 1104 are directed away
from the body of the user thereby advantageously minimizing or aveiding absorption

or other atienuation of the wireless signals.

it will be understood with the benefit of this disclosure that additional or alternative
antenna designs and configurations may be sclectively cmployed to achieve a
radiation pattern sufficient to wirelessly trausmit the movement data from the antenoa
of the wrist-worn device to another clectronic device. The particular antenna designs
and configurations employed may be influenced by the path loss cffects observed as a
result of the particular design of the wrist~-worn device. It will also be understood that
the discussions above arc applicable to sensory accessory devices worn at alternative
locations on the user, e.g., an arm-worn device worn on the arm of the user, an ankie-

worn device worn on the ankle of the user, and so on.

These features can be combined with the several other features described herein as

desired.
5. Conclusion

Providing an activity coviromment having one or more of the features described herein
may provide a user with an experience that will encourage and wotivate the user to
engage in athletic activities and improve his or her fitness. Users may further
comrnunicate through social communities and challenge one another o participate in
point challenges.

Aspects of the embodiments have been described in terms of iHlustrative embodiments
thereof. Numerous other embodiments, modifications and vanations within the scope
and spirit of the appended claims will occur to persons of ordinary skill in the art from

a review of this disclosure. For example, one of ordinary skill i the art will
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appreciate that the steps illustrated in the illustrative figures may be performed in
other than the recited order, and that one or more steps Ulustrated may be optioval n

accordance with aspects of the embodiments.
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CLAIMS
What 1s claimed is:

1. A wrist-worn device that monitors movements of a user comprising:

a sensor assembly configured to detect movement of the user and generate sensor data
based on the movement detected;

a controller connected to the sensor assembly that obtains movement data based, at
icast in part, on the sensor data; and

an antenna connected to the controller that is configured to operate at a desired
frequency when a wrist of the user is recetved by the device such that the movement data is

wirclessly transmittable from the wrist-worn device to an electronic device,

2. The wrist-worn device of claim 1 wherein:

the desired frequency is a peak resonant frequency:

the antcona 1s tuned such that the antenna operates at an off-peak resonant frequency
relative the peak resonant frequency when the wrist is not received by the wrist-worn device;
and

the antenna produces a radiation pattern having relatively high gain arcas that are

directed away from a body of the user when wirelessly transmitting the movement data.

3. The wrist-worn device of claim | wherein a body of the wrist-worn device includes a
plurality of flex arcas and further comprising:

an internal spine member extending through the body of the wrist~-worn device;

a flexible circuit member wrapped around and connected to the spine mernber, the
flexible circuit member interconnects the controller and one or more sensors of the sensor
assembly; and

wherein the antenna is connected to the flexible circuit member and at least a portion

of the antenna is located in one of the flex arcas of the body of the wrist-worn device,

4. The wrist-worn device of claim 3 wherein substantially all of the antenna is located in one

of the flex areas of the body of the wrist~-worn device.

5. The wrist-worn device of claim 3 wherein the antenns is embedded 1n the Hlexible cireuit

member.
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6. The wrist-worn device of claim 5 wherein the antenna inchudes:

a rounded end;

a pointed end disposed opposite the rounded end; and

a first lateral edge extending between the rounded end and the pointed end, the first
lateral edge having a first substantially straight edge portion that cxtends between the

rounded end and the pointed end.

7. The wrist-worn device of claim 6 wherein the antenna further includes:

a second lateral edge disposed opposite the first lateral edge and extending between
the rounded end and the pointed end, the second lateral edge having a sccond substantially
straight edge portion proximate fo the rounded ¢nd and a sloped edge portion proximate to
the second cdge projection that slopes away from the second substantially straight edge

portion toward the poioted end.

8. The wrist-worn device of claim 7 wherein the antenna has a maximum length of

?

approximately 19-20 millimeters and a maximum width of approximately 3-4 millimeters.

8. The wrist-worn device of claim ¥ wherein a circumference of the wrist-worn device is

approximately 200-2 10 millimeters.

19. The wrist-worn device of claim 6 wherein the antenna further includes:

a second later edge disposed opposite the first lateral edge and extending between the
rounded end and the pointed end, the second lateral edge having a second substantially
straight edge portion proximate to the rounded end, a curved edge portion connecting the
second substantially straight edge portion to a third substantially straight edge portion, and a
sloped edge portion proximate to the pointed end that slopes away from the third substantially

straight edge portion toward the pointed end.

11, The wrst-worn device of claim 10 wherein the antenna has a maximum length of

approximately 22-23 millimeters and a maximum width of approximately 5-6 millimeters.

12. The wrist-worn device of clatm 11 wherein a circumference of the wrist-worn device is

between around 180-190 milimeters.
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13. The wrist-worn device of claim 5 wherein the antenna includes a plurality of substantially
lincar antenna portions disposed at an angle relative to ouve another such that the antenna

defines a jagged shape.

14, The wrist-worn device of claim 13 wherein the plurality of substantially lincar antenna
portions includes seven substantially linecar antenna portions and wherein:

a first lincar antenna portion and a second liner antenna portion define a first V-
shaped scction of the antenna such that the first V-shaped section points toward a first
direction;

the second lincar antenna portion and a third lincar antenna portion define a second V-
shaped section of the antenua such that the second V-shaped section points toward a second
direction opposite the first direction;

the third hnear antenna portion and a linear fourth antenna portion define a third V-
shaped section of the antenna such that the third V-shaped section points toward the first
direction;

the fourth Hinear antenna portion and a fifth linear antenna portion define a fourth V-
shaped section of the antenna such that the fourth V-shaped section points toward the sccond
direction;

the fifth linear antenna portion and a sixth lincar antenna portion define a fitth V-
shaped section of the avtenna such that the fifth V-shaped section pownts toward the first
direction; and

the sixth hincar antenna portion and a seveoth lincar anteuna portion define a sixth V-
shaped section of the antenna such that the sixth V-shaped section points toward the second

direction,

15, The wnst-worn device of claim 14 wherein the antenna has a maximum length of

approximately 1213 millimeters and a maxinium width of approximately 3-4 millimeters.

16. The wrist-worn device of claim 15 wherein a circumference of the wrist-worn device is

between around 150-160 millimeters.
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17. An antenna for a wrist-worn device that monitors movements of a user comprising:

an antenna configuration that causes the antenna to operate at a desired frequency
when a wrist of the user is received by the device such that movement data collected by the
wrist-worn device is wirelessly transmittable to an electronic device;

wherein the antenna configuration causes the antenna to produce a radiation pattern
having relatively high gain arcas that arc directed away from a body of the user when
wirelessly transmitting the movement data; and

wherein the antennas 18 configured to be embedded 1n a flexable circuit member of the
wrist-worn device when wnstalled 1o the wrist-worn device such that at least a portion of the
antenna is positioned in a flex arca of the wrist-worn device when embedded in the flexible

circuit mermber.,

I8, The antenna of claimn 17 wherein the antenna s configured to be installed in a wrist-worn
device having a circumference of approximately 200-210 millimeters, and wherein the
antenna configuration includes:

a rounded end;

a pointed end disposed opposite the rounded end;

a first lateral edge extending between the rounded end and the pointed end, the first
lateral edge having a first substantially straight cdge portion that extends between the
rounded end and the pointed end; and

a second lateral edge disposed opposite the first lateral edge and extending between
the rounded end and the pointed end, the second lateral edge having a second substantially
straight edge portion proximate to the rounded end and a sloped edge portion proximate to
the second edge projection that slopes away from the sccond substantially straight cdge

portion toward the pointed end.
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19. The antenna of claim 17 wherein the antenna 18 configured to be installed in a wrist-worn
device having a circumference of approximately 1R0-190 millimeters, and wherein the
antenna configuration includes:

a rounded end;

a pointed end disposed opposite the rounded end;

a first lateral edge extending between the rounded end and the pointed end, the first
lateral edge having a first substantially straight edge portion that extends between the
rounded end and the pointed end; and

a second lateral edge disposed opposite the first lateral edge and extending between
the rounded end and the pointed ond, the sccond lateral edge having a second substantially
straight edge portion proximate to the rounded end and a sloped edge portion proxivoate to
the sccond edge projection that slopes away from the second substantially straight odge

portion toward the pointed end.

20. The antenna of claim 17 wherein the antenuna is configured to be mstalled in a wrist-worn
device having a circumference of approximately 150-160 millimeters, and wherein the
antenna configuration includes:

a pharality of substantially linear antenna portions disposed at an angle relative to one

another such that the antenna defines a jagged shape.
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