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WEARABLE DEVICE ASSEMBLY WITH ABILITY TO
MITIGATE DATA LOSS DUE TO COMPOMENT FAILURE

RELATED APPLICATION DATA

This application claims priority to, and the benefit of U.S. Provisional Patent Appln.
No. 61/834,191 filed June 12, 2013 and entitled “Wearable Device Assembly with

5

Ability to Mitigate Data Loss Duc to Component Failure” This carlier provisional

patent application is entircly incorporated herein by reference.

TECHNICAL FIELD

Aspects of the invention generally relate to ways of preventing and/or mitigating
data loss due to corponent failure and particularly relate to redirecting where data is

stored and/or how it is transferred throughout the device.
BACKGROUND

While most people appreciate the importance of physical fithess, many have difficulty
finding the rootivation required to maintain a regular exercise program.  Sorne people
find it particularly difficult to maintain an exercise 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 lives. Often, this clear separation between
athletic activity and other activities reduces the amount of motivation that an
wdividual might have toward exercising.  Further, athletic activity services and
systems directed toward encouraging individuals to engage in athletic activities might
also be too focused on ouve or more particular activities while an individual’s interest
are ignored. This may further decrease a user’s interest in participating in athletic

activitics or using the athletic activity services and systerns.

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

the art are desired.
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BRIEF SUMMARY

The following presents a simplified summary in order fo provide a basic
understanding of some aspects of the disclosure. The samumary is not an exiensive
gverview of the disclosure. It is neither intended to identify key or critical elements
of the disclosure nor to dehineate the scope of the disclosure. The following suramary
merely presents some concepts of the disclosure in a simplified form as a prelude to

the description below.,

A wrist-worn device that monitors moveroents of a user is provided. A curvilinear
body of the wrist-worn device includes a plurality of flex arcas, and an internal spine
meraber of the wrist-worn device extends through the curvilincar body. A tlexible
circuit member is wrapped around and connected to the spine member. The flexible
circuit member interconnects a countroller and one or more sensors of a sensor
asserubly within the body. A solder wask applied to the flexible circuit member
includes a curvilinear edge that distributes stress caused by flexing of the flexible

circuit mmember.

The curvilinear edge may define solder mask peaks and valieys between the sides of
the flexible circuit member. The solder mask peaks may exhibit a peak width and
peak height, and the solder mask valieys may exhibit a valley width and valley depth.
The number of solder mask peaks may match the number of solder mask valleys, peak
width may roatch valley width, and peak height may waich valley depth. The solder
mask peaks and solder mask valleys may substantially also conform to a portion of 2

circle.

A fault tolerant flexible curcuit oember that prevents device failure if traces break is
provided. The flexible circuit member may utilize extra traces. [If the device
determines that a trace 18 broken, other traces may be used in its place. Alternatively,
or in combination with extra traces, the device may also utilize redundant traces and
the ability to distinguish between broken and intact traces. Thas, if a trace breaks, one
of the redundant traces can take on its function. The device may use alternative
division schemes, such as schemes that divide available bandwidth between data
originally 1otended to be sent along a trace and data originally intended to be sent
along a broken trace. The device may also utilize alternative storage, such as RAM, if
the flash memory becomes moperative.  In cases where the RAM has a smaller

2
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storage capacity than the flash memory, it may be necessary to reduce the size of data

being stored. This can be accoraplished by changing the format the data is stored n.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure is illustrated by way of exampic and not limited in the
accompanying figures 1o which like reference numerals mndicate similar elevoents and
in which:

FIG. | s an example of an implementation of a system for providing personal

training.

FIG. 2 is an example of an implementation of a computing device for providing

personal training.

FIG. 3 15 an cxample of an implementation of a wrist-worn scusor assembly device

that monitors movements of a user.

FIG. 4 is another example of an implementation of a curvilinear solder mask edge

applied to a flexible circuit member.

FIG. S shows traces connecting the flash memory to the processor and RAM and

traces connecting the process to a sensor.
DETAILED DESCRIPTION

fn the following description of the various embodiments, reference is made to the
accompanying drawings, which form a part hereof, and 1n which is shown by way of
iilustration various embodiments in which the disclosure may be practiced. It isto be
understood that other cmbodiments 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 not be considered as
hmiting aspects of the disclosure. Those skilled w the art with the benefit of this
disclosure will appreciate that the cxample embodiments are not limited to the

example headings.

98]
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1. Example Persenal Training System

1.1, [Hustrative Computing Devices

FIG. 1 illostrates an example of a personal training system 100 in accordance with
example embodiments. Example system 100 may include one or more clectronic
devices, such as computer 102, Computer 102 may comprise g mobile terminal, such
as a telephone, music player, tablet, netbook or any portable device. In other
cmbodiments, computer 102 roay comprise a sct-iop box (STB), desktop computer,
digital video recorder(s} (DDVR), computer server{s}, and/or any other desired
computing device. In certain configurations, computer 102 may comprise a gaming
console, such as for example, a Microsoft® XBOX, Sony® PlaySiation, and/or a
Nintendo® Wii gaming conseles. Those skilied in the art will appreciate that these
are merely exariple conseles for descriptive purposes and this disclosure s not

fimited to any console or device.

Turning briefly to FIG. 2, computer 102 may include computing unit 104, which may
comprise at least oue processing unit 106, Processing wuit 106 may be any type of
processing device for exccuting software instructions, such as for cxample, a
microprocessor device.  Computer 102 may include a vanety of non-travsitory
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 read only
memory {ROM), such as ROM 112, Memory 108 may include any of: electronically
crasable programmable read only memory (EEPROM), flash memory or other
memory 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 system memory 108 may be connected, either
directly or indirectly, through a bus 114 or alternate communication structure to one
or wore peripheral devices. For example, the processing unit 106 or the system
memory 108 may be directly or indirectly connected to additional memory storage,
such as a hard disk drive 116, 3 reroovable magnetic disk drive, an optical disk drive
118, and a flash memory card. The processing unit 106 and the system memory 108
also may be directly or indirectly connected to one or more input devices 120 and one

or more output devices 122, The output devices 122 may include, for example, a

4
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display device 136, television, printer, sterco, or speakers. In some embodiments one
or wore display devices may be incorporated into cyewear. The display devices
incorporated into eycwear may provide feedback to users. Eyewear incorporating one
or more display devices also provides for a portable display system. The input
devices 120 may inchade, for example, a keyboard, touch screen, a remote control
pad, a pointing device (such as a mouse, touchpad, stylus, trackball, or joystick), a
scanner, 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.

Looking again to FIG. 1, image-capturing device 126 and/or sensor 128 may be
utilized in detecting and/or measuring athietic movements of user 124, In one
embodiment, data obtained from image-capturing device 126 or sensor 128 may
directly detect athletic movements, such that the data obtained from image-capturing
device 126 or seusor 128 is directly correlated to a motion paramcter. Yet, in other
cmbodiments, data from image- capturing device 126 and/or sensor 128 may be
utilized in combination, either with each other or with other sensors to detect and/or
measure movements.  Thus, certain measurements may be determined from
combining data obtained from two or more devices. Image-capturing device 126
and/or sensor 128 may include or be operatively connected to one or more seusors,
including but not limited to: an accelerometer, a gyroscope, a location-determining
device {e.g., OPS), light sensor, temperature sensor {inchiding ambient temperature
and/or body temperature), heart rate monitor, image- capturing sensor, moisture
sensor and/or combinations thereof., Example uses of tllustrative sensors 126, 128 are
provided below in Section 1.3, entitied “lllustrative Sensors.” Computer 102 may also
use touch screens or image capturing devices to determine where a user 18 pointing fo
make selections from a graphical user interface. One or more embodiments may
utitize one or more wired and/or wircless technologies, alone or in combination,
wherein  examples of wireless techunologies include Bluetooth®  technologies,

Bluctooth® low energy technologies, and/or ANT technologies.
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1.2, [Bllustrative 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 cxample 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 ong or more
communication protocoels, such as the Transmussion Control Protocol {(TCP), the
Internet Protocol (IP), and the User Datagrara Protocol (UDP). These protocols are
well known in the art, and thus will not be discussed here in more detail. An mterface
130 may employ any suitable connection agent for connecting to a network,
meluding, for example, a wircless transcetver, 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, sateliite, telephone, cellular, wireless, etc. Networks are well known
the art, and thus will not be discussed here in more detail. Network 132 may be
variously configured such as having onc or more wired or wireless communication
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 similar or identical to computer 102, Indeed, system 100 may
include more than one instance of each component (¢.g., more than one computer 102,

more than one display 136, etc.).

Regardless of whether computer 102 or other electroruc device within network 132 18
portable or at a fixed location, it should be appreciated that, in addition to the input,
output and storage peripheral devices specifically listed above, the computing device
may be connected, such as either directly, or through network 132 to a variety of other
peripheral devices, inchuding some that may perform input, output and storage
functions, or some combination thereof. In certain embodiments, a single device may
mtegrate one or more components shown in FIG. 1. For example, a single device may
melude coroputer 102, image-capturing device 126, sensor 128, display 136 and/or

additional components. In one embodiment, sensor device 138 may comprise a
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mobile terminal having a display 136, image-capturing device 126, and one or more
sensors 128, Yet, in another ewbodiment, image-capturing device 126, and/or sensor
128 may be peripherals configured to be operatively connected to a media device,
meluding for exarple, a gaming or wedia system. Thus, it goes from the foregoing
that this disclosure is not limited to stationary systems and methods. Rather, certain

cmbodiments may be carried out by a user 124 in 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 monitor 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-determining device (e.g., GPS), light sensor, temperature sensor
(including ambient temperature and/or body temperature), sleep pattern sensors, heart
rate monitor, image-capturing sensor, moisture sensor and/or combinations thereof.
Network 132 and/or computer 102 may be in comumunication with onc or more
electronic devices of system 100, including for example, display 136, an image
capturing device 126 {c.g., onc or more video cameras), and sensor 128, which may
be an infrared {(IR) device. In one embodiment sensor 128 may comprise an IR
transceiver. For example, sensors 126, and/or 128 may transmit waveforms into the
environment, nchudimg towards the direction of user 124 and receive a “reflection” or
otherwise detect alterations of those released waveforms. In yet another embodiment,
fmage-~-capturing device 126 and/or sensor 128 roay be configured to transmit and/or
recetve other wireless 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 in accordance with various embodiments. In
this regard, sensors 126 and/or 128 may detect waveforms cnmitted from external
sources {e.g., not system 100). For example, sensors 126 and/or 128 may detect heat
being cmitted from user 124 and/or the surrounding environment. Thus, image-
capturing device 126 and/or sensor 128 may comprise one or more thermal imaging
devices. In one embodiment, image-capturing device 126 and/or sensor 128 may
comaprise aun IR device configured to perform range phenomenology. As a non-
hmited example, image-capturing devices counfigured to  perform  range
phenorncnology are commercially available from Flir Systems, Inc. of Portland,
Oregon.  Although image capturing device 126 and sensor 128 and display 136 are
7
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shown in direct {wirelessly or wired) communication with computer 102, those skilled
wn the art will appreciate that any may divectly communicate (wirelessly or wired)

with network 132,
1.3.1 Multi-Purpose Elecirenic Devices

User 124 may possess, carry, and/or wear any nuraber of electronic devices, including
sensory devices 138, 140, 142, and/or 144. In certain embodiments, one or more
devices 138, 140, 142, 144 may not be specially manufactured for fitness or athletic
purposes. [ndeed, aspects of this disclosure relate to utilizing data from a plurality of
devices, some of which arc not fitness devices, to collect, detect, and/or measure
athletic data. In one embodiment, device 138 roay comprise a portable electronic
device, such as a telephone or digital music player, including an IPOD®, IPAD®, or
iPhone®, brand devices available frormn Apple, Inc.  of Cupertino, California or
Zune® or Microsofi® Windows devices available from Microsoft of Redmond,
Washington. As known n the art, digital media players can serve as both an output
device for a computer (¢.g., outputting music from a sound file or pictures from an
frnage file) and a storage device. In one embodiment, device 138 may be corputer
102, yet tn other embodiments, computer 102 may be entirely distinct from device
138. Regardiess of whether device 138 s configured to provide certain output, it may
serve as an mput device for receiving sensory information. Devices 138, 140, 142,
and/or 144 may include one or more sensors, including but not limited to: an
accelerometer, a gyroscope, a location-deterrmning device {¢.g., GPS), light sensor,
temperature seusor (inchuding ambient temperature and/or body temperature}, heart
rate montor, image-capturing sensor, moisture sensor and/or combinations thereof,
fn certain embodiments, sensors may be passive, such as reflective materials that may
be detected by trmage-capturing device 126 and/or sensor 128 {(among others). In
certain embodiments, sensors 144 may be jutegrated into apparel, such as athletic
clothing. For instance, the user 124 may wear one or more on-body sensors 144a-b.
Sensors 144 roay be incorporated into the clothing of user 124 and/or placed at any
desired location of the body of user 124, Scnsors 144 nmay communicate {¢.g.,
wirelessly) with computer 102, sensors 128, 138, 140, and 142, and/or camera 126.
Examples of interactive gaming apparel are described m U.S. Pat. App. No.
10/286,396, filed October 30, 2002, and published as U.S. Pat. Pub. No.
2004/0087366, the contents of which are incorporated herein by reference in its
8
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entirety for any and all non-limiting purposes. In certain embodiments, passive
sensing surfaces may reflect wavetorms, 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 may comprise generally spherical structures made of glass or
other transparent or transtucent surfaces which may reflect waveforms.  Bifferent
classes of apparel may be utilized in 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 melude

one or more sensors positioned on apparel in a second configuration.

Devices 138-144 may communicate with each other, either directly or through a
network, 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 conuected to bus 114 of computer 102, In yet another
cmbodiment, 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
comraunicate with device 138, Those skilled in the art will appreciate that other

configurations are possible.

Some implementations of the example emboediments may alternately or additionally
employ computing devices that are wntended to be capable of a wide variety of
functions, such as a desktop or laptop personal computer. These computing devices
may have any combination of peripheral devices or additional coraponents as desired.
Also, the components shown in FIG. 2 may be included in the server 134, other

computers, apparatuscs, ete.

1.3.2. liustrative Apparel/Accessory Sensors

In certain embodiments, sensory devices 138, 140, 142 and/or 144 roay be formed
within or otherwise associated with user’s 124 clothing or accessories, inchuding a
watch, arrnband, wristband, necklace, shirt, shoe, or the like. FExamples of shoe-
mounted and wrist-worn devices (devices 140 and 142, respectively) are described
immediately below, however, these are merely example embodiments and this
disclosure should not be limtted to such.

9
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As shown in FIG. 3, an example of an implementation of a wrist-worn sensory
assembly device 226 1s 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 ke, Device 226
may monitor athletic movements of a user, inchiding 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 corputer
102, Device 226 may communicate directly with network 132 and/or other devices,
such as devices 138 and/or 140, In other embodiments, athletic data obtained from
device 226 may be utilized in determinations conducted by computer 102, such as
determinations relating to which cxcrcise 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 imnclude an input mechanism, such as a
depressible input button 228 assist in operation of the device 226, The input button
228 may be operably connected fo 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 forroed of oue or more waterials, mchiding clastomeric
components and comprise one or more displays, such as display 234. The display
may be counsidered an Ulurmnable portion of the device 226, The display 234 may
inchade a series of individual lighting elements or light members such as LED lights
234 1n an exemplary embodiment. The LED lights may be formed i an array and
operably connected to the controller 230, Device 226 may include an indicator
system 236, which may also be considered a portion or component of the overall
display 234, It is understood that the indicator system 236 can operate and dlurnuinate
in conjunction with the display 234 {(which may have pixel member 235} or
corapletely separate from the display 234, The mdicator system 236 may also mclude
a plurality of additional lighting clements or light members 238, which may also take

10
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the form of LED lights in an cxemplary embodiment. In certain embodiments,
indicator system may provide a visual indication of goals, such as by luminating a
portion of lighting members 238 to represent accomplishment towards one or more

goals.

A fastening mwechanism 240 can be unlatched wherein the device 226 can be
positioned arcund a wrist of the user 124 and the fastening mechanism 240 can be
subsequently placed in a latched position. The user can wear the device 226 at all
times if desired. In one embodiment, fastening mechanism 240 may comprise an
mterface, including but not himited to a USB port, for operative interaction with

computer 102 and/or devices 138, 140,

It wiil be understood that the device 226 will underge 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 mechanism 240 is unlatched and the device 226 pulled open, the
device will flex at various flex arcas 250 to allow the wrist to be recetved 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 F1G. 3, the device includes two flex arcas 250 located near what may be

described as the “shoulders” of the device.

In certatn embodiments, device 226 may comprise a sensor assembly (not shown in
FIG. 3). The sensor asscmbly may comprise a plurality of different sensors. In an
example cmboditoent, the sensor assembly may covaprise or permit operative
connection to an accelerometer {including in the form of a mmlti-axis accelerometer),
heart rate seunsor, location-determining sensor, such as a GPS sensor, and/or other
sensors.  Detected movements or parameters from device's 142 sensor(s), may
include {or be used to formy) a varicty of different parameters, metrics or physiological
characteristics including but not lunited to speed, distance, steps taken, and energy
expenditure such as calories, heart rate, sweat detection, effort, oxygen consumed,
and/or oxygen kinetics. Such parameters may also be expressed in terms of activity

points or currency carned by the user based on the activity of the user.

FIG. 4 is an cxample of an implementation of a solder mask 800 applied to a floxble

circuit member 802 where the solder mask includes a curvilinear solder mask edge

1%
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804 that does not resembie a periodic wave and does not include repeating curve
patterns. As seen i FIG. 4, the exarople curvilinear solder roask edge 804 includes a
substantially straight edge portion 806 as discussed above. Additionally, the shape of
the curvilinear solder mask edge is configured to curve around various electrical

components 8G8 of the flexible circuit member 804,

FIG. 4 also ilustrates construction structures and methods that may be employed,
alone or in conjunction with a curvilinear solder mask edge, toward enhancing the
survivability of the FPC, including toward enhancing the ability of the FPC to survive
stress imparted therete via any source, including via various deformations {(e.g.,
deformations associated with the flex zones of the FPC and the flexing of the flexible
circuit member). As an example, components of the flexible circutt member may be
focated, positioned, dimensioned, shaped, and so forth, so as to reduce or eliminate
the stress cither introduced, concentrated, or otherwise that might be associated with
the compouent. Tn FIG. 4, for example, one or wore components 810 on the flexible
circuit member 802 (e.g., tooling holes) may be located in a peripheral region 812.
Such peripheral region 812 may be variously determined, including, as examples: (i) a
region outside any flex area 814 of the flexible circuit member; (i1} an area where the
FPC is not deformed in the fabrication process, either via conformal association with
the substrate or any production aberrations, such as rippling, and/or (it} an arca
wherein stress generally is minimal, ¢.g., adjacent the USB interconnectors of the
fiexible circuit member. In FIG. 4, the dotted line 816 identifics where the flex area
814 and the region 812 outside the flex area begin and end respectively. In FIG. 4, as
another exarmple, one or more cornponents 810 on the flexible circuit merober 802
{c.g., traces €18} may be located on a selected (e.g., inner)y surface of the FPC, 1¢, a
surface other than (i) the top ot bottom surfaces or (1) any other surfaces or arcas of
the FPC wherein traces may be {a) plated or otherwise protected in any manner that
may reduce their elasticity and/or (b) associated with a stress concentrator, like a
solder mask or ripple.  Additionally or alternatively, the traces 818 of the flexible
circuit merober 802 may cxhibit gradual curves 5o as to avoid stress concentrations on
the traces. As seen n FIG. 4, the example traces 818 may be formed so as to curve
gradually, ¢.g., such as across a flexible zone 250 or other FPC deformation, or across
an arca of stress as to the flexible circuit member 802, Additionally or aliernatively,
the traces 818 of the flexible circuit member 802 may be routed so as to avoid stress
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regions, ¢.g., concentrators, particularly in a stress region wherein stress i
accompanicd by one or more structares that are stress concentrators. As an exanple,
cach trace 818 that electrically couples to a respective one of the USB interconnect
pads may contact that respective pad in an mternal portion of that pad (e.g., rather
than at peripheral edge of such pad}), and therefrom route through a via to an inner
surface of the FPC, and thercfrom route along the length of, but between, the pads, so
as to emerge beyond the trapnsverse edge of the pads {such transverse edge being
directed toward the FPC components), so emerging without passing directly under
such transverse edge of any pad, and therefrom ultimately to couple with one or more
other FPC components. In so routing such USB-coupled traces to, the traces avoid
passing under the pad’s transverse edge, these traces and, as such, avoid this siress
concentrator. In an cxample, so routing such USB-coupled traces aveids the action of
the pad edge as g stress concentrator, where stress roay be varously imparted, ¢.g., via
an FPC ripple formed adjacent to the USB contacts. One or more of these and other
features may be used in combination with the curvilinear solder mask edge, e.g.,
particularly if sources of stress, e.g., deformations are or may become present.

Figure S illustrates components that may be found within wrist-worn sensory
assembly device 226 (shown in Figure 3), in accordance with an embodiment of the
fnvention. A sensor 502 is connected to a processor 504 via traces 506, 508 and 510.
Sensor 502 may be implemented with any of the sensors described above. Traces
506, 508 and 510 may be formed on flexible circuit boards. Processor 504 inchudes a
random access memory {(RAM) 512 and is connected to a flash memory 514 via traces
516, 518 and 520. Traces 516, 518 and 520 may also be formed on flexible circuit
boards. Those skilled in the art will appreciate the numbers of traces and
configurations of traces shown in Figure 5 are for illustration purposes only.
Additional or fewer traces may be included and at least some may have urregular
shapes. In operation, sensor data from sensor 502 1s sent to processor 504, Processor
504 may perform operations such as changing the format of the sensor data,
calculating energy expenditure points, ¢tc. Processor 504 then transmits data to flagh

memory 514 via traces 516, S1R or 520,

Device 226 may be both portable and flexible and as a result, traces 506, 508, 516,

516, 518 and 520 are constantly being stressed and may periodically break. This is
especially true when device 226 is flexed by the user. In some embodiments of the

13
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invention a fault tolerant approach inclades utilizing alternative or redundant traces.
For example, if four traces are needed between sensor 342 and processor 504, five, six
or scven traces may be formed between the devices. Processor 504 may be
configured to determine when a trace 1s broken and instruct sensor 502 to use one of
the alternative traces instead of the broken trace. In some embodiments, processor
504 may be configured to deterruine when a trace 18 faulty or inoperable, and may
instruct sensor SO2 to use one of the alternative traces instead of the faulty or
moperable trace.  Sensor 502 may also be configured to identity broken and/or
moperable traces and use alternative traces. Similarly, processor 304 way determine
when a trace is broken between processor 504 and flash memory 514 and may start

using an alternative trace.

fn an alternative embodiment, components shown in Figure 5 may be configured to
share traces when one or more trace breaks. For example, in Figure 5 sensor 502 and
processor 304 may initially use traces 506, 508 and 510, If for example, trace 508
breaks {or becomes inoperable), sensor 502 and processor 504 may be configured to
wdentify the break and share data over another trace, such as trace 510, Sensor data
from sensor 502 may be sent to processor 534 during different time periods. For
exarnple, the data originally intended to be sent over trace 510 may be sent during a
first time period and the data that was originally intended to be sent over the broken
trace {c.g., tracc 508) may be sent during 8 sccond timne period.  Some embodiments
may use alternative division schemes, such as statistical multiplexing and/or other
schemes that divide available bandwidth between data originally intended to be sent

along a trace and data originally futended to be sent along a broken trace,

The failure of one or more traces 516, 518 and 520 may effectively cause flash
memory 314 to become inoperative. Flash memory 514 may of course also become
wmoperative for reasons unrelated to traces. In one embodimend, when flash meroory
514 becomes inoperative or disconnected, processor 504 may store data in RAM 512

mstead of in flash mermory 514,

In embodiments in which RAM 512 has smaller storage capacity than flash memory
514, a reduced amount of data may be stored. i some embodiments, the device may

be configured to determoine the rervaining roemory capacity of the RAM
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In one of these embodiments, the remaining memory capacity of the RAM may be
measured directly by a meemory monttoring unit, and such monttoring techmques that
may be employed by the memory monitoring unit are well known in the art and thus
will not be described in further detail. The determivation of whether the RAM s in a
"low capacity” condition may thus be made by evaluating whether the measured
remaining capacity is below a particular threshold, No matter how the "low capacity”
determination is made, a threshold level may be set that allocates the total memory
capacity of the RAM between a first period in which the device 1s i its standard
"operational mode” and a second, subsequent period during which the device 15 in s

"low capacity mode,” 80 as to achicve desired operational objectives.

It should be appreciated that, i addition to determining whether the "low capacity”
condition discussed above has been reached, the memory capacity of the RAM may
additionally be monitored to determine when the RAM is soon to be in the "low
capacity” condition. This may be achieved, for example, by employing the sare
technique used to monitor for the "low capacity” condition, but using a slightly higher
ot lower threshold. When such a determination i1s made, a sigual or other indication
may be transmitted to inform the device that the available memory in RAM is running
low and that the device needs to be synced to a nctwork. A message or other
indication may be provided to the user as a result of such a signal. For example, in
response to a signal indicating the RAM 1s approaching the "low capacity” condition,
a message may be displayed informing the user that memory is "running low,”
whereas in response to a signal indicating the "low capacity” condition has already

been reached, the message roay inform the user that the device 1s "out of uemory.”

In some embodiments, upon detecting a "low capacity” condition of the device, the
mode of operation of the device may be changed so as to substantially reduce the
amount of data being stored to RAM. The device way then be allowed to perform
only a limited set of functions, and may continue to store some activity data for an
extended period of tise i spue of its decreased fuvctionality.  In certan
cembodiments, the device may be configured so that the only function it performs
whilc 1n its "low capacity” mode of operation 1s the transmission of an mdication {or
signal} informing the user of the device of its "low capacity” condition. In some
erabodiraents, the capacity of the RAM roay additionally be monitored to determine

when the RAM is soon to be in a "low capacity” condition, thus enabling the user to
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be warned that the RAM is "running low and needs to be synced soon,” or to be
provided with some similar message or indication. Should the user fail to syne the
device before the "low capacity” condition is actually reached, the device will not
simply cease recording data, but will change modes of operation so as to substantially
reduce its data recording capabilities and will continue to inform the user of the

"lower capacity” condition of the RAM.

For exarople, 1n some embodiments, when it is determoined that the waemory available
inn the RAM has been reduced below a first threshold level indicating that the device is
approaching a “low capacity” condition, the device may be placed m a first low
capacity operational mode where the device may be configured to decrease the
amount of data being stored on the RAM. The device may be further configured to
determine whether the memory available in the RAM has been reduced below a
sccond threshold level, wherein the amount of available memory on the RAM
corresponding to the furst threshold level 15 greater than the awount of available
memory on the RAM corresponding to the sccond threshold level. When it i3
determined that the moemory capacity of the RAM has been reduced below the second
threshold level indicating that the device is closer to approaching the “low capacity”
condition, the device may be placed i a second low capacity operational mode where
the device may be configured to further decrease the amount of data being stored on

the RAM.

One way, but not the only way, to reduce the amount of data being stored s to change
the format the sensed data is stored in. For example, in some embodiments, the
fidelity of the data or frequency of which data points are taken may be decreased. In
one of these embodiments where sensor data is stored on RAM, when in the first low
capacity low capacity operational mode, the device may be configured to decrease the
amount of data being stored on the RAM by storiug data v 30 minute segmeuts
instead of using one minute segments (like it does when it stores the data on the flash
mernory, or when storing data ju RAM during standard operational modes). In this
way, what would normally require sixty individual data entries, may now be reduced
to 2 entries. In another of these embodiments where sensor data is stored on RAM,
and when the device is in the second low capacity operational mode, the device may
be contigured to further decrcasc the amount of data being stored on the RAM by
storing data in hour segments instead of using 30 minute segments (like it does when
16
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in the low capacity first operational mode). In this way, what would normally require

2 individual data entrics, may now be reduced to one entry.

One issue with changing the format the sensed data is stored in is that other devices or
programs that interact with the device 226 may only be able to recognize the original
format. To deal with this problers, the device can be configured to include a program
that can convert the data back into an original format when it is communicating with
other computers and programs. For example, if the data was norroally stored n
minute segments, but was being stored in hour segments to help it fit on the RAM, a
program could convert the data back into minute segments by dividing the hour data
by 60. This is just one way of converting the data back, other more complex
programs might take other factors into account such as scheduled workouts and
historical data to make a more realistic conversion. Another possibility would be to
store the data in a compressed format on the RAM, and then uncompress it when it is

transferred to the network and/or coraputer.

In another embodiment, the device may decrease the amount of sensor data {or other
data} being stored on the RAM by requiring the device to sync with a notwork, such
as network 132, more frequently. A display (e.g., display 136 or display 234}, voay be
configured to indicate an amount of memory available in the RAM for storing sensor
data. The display may be further configured to indicate to a user when the RAM has
reached a low capacity condition, and transmit a message to the user that the device
should be synced with a network. For exarople, when the device enters into either a
first or second low capacity operational mode, the device may commuumicate a
message to the user (via a display), that the device is approaching a low capacity

condition, and that one or more functions of the device has been reduced or

Other possible ways to decrcase the amount of data being stored on the RAM may be
to require that the device only record certain types of data. For example, the device
may be configured to decrease the amount of data being stored on the RAM by
recording only activity data, and not recording other types of data, such as the time of

day. In one embodiment,

In one embodiment, as discussed above, the device may cnter a first low capacity

operational mode when the RAM reaches a first threshold capacity indicating that the
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RAM is approaching a low capacity condition. Further to the above cxample, when
the device enters the first low capacity operational wode, the device may be
configured to decrease the amount of data being stored on the RAM by recording only
activity data, and not other types of data.  In other embodiments, when the device
enters the second low capacity operational mode, the device may be configured to
turther decrease the arnount of data being stored on the RAM by reducing the fidelity
of the activity data. In another embodiment, when in the second low capacity
operational mode, the device may be configured to further decrease the amount of
data bemg stored oun the RAM by reducing or suspending oue or more other data

recording functions, other than the recording of activity data.

In some embodiments of the invention there 1s no indication to an end user that data
is stored in RAM 512 or flash memory 514. The device makes data presented to users
and cven other devices appear the same.

Conclusion

Providing au achivity covironment having one or more of the features described herein
may provide a user with an experience that will encourage and motivate the user to
engage in athletic activities and tmprove his or her funess. Users may further
communicate through social communities and challenge one another to participate in

point challenges.

Aspects of the erabodiments bave been described in terms of 1Hustrative embodiments
thercof. WNumerous other embodiments, modifications and variations 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 in the art will
appreciate that the steps tustrated in the illustrative figures may be performued in
other than the recited order, and that one or more steps iHlustrated may be optional in

accordance with aspects of the embodiments.
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CLAIMS

What is claimed 1s:

i A device that monitors movements of a user comprising:

a sensor configured to sense movement and generate sensor data;

a processor connecied to the sensor and prograramed with computer-
executable instructions to perform the steps oft

{a) identifying when g connection to a flash memory is available;

{b) when a connection to the flash memory is available sending the sensor
data to the flash memory via traces; and

{c) when a connection to the flash memory is not avatlable, storing sensor

data in a RAM of the processor.

2. The device of claim 1, wherein (¢} comprises storing sensor data in the RAM

of the processor at a reduced fidehty.

3. The device of claim 2, wherein the reduced fidelity 18 due to lower recordings

per a given unit of time.

4. The device of claim 2, wherein the reduced fidelity 1s due to storing the data in

a compressed format.

5. The device of claim 2, wherein the reduced fidelity is due to only storing

predeterrined types of data.
6. The device of clairo 1, further comprising:
redundant traces configured to accept data from other traces, if they break.
7. The device of claim 1, further comprising:
extra traces configured to be used if a given trace breaks.
8. The device of claim 6, further comprising:
redundant traces configured to accept data from other traces, if they break.

9. A device that monitors movements of a user comprising:

a sensor configured to sense movernent and generate sensor data;
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a processor connected to the sensor and programumed with computer-
executable instructions that, wheo executed by the processor, cause the device to
perform the steps of:

{a) identitying when a flash memory fails;

(b} when the flash memory has not failed sending the seusor data to the flash
memeory; and

{¢) when the flash memory fails storing sensor data in a RAM of the

PrOCeSsor.

10, The device of claim 9, wherein the executable instructions, when executed by
the processor, further cause the device to perform the steps of:
{d} determining whether the RAM is approaching a first low capacity
threshold; and
(e} in response to determining that the RAM of the processor has reached the
first low capacity threshold, operating in a first operational mode wherein sensor data

is stored in the RAM of the processor at a reduced fidelity.

11, The device of claim 10, wherein the reduced fidelity is due to lower recordings

per a given unit of time.
e

12.  The device of claim 10, wherein the reduced fidelity is due to only storing

predeterrnined types of data,

i3. The device of claim 10, wherein the reduced fidelity is due to storing the data
5 B 5

in a compressed format.

14.  The device of claim 10, wherein the low capacity threshold corresponds to a

remaining memory capacity of the RAM of the processor.

15, The device of claim 10, wherein the executable instructions, when executed by
the processor, turther cause the device to perform the steps of;
(1} determining whether the RAM is approaching a second low capacity

threshold; and
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{g) in response to determining that the RAM of the processor has reached the
second low capacity threshold, operating in a second operational mode wherein the
device is configured to cease one or more data recording functions performed by the

device.

16.  The device of claim 15, wherein the second low capacity threshold s sctata

level greater than the first low capacity threshold.

17. A device that monitors movements of a user comprising:

a sensor configured to sense movement and generate sensor data;

a flash memory;

a processor connected to the sensor and the flash memory via traces and
programmed with computer-exccutable nstructions that, when cxecuted by the
processor, cause the device to perform the steps oft

{(a) identifying when at least one trace connecting the processor and the
flash memory fails;

{b} when at least one trace connecting the processor and the flash memory
does not fail, transmitting data from the processor to the flash wemory with a first
transmission scheme; and

{¢) when at least one trace counecting the processor and the flash memory
does fail, transmitting data from the processor to the flash memory with a second
transmission schome different from the first transmission scheme and that uses the

available traces.

18 The device of claim 17, wherein the second transmission scheme 18 a time

division scheme.

19. The device of claim 17, wherein the second transmission scheme is a

statistical multiplexing scheme.

20, The device of claim 17, further comprising:

redundant traces configured to accept data from the at least one frace.
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