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APPAREL AND LOCATION INFORMATION SYSTEM
FIELD

The present imvention relates to systems and methods for monitoring athletic
activity and, iu particular, to systems and methods that use location or other

information when selecting algorithms to use when calculating athletic data.
BACKGROUND

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

involves continuously repetitive motions, such as running, walking and bicycling.

Additionaily, individunals may view exercise as work or a chore and thus, separate it
from enjovable aspecis of thewr daily hves. Often, this clear separation between
athletic activity and other activitics reduces the amount of motivation that an
individual might have toward exercising. Further, athletic activity services and
systerns directed toward encouraging individuals to engage in athletic activities
might also be to focused on one or more particular activitics while an individual’s
interests are ignored. This may further decrease a user’s interest in participating in

athletic activitics or using the athletic activity services and systems,

Some systems present audio and/or visual information to users or measure and track
performance to encourage ndividuals to participate in athletic activities. Such
systems may use algorithms to track performance data such as speed, acceleration,
distance, steps taken, etc. While a lot of research has been performed to develop
various algorithims for determining performance data, it can be difficult to select the
appropriate algorithm. Some electronic systems are desiguned to work with a wide
range of individuals and utilize generic algorithms that are not as accurate as other
algorithms that may be available for specific individuals or specific configurations

of systems.

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

i1 the art are desired.
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BRIEF SUMMARY

The following presents a simplified summary in order to provide a basic
understanding of some aspects of the disclosure. The summary is 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

pretude to the description below.

Exemplary embodiments of the invention include electronic modules that are
programmed to calculate athletic activity parameters. A user may have multiple
housings that are configured to be removably engaged with the clectronic module
positioned at various points on his or her body. Each bousing may be connected to
or include an identification memory that stores information identifying a location of
the housing. The clectronic module may use the location mformation to select an
algorithm to use when calculating athletic activity parameters with data received

from one or more internal or external sensors.

In some embodiments, the present invention can be partially or wholly implemented
on a computer-readable mediur, for example, by storing computer-executable

instructions or modules, or by utilizing computer-readable data structures.

Of course, the methods and systems of the above-referenced embodiments may also
include other additional elements, sieps, computer-executable instructions, or

computer-readable data structures.

The details of these and other embodiments of the present invention are set forth in
the accompanying drawings and the description below. Other features and
advantages of the invention will be apparent from the description and drawings, and

from the claims.

BRIEF BESCRIPTION OF THE DRAWINGS

The present disclosure is tllustrated by way of example and not limited in the
accorapanying figures i which like reference numerals indicate similar clements

and in which:

b2
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FiGs. 1A-B illustrate an example of a system for providing personal training in
accordance with exaraple embodivaents, wherein FIG. 1A illustrates an example
network configured to monitor athletic activity, and FIG. 1B illustrates an example

computing device 1n accordance with example embodiments.

FIGS. 2A-B illustrate cxample scnsor assemblies that may be worn by a user in

accordance with example embodiments.

FIG. 3 iHlustrates a method for calculating energy expenditure, in accordance with

an embodiment of the mvention.

FIG. 4 shows a schematic diagram of an clectronic module that may be used to

sense and transmit data in accordance with an embodiment of the invention.

FIG. 5 shows an exaropie configuration in which an electronic wodule is configured
to be removably engaged with a housing in accordance with an embodiment of the

nvention.

FI1G. 6 shows an exaruple of where housing may be attached to or erabedded within

clothing of a user, in accordance with an embodiment of the invention,

FIG. 7 illustrates a process that may be used to select algorithms and process data in

accordance with an emnbodiment of the invention.

FiG. 8 shows how data may be cxchanged in a system and uses of data, in

accordance with an ernbodiment of the tnvention.

DETAILED DESCRIPTION

{28}

In the following description of the various embodiments, reference is made to the
accompanying drawings, which form a part hereof, and in which is shown by way
of illustration various embodiments in which the disclosure may be practiced. It is
to be understood that other embodiments may be utilized and structural and
functional wodifications may be made without departing frors the scope and spirit
of the present disclosure. Further, headings within this disclosure should not be

cousidered as limiting aspects of the disclosure. Those skilled in the art with the

(2



WO 2014/159230 PCT/US2014/022616

[22]

benefit of this disclosure will appreciate that the cxample embodiments are not

livatted to the exarople headings.
I, Example Personal Training System
A. Hlustrative Computing Devices

FIG. 1A illustrates an example of a personal trafning system 100 in accordance with
example embodiments. Example system 100 may include one or more electronic
devices, such as cornputer 102. Computer 102 may cormprise a mobile terminal,
such as a telephone, music player, tablet, netbook or any portable device. In other
embodiments, computer 102 may comprise a sct-top box {STB), desktop computer,
digital video recorder(sy (DVR), coraputer server(s), and/or awvy other desired
computing device. In certain configurations, computer 102 may comprise a gaming
cousole, such as for example, a Microsoft® XBOX, Sony® Playstation, and/or a
Nintendo® Wit gaming consoles. Those skilled in the art will appreciate that these
are merely example consoles for descriptive purposcs and this disclosure is not

limited to any console or device.

Turning briefly to FIG. 1B, computer 102 may include computing unit 104, which
ray comprise at least one processing unit 106, Processing unit 106 may be any type
of processing device for executing software nstructions, 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 read only
roemory {ROM), sach as ROM 112, Memory 108 may include any of’ electronically
crasable programmable read only memory (EEPROM), flash memory or other
mernory technology, CD-ROM, digital versatile disks (BVD) 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 mernory 108 may be conncected, either
divectly or indirectly, through a bus 114 or alternate coromunication structare to one
or more peripheral devices. For example, the processing unit 106 or the system
memory 108 may be divectly or indivectly counected 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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11¥, and a flash memory card. The processing unit 106 and the system memory 108
also may be directly or indirectly connected to one or wore mput devices 120 and
ong or more gutput devices 122. The output devices 122 may include, for example,
a display device 136, television, printer, stereo, or speakers. In some cmbodiments
one or more display devices may be incorporated into eyewear. The display devices
incorporated fnto eyewear may provide feedback to users. Eyewesr incorporating
one or more display devices also provides for a portable display system. The input
devices 120 may include, 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. 1AL

Looking again to FIG. 1A, image-capturing device 126 and/or sensor 128 may be
utilized i detecting and/or mucasuring athletic movements of user 124, In one
embodiment, data obtained from image-capturing device 126 or sensor 128 may
directly detect athictic movements, such that the data obtained from image-
capturing device 126 or sensor 128 is directly correlated to a motion parameter.
Yet, in other embodiments, data from image-capturing device 126 and/or sensor 128
may be utilized i 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 frora two or more devices. Image-capturing device
126 and/or sensor 128 may inchide or be operatively connected to ong or more
sensors, inchuding but not limited to: an accelerometer, a gyroscope, a location-
determining device {(¢.g., GPS), light sensor, temperature sensor {including ambient
teraperature and/or body termperature), heart rate monttor, uage-capturing Scusor,
moisture sensor and/or combinations thereof. Example uses of illustrative sensors
126, 128 are provided below i Section LC, entitled “HHustrative Sensors.”
Computer 102 may also use touch screens or image capturing device to determine
where a user is pointing to make selections 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 include
Bluctooth® tcchnologics, Bluctooth® low cnergy technologies, and/or ANT

technologies.

(92
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B, llustrative Network

Computer 102, computing unit 104, and/or any other clectronic devices may be
directly or indirectly connected to one or voore network ioterfaces, such as example
interface 130 (shown in FIG. 1B) for communicating with a network, such as
network 132, In the example of FIG. 1B, network interface 130, may comprise a
network adapter or network mterface card (NIC) configured to translate data and
control signals from the computing uvoit 104 into network rucssages according to
one of more communication protocels, such as the Transmission Countrol 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 suitable connection agent for connecting
to a network, including, for example, a wireless transceiver, a power line adapter, a
modem, or an Ethernet connection. Network 132, however, may be any onec or
more information distribution network(s), of any type(s) or topology(s), alonec or in
combination{s), such as internet(s}, intranct{s), cloud{s), LAN(s). Network 132 may
be any one or more of cable, fiber, satellite, telephone, cellular, wireless, ete.
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 wireless communication channels to connect one or more locations {(e.g., schools,
businesses, homes, consumer dwellings, network resources, ¢fc.), to one or more
remote servers 134, or o other computers, sach as similar or 1dentical to computer
102, Indeed, system 100 may inchade more than one instance of each component

{c.g., more than one 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 listed above, the computing
device may be connected, such as either directly, or through network 132 to a
variety of other peripheral devices, including some that may perform input, output
and storage functions, or some combivation thereof. In certain embodiments, a
single device may integrate one or more components shown in FIG. 1A, For
exaraple, a single device may include computer 102, image-capturing device 126,

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

by a user 124 in almost any location.
C. IHustrative Sensors

Computer 102 and/or other devices may comprise ong 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 himited to: an accelerometer, a
gyroscope, a location-determining device {(e.g., GPS), light sensor, temperature
sensor (including ambient temperature and/or body teroperature), sleep pattem
sensors, heart rate mwonitor, umage-capturing sensor, moisture sensor and/or
combinations thereof Network 132 and/or computer 102 may be m
communication with one or more electronic devices of system 100, including for
exaraple, display 136, an image capturing device 126 (e.g., one or more video
carneras), and scosor 128, which may be an iofrared {(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, including towards the
direction of user 124 and receive a “reflection” or otherwise detect alterations of
those released wavetorms. In yet another ernbodiment, 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 m the art
will readily appreciate that signals corresponding to a multitude of different data
spectrums may be utilized in accordance with various cmbodiments. In this regard,
sensors 126 and/or 128 may detect waveforms emitted from external sources {e.g.,
not system 100). For cxample, sensors 126 and/or 128 may detect heat being
ewmitted frow user 124 and/or the surrounding environmoent. Thus, image-capturing
device 126 and/or sensor 128 may comprise one or more thermal imaging devices.
In one erbodiment, fmage-capturing device 126 and/or sensor 128 may comprise

an R device configured to perform range phenomenology. As a non-limited
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example, image-capturing devices configured to perform range phenomenclogy are
commercially available from Flir Systers, Iuc. of Portland, Oregon.  Although
image capturing device 126 and sensor 128 and display 136 are shown in direct
{wirelessly or wired} communication with coraputer 102, those skilled 1o the art will
appreciate that any may directly communicate {wirclessly or wired) with network

132,
I, Multi-Purpose Electronic Devices

User 124 may possess, carry, and/or wear any number of clectronic devices,
including sensory devices 138, 148, 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. Indeed, aspects of this disclosure relate to utilizing data from a
plarality of devices, some of which are not fitness devices, to collect, detect, and/or
measure athletic data. In one embodiment, device 138 may comprise a portable
electronic device, such as a telephoune or digital music player, including an IPOD®,
IPAD®, or iPhone®, brand devices avatlable 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 coroputer {e.g., outputiing music from a sound file or pictures
from an image file) and a storage device. In one embodiment, device 138 may be
computer 102, yet in other embodiments, coraputer 102 may be entively distinct
from device 138. Regardless of whether device 138 is configured to provide certain
output, it may serve as an input device for receiving sensory information. Devices
138, 140, 142, and/or 144 may include one or more sensors, inchuding but not
iimited to: an acccleromcter, g gyroscope, a location-determining device {c.g.,
GPS), light sensor, temperature sensor (including ambient temperature and/or body
ternperature), heart ratc monitor, image-capturing scnsor, moisture sensor and/or
combinations thereof. In certain embodiments, sensors may be passive, such as
reflective materials that may be detected by image-capturing device 126 and/or
sensor 128 (amoung others). In certain ernbodivaents, sensors 144 may be integrated
into apparel, such as athletic clothing. For instance, the user 124 may wear ong or
more on-body sensors 144a-b. Sensors 144 may be imcorporated into the clothing of

user 124 and/or placed at any desired location of the body of user 124, Sensors 144
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may communicate {¢.g., wirclessly} with computer 102, sensors 128, 138, 140, and
142, and/or camera 126, Examples of interactive gaming apparel are described in
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 entirety for any and all non-limiting purposes. In certain embodiments,
passive sensing surfaces may reflect wavetorrus, such as infrared hight, 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 transhucent surfaces which way reflect waveforms.
Different 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 include one or more sensors positioned on apparel in a second

configuration.

Devices 138-144 may commuuicate with cach other, cither 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 connected to bus 114 of computer 102, In
yet another embodiment, 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 are possible.

Some implementations of the example embodiments may alternately or additionally
employ computing devices that are intended 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 components as
desired. Also, the componeuts shown in FIG. 1B may be included in the server 134,

other computers, apparatuses, etc.

2. Hhustrative Apparel / Accessory Sensors
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in certain cmbodiments, sensory devices 138, 140, 142 and/or 144 may be formed
within or otherwise associated with user’s 124 clothing or accessories, including 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
immediately below, however, these are merely example embodiments and this

disclosure should not be limited to such.
1. Shoe-mounted device

In certain crnbodiments, sensory device 140 may comprise footwear which may
include one or more sensors, including but not himited to: an accelerometer,
iocation-sensing components, such as GPS, and/or a force sensor systermn. FIG. ZA
ithustrates one example embodiment of a sensor systewn 202, o certamn
embodiments, system 202 may include a sensor assembly 204, Assembly 204 may
comprise one or wmore sensors, such as for example, an accelerometer, location-
determining components, and/or force seusors. In the illustrated embodiment,
assembly 204 incorporates a plurality of sensors, which may include force-sensitive
resistor {FSR) sensors 206,  In yet other embodiments, other sensor{s) may be
utthized. Port 208 may be positioned within a sole structure 209 of a shoc. Port 208
may optionally be provided to be 10 communication with an electronic roodule 210
{which may be in a housing 211} and a plurality of leads 212 connecting the FSR
sensors 206 to the port 208, Module 210 may be contained within a well or cavity
in a sole structure of a shoe. The port 208 and the module 210 include

complementary interfaces 214, 216 for connection and communication,

In certain embodiments, at least one force-sensitive resistor 206 shown in FIG. 2A
may contain first and second electrodes or electrical contacts 218, 220 and a force-
sensitive resistive material 222 disposed between the clectrodes 218, 220 to
electrically connect the electrodes 218, 220 together. When pressure is applied to
the forcc-sensitive material 222, the resistivity and/or conductivity of the force-
sensitive material 222 changes, which changes the electrical potential between the
clectrodes 218, 220. The change in resistance can be detected by the sensor system
202 to detect the force applied on the seusor 216, The force-senstiive resistive
material 222 may change its resistance under pressure in a variety of ways. For

exarple, the force-sensitive material 222 roay have an internal resistance that

16
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decreases when the material is compressed, similar to the quantum tunneling
composties described in greater detail below. Further compression of this material
may further decrease the resistance, allowing quantitative measurements, as well as
bivary {(on/off) measurements. In some circumstances, this type of force-sensitive
resistive behavior may be described as “volume-based resistance,” and materials
exhibiting this behavior may be referred to as “smart materials.”  As another
example, the material 222 may change the resistance by changing the degree of
surface-to-surtace contact. This can be achieved in several ways, such as by using
roicroprojections on the surface that raise the surface resistance in an uncoropressed
condition, where the surface resistance decreases when the microprojections are
compressed, or by using a flexible clectrode that can be deformed to create
increased surface-to-surface contact with another electrode. This surface resistance
roay be the resistance between the material 222 and the electrode 218, 220 222
and/or the surface resistance between a conducting layer (e.g., carbon/graphite} and
a force-sensitive layer {e.g., a sermiconductor) of a multi-layer material 222, The
greater the compression, the greater the surface-to-surface contact, resulting in
lower resistance and enabling quantitative measurement. In some circumstances,
this type of force-sensitive resistive behavior way be described as “contact-based
resistance.” It is understood that the force-sensitive resistive material 222, as

defined herein, may be or include a doped or non-doped semiconducting material,

The electrodes 218, 220 of the FSR sensor 216 can be formed of any conductive
material, including metals, carbon/graphite fibers or composites, other conductive
composites, conductive polymers or polymers containing a conductive maternial,
conductive ceramics, doped semiconductors, or any other conductive material. The
icads 212 can be connccted to the clectrodes 218, 220 by any suitable method,
including welding, soldering, brazing, adhesively joining, fasteners, or any other
itegral or nou-integral joining method.  Alternately, the electrode 218, 220 and

associated lead 212 may be formed of a single picce of the same material.
it. Wrist-worn device

As shown in FIG. 2B, device 226 {which may resemble or be sensory device 142
shown in FIG. 1A) may be configured to be worn by user 124, such as arpund a

wrist, arrn, ankle or the like. Device 226 may monitor athictic movements of a user,

11
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including all-day activity of user 124. In this regard, device assembly 226 may
detect athletic moveraent during user’s 124 iuteractions with computer 102 and/or
operate independently of computer 102, For example, in one embodiment, device
226 may be an-all day activity monitor that wecasures activity regardless of the
user’s proximity or interactions with computer 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 determunations relating to
which exercise programs are presented to user 124, Tv ove embodiment, device 226
may also wirelessly interact with a mobile device, such as device [3¥ associated
with user 124 or a remote website such as a site dedicated to fitness or health relate

subject matter. At some predetermined time, the user may wish o transfer data

from the device 226 to another location.

As shown 1n FIG. 2B, device 226 may include an mput mechanism, such as a
depressible nput button 22¥ assist in operation of the device 226, The input button
228 may be operably connccted to a controller 230 and/or any other electronie
components, such as one or more of the elements discussed in relation to computer
102 shown in FIG. 1B. Controller 230 may be embedded or otherwise part of
housing 232, Housiog 232 way be formed of ouve or more materials, including
elastomeric components and comprise one or more displays, such as display 234,
The display may be considered an illuminable portion of the device 226, The
display 234 may inclade a series of individual lighting clements or light members
such as LED lights 234 in an cxemplary embodiment. The LED lights may be
formed in ap array and operably connected to the controller 238, Device 226 may
include an indicator systern 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 tlluminate in conjunction with the display 234 {which may have
pixel member 235) or completely separate from the display 234, The indicator
systern 236 may also include a plarality of additional lighting clements or light
members 238, which may also take the forro of LED hights in an exemplary
embodiment. In certain embodiments, indicator system may provide a visual
indication of goals, such as by illuminating a portion of highting members 238 to

represent accomplishment towards one or more goals.
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A fastening mechanism 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
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
interface, including but not himited to a USB port, for operative interaction with

conputer 102 and/or devices 138, 140,

In certain ernbodiments, device 226 may coruprise a sensor assembly (not shown in
FIG. 2B). The sensor assembly may comprise a plurality of different sensors. In an
example cmbodiment, the sensor assembly may comprise or permit operative
connection to  an  accelerometer (ncluding i the forro of a multi-axis
accelerometer), heart rate sensor, 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 form) a variety of different parameters, metrics
or physiclogical characteristics mcluding but not hnuted to speed, distance, steps
taken, and energy expenditure such as calories, heart rate, sweat detection, effort,
oxygen consumed, and/or oxygen kinetics. Such paramcters may also be expressed
in terms of activity points or currency earned by the user based on the activity of the

User.

Hi. Energy Expenditure Point Calculations

FIG. 3 illustrates a method for calculating energy expenditure values, such as points,
in accordance with an embodiment of the invention. Certain embodiments may
classify physical motions of a user. For cxample, at illustrative step 302, one or
roore activities may be classified. System 100 roay process data received from one
or more of the sensors described above to attempt to classify a user’s activity., For
exaraple, system 100 may compare a sensor signal to one or more sigonal or activity
“templates” or “signatures” corresponding to sciected activities.  In certain
cmbodiments, tomplates roay be created by attaching sensors to a user and
monitoring signals generated when the user performs vartous activities. In
accordance with certain embodiments, 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. Thas, user 124 may create or receive {but is not required to create or
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receive} an activity template that may be more accurate than a default template
because the teruplate s wore specific 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 new template might be shared among the
communtty of users. Shared templates may be based on a variety of different
sensors. In some embodiments teraplates may be refined or adjusted for usc 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 scusor.

An activity template roay be created from data obtained from onc or more of a
plurality of different sensors. For exaraple, a first group of scusors {e.g. sensors 126
and 138) may be utilized in the formation or refinement of a first activity template;
however, a second group of sensors {e.g., sensors 128 and 140) may be uiilized in
the formation or refinement of a scoond activity template.  In yet further
embodiments, a third group of sensors, such as sensors 128 and 140 (and/or other
sensors), may be utilized in the creation of the first activity template for a second
user {e.g., not user 124) than utilized for the formation of the same activity template
as user 124, Thus, in accordance with certain embodiments, there is no requirement
that data from a specific sensor be received for cither: 1) the same activity template

for different users; and/or 2) different activity templates for the saroe user.

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

sufficiently match a template, the activity may remain unclassified.  Some
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embodiments may utilize only templates for running and walking and a best fist

approach 1s used to determine whether the user is ranning or walking.

After at least one of user’s 124 activity is classified, step 304 voay be implemented
to deternmine a corresponding activity factor. An activity factor may correspond o
brisk running, running at & moderate pace, walking slowly or any other activity. An
activity factor for an activity may be related to calories or energy generally required
to perform the activity., I an activity was not classified mn step 302, a default
activity factor may be selected or derived. In some embodiments multiple default
activity factors may be utilized.  An achivity’s intensity, duration or other
charactenistic(s) may be assessed, from which one or wore default activity factors
may be applied. The plural activity factors may be set via medians/averages,

ranges, or other statistical approaches.

Energy expenditure point calculations we be used in comnection with games and
competitions.  Some games and competitions may limit awarding energy
expenditure points for activities that have relatively low activity factors. In sorne
embodiments, awarding energy expenditure points for activities that have relatively
low activity factors may also be limited all ot the time or in other situations. In step
306 it may be deterrmned whether the activity factor exceeds a threshold value. For
example, an cxemplary threshold value may be 1.8, 2.0 or 3.0, In another
cmbodiment, the threshold value may equal 2.8, Differeunt games and competitions
may usc other threshold values. When the activity factor does not exceed the
threshold, step 308 way be implemcuted to disregard the corresponding activity and

not use the activity when caleulating energy expenditure points.

Another embodiment could have the threshold generally applied, but not when
games or competitions are underway, or at least certain games or competitions. The
games or competitions may be based on all points.  In another embodiment, a
threshold may always apply cven to games and competitions.  In another
embodiment, different thresholds roay apply by activity, game and/or competition,

¢.g., one for running briskly, one for running, one for walking, and a default.

in various cmbodiments of the invention, activity factors arc used to calculate

coergy expenditure pownits. After at least one of user’s 124 activity is classified, n

1N}



WO 2014/159230 PCT/US2014/022616

1471

step 310 energy expenditure points may be calculated.  The use of encrgy
expenditure points allows for comparison of activity levels and roay promote
collaboration among users, normalize for competition among users of different
capabilities, and otherwise encourage activity. lu one embodiment, energy

expenditure points are calculated as follows:
EEPs = AF*duration {equation 1)

Wherein:

EEPs = energy expenditure points

AF = activity factor determined in step 304

duration = duration of the activity classified in step 302

Step 310 may be performed at a device that includes scnsors that monitor sctivity
and/or at another device that includes a processor, such as a mobile phone (see, e.g.,
138) or server (see, e.g., 134). In alternative embodiments cquation [ may be

modified to include other factors, a scalar and/or a different combination of terms.

fn some embodiments eguation 1 may be modified to include a scalar that is
muitiplied by the activity factor and duration. The scalar may be sclected so that
typical energy expenditure ponts fall within a desired range. The range of points
may be desired for various games or competitions. The scalar may also represent an
mtensity of the activity. For example, a first scalar may be correspond to brisk
running and a second scalar may correspond to running at a moderate pace. In
alternative embodiments additional activity templates and activity factors roay be

used and may correspond to the various intensities of running or walking.

Vanatious of equation 1 may be used 1o other embodiments of the ovention. In
some embodiments, users may sclect an equation and/or one or more variables, such
as for example, a scalar. Eqoations may be selected for different games and
competitions. In one cxample a group may set handicaps among the players based
on fiiness, so that the most {it generate EEPRs ouly if they do a commmon activity or
set of activities for longer period{s} of time. A group of users participating in an
cuncrgy expenditure point competition may agree on a particular equation or mcthod

before beginning the competition. In some embodiments of the invention, a user
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may participate in nwltiple competitions and carn different points for the same
activity because of different calculation methods. For example, a user may be
participating in two competitions that have unique calculation methods. The user
roay earn two different point totals for the two differcot games and a third point total
for thetr overall energy expenditure. Some point totals may be maintained separate

from an overall point total.

Alternative cmbodiments of the invention may use alternative or additional
equations for calculating point values and/or other quantitics. The equations may
mclude dertvations of measured and/or calenlated values. Dertvations that mclade
time periods may be used to show rates and rates of change. For exarople, one
equation may be used to determine a rate of accumulating activity points or encrgy
expenditure points.  Another eguation may be used to deterroine a quantity of
activity points or energy expenditure points accumulated over a predetermined time

period.

Some equations may use variables other than time. For exaraple, some cquations
may be used to calculate a value as a function of activity points or energy
expenditure points and steps. Calculating values that are functions of activity points
or energy expenditure points and other variables may be used to compare the
efficiencies of various activities. For cxample, an cquation may be used t©
determine that taking steps at a faster pace may result i activity points or energy
expenditure points accumnulating at a faster per step pace.  Another cxemplary
equation may detcrmine activity points or energy expenditure pomnts per a

predetermined distance or a unit of distance.

Some equations may be used to calculate first and/or second derivatives of
racasured or calculated values to show rates and rates of change. For cxample, an
equation may be used to calculate or estimate a rate of accummlation of activity
points or cnergy expenditure points at a given time.  In some cmbodiments an
instantancous rate of accumulation of activity points or cucrgy expenditure poiuts is

displayed to a user via display 235 or a display that is part of a mobile device.

After the energy cxpenditure points are calculated, the calculated points may be

combined, such as being added, to a total in step 312, The total roay allow user 124
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{and/or sclected individuals or groups approved by user 124) to sec how many
potnts are earned over various periods of time, such as days, weeks and months.
Totals may also be calculated for multiple time periods. For cxample, a user may
receive totals for periods that include 24 hours, one week, one month and one year,
In some embodiments users may select other time periods or deselect time periods.
A user may track mubltiple tiroe periods 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 represent points earned for several activitics. For example, in a day a
user roay receive points for walking, jogging and sprinting during different tivoe
periods. As mentioned above, the points carned for cach activity may be a function

of a corresponding activity factor.

Energy expenditure points may be deducted when user 124 has been inactive for a
predetermined period of time or cnhanced when certain criteria are met.  This
feature may be included with all calculations or may be used in various games and
competitions. For example, in step 314 it may be determined whether an adjustment
criteria has been met. The adjustment criteria may inchude inactivity for a
predetermined time period. In some embodiments inactivity is not determined by
merely determining that an amount of time has passed since the user was active.
Rest, recovery and sleep periods may also be considered.  An asscssment may
require attention not only to inactivity for a predetermined period of time, but also
{1} accumulated inactivity over a perniod of tivee {(particularly i lght of the
accunmlated activity over that time), and/or (it) the interpositionings of activities
and nactivitics, e.g. over some previous amount of time before the inactivity period

being constdered.

In certain embodiments, the quantity may vary for different periods of time. For
exarple, the predetermined guantity of inactivity may be a first value during a
period of time in the morning and a second value during a second pertod of time,
such as at night. User 124 may be determined to have been inactive when there is
an absence of an activity having a corresponding activity factor that exceeds a
threshold.  When an adjustment criteria has been met, the total of enecrgy
expenditure points may be adjusted 1o step 316, The adjustment may be a function

of duration of inactivity. In some embodiments, a device may warn user 124 {or
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authorized groups/individuals) that they are close to recetving a reduction in encrgy
expenditure points to encourage activity. It yet other embodiments, aun alarm may
notify user 124 (and/or other authorized individuals and/or groups) that they have
received a reduction of energy expenditure points. In certain cwobodiments, team-
mates and/or competing users may be netified of a reduction (or potential for
reduction). In further embodiments, teachers, trainers, and/or parents roay more
readily monttor the physical activity of others. When a user has not been inactive,
the process may ond in step 318, Of course, the method shown 1o FIG 3 may be
repeated at various intervals and allow for tracking points concurrently for different

time periods, such as days, wecks and years.

in another aspect, a device, such as device 226, may provide a message based on
inactivity or non-active periods. I the device 10 senses that the user has been in a
non-active {¢.g., low activity) state for a predetermined amount of time, an alert
message may be delivered to the indicator system or display to remind the user to
become more active. The alert message can be delivered in any of the manners
described herein. The threshold levels of a low activity state and arnount of mactive

time could also vary and be individually set by the user.

In sorae arrangements, user non-achivity or inactivity way also be detected and
affect the user’s progress toward completion 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 sufficicot amount of distance over
an amount of time and the like and/or combinations thereof. For arrangements in
which a user accumulates activity points to reach an activity point goal, poinis or a
value may be deducted from the user’s activity point or other activity metric total
when an amount of son-activity {c.g., inactivity or sedentary state) is detected.
Various conversion rates for converting inactivity to activity point deductions may
be used. In a particular example, 10 mimates of inactivity may correspond to a 5
point deduction. Tn apnother example, 30 minutes of inactivity may correspoud to a
160 point deduction. Loss or deduction of activity points may be lincar or may be

non-linear, for example, exponential, parabolic and the hike.
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A user’s non-active time may include inactive time and sedentary time. [Inactivity
and sedentary time may be defined by different wmovewent, heart-rate, step or other
thresholds or may be defined using the same thresholds. In one example, sedentary
time way have a higher threshold {(e.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 correspound to the sedentary threshold or 4
higher threshold, if desired.  Alternatively, an inactivity threshold may be greater
than a sedentary threshold. There may also be multiple sedentary thresholds,
inactivity thresholds and/or nov-active thresholds {e.g., each 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
icvels of littic to no activity {c¢.g., non-activity). For cxample, a user may lose 50
points per hour for inactivity and 30 peoints per bour for sedentary activity or vice
versa. Further, activity point deduction way be triggered at different times
depending on if the user 18 inactive or sedentary. For instance, a user may begin
losing activity points after 30 minutes of inactivity or 45 minutes of being
sedentary, Additional  thresholds (c.g., more than two thresholds) and

corresponding rates of activity point loss may also be defined.

fn some arrangeroents, various sensors may be used to detect non-active periods of
time. As discussed, non-activity time periods may be defined based on heart-rate,
amplitade of a movement signal, step rate {e.g., < 10 steps per minute), or the like.
Alternatively or additionally, inactivity and sedentary time periods may be
measured based on a physical position, body position, body orientation, body
posture of or type of activity being performed by the individual. The detrimental
effects 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 munutes of sitting. The potential for health risks may also be time-
dependent.  Accordingly, non-activity {e.g., slecping) for a specified range of
durations and during a specified range of time might not introduce heaith risks. In
one example, sleeping for 7-9 hours between 9 PM and 9 AM wight not introduce
detrimental health risks and thus, might not contribute to activity point or other
activity metric value deduction. Indeed, in some cxample, a lack of mactivity {such

as sleep} for a specified range of durations and/or during a specified range of time
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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 uscr, level of insctivity and the like.
For example, a user may lose greater value tn an activity metric and/or at a faster
rate during the afternoon than during the evenings. In another cxample, if a user is
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
level of movement to be considered activity), a sysiera may distinguish between
physical body positions or orientations including, for cxample, sleeping, reclining,
stiting and standing. Distinguishing between different physical body positions and
orientations may include placing sensors at different locations of the user’s body to
detect the individual 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 18 within a first threshold
distance of a waist or chest sensor, the system may determine that the user is sitting.
if the knee location sensor is outside of the first threshold distance, the system may
determine that the user s standing. In the above exaruple, the sysiern moay use a
portion of the distance such as the vertical distance. By using vertical distance
alone or in cormbivation with an absolute distance {c.g., straight line distance
between the two sensors), the system may further distinguish between when a user
18 tying down and standing up. For example, a lying down position may correspond
to a very low vertical distance between the knee sensor and chest or waist sensor
even though the shsolute 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 similar absolute distance. In other examples, an angle
formed by the various seusors may be used to determine an wdividual's position.
Additionally or alternatively, the location of the user’s various body parts may be

evaluated in conjunction with accelerometer or movement data to determaine if the
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user is exhibiting movement or {c.g., at, above or below) a specified level of

movement,

In addition to deductions in activity points, the systemn may alert a user to inactivity
to encourage active lifestyles. In one cxample, the system may alert the user by
displaying a message or indicator on a device such as the wearable device assembly
described berein after a specified amount of inactivity such as 2 minutes, 5 minutes,
30 minutes, 1 hour and the hike. The amount of inactivity time may be additive over
non-consecutive time periods.  An amount of consecutive inactivity time may
alternatively or additionally be tracked. For exaraple, if the user 18 inactive between
16:15 and 11:00 AM and then again between 2:00 and 2:30 PM, the total amount of
non-active time may be 1 hour and 15 minutes. The message or indicator of
inactivity may be provided as a warning prior to deducting activity peints. For
example, the message may indicate that X amount of activity points will be
deducted if the user does not exhibit a sufficient level of activity within a specificd
amount of time (e.g., 30 minutes, 5 minutes, 10 seconds, 30 seconds, 1 hour, 2
hours, cte.}. Accordingly, the device may include an non-active timner to detormine
the amount of user non-activity. Additionally, the message may provide a
suggestion as to a type of activity the user should perform to counter any risks
introduced by the inactivity. For exaruple, the system may suggest that the user
walk 1 hour at a 10 mimute mile pace. The device or system may use the user’s
profile, or data from various communitics, including the data of their friends, in
order o suggest activitics. The data used to suggest activitics may inchude athletic
data and/or non-athletic data. The device or system may also suggest rest or
recovery periads, e.g., based upon the user’s activity or activities gver time or any
particular time. When the user has counteracted or accounted for the risks or
negative effects of the detected amount of inactivity time, a celebratory message or

other indication roay be provided.

Warnings, point deductions and/or other notifications may be provided if a user
returos 0 a sedentary or a non-active mode within a specified amount of time of
exiting scdentary or a non-active mode. For example, the user may exercise or
exhibit a sufficient level of activity o exit the sedentary or a non~active mode for a

period of 10 minutes. However, the system or device may require at least 30

b2
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minutes of activity to aveid additional warnings for a period of time such as 1 hour,
2 hours, 3 bours, ctc. For example, the warnings roay indicate that the user did not
exhibit activity for a sufficient amount of time or a sufficient level of activity or a
combination thereof, Additionally, multiple sedentary periods within short amounts
of time {¢.g., a threshold amount of time) may require higher or additional levels of
activity to countcract potential sedentary effects including health risks and the hike.
In a particular example, the user may be required to perform a higher level of

activity to halt point deduction.

A device, such as device 226, or other system may further advise 4 user as to an
amount of non-~active time allowed before negative health effects may occur. In one
example, the device or system may include a countdown indicating a remaining
amount of allowable non-active time before potential health risks may begin taking
cffect. An amount of permissible non-active time may be camed or accumulated
based on an amount of activity performed. Accordingly, the device may also
provide suggestions or recormmendations as to a type and/or duration of activity that
may be performed to carn a spectfied amount of non-active tiroe {e.g., | hour of TV
watching). Different types of non-active or sedentary activities may require
different types or amounts of activity. For example, 1 hour of reclining may require
roore strenuous or longer exercise than 1 hour of sitting.  In another example, 1 hour
of sitting while knitting may require less strenuous or a lower amount of exercise or
activity than 1 hour of sitting while watching television. According to one or more
arrangements, recommendations may be generated based on empirical data and/or
predefined programumuing and data tables specifying a type and/or duration of

activity and a corresponding amount of permissible non-activity.

A device, such as device 226, or other activity tracking systemy may further
recommend activities based on historical records.  For instance, 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
alternatively, the device or tracking system may generate recommendations for
specific workouts performed by the user in the past. For example, a user may need
to perform SO0 calories worth of activity to counteract 2 hours of TV watching. In

such a case, the system may recommend a particular workout performed by the user
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in the past in which the user burned 500 calories. Combinations of historical
activity types and specific historical workouts way be used to  generate
recommendations.  In one example, the system may recomumend one of two
workouts that the user has performed 1o the past based ou a type of workout that the
user appears to prefer. The preference may be determined based on a number of
times the user has performed cach type of workout. A workout or activity type may
also be recommended based on location and time. For example, if a user previously
performs a particular type of activity or a particular workout routine at the sarne
location and/or at the same tioe, the system roay recomend that type of activity or

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

Activity and inactivity may be tracked across multipie devices, such as the devices
shown n FIG. 1A and described above. The devices may mclude compuiers,
mobile phones, music players, game consoles, set-top boxes, etc. A system that
caleulates energy expenditure points may link activity and inactivity tracking across
muitiple devices so that the same activity or inactivity is not counted multiple times.
Attaching time stamps to data may facilitate tracking activity and mactivity across
multiple devices. In some embodiments, data received from multiple devices is

analyzed together to increase the accuracy energy expenditure points.

System 100 may be configured to transmit cnergy expenditure points to a social
networking website. The users may be ranked based ou their total number of points

for a desired time interval {¢.g., rank by day, week, month, year, etc.}.

FIG. 4 shows a schematic diagram of an cxample electronic module 402 that may be
used to sense and transmit data in accordance with an embodiment of the mvention.
Electronic module 402 is configured to be removably engaged with a housing 404.
FIG. 5 shows an cxample configuration i which clectronic medule 402 i
configured to be removably engaged with housing 404. Electronic module 402 may
snap into housing 404 or may be held 1o place with a mechanical structure, magnetic
forces, or other mechanisms that allow electronic module 402 to be removably

engaged with housing 404.

Housing 404 may be embedded in clothing, footwear, exercise equipment or other

devices or locations associated with exercise or activity. Electronic modale 402 and
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housing 404 may cach inchide one or more electrical contacts, such as contacts 408
and 410, An identification memory 412 may be attached to an electrical countact of
housing 404 to provide information to electronic module 402 when clectronic
module 402 18 engaged with housing 404,  Identification memory 412 wmay be
implemented with a memory that includes a single contact serial interface, such as a
I-Wire® memory, an RFID tag or any other device that stores identifying
information. Memory devices that include a single contact serial interface allow for
retrieving the contents of the momory with a single contact point.  Various
embodiments of the invention may utilize active or passive identification memories.
Alternative identification memorics may use RFID or Near-Field Communication
{(NFC) comaponents and technologies. Some wdentification mermories may include
and/or be connected o ong or more associated sensors.  Associated sensors may
include power sources or receive power from an identification memory. In some
embodiments sensors remain in a power off state until receiving a signal from an

identification mernory or other component.

Identification memory 412 may store information sbout clothing, location, users,
equipment and other types of mformation used to evaluate athletic activity, Other
types of information may include manufacturing data, such as the identification of a
roanufacturer, manufacturing date, manufacturing tivoe and manufacturing location.

Product use information may also be stored in an identification mermory.

in one particular embodiment identification memory 412 stores bits of data that
identifies a brand aund an intended use category. The wntended use category may
correspond to a sport such as basketball or running.  Gender information and
information that further identifics apparel, such as a left or right shoe designation
and/or a serial number may also be included.  Identification memories may be
embedded 1 or associated with apparel during manufacturing.  In some
embodiments identification memories are activated and/or configured, either at first
sale, first use or at some other time after the manufacturing process.  Activation
and/or configuration may enable operation by providing a connection to a battery or
changing a state of an identification memory. Activation and/or configuration
information may be provided to a computer device, such as coraputer device 430

and/or server 446,
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FIG. 6 shows an example of where housing 404 may be attached to or embedded
within clothing of a user. The housing may be placed n shirts, shorts, jackets,
footwear, wrist worn devices, heart rate monitor straps, and other locations that
allow clectronic wodule 402 fo determine information, such as achivity poiots.
Alternative embodiments of the wvention include identification memorics
embedded 1o apparel without association with housings. In such cmbodiments,
identification memories may be connected 1o ong or more sensors, actuators,
switches, display clereunts or other electronic comaponent.  For exaruple, a shirt
sleeve may include an embedded tdentification memory that stores information
relating to the type of shirt and a location of the identification memory. The stored
information way be used when selecting or modifying an algorithm. lo addition to
selecting or modifying an algorithm, an clectronic module, such as clectronic
module 402, may read wnformation from an identification memory and use this
information fo activate or turn on associated sensors.  For example, electronic
module 402 may know that a particular identification memory is associated with
three sensors and data from one of the sensors will be used by the selected
algorithm. In such a case, electronic moodule 402 roay cause the identification

roemory to activaie or turn on the ndicated seusor,

Electronic module 402 may 1nclude one or more sensors, such as accelerometer 414,
and a processing system 416 {c.g., one or more microprocessors) and a mermory
418. Memory 418 may store a plurahity of algorithros that are used to determine
information such as athictic performance paramecters and  activity points.
Algorithims moay be optirnized to gencrate rosults based on the location of clectronic
module 402, For example, memory 418 may include a plurality of algorithms for
deterroining activity poimnts.  In operation, processing system 416 rmay retrieve
information from identification memory 412 that identifies a current location of
clectronic module 402, The location information may ideutify apparel such as
shirts, pants, shorts, footwear, hats, accessories, ete. Location information may also
identify equipment, such as balls, mitts, treadmills, exercise bikes, and other
equipment that a user may operate.  Location information may further identify a
iocation on apparel, such as in footwear, on a shirt sleeve, etc. With this location

information, processing system 416 may retrieve an algorithm that is optimized for
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determining activity points with accelerometer data when accelerometer 414 is at

the indicated location.

Location information may be associated with other information, such as an expected
range of motion of apparel. Some apparel is intended to have a loose fit, such as a
basketball jorsey, while other apparel 1s intended to have a snug fit, such as an
American footbali jersey.  An identification memory may store location and
expected range of motion information. Alternatively, an identification memory may
store location information and attributes of the apparel and electronic module 402 or
some other device may determune an expected range of motion.  The resulting
information may be used when selecting or wodifyiog an algovithm. Moreover,
such information may be used to validate data received from sensors. For example,
an identification memory may store information indicating that the location is on a
steeve of a jersey that is intended to be worn snuggly. An accelerometer signal
valuc may be discarded because it exceeds an expected value, while the same value
may be valid when it is received from an accelerometer attached to a loose fitting

1CT8eY.

Electronic module 402, or sorac other device may also modify or update one or
more algorithms based on wnformation received from one or more identification
memories. Modifications may include adding or removing steps, variables, scalars,
boundary conditions, parameters, terros and other elements that may be used by
algorithms. Modifications may also include setting values for scalars, boundary
conditions etc. For example, aun identification memory may identity a size of a shoe
and the shoe size information may be used to set a value of a scalar in an algorithm.
The presence of information stored within an identification memory may also be
used to eliminate algorithms from the selection process. For example, information
identitying a particular type of footwear may be used to chiminate one or more

algorithms.

In addition to modifving one or more algorithms, ioformation received from an
identification memory also be used o modify processes implemented with software,
firmware, etc. over time. For example, electronic module 402 may use information
obtained from an identification memory to both modify an algorithm and alter

software that controls the operation of transmission/reception system (TX-RX) 428
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to change a frequency of data transmissions. Seme information may be used to
change a scope of a user’s profile data that may be stored in electronic module 402,
computer device 430 and/or server 446. In some embodiments identification
roemories wnchude indicators such as electrochromic displays. A display state way
be set as a function of whether the memory has been turned on and/or is providing

data that was used to select or modify an algorithim that is currently being used.

In addition to including one or more scusors, clectronic module 402 may be
connected to ong or more exiernal sensors, such as sensors 420, 422 and 424,
Sensors 420, 422 and 424 may be accclerometers, pressure sensors, altimeters,
gyroscopes or any of the other types of sensors described above. External sensors
may include memories that store location information. In some embodiments, the
algorithrn selected from memory 418 may alse be a function of sensor data
available, value of the sensor data and external data, such as weather data. For
example, scusor 420 may be an acceleromceter and processing system 416 scleet an
algorithm from memory 418 that is optimized to be used with data from an external
accelerometer and internal accelerometer 414 that is determined to be located within
footwear by information stored in identification memory 412, Data from sensor 420
may also be inttially analyzed to determine if the user is running or walking and this
information may also be used when selecting an algorithm. Some algorithms may
not use data from all of the available sensors. Computer device 430 or some other
device may be used to imform a user of which sensors are currently being used. In
some cmbodiments, computer device 430, electronic module 402 or some other
device may identify available sensors and locations and recornmend modifying a
location of electronic module 402, For example, electronic module 402 may
deterroine that a user is running, electronic module 402 is attached to a sleeve and
based upon the activity and other sensor data available, repositioning electronic
module 402 to footwear would produce more accurate results. The repositioning of
clectronic module 402 may also result in selection of a different algonthm or

modification of an algorithm.

identification memories embedded in apparel may also be used to help identify
activities with varying levels of confidence. For exarople, an identification merory

embedded in footwear may inchude category information that identifies the footwear
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as intended for use when playing basketball. When this information is received at a
maobile phone or other device, the device can assure at a first confidence level that
the user is playing basketball. An identification memory embedded in shorts worn
by the user way identify the shorts as basketball shorts. When footwear and shorts
data 15 combined with sensor data, the mobile phone or other device may assume at
a second confidence level, higher than the first confidence level, that the user i
playing basketball. Identification memories may similarly be embedded or attached
to equipment to provide similar information.  For example, an identification
memory may be embedded in a basketball and the wformation identifying the
basketball may be used to identify the activity as basketball at an even higher
confidence level. The identification of activities may be used to select and modify
algorithms. In some embodiments more general algorithms are sclected when
activities are identified with relatively lower confidence levels and more accurate
algorithms are selected when activities are identified with relatively higher
confidence levels. The identification of activities with various confidence levels
may also be used to adjust displays and other software, such as the software that
controls the operation of transruission/reception system {(TX-RX) 428 to change a

frequency of data transmissions.

fn some ermbodiments of the mvention algorithms may be selected or modified
dynamically. Electronic module 402, computer device 430 and/or server 446 may
be programmed to periodically select or modity algonithms or select or modify
algorithms when conditions change. Conditions may change when different data is
received from identification memories. For example, a user may be exercising in a
gym and using muitiple pieces of cquipment at various times. FEach piece of
equipment may have an identification memory embedded or attached. As the user
moves to different equipment and comes within the range of identification
remories algorithins may be modified or different algorithms may be selected.
Sirmilarly, algorithms may be modified or selected dynamically as the user changes
apparel. In some cmbodiments, crror conditions, such as when sensor value or
calculated value exceeds a threshold may be used to restart an algorithm selection

Process.
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Electronic module 402 may include additional components, such as a power supply
426 and a transmission/reception system (TX-RX) 428, In one embodiment, power
supply 426 may be configured for inductive charging, such as by including a coil or
other nductive mernber.  To this configaration, electronic module 402 way be
charged by being placed on an inductive pad or other inductive charger. In another
embodiment, power supply 426 may additionally or alternately be configured for
charging using energy-harvesting technology, and may include a device for energy
harvesting, such as a charger that charges through absorption of kinetic energy duc
to movement of the user. While the example structures of FIG. 4 illustrate the data
transmission/reception system {TX-RX) 428 as integrated into the electronic module
402, those skilled in the art will appreciate that a separate component may also be
used with embodiments of the invention. Transmission/reception system (TX-RX
428 may utihize one or more wireless communication chanuels (including but vot
limited to: WiFi®, Bluctooth®, Near-Field Commmmication (NFC), ANT

technologics and/or mobile phone technologies).

Electronic module 402 roay utilize transtamssion/reception systern {(TX-RX) 428 to
communicate with a computer device 430 and/or a wide area network 432.
Computer device 430 may be an external computer or computer system, mobile
phone device, gaming system, or other type of elecirome device. The exeroplary
computer device 430 includes a processing systern 434, a memory 436, a power
supply 43X, a display 440, a user input 442, and a data transmission/reception
system 444. Transnussion/reception system 444 is configured for communication
with clectronic module 402 via transmission/reception system 428 of clectronic
module 402, through any type of known electronic communuication, including the
contacted and contactless communication methods described above and elsewhere
herein. In some embodiments computer device 430 is implemented with a mobile
telephone and information from dentification memory 412 18 transmutted from
electronic module 402 to computer device 430, The imformation from identification
memory 412 may be displayed on display 440 or used at processing system 434,
Processing system 434 may be programmed fo cause display 440 to alert a user
when transmission/reception systern (TX-RX) 428 18 transmitting data and
clectronic module 402 is not connected to an wdentification memory, such as

identification memory 412, In some embodiments, processing system 416 may be
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configured to only allow power to be applied to transmission/reception systern (TX-
RX} 428 when electronic module 402 1s connected fo an identification memory,

such as identification memory 412.

The system shown in FIG. 4 includes a server 446 connected to wide area network
432. Server 446 may comapile and allow users to corapare performance data. Server
446 may also aggregate information relating to use of products. Electronic module
402 may retrieve identifying mformation from onc or more identification meruorics
and use that information to identify uses of products uses of combinations of
products or trends. For example, an identification maemory may store product size
information and server 446 may aggregate juformation recetved from several
sources to determine how frequently different sized products are used. Similarly,
accessories may also nclude wdentification memories that 1dentify accessories and
sizes. The obtained product use information may be used when developing future
products.  For cxample, the frequency of use of spacers or extension components
may be used when determining sizes of simtlar products in the future. Product size
information may alse be used with profile data when sclecting or medifying an
algorithm. For example, a user’s profile data may indicate the user’s actual wrist
size and information included within identification memories of a wrist worn device
and a spacer roay identify a size of a wrist worn device and a spacer. The resulting
information may be used to determine how tightly the wrist worn device 18 being

worn, which may be used to select or ruodify an algorithm.

Data may also be avalyzed at server 446 to recommend products and activities to
users. For example, if server 446 determines that a user recently started using a new
product, server 446 may recomroend activitics that use the product.  The
recommendations may be based on previous activities of the user.  The
recommendations may be in the form of audio and/or visual data sent to computer
device 430, In some embodiments, computer device 430 is implemented with a
mobile phone and the reconumnendation received from server 446 includes an
interactive game or a demonstration of how to use the new product. Server 446 or
some other computer device may also recommend additional or alternative apparel
based upon attributes such as category, color, infended use wmforroation received

from an identification memory.
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FiG. 7 illustrates a process that may be used by processor or processing systems,
such as processing systermn 416, to select algorithrs and process data 1n accordance
with an embodiment of the invention. First, in step 702 identifying information is
retrieved from an wdentification reemory. The wdentifying juformation may identify
equipment and/or a location. The location may correspond to a position on a body
of the user. As discussed above, a user may have multiple housings positioned on
his or her body and ecach housing may be attached to or inchude an identification
remory that stores the location mmformation. In step 704 it is determined whether
additional data is received. Additional data may include user profile data, data from
ONC of MOTe sensors, environmental data, data relating to the size or configuration of
products, data from exercise equipment or any other data that may be used to help
select an algorithm to calculate performance data, such as activity points. In some
cmbodiments, data may be received from server 446, The data received from server
446 may include profile data, data relating to past use of a product, past activities
and other dats that may be used when sclecting an appropriate algorithm. Data may
also be received from nearby exercise equipment. In one embodiment of the
invention, computer device 430 1s implernented with a mobile device that includes a
camera.  The cawmera voay be used to capture bar code or other identifying
information from exercise cquipment. RFID tags and other devices that store
information optically or clectrically way also be used to store and provide

information to computer device 430 and/or clectronic module 402.

When no additional data is received, in step 706 an algorithm is selected based on
the identitying information. When additional data is available, an algorithm is
selected based on the identifying information and the additional data in step 708.
Algorithms may be stored in a memory with metadata that may be used in the
selection processes. For example, an algorithm may inchide metadata that indicates
that the algorithm is appropriate to usc with fernale users aged 15-20 years old when
an electronic module s located within a night article of footwear and the electronic
module recerves additional data from a heart rate sensor. Lookup tables and data
structures may also be used to associate algorithw properties with algonithms and to
facilitate selecting the appropriate algorithm. After an algorithm is selected, in step
710 performance data 18 caleulated with the sclected algorithm.  Performance data

may include speed, acceleration, distance, steps taken, direction, relative movement
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of certain body portions or objects to others, or other motion parameters which may
be expressed as angolar rates, rectiinear vates or combinations thereof
Physiological parameters, such as calories, heart rate, sweat detection, effort,
oxygen consumed, oxygen kinetics, and other metrics may also be calculated with
appropriate algorithms.  In some embodiments activity points and activity points
earned during predetermined time periods or activity points earned per step or other
value are calcunlated. After the performance data is calculated, the performance data
rnay be transmitted fo a computer device in step 712, The transmission may be via a
wireless protocol. In some embodiments performance data is received at a server

and the server allows multiple users to compare performance data.

FiG. 8 shows how data may be exchanged in a system, such as the one shown in
Fig. 4 and uses of data, i accordance with an embodiment of the 1nvention, Furst,
step 802 device specific data is received. The device specific data may include data
from one or more sensors and/or identification racmories. The data may be received
at a device, such as at electronic module 402, computer device 430 or server 446,
Next, in step 804 it is determined whether additional data is available. Additional
data may include weather data, use data, profile data or any other data that may be
used to help select or modify an algorithm. When additional data is available, the
additional data is recetved 1n step 806. The additional data may be received at a
device, such as at clectronic module 402, computer device 430 or server 446, In
step 808 an algorithm may be selected or modified. The algorithm may be of the
type described above and may be sclected or modified as described above.
Performance data is next calculated n step 810, Performance data may include
speed, acceleration, distance, steps taken, activity points, energy expenditure and

other data related to movement and physical fitness.

Performance data may be provided to a user in step 812, Step 8§12 may mclude
displaying data on computer device 430 or some other device. In step €14 data may
bie provided to a product source or some other entity such as a manufacturer or third
party. The data provided in step 814 may be performance data and/or other data

such as product use data, profile data and the additional data received in step 806.

Data may be aggregate and/or analyzed in step 816, Step 816 may include

aggregating data received from numerous users and identifying trends and may be
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performed at a server such as server 446. Step 816 may also include analyzing data
from mdividual users, seonsors and equipment. The data aggregated and analyzed in
step 816 may be used to develop future products and services in step 818, The same
data oay be used to modify existing products and services, Aggregated and/or
analyzed data may also be used for other purposes, such as augmenting additional
data in step 820. The additional data may be received in stop 806, Device
parameters may also be adjusted in step 822, Device parameters may include

settings or adjustments for scusors and/or identification memories,

Conclusion

[88]

[89]

Providing an activity environment having one or more of the features described
herewn may provide a user with an experience that will encourage and motivaie the
user to engage in athletic activities and improve his or her fitness. Users may
further communicate through social coromuuities and challenge one another to

participate in point challenges.

Aspects of the cmbodiments have been described in terms of ilustrative
embodiments thereof. Numerous other embodiments, modifications and vartations
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 illustrated in the iflustrative figures may be
performed in other than the recited order, and that one or more steps iHustrated may

be optional in accordance with aspects of the embodiments.
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What is claimed is:

1. An electronic module configured to be removeably engaged with a receptacle;
an mierface that receives identifying toformation from an identification mewory
attached to the receptacle;
a non-transitory cornputer-readable mediur that contains multiple algorithms for
calculating athletic data;
a processor programmed with computer-executable instructions that when exccuted
cause the processor to perform the steps comprising:
(1) retrieving identifying information from the identification memory; and
{11} selecting an algorithro from the multiple algorithins based ou the

identifying information.

2. The electronic module of claim 1, wherein the identification memory comprises a memory

that includes 4 single contact serial interface.

3. The clectronic module of claim 1, wherein the identification mermory compriscs an RFID
tag.
4. The electronic module of claim 1, wherein the multiple algorithms comprises algorithms

for calenlating activity points.

5. The electronic module of claim 1, wherein the identifying information identifies a location

of the receptacle on a user’s body.

6. The clectronic module of claim 1, wherein the identifying information identifies g location

in proximity to a user.

7. The electronic module of claum 1, wherein the dentifying information identifies athletic

equipment.

8. The electronic module of claim 1, wherein the processor is further programed with
computer-cxecutable mstructions to perform the steps coraprising:
{111} calculating activity points with the algorithm selected i (31).
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9. The clectronic module of claim 1, wherein the processor is further programed with
computer-executable instructions to perform the steps comprising:

(111} wirclessly transmitting data to a coroputer devices.

18, The electronic module of claim 1, wherein the processor is further programed with
computer-executable instructions to perform the steps comprising:

(111} wirclessly receiving data from a computer device.

t1. The electronic module of claim 10, wherein the processor is further programed with
computer-executable tnstructions to perform the steps coraprising:

{(iv} wirclessly transmitting data to a computer device.

12. The electronic module of claim 10, wherein (31) comprises selecting an algorithm from

13, The ¢lectronic module of claim 10, wherein the processor 18 further programed with
computer-executable instructions to perform the steps comprising:
(iv) calculating activity points with the algorithm sciected in (11} and the data received

in (i),

14. The electronic roodule of claim 1, further comprising au accelerometer configured to

provide acceleration data to the processor.

I5. An activity monitoring system comprising:

a plurality of receptacles attached to clothing;

an tdentification memory attached to cach of the plurality of receptacles and
containing identifying information; and

an electronic module configured to be reroveably engaged with the plarality of a
receptacles and to read identifying information contained in an identification memory when

engaged in a receptacie.

16, The system of claim 15, where the electronic module comprises:
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a non-transitory computer-readable medium that contains multiple algorithms for
calculating athletic data

a processor programmed with computer-executable instructions that when executed
cause the processor to perform the steps comprising:

(i} selecting an algorithm from the multiple algorithms based oun the identifying
nformation.

{11} calculating activity points with the algorithm selected in (i).

17. The system of claim 16, wherein the identification racmory comprises a memory that

includes a single contact serial interface.
I8, The system of claim 16, wherein the identification memory comprises an RFID tag.
19. The system of claim 16, wherein the processor is further programed with computer-
exccutable instructions to perform the step coraprising:

(111} wirelessly transmitting data to a computer devices.
20, The system of claim 19, wherein the processor is further programed with computer-

executable instructions to perform the step comprising:

(iv} wirelessly receiving data from a computer devices.
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