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(57) ABSTRACT

Aspects relate to athletic metric values from data received
from different sources having different devices that employ
different processes to calculate the values. Data may be
received from a connected device that utilizes a first operating
protocol, and be received by a device utilizing a second oper-
ating protocol. An activity metric may be identified from
received data, and a determination may be made as to whether
the activity metric is calculated using a best available data
source. If it is determined that the received data represents a
best available data source, the received data may be added to
a metric database, the received data may be classified into an
activity group, and an energy expenditure value may be cal-
culated from the received data.
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ENERGY EXPENDITURE CALCULATION
USING DATA FROM MULTIPLE DEVICES

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of, and priority
to, U.S. Provisional Patent Application No. 62/099,851,
entitted “ENERGY EXPENDITURE CALCULATION
USING DATA FROM MULTIPLE DEVICES” filed Jan. 5,
2015. The content of which is expressly incorporated herein
by reference in its entirety for any and all non-limiting pur-
poses.

BACKGROUND

[0002] 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 run-
ning, walking and bicycling.

[0003] 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 activ-
ity and other activities reduces the amount of motivation that
an individual 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 one or more particular activities while an indi-
vidual’s interest are ignored. This may further decrease a
user’s interest in participating in athletic activities or using
athletic activity services and systems.

[0004] Many existing services and devices fail to provide
accurate assessment of the user’s energy expenditure, such as
caloric burn, during physical activity. Therefore, users are
unaware of the benefits that certain activities, which may
include daily routines that are often not thought of as being a
“workout”, are to their health. Existing devices for allowing
users to monitor their energy expenditure often suffer from
one or more deficiencies, including: cumbersome collection
systems, inaccurate measurements that are beyond an accept-
able threshold, unacceptable latency in reporting the values,
erroneous classification of activities based upon detected
motions of the user, failure to account for deviations between
different users, improperly including repetitive behavior as
being classified as a specific activity, such as for example,
running and/or walking, relatively high power consumption,
and/or a combination of these or other deficiencies.

[0005] Therefore, improved systems and methods to
address at least one or more of these shortcomings in the art
are desired.

BRIEF SUMMARY

[0006] The following presents a simplified summary of the
present disclosure in order to provide a basic understanding of
some aspects of the invention. This summary is not an exten-
sive overview of the invention. It is not intended to identify
key or critical elements of the invention or to delineate the
scope of the invention. The following summary merely pre-
sents some concepts of the invention in a simplified form as a
prelude to the more detailed description provided below.

[0007] Illustrative embodiments may relate to a system,
method, apparatus, and computer-readable media configured
for receiving data from a connected device that utilizes a first
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operating protocol. In one embodiment, the data may be
received by a processor that utilizes a second operating pro-
tocol. Further, an activity metric may be identified from the
received data. In certain embodiments, the identified activity
metric may be compared to a metric database to determine
whether a best available source of data is used to calculate the
activity metric. If the activity metric is calculated from a best
available data source, the received data may be added to a
metric database, the received data may be classified into an
activity group, and an energy expenditure for a user may be
calculated from one or more stored activity metrics.

[0008] Inoneembodiment, an activity being performed by
a user is identified based upon the user input of an activity
classification.

[0009] Another illustrative embodiment may relate to a
system, method, apparatus, and computer-readable media
configured for receiving data from a connected device that
utilizes a first operating protocol. In one embodiment, the
data may be received by a processor that utilizes a second
operating protocol. Further, an activity metric may be identi-
fied from the received data. In certain embodiments, the iden-
tified activity metric may be compared to a metric database to
determine whether the best available source of data is used to
calculate the activity metric. If the activity metric is calcu-
lated from the best available data source, the received data
may be added to the metric database, the received data may be
classified into an activity group, a confidence weighting may
be associated with the activity metric, an energy expenditure
value for a user may be calculated from one or more stored
activity metrics, and a confidence value may be calculated
and associated with the calculated energy expenditure value.
[0010] Yet another illustrative embodiment may relate to a
system, method, apparatus, and computer-readable media
configured for calculating a final cumulative athletic metric
based upon a user’s movements during a first time frame. In
certain embodiments, the first time frame may comprise a first
and a second time period. Further, in certain embodiments,
first and second values may be received from first and second
sources that represent athletic metrics resulting from pro-
cesses conducted on first and second devices. The first value
may be associated with a modification scalar based on the first
source and the first device. Further, a normalizing factor may
be used to normalize data from the first source and the second
source. Additionally, a cumulative normalized athletic metric
may be calculated using an adjusted first value and an
adjusted second value.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 illustrates an example system that may be
configured to provide personal training and/or obtain data
from the physical movements of a user in accordance with
example embodiments;

[0012] FIG. 2 illustrates an example computer device that
may be part of or in communication with the system of FIG.

[0013] FIG. 3 shows an illustrative sensor assembly that
may be worn by a user in accordance with example embodi-
ments;

[0014] FIG. 4 shows another example sensor assembly that
may be worn by a user in accordance with example embodi-
ments;

[0015] FIG. 5 shows illustrative locations for sensory input
which may include physical sensors located on/in a user’s
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clothing and/or be based upon identification of relationships
between two moving body parts of the user;

[0016] FIG. 6 shows an example flowchart that may be
implemented to calculate metrics, including energy expendi-
ture and speed.

[0017] FIGS.7A and 7B show example flowcharts that may
be utilized to classity activity and/or calculate energy expen-
diture values of an individual.

[0018] FIG. 8A illustrates an example flow diagram which
may be used in calculating a cumulative energy expenditure
estimate based on energy expenditure estimates obtained by
two or more different processes, which may conducted on
entirely different devices incapable of communicating with
each other, either directly or indirectly. FIG. 8B shows a flow
diagram of calculating a cumulative normalized athletic met-
ric in accordance with one embodiment.

[0019] FIG.9 schematically-depicts one implementation of
aprocess for calculating an energy expenditure of a user from
data received from one or more sources.

[0020] FIG. 10 schematically-depicts another implementa-
tion of a process for calculating an energy expenditure of a
user from data received from one or more sources.

[0021] FIG. 11 schematically-depicts an implementation of
a process for calculation of a confidence value to be associ-
ated with a calculated energy expenditure value.

[0022] FIG. 12 is a flowchart diagram of a process for
publishing activity information to a social feed.

[0023] FIG. 13 is a flow diagram depicting an example
implementation of utilizing two different metrics derived
from different processes at different sources.

DETAILED DESCRIPTION

[0024] Aspects of this disclosure involve obtaining, stor-
ing, and/or processing athletic data relating to the physical
movements of an athlete. The athletic data may be actively or
passively sensed and/or stored in one or more non-transitory
storage mediums. Still further aspects relate to using athletic
data to generate an output, such as for example, calculated
athletic attributes, feedback signals to provide guidance, and/
or other information. These and other aspects will be dis-
cussed in the context of the following illustrative examples of
a personal training system.

[0025] In the following description of the various embodi-
ments, 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 aspects of the dis-
closure may be practiced. It is to be understood that other
embodiments may be utilized and structural and functional
modifications may be made without departing from the scope
and spirit of the present disclosure. Further, headings within
this disclosure should not be considered as limiting aspects of
the disclosure and the example embodiments are not limited
to the example headings.

1. Example Personal Training System

[0026] A. Illustrative Networks

[0027] Aspects of this disclosure relate to systems and
methods that may be utilized across a plurality of networks. In
this regard, certain embodiments may be configured to adapt
to dynamic network environments. Further embodiments
may be operable in differing discrete network environments.
FIG. 1 illustrates an example of a personal training system
100 in accordance with example embodiments. Example sys-
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tem 100 may include one or more interconnected networks,
such as the illustrative body area network (BAN) 102, local
area network (LAN) 104, and wide area network (WAN) 106.
As shown in FIG. 1 (and described throughout this disclo-
sure), one or more networks (e.g., BAN 102, LAN 104, and/or
WAN 106), may overlap or otherwise be inclusive of each
other. Those skilled in the art will appreciate that the illustra-
tive networks 102-106 are logical networks that may each
comprise one or more different communication protocols
and/or network architectures and yet may be configured to
have gateways to each other or other networks. For example,
each of BAN 102, LAN 104 and/or WAN 106 may be opera-
tively connected to the same physical network architecture,
such as cellular network architecture 108 and/or WAN archi-
tecture 110. For example, portable electronic device 112,
which may be considered a component of both BAN 102 and
LAN 104, may comprise a network adapter or network inter-
face card (NIC) configured to translate data and control sig-
nals into and from network messages according to one or
more communication protocols, such as the Transmission
Control Protocol (TCP), the Internet Protocol (IP), and the
User Datagram Protocol (UDP) through one or more of archi-
tectures 108 and/or 110. These protocols are well known in
the art, and thus will not be discussed here in more detail.
[0028] Network architectures 108 and 110 may include one
ormore information distribution network(s), of any type(s) or
topology(s), alone or in combination(s), such as for example,
cable, fiber, satellite, telephone, cellular, wireless, etc. and as
such, may be variously configured such as having one or more
wired or wireless communication channels (including but not
limited to: WiFi®, Bluetooth®, Near-Field Communication
(NFC) and/or ANT technologies). Thus, any device within a
network of FIG. 1, (such as portable electronic device 112 or
any other device described herein) may be considered inclu-
sive to one or more of the different logical networks 102-106.
With the foregoing in mind, example components of an illus-
trative BAN and L AN (which may be coupled to WAN 106)
will be described.

[0029] 1. Example Local Area Network

[0030] LAN 104 may include one or more electronic
devices, such as for example, computer device 114. Computer
device 114, or any other component of system 100, may
comprise a mobile terminal, such as a telephone, music
player, tablet, netbook or any portable device. In other
embodiments, computer device 114 may comprise a media
player or recorder, desktop computer, server(s), a gaming
console, such as for example, a Microsoft® XBOX, Sony®
Playstation, and/or a Nintendo® Wii gaming consoles. Those
skilled in the art will appreciate that these are merely example
devices for descriptive purposes and this disclosure is not
limited to any console or computing device.

[0031] Those skilled in the art will appreciate that the
design and structure of computer device 114 may vary
depending on several factors, such as its intended purpose.
One example implementation of computer device 114 is pro-
vided in FIG. 2, which illustrates a block diagram of comput-
ing device 200. Those skilled in the art will appreciate that the
disclosure of FIG. 2 may be applicable to any device dis-
closed herein. Device 200 may include one or more proces-
sors, such as processor 202-1 and 202-2 (generally referred to
herein as “processors 202 or “processor 202”). Processors
202 may communicate with each other or other components
via an interconnection network or bus 204. Processor 202
may include one or more processing cores, such as cores
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206-1 and 206-2 (referred to herein as “cores 206” or more
generally as “core 206”"), which may be implemented on a
single integrated circuit (IC) chip.

[0032] Cores 206 may comprise a shared cache 208 and/or
a private cache (e.g., caches 210-1 and 210-2, respectively).
One or more caches 208/210 may locally cache data stored in
a system memory, such as memory 212, for faster access by
components of the processor 202. Memory 212 may be in
communication with the processors 202 via a chipset 216.
Cache 208 may be part of system memory 212 in certain
embodiments. Memory 212 may include, but is not limited to,
random access memory (RAM), read only memory (ROM),
and include one or more of solid-state memory, optical or
magnetic storage, and/or any other medium that can be used
to store electronic information. Yet other embodiments may
omit system memory 212.

[0033] System 200 may include one or more /O devices
(e.g., VO devices 214-1 through 214-3, each generally
referred to as /O device 214). I/O data from one or more I/O
devices 214 may be stored at one or more caches 208, 210
and/or system memory 212. Each of /O devices 214 may be
permanently or temporarily configured to be in operative
communication with a component of system 100 using any
physical or wireless communication protocol.

[0034] Returning to FIG. 1, four example /O devices
(shown as elements 116-122) are shown as being in commu-
nication with computer device 114. Those skilled in the art
will appreciate that one or more of devices 116-122 may be
stand-alone devices or may be associated with another device
besides computer device 114. For example, one or more I/O
devices may be associated with or interact with a component
of BAN 102 and/or WAN 106. /O devices 116-122 may
include, but are not limited to athletic data acquisition units,
such as for example, sensors. One or more I/O devices may be
configured to sense, detect, and/or measure an athletic param-
eter from a user, such as user 124. Examples include, but are
not limited to: an accelerometer, a gyroscope, a location-
determining device (e.g., GPS), light (including non-visible
light) sensor, temperature sensor (including ambient tem-
perature and/or body temperature), sleep pattern sensors,
heart rate monitor, image-capturing sensor, moisture sensor,
force sensor, compass, angular rate sensor, and/or combina-
tions thereof among others.

[0035] In further embodiments, [/O devices 116-122 may
be used to provide an output (e.g., audible, visual, or tactile
cue) and/or receive an input, such as a user input from athlete
124. Example uses for these illustrative /O devices are pro-
vided below, however, those skilled in the art will appreciate
that such discussions are merely descriptive of some of the
many options within the scope of this disclosure. Further,
reference to any data acquisition unit, I/O device, or sensor is
to be interpreted disclosing an embodiment that may have one
or more 1/O device, data acquisition unit, and/or sensor dis-
closed herein or known in the art (either individually or in
combination).

[0036] Information from one or more devices (across one or
more networks) may be used to provide (or be utilized in the
formation of) a variety of different parameters, metrics or
physiological characteristics including but not limited to:
motion parameters, such as speed, acceleration, distance,
steps taken, direction, relative movement of certain body
portions or objects to others, or other motion parameters
which may be expressed as angular rates, rectilinear rates or
combinations thereof, physiological parameters, such as
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calories, heart rate, sweat detection, effort, oxygen con-
sumed, oxygen kinetics, and other metrics which may fall
within one or more categories, such as: pressure, impact
forces, information regarding the athlete, such as height,
weight, age, demographic information and combinations
thereof.

[0037] System 100 may be configured to transmit and/or
receive athletic data, including the parameters, metrics, or
physiological characteristics collected within system 100 or
otherwise provided to system 100. As one example, WAN 106
may comprise server 111. Server 111 may have one or more
components of system 200 of FIG. 2. In one embodiment,
server 111 comprises at least a processor and a memory, such
as processor 206 and memory 212. Server 111 may be con-
figured to store computer-executable instructions on a non-
transitory computer-readable medium. The instructions may
comprise athletic data, such as raw or processed data col-
lected within system 100. System 100 may be configured to
transmit data, such as energy expenditure points, to a social
networking website or host such a site. Server 111 may be
utilized to permit one or more users to access and/or compare
athletic data. As such, server 111 may be configured to trans-
mit and/or receive notifications based upon athletic data or
other information.

[0038] Returning to LAN 104, computer device 114 is
shown in operative communication with a display device 116,
an image-capturing device 118, sensor 120 and exercise
device 122, which are discussed in turn below with reference
to example embodiments. In one embodiment, display device
116 may provide audio-visual cues to athlete 124 to perform
a specific athletic movement. The audio-visual cues may be
provided in response to computer-executable instruction
executed on computer device 114 or any other device, includ-
ing a device of BAN 102 and/or WAN. Display device 116
may be a touchscreen device or otherwise configured to
receive a user-input.

[0039] In one embodiment, data may be obtained from
image-capturing device 118 and/or other sensors, such as
sensor 120, which may be used to detect (and/or measure)
athletic parameters, either alone or in combination with other
devices, or stored information. Image-capturing device 118
and/or sensor 120 may comprise a transceiver device. In one
embodiment sensor 128 may comprise an infrared (IR), elec-
tromagnetic (EM) or acoustic transceiver. For example,
image-capturing device 118, and/or sensor 120 may transmit
waveforms into the environment, including towards the direc-
tion of athlete 124 and receive a “reflection” or otherwise
detect alterations of those released waveforms. 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, devices
118 and/or 120 may detect waveforms emitted from external
sources (e.g., not system 100). For example, devices 118
and/or 120 may detect heat being emitted 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-captur-
ing device 126 and/or sensor 128 may comprise an IR device
configured to perform range phenomenology.

[0040] Inoneembodiment, exercise device 122 may be any
device configurable to permit or facilitate the athlete 124
performing a physical movement, such as for example a
treadmill, step machine, etc. There is no requirement that the
device be stationary. In this regard, wireless technologies
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permit portable devices to be utilized, thus a bicycle or other
mobile exercising device may be utilized in accordance with
certain embodiments. Those skilled in the art will appreciate
that equipment 122 may be or comprise an interface for
receiving an electronic device containing athletic data per-
formed remotely from computer device 114. For example, a
user may use a sporting device (described below in relation to
BAN 102) and upon returning home or the location of equip-
ment 122, download athletic data into element 122 or any
other device of system 100. Any I/O device disclosed herein
may be configured to receive activity data.

[0041] 2. Body Area Network

[0042] BAN 102 may include two or more devices config-
ured to receive, transmit, or otherwise facilitate the collection
of athletic data (including passive devices). Exemplary
devices may include one or more data acquisition units, sen-
sors, or devices known in the art or disclosed herein, including
but not limited to I/O devices 116-122. Two or more compo-
nents of BAN 102 may communicate directly, yet in other
embodiments, communication may be conducted via a third
device, which may be part of BAN 102, LAN 104, and/or
WAN 106. One or more components of LAN 104 or WAN
106 may form part of BAN 102. In certain implementations,
whether a device, such as portable device 112, is part of BAN
102, LAN 104, and/or WAN 106, may depend on the athlete’s
proximity to an access point to permit communication with
mobile cellular network architecture 108 and/or WAN archi-
tecture 110. User activity and/or preference may also influ-
ence whether one or more components are utilized as part of
BAN 102. Example embodiments are provided below.
[0043] User 124 may be associated with (e.g., possess,
carry, wear, and/or interact with) any number of devices, such
as portable device 112, shoe-mounted device 126, wrist-worn
device 128 and/or a sensing location, such as sensing location
130, which may comprise a physical device or a location that
is used to collect information. One or more devices 112, 126,
128, and/or 130 may not be specially designed for fitness or
athletic purposes. Indeed, aspects of this disclosure relate to
utilizing data from a plurality of devices, some of which are
not fitness devices, to collect, detect, and/or measure athletic
data. In certain embodiments, one or more devices of BAN
102 (or any other network) may comprise a fitness or sporting
device that is specifically designed for a particular sporting
use. As used herein, the term “sporting device” includes any
physical object that may be used or implicated during a spe-
cific sport or fitness activity. Exemplary sporting devices may
include, but are not limited to: golf balls, basketballs, base-
balls, soccer balls, footballs, powerballs, hockey pucks,
weights, bats, clubs, sticks, paddles, mats, and combinations
thereof. In further embodiments, exemplary fitness devices
may include objects within a sporting environment where a
specific sport occurs, including the environment itself, such
as a goal net, hoop, backboard, portions of a field, such as a
midline, outer boundary marker, base, and combinations
thereof.

[0044] Inthis regard, those skilled in the art will appreciate
that one or more sporting devices may also be part of (or form)
a structure and vice-versa, a structure may comprise one or
more sporting devices or be configured to interact with a
sporting device. For example, a first structure may comprise a
basketball hoop and a backboard, which may be removable
and replaced with a goal post. In this regard, one or more
sporting devices may comprise one or more sensors, such as
one or more of the sensors discussed above in relation to
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FIGS. 1-3, that may provide information utilized, either inde-
pendently or in conjunction with other sensors, such as one or
more sensors associated with one or more structures. For
example, a backboard may comprise a first sensor configured
to measure a force and a direction of the force by a basketball
upon the backboard and the hoop may comprise a second
sensor to detect a force. Similarly, a golf club may comprise
a first sensor configured to detect grip attributes on the shaft
and a second sensor configured to measure impact with a golf
ball.

[0045] Looking to the illustrative portable device 112, it
may be a multi-purpose electronic device, that for example,
includes a telephone or digital music player, including an
IPOD®, IPAD®, or iPhone®, brand devices available from
Apple, Inc. of Cupertino, Calif. or Zune® or Microsoft®
Windows devices available from Microsoft of Redmond,
Wash. As known in the art, digital media players can serve as
an output device, input device, and/or storage device for a
computer. Device 112 may be configured as an input device
for receiving raw or processed data collected from one or
more devices in BAN 102, LAN 104, or WAN 106. In one or
more embodiments, portable device 112 may comprise one or
more components of computer device 114. For example, por-
table device 112 may be include a display 116, image-cap-
turing device 118, and/or one or more data acquisition
devices, such as any of the I/O devices 116-122 discussed
above, with or without additional components, so as to com-
prise a mobile terminal.

[0046] a. [llustrative Apparel/Accessory Sensors

[0047] Incertain embodiments, I/O devices may be formed
within or otherwise associated with user’s 124 clothing or
accessories, including a watch, armband, wristband, neck-
lace, shirt, shoe, or the like. These devices may be configured
to monitor athletic movements of a user. It is to be understood
that they may detect athletic movement during user’s 124
interactions with computer device 114 and/or operate inde-
pendently of computer device 114 (or any other device dis-
closed herein). For example, one or more devices in BAN 102
may be configured to function as an all-day activity monitor
that measures activity regardless of the user’s proximity or
interactions with computer device 114. It is to be further
understood that the sensory system 302 shown in FIG. 3 and
the device assembly 400 shown in FIG. 4, each of which are
described in the following paragraphs, are merely illustrative
examples.

[0048] i. Shoe-Mounted Device

[0049] In certain embodiments, device 126 shown in FIG.
1, may comprise footwear which may include one or more
sensors, including but not limited to those disclosed herein
and/or known in the art. FIG. 3 illustrates one example
embodiment of a sensor system 302 providing one or more
sensor assemblies 304. Assembly 304 may comprise one or
more sensors, such as for example, an accelerometer, gyro-
scope, location-determining components, force sensors and/
or or any other sensor disclosed herein or known in the art. In
the illustrated embodiment, assembly 304 incorporates a plu-
rality of sensors, which may include force-sensitive resistor
(FSR) sensors 306; however, other sensor(s) may be utilized.
Port 308 may be positioned within a sole structure 309 of a
shoe, and is generally configured for communication with one
or more electronic devices. Port 308 may optionally be pro-
vided to be in communication with an electronic module 310,
and the sole structure 309 may optionally include a housing
311 or other structure to receive the module 310. The sensor
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system 302 may also include a plurality of leads 312 connect-
ing the FSR sensors 306 to the port 308, to enable communi-
cation with the module 310 and/or another electronic device
through the port 308. Module 310 may be contained within a
well or cavity in a sole structure of a shoe, and the housing 311
may be positioned within the well or cavity. In one embodi-
ment, at least one gyroscope and at least one accelerometer
are provided within a single housing, such as module 310
and/or housing 311. In at least a further embodiment, one or
more sensors are provided that, when operational, are config-
ured to provide directional information and angular rate data.
The port 308 and the module 310 include complementary
interfaces 314, 316 for connection and communication.

[0050] In certain embodiments, at least one force-sensitive
resistor 306 shown in FIG. 3 may contain first and second
electrodes or electrical contacts 318, 320 and a force-sensi-
tive resistive material 322 disposed between the electrodes
318, 320 to electrically connect the electrodes 318, 320
together. When pressure is applied to the force-sensitive
material 322, the resistivity and/or conductivity of the force-
sensitive material 322 changes, which changes the electrical
potential between the electrodes 318, 320. The change in
resistance can be detected by the sensor system 302 to detect
the force applied on the sensor 316. The force-sensitive resis-
tive material 322 may change its resistance under pressure in
a variety of ways. For example, the force-sensitive material
322 may have an internal resistance that decreases when the
material is compressed. Further embodiments may utilize
“volume-based resistance”, which may be implemented
through “smart materials.”” As another example, the material
322 may change the resistance by changing the degree of
surface-to-surface contact, such as between two pieces of the
force sensitive material 322 or between the force sensitive
material 322 and one or both electrodes 318, 320. In some
circumstances, this type of force-sensitive resistive behavior
may be described as “contact-based resistance.”

[0051] ii. Wrist-Worn Device

[0052] As shown in FIG. 4, device 400 (which may
resemble or comprise sensory device 128 shown in FIG. 1),
may be configured to be worn by user 124, such as around a
wrist, arm, ankle, neck or the like. Device 400 may include an
input mechanism, such as a depressible input button 402
configured to be used during operation of the device 400. The
input button 402 may be operably connected to a controller
404 and/or any other electronic components, such as one or
more of the elements discussed in relation to computer device
114 shown in FIG. 1. Controller 404 may be embedded or
otherwise part ofhousing 406. Housing 406 may be formed of
one or more materials, including elastomeric components and
comprise one or more displays, such as display 408. The
display may be considered an illuminable portion of the
device 400. The display 408 may include a series of indi-
vidual lighting elements or light members such as LED lights
410. The lights may be formed in an array and operably
connected to the controller 404. Device 400 may include an
indicator system 412, which may also be considered a portion
or component ofthe overall display 408. Indicator system 412
can operate and illuminate in conjunction with the display
408 (which may have pixel member 414) or completely sepa-
rate from the display 408. The indicator system 412 may also
include a plurality of additional lighting elements or light
members, which may also take the form of LED lights in an
exemplary embodiment. In certain embodiments, indicator
system may provide a visual indication of goals, such as by
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illuminating a portion of lighting members of indicator sys-
tem 412 to represent accomplishment towards one or more
goals. Device 400 may be configured to display data
expressed in terms of activity points or currency earned by the
user based on the activity of the user, either through display
408 and/or indicator system 412.

[0053] A {fastening mechanism 416 can be disengaged
wherein the device 400 can be positioned around a wrist or
portion of the user 124 and the fastening mechanism 416 can
be subsequently placed in an engaged position. In one
embodiment, fastening mechanism 416 may comprise an
interface, including but not limited to a USB port, for opera-
tive interaction with computer device 114 and/or devices,
such as devices 120 and/or 112. In certain embodiments,
fastening member may comprise one or more magnets. In one
embodiment, fastening member may be devoid of moving
parts and rely entirely on magnetic forces.

[0054] Incertain embodiments, device 400 may comprise a
sensor assembly (not shown in FIG. 4). The sensor assembly
may comprise a plurality of different sensors, including those
disclosed herein and/or known in the art. In an example
embodiment, the sensor assembly may comprise or permit
operative connection to any sensor disclosed herein or known
in the art. Device 400 and or its sensor assembly may be
configured to receive data obtained from one or more external
sensors.

[0055] iii. Apparel and/or Body Location Sensing

[0056] Element 130 of FIG. 1 shows an example sensory
location which may be associated with a physical apparatus,
such as a sensor, data acquisition unit, or other device. Yet in
other embodiments, it may be a specific location of a body
portion or region that is monitored, such as via an image
capturing device (e.g., image capturing device 118). In cer-
tain embodiments, element 130 may comprise a sensor, such
that elements 130a and 1305 may be sensors integrated into
apparel, such as athletic clothing. Such sensors may be placed
at any desired location of the body of user 124. Sensors
130a/b may communicate (e.g., wirelessly) with one or more
devices (including other sensors) of BAN 102, LAN 104,
and/or WAN 106. In certain embodiments, passive sensing
surfaces may reflect waveforms, such as infrared light, emit-
ted by image-capturing device 118 and/or sensor 120. In one
embodiment, passive sensors located on user’s 124 apparel
may comprise generally spherical structures made of glass or
other transparent or translucent surfaces which may 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.
[0057] FIG. 5 shows illustrative locations for sensory input
(see, e.g., sensory locations 130a-1300). In this regard, sen-
sors may be physical sensors located on/in a user’s clothing,
yet in other embodiments, sensor locations 130a-1300 may
be based upon identification of relationships between two
moving body parts. For example, sensor location 130a may
be determined by identifying motions of user 124 with an
image-capturing device, such as image-capturing device 118.
Thus, in certain embodiments, a sensor may not physically be
located at a specific location (such as one or more of sensor
locations 130a-1300), but is configured to sense properties of
that location, such as with image-capturing device 118 or



US 2016/0196326 Al

other sensor data gathered from other locations. In this regard,
the overall shape or portion of a user’s body may permit
identification of certain body parts. Regardless of whether an
image-capturing device is utilized and/or a physical sensor
located on the user 124, and/or using data from other devices,
(such as sensory system 302), device assembly 400 and/or
any other device or sensor disclosed herein or known in the art
is utilized, the sensors may sense a current location of a body
part and/or track movement of the body part. In one embodi-
ment, sensory data relating to location 130m may be utilized
in a determination of the user’s center of gravity (a.k.a, center
of mass). For example, relationships between location 130a
and location(s) 1307130/ with respect to one or more of
location(s) 130m-1300 may be utilized to determine if a
user’s center of gravity has been elevated along the vertical
axis (suchas during a jump) or ifa user is attempting to “fake”
a jump by bending and flexing their knees. In one embodi-
ment, sensor location 1306~ may be located at about the
sternum of user 124. Likewise, sensor location 1300 may be
located approximate to the naval of user 124. In certain
embodiments, data from sensor locations 130m-1300 may be
utilized (alone or in combination with other data) to deter-
mine the center of gravity for user 124. In further embodi-
ments, relationships between multiple sensor locations, such
as sensors 130m-1300, may be utilized in determining orien-
tation of the user 124 and/or rotational forces, such as twisting
of user’s 124 torso. Further, one or more locations, such as
location(s), may be utilized as (or approximate) a center of
moment location. For example, in one embodiment, one or
more of location(s) 130m-1300 may serve as a point for a
center of moment location of user 124. In another embodi-
ment, one or more locations may serve as a center of moment
of specific body parts or regions.

Example Metrics Calculations

[0058] Aspects of this disclosure relate to systems and
methods that may be utilized to calculate one or more activity
metrics of an athlete, including but not limited to energy
expenditure, speed, distance, pace, power, and/or others. The
calculations may be performed in real time, such that the user
may obtain real-time feedback during one or more activities.
In certain embodiments, all calculations for a plurality of
metrics may be estimated using a same set of attributes, or a
sub-set of attributes from a common group of attributes, and
the like. In one embodiment, a calculation of energy expen-
diture may be performed on a first set of attributes and without
classifying the activity being performed by the athlete, such
as being walking, running, playing a specific sport, or con-
ducting a specific activity. In one embodiment, determina-
tions of energy expenditure are done without any activity type
templates, such that as the energy expenditure may be calcu-
lated from sensor data and/or derivatives thereof, without
classifying the activity type. For example, energy expenditure
may be calculated in accordance with certain embodiments
using the same set of attributes regardless of whether the
athlete is performing a first activity or a second activity, such
as for example, walking or playing soccer.

[0059] In certain implementations, calculations of energy
expenditure calculated may be performed using a first set of
attributes and another metric, such as for example, speed may
be determined from the same set of attributes or a subset of the
same attributes. In one embodiment, determination of a plu-
rality of metrics may be conducted using a selection of core
attributes. In one example, this attribute calculation may be
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used to estimate energy expenditure and/or a speed of walk-
ing and/or running of the user. In one example, an energy
expenditure and/or speed of walking and/or running may be
estimated using a same set of attributes, or a sub-set of
attributes from a common group of attributes, and the like.
[0060] The systems and methods described herein may
compare calculated attributes from activity data (real-time
activity data, and the like) to one or more models wherein the
one or more models may not include data captured for the
activity type that the athlete performed (and may not be
categorized, such as for energy expenditure calculations). In
this way, the one or more models may be agnostic to the
specific activity being performed by a user. For example, an
activity device may receive information from a user perform-
ing a basketball activity and at least one model may not
contain any data from basketball activities.

[0061] As an example of calculating multiple metrics, sys-
tems and methods may be implemented to determine whether
to calculate speed for one or more time windows of data.
Certain aspects of this disclosure relate to determinations of
speed or distance that comprises categorizing athletic data. As
discussed above, however, other aspects relate to calculating
energy expenditure values without categorizing the athletic
data into activity types (walking, running, basketball, sprint-
ing, soccer, football, etc.), however, categorizing at least a
portion of the same data utilized to calculate energy expen-
diture for the calculation of other metrics, such as for
example, speed and/or distance is within the scope of this
disclosure. In one implementation, speed (or another metric)
may be determined from at least a portion of data derived
from the determination of energy expenditure values. In
accordance with certain embodiments, the attributes are cal-
culated on a single device, such as any device disclosed herein
or known in the art. In one embodiment, the attributes and
calculation of the metrics are calculated on a single device. In
one such example, a device configured to be worn on an
appendage of a user may be configured to receive sensor data
and calculate the attributes and a plurality of metrics from the
attributes. In one embodiment, the single device comprises at
least one sensor configured capture data utilized to calculate
at least one attribute. In accordance with certain embodi-
ments, the attributes are calculated from one or more sensors
located on the single device.

[0062] Example Energy Expenditure Calculations

[0063] One or more of the systems and methods described
herein may calculate an estimate of energy expenditure. As
such, one or more of the systems and methods described
herein may implement at least one of the components of F1G.
6. Accordingly, in one example, FIG. 6 describes components
that may be used to calculate energy expenditure from
unprocessed sensor data, otherwise referred to as raw sensor
data. In one configuration, a device, such as device 112, 126,
128, 130, and/or 400, may capture data associated with one or
more activities being performed by a user. Said device may
comprise one or more sensors, including, but not limited to:
an accelerometer, a gyroscope, a location-determining device
(e.g., GPS), light sensor, temperature sensor (including ambi-
ent temperature and/or body temperature), heart rate monitor,
image-capturing sensor, moisture sensor and/or combina-
tions thereof. This captured activity data may, in turn, be used
to calculate one or more energy expenditure values associated
with the user.

[0064] Inoneimplementation, sensor data may be received
from a first device, such as device 112, 126, 128, 130, and/or
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400, wherein said first device may utilize a first operating
protocol. This first operating protocol may include one or
more processes configured to control the operation of/fone or
more tasks executed by, the first device. In one example, an
operating protocol, such as the first operating protocol, may
be referred to as an operating system, or program code,
among others. Further, the first device may be associated with
a first manufacturer, among others. In one example, data
received from the first device may be received by a second
device that utilizes a second operating protocol. Accordingly,
said second device may include one or more of devices 112,
126, 128, 130, and/or 400, and such that the second operating
protocol of said second device is not fully compatible with the
first operating protocol. Those of ordinary skill in the art will
recognize various incompatibilities that may arise with regard
to different operating protocols. For example, data may be
processed, manipulated, and/or formatted by the first operat-
ing protocol using a first syntax or methodology, and may be
processed, manipulated, and/or formatted by the second oper-
ating protocol using a second syntax or methodology. In this
way, the first operating protocol and the second operating
protocol may generally be described as incompatible with
one another, or not fully compatible with one another, among
others. Accordingly, in one implementation, the systems and
methods described herein may be utilized to calculate one or
more energy expenditure values using data received from a
first device that utilizes a first operating protocol, and
received by a second device that utilizes a second operating
protocol.

[0065] Inoneimplementation, an estimation of the volume
of' oxygen consumed by a person may be used to calculate an
effective metabolic equivalent, or an estimation of energy
expenditure, by said person. For example, in one embodi-
ment, a liter of oxygen consumed by a person may be asso-
ciated with an energy expenditure of approximately 5 kilo-
calories (5 kcal). Additionally or alternatively, those of
ordinary skill in the art will recognize that various alternative
methodologies exist for calculation of energy expenditure
based upon oxygen consumption by a person.

[0066] Inone embodiment, oxygen consumption by a per-
son may be measured as a volume of oxygen per unit mass,
such as per kilogram (VO,/kg). In one implementation, the
systems and methods described herein may utilize values,
such as stored as computer-executable instructions on one or
more non-transitory computer-readable mediums related to
actual and/or estimated oxygen consumption associated with
specific activities. In certain embodiments, the values may be
actual data or derived from actual data collected from one or
more individuals performing one or more specific activities,
and otherwise referred to as training data. For example, the
systems and methods described herein may utilize training
data related to oxygen consumption by one or more individu-
als performing activities including, among others, playing
basketball, playing soccer, playing tennis, walking, jogging,
running, and sprinting, sitting, squatting, and/or combina-
tions thereof. Those of ordinary skill in the art will recognize
various testing procedures that may be utilized to monitor
oxygen consumption while an individual is performing one or
more prescribed activities. Additionally, it will be readily
understood to those of ordinary skill in the art that multiple
oxygen consumption data points may be collected during an
activity. Furthermore, one or more data manipulation pro-
cesses may be performed on said collected data points to
calculate, among others, an average oxygen consumption
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during a specific activity, and based on a recorded mass (e.g.,
measured in kilograms, and the like), and/or individual or
class specific information (e.g., sex, weigh, height, age, per-
cent body fat, among others).

[0067] In one implementation, training data may be
recorded for one or more individuals performing one or more
specific activities, wherein said training data includes infor-
mation related to a volume of oxygen consumed at one or
more time points during the one or more specific activities,
and information related to individual and or class-specific
information (e.g., the mass of the individuals performing the
specific activities). Additionally, training data may include
sensor data from a device, such as device 112, 126, 128, 130,
and/or 400. In this way, the training day that may store infor-
mation related to one or more sensor outputs in addition to
information related to one or more volumes of oxygen con-
sumed during one or more activities. In one implementation
the sensor data stored in addition to the oxygen consumption
data may include data from one or more of an accelerometer,
a gyroscope, a location-determining device (e.g., GPS), light
sensor, temperature sensor (including ambient temperature
and/or body temperature), heart rate monitor, image-captur-
ing sensor, moisture sensor and/or combinations thereof. For
example, training data may include stored data from an accel-
erometer sensor, in addition to information related to a vol-
ume of oxygen consumed during an activity, for example,
playing soccer.

[0068] Accordingly, the systems and methods described
herein may include training data that includes one or more
calculated attributes associated with an activity. Furthermore,
the one or more attributes associated with an activity may
include one or more volumes of oxygen consumed per unit
mass of a person at one or more time points during an activity,
and/or one or more calculated values based on one or more
outputs from sensors associated with a device monitoring one
ormore motions of a user during said activity. For example, in
one implementation, an output of an accelerometer sensor
may include an acceleration value for each of the three axes
(x-, y-, and z-axis). Accordingly, in one implementation, a
plurality of acceleration values associated with the respective
axes to which an accelerometer sensor is sensitive (x-, y-, and
z-axis) may be grouped as a single acceleration data point. In
another implementation, acceleration values may be pro-
cessed by a processor, such as processor 202, associated with
a device, such as device 112, 126, 128, 130, and/or 400 to
calculate one or more attributes.

[0069] In one example, one or more data points received
from a sensor aggregated into a dataset representative of one
or more motions of user. Accordingly, the one or more data
points may be processed to represent the data in a way that
allows for one or more trends and/or metrics to be extracted
from the data. In one example, acceleration data output from
an accelerometer may be processed (transformed) to calcu-
late a vector normal (“vector norm”). Additional or alterna-
tive transformations may be employed to calculate, in one
example, a standard deviation of the vector normal, a deriva-
tive of the vector normal, and/or a Fast Fourier Transform
(FFT) of the vector normal. Those skilled in the art will
appreciate that certain transformations may combine sensor
data from two or more sensors and/or with other data, such as
biographical data (e.g., height, age, weight, etc.). In other
embodiments, transformation may only utilize data from
single sensors, such that sensor data from multiple sensors is
not mixed.
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[0070] In one example, one or more attributes may be cal-
culated from the received data, and wherein the attributes may
be calculated subsequent to one or more transformation pro-
cesses be executed on a dataset representative of one or more
motions of a user. In this regard, datasets from multiple users
may be used as a comparison against a user whose activity is
not within the dataset. This may be done without categorizing
the user’s activity into an activity type (e.g., walking, running,
playing specific sport) and in certain embodiments, the user
may be performing an activity that was not conducted as part
of collecting the training data within the data used to obtain
attribute values for the models.

[0071] In another example, the systems and methods
described herein may be implemented to estimate one or
more metrics from sensor data. These metrics may include,
among others, an estimation of energy expenditure, an esti-
mation as to whether a user is running, walking, or perform-
ing other activity, and/or an estimation of a speed and a
distance (a pace) which a user is moving, and the like. For
example, block 601 of flowchart 600 from FIG. 6 shows an
example implementation of calculating energy expenditure
from one or more attributes. Separately, block 603 is directed
to an example implementation for calculating speed, which
may be determined using one or more calculated attributes,
which may be derived from the same sensors, from the same
data, and/or the same attributes as the energy expenditure
metric.

[0072] Accordingly, the systems and methods described
herein may utilize data received from one or more different
sensor types, including, among others, an accelerometer, a
heart rate sensor, a gyroscope, a location-determining device
(e.g., GPS), light (including non-visible light) sensor, tem-
perature sensor (including ambient temperature and/or body
temperature), sleep pattern sensors, image-capturing sensor,
moisture sensor, force sensor, compass, angular rate sensor,
and/or combinations thereof. Furthermore, one or more com-
ponents of flowchart 600 from FIG. 6 may be implemented by
a first device that utilizes a first operating protocol, and using
data received from a second device that utilizes a second
operating protocol, and the like.

[0073] Furthermore, while the example of attributes asso-
ciated with acceleration data output from an accelerometer
sensor are described, those of ordinary skill will appreciate
that other sensors may be used, alone or in combination with
other sensors and devices, without departing from the scope
of this disclosure. For example, a heart rate monitor may be
used, wherein the data output from a heart rate monitor may
output data representative of a heart rate in units of beats per
minute (BPM) or equivalent. Accordingly, one or more trans-
formations may be performed on outputted heart rate data to
interpolate a heart rate signal between heart rate data points,
and allowing for signal dropouts at certain points. Further-
more, the attributes calculated for sensor data associated with
a heart rate monitor, or any other sensor, may be the same, or
may be different to those described above in relation to accel-
erometer data.

[0074] In another implementation, the systems and meth-
ods described herein may analyze sensor data from combina-
tions of sensors. For example, a device may receive informa-
tion related to a heart rate of a user from a heart rate monitor,
in addition to information related to motion of one or more
appendages of a user (from one or more accelerometers, and
the like). In one example, the device may determine that auser
has a heart rate indicative of vigorous exercise, but acceler-

Jul. 7,2016

ometer data may indicate that said user has been at rest for a
period of time. Accordingly the device may determine that the
user has a sustained elevated heart rate after a period of
activity but is now resting after said activity, and the like.
[0075] Inoneimplementation, training data may be used to
construct one or more models, otherwise referred to as
experts, or expert models, for predicting, among others, a
volume of oxygen consumption based upon (at least in part)
one or more individual-specific properties such as a gender, a
mass and/or a height of a user. Accordingly, information from
one or more sensors associated with a device, such as device
112, 126, 128, 130, and/or 400, may be used to calculate one
or more attributes. In turn, the calculated attributes may be
compared to attributes associated with one or more con-
structed models, and thereby, used to predict a volume of
oxygen being consumed by a user while outputting motion
signals (sensor output values) corresponding to the calculated
attributes. For example, a user may be performing an activity,
such as playing soccer, while wearing a sensor device on an
appendage. The sensor device, in turn, may output sensor
values, which may be processed to calculate one or more
attributes. Subsequently, the one or more calculated attributes
may be compared to one or more attributes associated with
one or more models, and an estimation of a volume of oxygen
being consumed by the user while playing soccer may be
made. Furthermore, said estimation of a volume of oxygen
being consumed may be used to estimate energy expenditure
values by the user playing soccer. This process is described in
further detail in relation to FIG. 6. In certain embodiments, all
of the sensor data comes from a unitary device. In one
example, the unitary device is an appendage-worn device. In
certain configurations, the appendage worn device comprises
at least one of an accelerometer, a location-determining sen-
sor (e.g., GPS) and a heart rate monitor. In another example,
the unitary device comprises a sensor configured to be placed
on or within athletic apparel, such as a shoe. In yet another
example, a sensor from at least two different devices are
utilized to collect the data. In at least one embodiment, the
device comprising a sensor utilized to capture data is also
configured to provide an output of energy expenditure. In one
embodiment, the device comprises a display device config-
ured to display an output relating to energy expenditure. In
further embodiments, the device may comprise a communi-
cation element configured to transmit information relating to
energy expenditure to a remote device.

[0076] In another implementation, one or more attributes
may be calculated from received sensor data and used as
inputs to one or more walking and/or running models for
predicting, among others, a speed/a pace of a user. Further
details of such an implementation are described in relation to
block 603 of flowchart 600.

[0077] FIG. 6 is a flowchart showing an exemplary imple-
mentation of attribute calculation. In one example, this
attribute calculation may be used to estimate one or more
metrics associated with an activity being performed by a user,
and wherein said estimation may include an energy expendi-
ture speed, and/or one or more other metrics. In one example,
an energy expenditure and/or speed of walking and/or run-
ning may be estimated using a same set of attributes, or a
sub-set of attributes from a common group of attributes, and
the like.

[0078] Information related to the movement of the user may
be outputted as one or more data signals from one or more
sensors associated with one or more sensor devices monitor-
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ing the user. In one implementation, FIG. 6 represents one or
more processes carried out by at least one processor, such as
processor unit 202, which may be associated with a sensor
device, such as, among others, device 112, 126, 128, 130,
and/or 400. Accordingly, devices may not directly monitor a
volume of oxygen being consumed by a user during an activ-
ity. In one implementation, one or more sensor devices may
monitor one or more motions associated with one or more
activities being performed by a user. Furthermore, in one
arrangement, received activity data may be correlated with
observed oxygen consumption values for activities that may
exhibit certain attributes, and associated with one or more
oxygen consumption models.

[0079] One or more embodiments receive sensor data from
one or more sensors (see, e.g., block 602). In certain embodi-
ments, the sensor data may be associated with a device worn
by a user. In one example, and as previously described, said
device may be, among others, device 112, 126, 128, 130,
and/or 400. Accordingly, the sensor data may be received by
a processor, such as processor 202 from FIG. 2, and may be
received from one or more sensors described herein and/or
known in the art. In one implementation, sensor data may be
received at block 602 from an accelerometer at a frequency
of, among others, 25 Hz. Additionally or alternatively, sensor
data may be received from the sensor, such as accelerometer,
in windows of between 5.0 and 5.5 seconds. In one embodi-
ment, the window (or time frame) may be about 5.12 seconds
in length. A window may be a period of time during which
sensor data is recorded for one or more motions of a user
associated with one or more activities being performed by a
user. In one implementation, a sample window may include
128 samples (data points) of sensor data, wherein a sample of
sensor data may include a value for each of three orthogonal
axes of an accelerometer (x-axis, y-axis, and z-axis), and/or a
vector normal value. In yet another implementation, sensor
data received from, in one implementation, an accelerometer,
may be received in windows that do not overlap (e.g., 5.12
second-length groups of sensor data each containing 128
samples, and received singly, rather than simultaneously, and/
or discrete from each other). However, in alternative embodi-
ments, those of ordinary skill will readily understand that the
systems and methods described herein may be employed with
any frequency of operation of an accelerometer, with a win-
dow length measuring any length of time, and using any
number of samples of sensor data from within a given win-
dow. Data may be validated as it is received, such as for, for
example, at block 604. Data validation may include, among
others, a person of one or more values of received sensor data
to one or more threshold values, and the like.

[0080] Further aspects of this disclosure relate to calculat-
ing one or more attributes from the data (see, e.g., block 606).
Calculation of one or more attributes may occur after valida-
tion protocols, such as those described herein. In one imple-
mentation, one or more attributes may be calculated for one or
more of the received samples in a sample window (e.g., the
128 sample window described above). Attribute calculation
may occur in real-time as the data is collected

[0081] Further embodiments may compare one or more
calculated attributes associated with data received from one
ormore sensors, and indicative of one or more activities being
performed by auser, to one or more attributes associated with
one or more models. In one example, one or more attributes
may be compared to one or more models (see e.g., block 608).
For example, for calculations of energy expenditure, one or
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more attributes may be compared to oxygen consumption
models. In another example, attributes may be used as inputs
to one or more of, among others, models for estimation of a
number of steps (during walking), strides (during running), or
other movements by a user, and/or models for estimation of
speed and distance (pace) of a user (see e.g., block 603 of
flowchart 600). Furthermore, as will be apparent from FIG. 6,
one or more calculated attributes may be used as inputs to one
or more models such that, in one example, a model for esti-
mation of an energy expenditure may be executed separately
from a model for calculation of a step rate, a walking speed,
and/or a running speed, and the like. As previously described,
one or more models may be stored in a memory, such as
memory 212, and the like, and associated with a device,
including a sensor device.

[0082] Inoneimplementation, a model may include infor-
mation (e.g. training data) collected during one or more user’s
performance conducting one or more activities and, in one
example, predicted oxygen consumption. The models may
include training data from activities that, despite being dif-
ferent from the activity that an athlete is performing, may
have similar relationships between attributes. As such, the
models may serve as accurate predictors of oxygen consump-
tion. Accordingly, a model may include training data associ-
ated with one or more different activities. For example, a
model may include training data received from one or moni-
toring processes associated with, among others, playing soc-
cer and playing basketball. In this way, oxygen consumption
data associated with certain movements of soccer and basket-
ball activity data may be similar (within one or more prede-
termined numerical ranges for different periods during the
activities, and the like).

[0083] Inanotherimplementation, a first oxygen consump-
tion model may comprise data from a same one or more users
as those one or more users’ data used in a second oxygen
consumption model. In another configuration, a first model
and a second model may use a same one or more users’ data.
In yet another configuration, a data associated with a model
may have been captured from a same one or more users during
a single data collection period, or from multiple collection
periods across a same or a different day, and the like. In one
implementation, a first model may be associated with data
from a first group of one or more sensors and a second model
may be associated with a second group of one or more sen-
sors, and wherein the first group may share one or more, or
none of the same sensor types. In one implementation, the
systems and methods described herein may compare calcu-
lated attributes from activity data (real-time activity data, and
the like) to one or more models wherein the one or more
models may not include data captured for that activity type. In
this way the one or more models may be agnostic to the
specific activity being performed by a user. For example, an
activity device may receive information from a user perform-
ing a basketball activity. In response, the device may process
the received basketball activity data (such as, for example,
block 606 of flowchart 600), and compare calculated
attributes to one or more models (such as, for example, block
608). In one implementation, the one or more models may or
may not comprise data related to basketball. In this way, the
computed one or more attributes for received sensor data may
correspond to one or more models, and wherein the models
need not comprise training data related to the specific activity
being performed by a user.
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[0084] In one configuration, a plurality of models, each
with their own attributes, which may or may not overlap
attributes of other models, may be utilized. In one example
implementation, each model may be associated with 20
attributes. In another configuration, the systems and methods
described herein may store 5, 10, 15 or 21 attributes for each
model. However it will be readily understood to those of
ordinary skill that the systems and methods described herein
may store any number of attributes in association with each
model, and in certain embodiments a first number of
attributes stored in association with a first model may differ
from a second number of attributes stored in association with
a second model. Furthermore, the one or more attributes
stored in association with a model may be alternatively
referred to as weights, or may be used to calculate related
weighting values that may be used to compare a model to
those attributes calculated from sensor data received from a
device. Accordingly, in one implementation, the number of
attributes calculated from data received from a sensor device
(or multiple sensor devices) collecting movement data of a
user may be equal to a number of attributes, or alternatively,
a number of weights associated with one or more stored
oxygen consumption models.

[0085] One or more aspects may calculate a probability that
a first model will provide the most accurate estimation of
oxygen consumption from the total number of stored one or
more models. For example, a probability that a specific
model, from a group of different (e.g., 16) models is most
likely to provide the most accurate output of oxygen con-
sumption may be calculated. The calculations may be per-
formed, for example, as part of block 608, and be based on
one or more attributes calculated from received sensor data
indicative of an activity being performed by a user. In one
implementation, a level of closeness between attributes cal-
culated from received sensor data, and those attributes, or
alternatively, those weights, associated with one or more of
the stored oxygen consumption models may be calculated,
such as for example as part of block 608. In one implemen-
tation, the systems and methods described herein may
execute one or more processes to compare input attributes
with corresponding weights associated with a stored model
(expert). In one example, block 608 may calculate a probabil-
ity for each stored model. Accordingly, said probability may
represent a likelihood that the calculated one or more
attributes are a best-fit for a given model. For example, a
probability may be calculated for each of 16 stored models,
and the like. The highest probability value, from the 16 cal-
culated probabilities, indicates the model with the best-fit for
the calculated attributes, and the like.

[0086] In one example, block 610 represents one or more
processes to select a model with a best-match, or best-fit to
those calculated attributes from block 608. As previously
described, said best-fit model represents stored training data
that most closely approximates the data received from a sen-
sor device monitoring an activity of the user. In one imple-
mentation, the best-fit model may be the model correspond-
ing to a calculated probability value that is closest to a value
of'1.0. In another implementation, block 610 may select two
or more models. For example, models fitting within a pre-
defined deviation, variation, and/or threshold may be selected
(referred to as a hybrid-model strategy).

[0087] As shown by illustrative block 612, one or more
embodiments may estimate an output value from a selected
model (expert). In one example, an output may be in estima-
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tion of a volume of oxygen consumption as a result of one or
more activities being performed by a user. Accordingly, in
one example, block 612 may correlate an activity being per-
formed by a user with an estimated oxygen consumption
value, and based on a selected model (e.g., a best-fit model)
that most closely matches attribute values calculated from
sensor data. In one implementation, a model may store one or
more estimates of oxygen consumption, wherein the one or
more estimates of oxygen consumption may be stored based
on at least one individual-specific value, such as a gender, a
weight and/or a height of a user. Accordingly, and based upon
the one or more attributes associated with the sensor data
received from a sensor device, block 612 may return an esti-
mate of a volume of oxygen consumption by the user based
upon an activity carried out by the user.

[0088] Block 614 may be implemented to estimate a
motion metric associated with a model output value. In one
example, a motion metric may be an energy expenditure
value, which may be estimated using an oxygen consumption
value. As previously described, one or more methods may be
utilized to calculate an energy expenditure from an oxygen
consumption value. In one example, an estimated energy
expenditure of 5 kcal is associated with an oxygen consump-
tion of 1 L by a user. However those of ordinary skill in the art
will recognize various other formulae for calculating energy
expenditure based upon a value of oxygen consumption, and
using one or more individual-specific values (e.g., a height
and a weight of a user).

[0089] In another implementation, one or more attributes
calculated (including, e.g., at block 606) may be used in a
determination of whether sensor data is indicative of walking,
running, or another activity being performed by a user, and
additionally or alternatively, the speed at which the user is
walking or running, and the like. Accordingly, one or more
attributes calculated at block 606 may be used as inputs to
block 603. In particular, one or more attributes may be com-
municated from block 606 to decision block 616. At block
616, one or more processes may be executed to determine
whether a user is running or walking, or performing another
activity. Ifit is determined that a user is performing an activity
other than running or walking, flowchart proceeds from block
616 to 618. Accordingly, for a user performing activity other
than running or walking, no processes are executed to define
the speed at which the user is traveling, and the like. If it is
determined, at decision 616, that’s the user is running or
walking, decision 620 may be implemented to determine
whether the activity is walking or running. Example embodi-
ments for selecting an activity, such as running or walking, are
provided herein, including in relation to In one embodiment,
if it is determined that a user is running, one or more attributes
may be communicated to a running model, such as to deter-
mine speed (e.g., see block 622). If, however, it is determined
that a user is walking, certain embodiments may communi-
cate one or more attributes to a walking model, such as to
determined speed (e.g., block 624).

[0090] In another implementation, the systems and meth-
ods described herein may be utilized to calculate energy
expenditure using one or more metrics received from an activ-
ity device, such as device 112, 126, 128, 130, and/or 400. As
such, the one or more metrics may include activity metrics
related to an activity being performed by a user. Examples of
activity metrics may include, but are not limited to, speed,
pace, acceleration, volume of oxygen consumption, a meta-
bolic equivalent value, a calorie consumption value, a power,
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a heart rate, a gradient, or a temperature, among others.
Accordingly, in one example, flowchart 700, schematically
depicted in FIG. 7A, may describe one or more processes for
calculation of an energy expenditure value of a user from data
received from an external device. Further, in one implemen-
tation, one or more components of flowchart 700 may be
executed by one or more devices utilizing a first operating
protocol, and using data received from one or more separate
devices utilizing a second operating protocol. As such, these
first and second operating protocols may have incompatibil-
ity issues, as previously described in this disclosure.

[0091] Inonespecific example, one or more components of
flowchart 700 and FIG. 7A may be executed by a device, such
as device 112, 126, 128, 130, and/or 400, as previously
described. In one embodiment, sensors solely located on a
device configured to be worn by a user, such as a wrist-worn
device, may be utilized to detected motion parameters. Data
from sensors on such as device may be used without the
assistance of other sensors in one or more determinations
relating to classifying activity and/or determine energy
expenditure. The activity may include athletic and/or other
physical activity of user 124. In one implementation, FIG. 7A
schematically depicts flowchart 700 having an illustrative
process that may be utilized to classify activity and/or calcu-
late energy expenditure values of an individual in accordance
with one embodiment. FIG. 7A is provided as an overview of
exemplary embodiments that may comprise a plurality of
sub-elements. In this regard, the remaining figures (and
related disclosure) following FIG. 7A may optionally be used
in conjunction with FIG. 7A and/or each other to provide a
full system that obtains sensor data and provides energy
expenditure values. In accordance with other embodiments,
one or more different systems and methods discussed below
may be used alone or in combination with only a portion of
other disclosed systems and methods to provide one or more
of: step counts, activity classifications, and energy expendi-
tures, among others. Various embodiments of step quantifi-
cation systems and methods may relate to a low power, high
fidelity, integer-based step counter using a multi-tier tech-
nique. These and other embodiments are described below.

[0092] Inaccordance with a first embodiment, a plurality of
samples from one or more sensors associated with one or
more devices (e.g., devices 112, 126, 128, 130, and/or 400)
may be obtained during a first time period (see, e.g., block
702). In certain configurations, at least one sensor (e.g. sensor
128) may comprise an accelerometer. The accelerometer may
be a multi-axis accelerometer. In another embodiment, how-
ever, a plurality of accelerometers may be utilized. Other
non-accelerometer based sensors are also within the scope of
this disclosure, either in combination with an accelerometer
or individually. Indeed, any sensor(s) configurable to detect
or measure athletic movement and/or physiologic properties
are within the scope of this disclosure. In this regard, data may
be obtained and/or derived from a plurality of sensors, includ-
ing for example, location sensors (e.g., GPS), heart rate sen-
sors, force sensors, gyroscope, etc. In one embodiment, vari-
ous systems and methods are implemented, at least partially,
on a portable device. In certain embodiments, the portable
device may be a wrist-worn device (see, e.g., sensor 128). In
one embodiment, sensor data from a device configured to be
worn on a human appendage (e.g., wrist, arm, neck, ankles,
leg, etc.) may be utilized without other sensor data. Motion
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data, such as measured through an accelerometer and/or other
sensors, may be loaded into a multi-segment threshold based
acceleration buffer.

[0093] Furtheraspects relate to detecting and/or measuring
an athletic parameter, such as for example, a quantity of steps
taken by a user, such as user 124. One or more system or
methods may utilize various portions of the data (such as in an
acceleration buffer comprising accelerometer data) to deter-
mine if detected parameters are indicative of a specific action
or activity. In one embodiment, a quantity of steps may be
detected during a predefined period of time (See, e.g., block
704). Various different systems and methods may be utilized
to quantify a number of steps taken by the user during a time
period (or even determine whether steps exist in the sensor
data). In one implementation, systems and methods for quan-
tifying steps taken by user over a given time period are
described in FIGS. 4-8 of U.S. application Ser. No. 13/744,
103, filed 17 Jan. 2013, the entire contents of which are
incorporated herein by reference for any and all non-limiting
purposes. In one example, step data and/or other motion data
may be utilized in the classification of activity, such as either
walking or running, for example (see, e.g., block 706). In
certain implementations, if data cannot be categorized as
being within a first category (e.g., walking) or group of cat-
egories (e.g., walking and running), a first method may ana-
lyze collected data. In one example, if detected parameters
cannot be classified, then a Euclidean norm equation may be
utilized for further analysis. In one example, an average mag-
nitude vector norm (square root of the sum of the squares) of
obtained values may be utilized. In yet another example, a
different method may analyze at least a portion of the data
following classification within a first category or groups of
categories. In one example, a step algorithm, such as those
disclosed herein, may be utilized.

[0094] Further examples may utilize the classified activity
data and/or unclassified activity data to estimate the energy
expenditure of the user’s detected motions as sensed by one or
more of the sensors (e.g., block 708).

[0095] Further examples relate to adjusting energy expen-
diture values according to at least one activity factor. In some
examples there is not a one-to-one correlation between an
activity and an activity factor. The selection of an activity
factor may be based on several different variables, such as the
activity identified, steps taken, heart rate, and intensity of a
workout.

[0096] Aspects of various examples may offer one or more
advantages and/or benefits over the prior-known systems and
methods. In certain implementations, false positives are
reduced or eliminated for short-duration arm movements
using a buffer filling strategy. Using a constrained search for
analysis (e.g. FFT) may assist in selecting the correct fre-
quency (e.g., frequencies relating a vertical bounce rather
than the arm swing such that the correct walking frequency is
obtained for two feet steps). In further examples, the overlap-
ping of motion data windows may allow for improved detec-
tion of short bursts of activities (e.g., step activities). Finally,
the frequency analysis may be performed on one combined
channel of sensors so that arm rotation does not throw off
detection and measurement of sensor outputs. Furthermore,
by combining accelerometer channels, less analysis (e.g.
Fourier transform frequency analyses) may be performed.
This may improve battery life. One or more of these advan-
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tages may be realized on a portable device configured to be
worn on an appendage of the user during the performance of
the physical motions.

[0097] Inone implementation, process 700 may normalize
a calculated energy expenditure value. As such, in one
example, process 700 may execute one or more normalization
processes at block 710.

[0098] Accordingly, one or more normalizing/normaliza-
tion processes, such as those executed at block 710, may be
used to calculate an athletic metric, such as a cumulative
energy expenditure value, which may be expressed as, for
example, caloric expenditure. Based on one or more criterion,
such as the classification of the user activity, one or more
normalizing factors (or processes utilizing one or more fac-
tors) may be determined. For example, in one embodiment, at
least one of user’s 124 activity may be classified (e.g., such as
at block 710 of flowchart 700 shown in FIG. 7A, or block 734
of flowchart 720 shown in FIG. 7B) and one or more corre-
sponding normalizing factors applied to the athletic metric. In
one example, application of normalizing factors to activity
classification (or other variable(s)) to create a normalized
athletic metric may allow for an improved comparison of
activity levels of athletes and/or may promote collaboration
among users, normalize results for competition among users
of different capabilities, and otherwise encourage activity. In
one embodiment, a normalized energy expenditure value may
be calculated as follows:

NEEVs=AF*duration (equation 1)

[0099] Wherein:

[0100] NEVs=Normalized Energy Expenditure Values
[0101] AF=activity factor

[0102] duration=duration of the activity classified in step
706

[0103] Block 706 may be performed at a device that

includes sensors that monitor activity and/or at another device
that includes a processor, such as a mobile phone (see, e.g.,
112) or server (see, e.g., 111).

[0104] In some embodiments equation 1 may be modified
to include a scalar that is multiplied by the activity factor and
duration. The scalar may be selected so that typical energy
normalized expenditure points fall within a desired range.
The range of values may be desired for various games or
competitions.

[0105] Variations of equation 1 may be used in other
embodiments of the invention. For example, NEEVs (or other
metrics) may be calculated with formulas that utilize a MET
value, a RMR wvalue, a duration and/or a scalar. In one
embodiment, NEEVs calculated as follows:

NEEVs=MET value*duration*RMR *scalar

[0106] Wherein:

[0107] MET value=metabolic equivalence value, which
may be determined in block 704

[0108] duration=duration of an activity, such as an activity
classified in block 706

[0109] RMR=resting metabolic rate

[0110] Scalar=a number, which may be uniformly applied
or variable based upon one or more factors.

[0111] The RMR used may be a calculated RMR or a
default RMR. A calculated RMR may be a function of factors
such as a user’s height, age, weight, gender and/or other
demographic or physiological parameters. In certain embodi-
ments, one or more factors may be obtained and/or derived
from one or more sensors associated with one or more of

(equation 2)

Jul. 7,2016

devices 112,126,128, 130, and/or 400, and thus may not have
to be specifically defined by user 124 or source of data asso-
ciated with the received athletic metric. A default RMR may
be a value believed to correspond a relatively large number of
users. In alternative embodiments a default RMR may corre-
spond to an RMR of a well-known athlete, celebrity or a
famous person. The use of a default RMR may allow the
comparison of activity levels among many different users that
otherwise could not or would not be compared. A default
RMR may also promote collaboration among users, normal-
ize for competition among users of different capabilities,
and/or otherwise encourage activity.

[0112] As shown in equation 2, a scalar may be optionally
implemented. The scalar used in equation 2 may, but is not
required to be, a whole number, such as 1, 3, 5 or 10. In some
embodiments, the scalar is selected so that typical energy
expenditure points fall within a desired range. The range of
points may be desired for various games or competitions,
and/or to provide a relation to a virtual currency or point
system. Different and varying equations may be selected for
different games, activities, population dynamics, and compe-
titions. In one example a group may set handicaps among the
players based on fitness, so that NEEVs may only be gener-
ated for those athletes that do a common activity or set of
activities for longer period(s) of time. A group of users par-
ticipating in an energy expenditure point competition may
agree on a particular equation or method before beginning the
competition. Yet, in other embodiments, NEEV calculation
may not be explicitly disclosed to one or more athletes or
users so as to prevent or attempt to prevent athletes from
attempting to maximize points or otherwise “earn” values
from conducting activities that exploit one or more impreci-
sions in the system. As those skilled in the art will appreciate,
every model will have limitations. And in this regard, aspects
of this innovation attempt to minimize inaccurate and/or
imprecise data values via one or more systems and methods
disclosed herein. In some embodiments of the invention, a
user may participate in multiple competitions and earn dif-
ferent values for the same activity because of different calcu-
lation methods. For example, a user may be participating in
two competitions that have unique calculation methods. The
user may earn two different point totals for the two different
games and a third point total for their overall energy expen-
diture. Some point totals may be maintained separate from an
overall point total.

[0113] In those embodiments in which the athletic metric
relates to energy expenditure in which METs are utilized,
some activities, games and/or competitions may limit award-
ing energy expenditure points for activities that have rela-
tively low MET wvalues. In some embodiments, awarding
energy expenditure points for activities that have relatively
low MET values may also be limited all of the time or in other
situations. An optional step may be added to the process
shown in FIG. 7A or other implementations to not award
points for activities that do not exceed a MET threshold value.
For example, an exemplary threshold value may be 1.0, 2.0 or
3.0. In another embodiment, the threshold value may equal
2.8. Different games and competitions may use other thresh-
old values. When the MET value does not exceed the thresh-
old, a step may be implemented to disregard the correspond-
ing activity and not use the activity when calculating energy
expenditure points.

[0114] Another embodiment could have the threshold gen-
erally applied, but not when games or competitions are under-
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way, or at least certain games or competitions. The games or
competitions may be based on all values. In another embodi-
ment, a threshold may always apply even to games and com-
petitions. In another embodiment, different thresholds may
apply by activity, game and/or competition, e.g., one for
running briskly, one for running, one for walking, and a
default.

[0115] Incertainimplementations, such as after at least one
of'user’s 124 activity is classified according to one embodi-
ment, block 704 may be implemented to determine a corre-
sponding MET value. For example, the MET value may cor-
respond to brisk running, running at a moderate pace, walking
slowly or any other activity found in conventional MET
tables. If an activity was not classified, such as in block 704,
a default MET value may be selected or derived. In some
embodiment multiple default MET values may be utilized.
An activity’s intensity, duration or other characteristic(s) may
be assessed, from which one or more default METs may be
applied. These plural METs may be set viamedians/averages,
ranges, or other statistical approaches.

[0116] Alternative embodiments may use alternative or
additional equations for calculating point values and/or other
quantities. The equations may include derivations of mea-
sured and/or calculated values. Derivations that include time
periods may be used to show rates and rates of change. For
example, one equation may be used to determine a rate of
accumulating activity points or energy expenditure points.
Another equation may be used to determine a quantity of
activity points or energy expenditure points accumulated over
a predetermined time period.

[0117] Some equations may use variables other than time.
For example, some equations may be used to calculate a value
as a function of activity values or normalized energy expen-
diture values and/or steps. Calculating values that are func-
tions of activity values or NEEVs and other variables may be
used to compare the efficiencies of various activities. For
example, an equation may be used to determine that taking
steps at a faster pace may result in activity values or NEEVS
accumulating at a faster per step pace. Another exemplary
equation may determine activity values or NEEVs per a pre-
determined distance or a unit of distance.

[0118] Some equations may be used to calculate first and/or
second derivatives of measured or calculated values to show
rates and rates of change. For example, an equation may be
used to calculate or estimate a rate of accumulation of activity
points or energy expenditure points at a given time. In some
embodiments an instantaneous rate of accumulation of activ-
ity values or NEEVs may be displayed to a user via display
235 or a display that is part of a mobile device.

[0119] Either before, during and/or after the normalized
values are calculated, the calculated values (raw, processed,
or NEEVs) may be combined, such as being added, to a total
in step 708. The total may allow user 124 (and/or selected
individuals or groups approved by user 124) to see how many
points are earned over various periods of time, such as days,
weeks and months. Totals may also be calculated for multiple
time periods. For example, 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 peri-
ods or deselect time periods. A user may track multiple time
periods concurrently and track points award since the begin-
ning of use of a device or start of a program. The total for any
giving time period may represent points earned for several
activities. For example, in a day a user may receive points for

Jul. 7,2016

walking, jogging and sprinting during different time periods.
As mentioned above, the values earned for each activity may
be a function of a corresponding activity factor.

[0120] Various additional or alternative methodologies for
calculation of energy expenditure of a user from received
activity metrics may be utilized, without departing from the
scope of the disclosures described herein. FIG. 7B schemati-
cally depicts one implementation of flowchart 720 that may
be executed to calculate energy expenditure of a user. Accord-
ingly, in one example, flowchart 720, similar to flowchart 700,
may be executed by a first device, such as device 112, 126,
128, 130, and/or 400, and utilizing data received from a
second device, such as device 112,126, 128, 130, and/or 400.
Further, the first device and the second device may be asso-
ciated with different operating protocols, or manufacturers,
among others.

[0121] In one example, flowchart 720 may receive data
from one or more sensor devices. Those of ordinary skill in
the art will recognize that these one or more sensor devices
may be worn by a user, or may generate sensor data using
remote sensing of user movement (e.g. remote imaging tech-
nologies configured to track user movement, and the like). As
such, flowchart 720 may receive sensor data communicating
information related to an activity being performed by a user.
The sensor may comprise one or more of an accelerometer, a
GPS sensor, a heart rate sensor, a barometric pressure sensor,
a thermometer, an ambient light sensor, or a compass sensor,
among others. In one example, the sensor may be included in
one or more of devices 112, 126, 128, 130, and/or 400, as
previously described in this disclosure. Accordingly, in one
implementation, sensor data may be received at block 722 of
flowchart 720.

[0122] In one implementation, received sensor data may
include information identifying an activity being performed
by a user. As such, received sensor data may include infor-
mation identifying a sport, or another physical activity, that a
user is currently participating in, or previously participated in.
In one example, one or more activity recognition processes
may be executed by a sensor device in order to identify one or
more activities being participated in by a user. Those of ordi-
nary skill in the art will recognize various activity recognition
processes that may be executed in this regard. As such, in one
example, an activity may be identified from received sensor
data at block 724. In this way, in one implementation, one or
more activity recognition processes may be executed sepa-
rately to flowchart 720 by a separate device. However, those
of ordinary skill in the art will recognize that one or more
activity recognition processes may be executed at block 724
to identify an activity associated with received sensor data,
without said activity being explicitly identified in received
sensor data. As such, in one example, a receiving device may
identify one or more sensor data patterns from received sen-
sor data in order to identify one or more activities being
participated in by a user.

[0123] Inoneexample, one or more activity metrics may be
identified from received sensor data. These activity metrics
may include values utilized to quantify one or more physical
movements of a user. As such, an activity metric may include,
among others, a speed, a pace, an incline on which a user is
moving, a heart rate, a metabolic equivalent value, a calorie
consumption value, a volume of oxygen consumption, or a
power value. In this way, flowchart 720 may receive one or
more activity metrics calculated by one or more separate
devices, such as one or more of devices 112, 126, 128, 130,
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and/or 400. In one example, flowchart 720 may identify these
one or more activity metrics at block 726.

[0124] In one implementation, in order to calculate an
energy expenditure for a user, one or more personal activity
metrics may be retrieved from a database. For example, an
energy expenditure of a user may be based upon one or more
of a user height, weight, a gender, a resting heart rate value,
and/or a metric recording a baseline level of physical fitness,
among others. As such, these one or more personal activity
metrics may be stored in a database, such as in one or more of
devices 112, 126, 128, 130, and/or 400, or server 111.
Accordingly, those of ordinary skill in the art will recognize
various network communication topologies and/or protocols
that may be utilized to access database information stored
remotely or locally, or combination of both, and without
departing from the scope of the disclosures described herein.
In one example, flowchart 720 may retrieve one or more
personal activity metrics from a database at block 728.
[0125] In one implementation, in order to calculate an
energy expenditure value of the user, flowchart 720 may
utilize one or more activity-specific formulae. For example,
an energy expenditure value may be calculated based upon an
activity identified at block 724, and using one or more for-
mulae specific to the identified activity. As such, in one
example, flowchart 720 may retrieve activity-specific formu-
lae from a database, such as from one or more of server 111
and/or devices 112, 126, 128, 130, and/or 400. In one
example, the activity-specific formulae may be retrieved from
a same database as the personal activity metrics from block
728. In one implementation, the retrieval of these activity-
specific formulae may be executed at block 730.

[0126] In one example, flowchart 720 may execute one or
more processes to calculate an energy expenditure of the user
using the received sensor data in combination with the one or
more retrieved personal activity metrics and activity-specific
formulae. As such, in one example, a calculated energy
expenditure for a user may output a numerical value corre-
sponding to energy used by a user over a given time period
while participating in one or more physical activities. In one
example, a calculated energy expenditure may be expressed
in units of joules or calories, among others. Accordingly, the
calculation of energy expenditure value for user may be
executed at block 732 of flowchart 720.

[0127] Inone implementation, one or more processes may
be executed to normalize a calculated energy expenditure
value for a user. As such, this normalization may allow for
comparison of a calculated energy expenditure value to cor-
responding energy expenditure values calculated for one or
more other individuals, and such that factors of gender,
height, weight, and/or a baseline level of physical fitness are
taken into account. Accordingly, this normalization may be
executed at block 734 of flowchart 720, and may be similar to
one or more processes executed at block 710 of flowchart 700.
[0128] FIG. 8A illustrates an example flow diagram 800
which may be used in calculating a combined energy expen-
diture estimate for a user 124 based on energy expenditure
estimates obtained by two or more different devices, which
may entirely different devices incapable of communicating
with each other, either directly or indirectly. In accordance
with one example embodiment, a 1st athletic metric value
may be derived from a first process which may be conducted
ona Ist device from 1st source (e.g., block 802). For example,
the first process may calculate energy expenditure informa-
tion associated with a first athletic activity performed by the
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user 124. The first source may be an electronic storage of data
(e.g., non-transitory computer-readable medium) configured
to determine values or obtain data from which values may be
calculated for a user base. In some cases, the first energy
expenditure information may include a first energy expendi-
ture estimate and one or more different time stamps, such as
first time stamp associated with a start of a first athletic
activity and/or a second time stamp associated with an end of
the first athletic activity. The process may calculate the value
for the metric based upon a specific process, such as at least a
portion of that disclosed by flowchart 600. In yet further
embodiments, other metric(s) may be calculated, such as
pace, acceleration, either alone and/or as part of, or indepen-
dently of energy expenditure. (FIG. 13 shows flowchart 1300
providing an example utilization of two or more different
metrics). Thus, examples with reference to energy expendi-
ture are merely examples and not intended to limit the scope
of this disclosure. In instances where data regarding certain
parameters, such as energy expenditure, are obtained from
two or more sensors or determined by different mathematical
calculations, certain aspects of this disclosure may be imple-
mented to determine a resultant output. In such cases, the
combined values may be calculated using one or more of an
average, a weighted average or a statistical solution. How-
ever, such calculations may not be practical in every situation.
As such, another method of combining information gathered
using different devices may be desired.

[0129] A 2nd athletic metric value that is derived from 2nd
process conducted on a 2nd device may be received from a
2nd source. For example, instead of determining energy
expenditure using data from the same first collection of sen-
sors used in the first process, a second collection of sensors
may have been utilized, and/or a different process may be
used to determine the value. For example, a first process may
use a data from the same sensors (or portion thereof) to
classify the user’s athletic movements into an activity type or
category, whereas a second process may not classify the
movements into a category or type. In one embodiment, the
first source may be a database of a user’s data collected from
their GPS device, whereas the second source may be a second
database that collects user data from a tri-axis accelerometer.
The first source may have an online user interface that allows
the user to log in using first credentials and the second source
may have an online user interface that allows the same user to
log in using second credentials. Because the first and second
source may be competitor services, they may be independent
of each other, thus the devices used to collect the data and/or
provide the data to the non-transitory database, and/or calcu-
late the metric, may not be configurable to communicate,
either directly or indirectly. Thus, the devices may not be able
to be directly updated with information from the other source
(s)-

[0130] In certain embodiments, a modification scalar may
be applied to at least one of the athletic metric values (e.g.,
block 806). As discussed above, parameters relating to the
user’s activity may be captured using sensors, which may be
located on one or more devices. The sensors may monitor the
user’s motion, physiological properties, and/or other param-
eters. A first sensor may result in more accurate determina-
tions, such as for example, energy expenditure calculations
while a user is running and a second sensor may result in more
accurate determinations, e.g., energy expenditure calcula-
tions, while a user is performing squats. For example, a multi-
axis accelerometer and/or force sensor may be more accurate
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for skateboarding or basketball than GPS would be, and on
the flip side, a GPS sensor may be more accurate when mea-
suring a hike than a tri-axis accelerometer. However, a GPS
sensor combined with a force sensor still may provide even
more precise or accurate results. This is merely one example
as to why a scalar may be applied to data. The scalar may be
applied based upon known or estimated limitations of the
user’s equipment, environment, and/or other factors. For
example, a run in a populated city like Chicago, New York, or
Los Angeles may not be as accurately captured with GPS
sensors as if the user was conducting the run in a less popu-
lated environment with less building or signal obstruction.
Further, in those embodiments in which the user’s activity is
known, estimated, or inputted, the activity may be used to
determine how accurate or precise the resultant data is. Thus,
either a predetermined scalar or a variable scalar may be used
to augment or adjust data received from at least one source.

[0131] One or more normalizing factors configured to nor-
malize data from the 1st and/or 2nd source may be applied
(e.g., block 808). In various embodiments of the invention,
normalizing factors may be used to calculate an athletic met-
ric, such as a cumulative energy expenditure value, which
may be expressed as, for example, caloric expenditure. Based
on one or more criterion, such as the classification of the user
activity, one or more normalizing factors (or processes utiliz-
ing one or more factors) may be determined. For example, in
one embodiment, at least one of user’s 124 activity may be
classified (e.g., such as at blocks 603 and/or 706 of shown in
FIGS. 6 and 7, respectively and one or more corresponding
normalizing factors applied to the athletic metric. In one
example embodiment, normalizing factors may be applied to
activity classifications (or other variable(s)) to create a nor-
malized athletic metric, which may allow for an improved
comparison of activity levels of athletes and/or may promote
collaboration among users, normalize results for competition
among users of different capabilities, and otherwise encour-
age activity. In one embodiment, a normalized energy expen-
diture value may be calculated using Equation 1 and/or Equa-
tion 2, each of which have been disclosed above, and, which
may be calculated may be performed at a device that includes
sensors that monitor activity and/or at another device that
includes a processor, such as a mobile phone (see, e.g., 138)
or server (see, e.g., 134).

[0132] As shown in equation 2, a scalar may be optionally
implemented. The scalar used in equation 2 may, but is not
required to be, a whole number, such as 1, 3, 5 or 10. In some
embodiments, the scalar is selected so that typical energy
expenditure points fall within a desired range. The range of
points may be desired for various games or competitions,
and/or to provide a relation to a virtual currency or point
system. Different and varying equations may be selected for
different games, activities, population dynamics, and compe-
titions. In one example a group may set handicaps among the
players based on fitness, so that NEEVs may only be gener-
ated for those athletes that do a common activity or set of
activities for longer period(s) of time. A group of users par-
ticipating in an energy expenditure point competition may
agree on a particular equation or method before beginning the
competition. Yet, in other embodiments, NEEV calculation
may not be explicitly disclosed to one or more athletes or
users so as to prevent or attempt to prevent athletes from
attempting to maximize points or otherwise “earn” values
from conducting activities that exploit one or more impreci-
sions in the system. As those skilled in the art will appreciate,
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every model will have limitations. And in this regard, aspects
of this innovation attempt to minimize inaccurate and/or
imprecise data values via one or more systems and methods
disclosed herein. In some embodiments of the invention, a
user may participate in multiple competitions and earn dif-
ferent values for the same activity because of different calcu-
lation methods. For example, a user may be participating in
two competitions that have unique calculation methods. The
user may earn two different point totals for the two different
games and a third point total for their overall energy expen-
diture. Some point totals may be maintained separate from an
overall point total.

[0133] In those embodiments in which the athletic metric
relates to energy expenditure in which METs are utilized,
some activities, games and/or competitions may limit award-
ing energy expenditure points for activities that have rela-
tively low MET values.

[0134] In some embodiments, awarding energy expendi-
ture points for activities that have relatively low MET values
may also be limited all of the time or in other situations. An
optional step may be added to the process shown in FIG. 8 or
other implementations to not award points for activities that
do not exceed a MET threshold value. For example, an exem-
plary threshold value may be 1.0, 2.0 or 3.0. In another
embodiment, the threshold value may equal 2.8. Different
games and competitions may use other threshold values.
When the MET value does not exceed the threshold, a step
may be implemented to disregard the corresponding activity
and not use the activity when calculating energy expenditure
points.

[0135] Another embodiment could have the threshold gen-
erally applied, but not when games or competitions are under-
way or at least certain games or competitions. The games or
competitions may be based on all values. In another embodi-
ment, a threshold may always apply even to games and com-
petitions. In another embodiment, different thresholds may
apply by activity, game and/or competition, e.g., one for
running briskly, one for running, one for walking, and a
default.

[0136] Incertainimplementations, such as after at least one
of'user’s 124 activity is classified according to one embodi-
ment, one or more processes may be implemented to deter-
mine a corresponding MET value. For example, the MET
value may correspond to brisk running, running at a moderate
pace, walking slowly or any other activity found in conven-
tional MET tables. If an activity was not classified, such as in
block 603 and/or 706 of FIGS. 6-7, respectively, a default
MET value may be selected or derived. In some embodiment
multiple default MET values may be utilized. An activity’s
intensity, duration or other characteristic(s) may be assessed,
from which one or more default METs may be applied. These
plural METs may be set via medians/averages, ranges, or
other statistical approaches.

[0137] If the user’s movement does not match an exercise
defined by a MET table, the system 100 may identify one or
more exercises that include movements similar to the move-
ment being performed by the user. For example, system 100
may determine that the user’s lower body moves similar to a
squat and upper body moves similar to a pushup. System 100
may calculate the number of calories the user would burn
using the identified MET tables as if the users were doing a
squat, and as if they were doing a pushup, as approximations
for the amount of calories burned by the user. In further
embodiments, a new entry may be created. In this regard,
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certain embodiments may permit the entry and later identifi-
cation of new movements and/or exercises. In certain
embodiments, the user may provide inputs regarding an
approximate caloric expenditure for an unidentified move-
ment/exercise. Yet in other embodiments, system 100 may
calculate caloric expenditure, such as from one or more sen-
sors as discussed herein. In still yet further embodiments,
system 100 may utilize one or more sensor readings as well as
an input from a user (and/or third-party) in determining
attributes, such as caloric expenditure, for previously
unknown movements or exercises. Examples of estimating
caloric expenditure without MET tables, may include but are
not limited to, determining changes in potential energy.

[0138] Alternative embodiments may use alternative or
additional equations for calculating point values and/or other
quantities (e.g., part of block(s) 808 or 810). The equations
may include derivations of measured and/or calculated val-
ues. Derivations that include time periods may be used to
show rates and rates of change. For example, one equation
may be used to determine a rate of accumulating activity
points or energy expenditure points. Another equation may be
used to determine a quantity of activity points or energy
expenditure points accumulated over a predetermined time
period.

[0139] Some equations may use variables other than time.
For example, some equations may be used to calculate a value
as a function of activity values or normalized energy expen-
diture values and/or steps. Calculating values that are func-
tions of activity values or NEEVs and other variables may be
used to compare the efficiencies of various activities. For
example, an equation may be used to determine that taking
steps at a faster pace may result in activity values or NEEVS
accumulating at a faster per step pace. Another exemplary
equation may determine activity values or NEEVs per a pre-
determined distance or a unit of distance.

[0140] Some equations may be used to calculate first and/or
second derivatives of measured or calculated values to show
rates and rates of change. For example, an equation may be
used to calculate or estimate a rate of accumulation of activity
points or energy expenditure points at a given time. In some
embodiments an instantaneous rate of accumulation of activ-
ity values or NEEVs may be displayed to a user via display
235 or a display that is part of a mobile device.

[0141] Before, during and/or after the normalized values
are calculated, the calculated values (raw, processed, or
NEEVs) may be combined, such as being added, to a form a
cumulative value (e.g., block 810, which may calculate final
cumulative normalized athletic metric for a first time frame).
The total may allow user 124 (and/or selected individuals or
groups approved by user 124) to see how many points are
earned over various periods of time, such as days, weeks and
months. Totals may also be calculated for multiple time peri-
ods. For example, 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 multiple time periods concur-
rently 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 activities. For
example, in a day a user may receive points for walking,
jogging and sprinting during different time periods. As men-
tioned above, the values earned for each activity may be a
function of a corresponding activity factor.
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[0142] FIG. 8B shows flowchart 811 of an example
embodiment of calculating a cumulative normalized athletic
metric for a first time frame. For example, all or part of
flowchart 811 of FIG. 8B may be performed as part of block
810 of flowchart 800 (FIG. 8A). In one embodiment, an
adjusted 1% value may be derived from the first value; a
modification scalar and a normalizing factor assigned to the
first value (e.g., block 812). An adjusted 2"¢ value may be
derived from at least the second value (e.g., block 814) and a
normalizing factor assigned to the 2" value. Those skilled in
the art will appreciate that these are merely examples.

[0143] Certain embodiments may determine whether there
is overlapping time in athletic movements representing the 1%
value and the 2" value (e.g., block 816). For example, as
alluded to above, a collection of sensors may be one or more
devices, which in turn, may individually aggregate energy
expenditure information. For example, a user may use sensors
from two or more different vendors, where a first set of
sensors may be configured to synchronize energy expenditure
information with a first device and a second set of sensors
may be configured to synchronize energy expenditure infor-
mation with a second device. In such cases, the energy expen-
diture information may be totaled separately on the different
devices. For example, the first device may store a total energy
expenditure estimate of 5000 units gathered using the first set
of sensors and the second device may store a total energy
expenditure estimate of 6000 units gathered using the second
set of sensors during the same or at least a portion of the same
time. Unlike prior art methods and systems, certain embodi-
ments, may not merely use a default or the highest value. If it
is determined that there is overlap, one or more blocks may be
implemented to determine or select the more accurate source
and proportionally attribute corresponding value (e.g., block
818). Example systems may utilize one or more of the teach-
ings of block 920 of FIG. 9, block 1120 of FIG. 11, and/or
other teachings herein.

[0144] Inone embodiment, calculations may use the user’s
historical data, other user’s historical data, and other sensory
data (which may not be available to each other). For example,
the second source may provide GPS data which is not avail-
able to the first source or otherwise accounted for in the 1%
source’s data. Weather data may further be utilized, such as to
provide confirmation or strength in the determination process
that the weather could have impacted GPS reception. Battery
life may also alter the device(s) accuracy, therefore, may be an
attribute considered which value is likely to be more accurate.
However, unlike prior art systems and methods any determi-
nation may be conducted after a source and/or activity scalar
is applied (e.g., scalar from block 806). The process may
occur after application of a normalizing factor to the sources
under consideration. Thus, in certain embodiments, the
adjusted values under consideration may be normalized and
scaled before block 818. As shown by way of block 820, the
determination of 810 may be finalized using the proportional
data for the overlapping time period. In certain embodiments,
the final calculations, e.g., a cumulative metric value, does not
alter the values obtained to create or generate the cumulative
metric. For example, a user’s data at the first and/or second
source remains unaltered an intact. However, the cumulative
data can track a plurality of different disparate data sources.
[0145] FIG. 9 schematically-depicts one implementation of
a process for calculating energy expenditure for a user from
data received from one or more sources. As such, in one
example, flowchart 900 of FIG. 9 schematically-depicts a



US 2016/0196326 Al

process for calculating an energy expenditure of a user from
data received from one or more devices utilizing different
operating protocols. In one implementation, a first device
may receive sensor data from a second connected device. As
such, those of ordinary skill in the art will recognize that any
connection hardware, firmware, and/or software utilizing any
communication protocol may be utilized to communicate
information between the first device and the second device. In
one example, the first device may be similar to one or more of
devices 112, 126, 128, 130, and/or 400, as previously
described. Furthermore, the second connected device may
comprise one or more of devices 112, 126, 128, 130, and/or
400, and such that the second connected device may utilize a
different operating protocol to the first device. Further details
of different operating protocols are described in relation to
FIG. 6. Accordingly, in one example, the first device may
receive data from the second connected device at block 902 of
flowchart 900.

[0146] In one example, one or more processes may be
executed to determine whether received sensor data com-
prises of raw sensor data. In particular, raw sensor data may
comprise unprocessed, or partially processed, output values
from one or more sensor devices. In one implementation, raw
sensor data may comprise numerical values generated by one
or more sensors from, among others, an accelerometer, a
gyroscope, a location-determining device (e.g., GPS), light
sensor, temperature sensor (including ambient temperature
and/or body temperature), heart rate monitor, image-captur-
ing sensor, moisture sensor and/or combinations thereof. In
particular, raw sensor data may be utilized to calculate one or
more activity metrics, and such that one or more additional
processes may be executed on raw data to arrive at one or
more activity metrics, including, but not limited to, energy
expenditure, speed, distance, pace, power, and/or others. In
one example, one or more processes may be executed to
determine whether received sensor data comprises raw sensor
data at decision block 904.

[0147] In one example, if received sensor data is deter-
mined to comprise raw sensor data, flowchart 900 proceeds to
decision block 906, wherein one or more processes may be
executed to determine whether the connected device is rec-
ognized. In particular, and as previously described, flowchart
900 may be executed by a first device using data received
from a second connected device. In one implementation, the
data received from the second connected device may include
information identifying the second connected device. As
such, those of ordinary skill in the art will recognize various
identification methodologies that may be utilized in this
regard. For example, data packet headers may include one or
more unique identification codes identifying the second con-
nected device, and the like. As such, in one example, upon
receipt of data from the second connected device, one or more
processes may be executed to determine whether the second
connected device is known to the first device. In one example,
these one or more processes executed to determine whether
the second connected device is recognized may search
through a database of devices with which the first device has
communicated previously. As such, those of ordinary skill in
the art will recognize various database configurations that
may be utilized to store information related to recognized
devices. In one example, server 111 may be utilized to store a
database of such recognized devices, among others.

[0148] Inoneimplementation, if, at decision block 904, the
received data is not determined to contain raw data, flowchart
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900 proceeds to block 908. Accordingly, in one example, one
or more processes may be executed to identify or more activ-
ity metrics from received data. In this way, the received data
may contain previously-processed information, such that the
received data comprises one or more activity metrics includ-
ing, but not limited to, energy expenditure, speed, distance,
pace, power, and/or others.

[0149] Turning again to decision block 906, if, in one
example, a connected device is not recognized, flowchart 900
proceeds to block 910, wherein a request may be sent from the
first device to a second connected device for device informa-
tion. As such, in one example, this request for device infor-
mation may comprise a request for a unique identifier of the
second connected device, and/or a network address of the
second connected device, among others. If, however, the con-
nected device is recognized, flowchart 900 may proceed to
block 912, wherein one or more activity metrics may be
calculated from the received data. As such, the one or more
activity metrics may be calculated based upon information
stored in the database related to the second connected device.
For example, if it is determined that the second connected
device comprises an accelerometer, the raw data received
may be identified as acceleration data, and utilized to calcu-
late one or more activity metrics appropriate for data received
from an accelerometer. As such, the database of device infor-
mation may include formulae to be used to calculate one or
more activity metrics based upon specific characteristics of a
given monitoring device/sensor device. These specific char-
acteristics may include one or more accuracy metrics associ-
ated with a given device, or one or more characteristics of an
operating protocol/manufacturer associated with a given
device. Furthermore, those of ordinary skill in the art will
recognize various activity metrics that may be calculated
from various raw data types, without departing from the scope
of the disclosures described herein. In another example, raw
data from multiple different sources may be needed to calcu-
late a given activity metric, among others. Accordingly, an
activity metric, such as including, but not limited to, energy
expenditure, speed, distance, pace, power, and/or others, may
be calculated at block 912 of flowchart 900.

[0150] In one example, in response to a request for device
information, flowchart 900 may proceed to decision block
914. As such, in one implementation, ifno device information
is received in response to that request communicated at block
910, flowchart 900 may proceed to block 916, and the
received sensor data may be discarded. If, however, device
information is received in response to the request made at
block 910, flowchart 900 may proceed to block 918, and the
requested device information may be added to the device
database described in relation to decision block 906.

[0151] In one example, flowchart 900 may execute one or
more processes to determine whether an activity metric from
a given source (i.e. a given second connected device) repre-
sents a best available source for said specific activity metric.
For example, a user may be utilizing one or more activity
devices that may be capable of calculating a given activity
metric from separate data sources (i.e. separate sensor
devices). As such, in one implementation, flowchart 900 may
execute one or more processes to determine a best available
source of a given activity metric. In one implementation, one
or more processes may be executed to compare a received
activity metric to a database of activity metrics stored for a
given user. Those of ordinary skill in the art will recognize
various different database methodologies that may be utilized
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to store activity metrics for a user during a given activity
period without departing from the scope of the disclosures
described herein. As such, decision block 920 may receive an
activity metric, and search for the same activity metric within
an activity metric database. If it is determined that the activity
metric is not already stored within the database, decision
block 920 may proceed to block 922 and add the metric to the
database. Similarly, if it is determined that the activity metric
has already been stored within the database, but that activity
metric stored within the database was calculated using data
from a less reliable/less accurate source, flowchart 900 may
proceed to block 922, and replace the stored activity metric
with the newly received activity metric from a better source.
If, however, at decision block 920 it is determined that the
activity metric is not associated with a best available source,
flowchart 900 may proceed to block 924, and discard the
received data.

[0152] In response to the addition of the activity metric to
the activity metric database, flowchart 900 may proceed to
block 926, and classify the data into an activity group. As
such, in one example, based upon one or more stored activity
metrics, an activity being performed by a user may be catego-
rized into a group of activities potentially being performed by
the user. As such, this activity group may be a generalized
classification comprising one or more activities that a user
may be participating in. For example, an activity group may
comprise one or more activities classified based upon a speed
detected for a user (e.g. a high-speed activity metric may
result in an activity group comprising cycling or sprinting,
among others).

[0153] Inone implementation, flowchart 900 may proceed
to block 928 and calculate an energy expenditure of the user
based on one or more stored activity metrics, and without
identifying a specific activity being performed by a user. In
particular, having classified received data into an activity
group at block 926, flowchart 900 may proceed to block 928
and execute one or more processes to retrieve one or more
formulae that may be utilized to calculate an energy expen-
diture, based upon one or more of the stored activity metrics.
In another implementation, an energy expenditure of the user
may be calculated following further activity recognition pro-
cesses. In particular, flowchart 900 may proceed from block
926 to block 930 and identify an activity metric not already
stored in a metric database that would improve activity rec-
ognition (i.e. reduce a number of activities within the classi-
fied activity group from block 926. In one specific example,
block 930 may execute one or more processes to identify
activity recognition equipment/devices known to be available
to a user (e.g. activity devices owned by a user) that may be
utilized to update one or more additional activity metrics not
currently stored in a metric database for the user for a given
activity period.

[0154] Inone example, flowchart 900 may communicate a
message 1o a user to utilize additional activity recognition
equipment in order to improve activity recognition. As such,
this message may be communicated to the user at block 932.
In one example, the message may inform a user that activity
recognition equipment previously known to be in the posses-
sion of the user may be utilized to improve recognition of an
activity currently being participated in by the user. In
response, the user may activate one or more of the recom-
mended additional activity recognition devices. As such,
additional activity metrics may be received. Accordingly, if
additional activity metrics are received, flowchart 900 may
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precede from decision block 934 back to block 922. If, how-
ever, no additional activity metric for received at block 934,
flowchart 900 may proceed to block 928.

[0155] Inorderto calculate an energy expenditure fora user
from one or more activity metrics, one or more personal
metrics for the user may be retrieved from a metric database.
In one example, a database storing one or more personal
metrics for user may be a same database storing one or more
activity metrics calculated based upon an activity being per-
formed by a user. However, those of ordinary skill in the art
will recognize that separate databases for the personal metrics
and the activity metrics may be utilized, without departing
from the scope of the disclosures described herein. In one
example, one or more personal metrics for a user may be
retrieved at block 936, wherein the one or more personal
metrics may comprise one or more of sex, weigh, height, age,
percent body fat, and/or other demographic or physiological
parameters.

[0156] A normalized energy expenditure for a user may be
calculated based upon one or more personal metrics and one
or more activity metrics calculated from data outputted by
one or more activity devices. As such, those of ordinary skill
in the art will recognize various formulae that may be utilized
to calculate an energy expenditure based upon a combination
of activity metrics and personal metrics, as previously
described. Furthermore, calculation of this normalized
energy expenditure may be similar to the normalization pro-
cesses described in relation to FIGS. 7A and 7B.

[0157] FIG. 10 schematically-depicts another implementa-
tion of a process for calculating an energy expenditure for a
user from data received from one or more sources. In one
example, FIG. 10 may be utilized to calculate an energy
expenditure for a user based upon an activity classification
provided by the user. As such, in one example, flowchart 1000
may receive an activity classification from a user at block
1002, and such that the received activity classification
includes an identification of an activity currently being per-
formed by a user.

[0158] Separate to the activity classification received from
the user at block 1002, flowchart 1000 may receive data from
a connected device at block 1004. Accordingly, and as previ-
ously described in relation to FIG. 9, said connected device
may be connected across any network topology/methodology
known to those of ordinary skill in the art, without departing
from the scope of the disclosures described herein. As such,
the connected device may include an activity recognition
device having one or more activity sensors, including, among
others, an accelerometer, a gyroscope, a location-determining
device (e.g., GPS), light sensor, temperature sensor (includ-
ing ambient temperature and/or body temperature), heart rate
monitor, image-capturing sensor, moisture sensor and/or
combinations thereof. Furthermore, data received from a con-
nected device may be compared to one or more threshold
values to determine whether the received data is suitable for
further processing. As such, and at decision block 1006, the
received data may be compared to one or more threshold
values. If the received data is above the one or more threshold
values, flowchart 1000 may proceed to decision block 1008.
If however, the received data is not above one or more of the
tested threshold values, flowchart 1000 may proceed to block
1010, and the received data may be discarded.

[0159] In one implementation, one or more processes may
be executed to determine whether the data received at block
1004 has been received from a device utilizing a same oper-
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ating protocol as a device into which the data was received at
block 1004. As such, in one example, one or more processes
may determine an operating protocol associated with a device
that outputted the received data, at decision block 1008.
These one or more processes may identify an operating pro-
tocol associated with a device that outputted the received data
based upon, in one example, device identification informa-
tion included in the received data. In one implementation, if it
is found that the device that generated the received data uti-
lizes a different operating protocol to the device that received
the data, flowchart 1000 may proceed to block 1012 As such,
one or more processes may be executed to condition the
received data for compatibility with the receiving operating
protocol. In this way, one or more processes may be executed
to format or augment syntax of received data for compatibil-
ity with an operating protocol associated with the receiving
device. These one or more processes may be executed at block
1012, and may be similar to one or more conditioning pro-
cesses discussed in relation to FIG. 6.

[0160] Inone implementation, data received at block 1004
may comprise one or more activity metrics. As such, and at
block 1014 of flowchart 1000, one or more processes may be
executed to identify the received activity metrics and add said
activity metrics to a database, similar to the activity metric
database discussed in relation to FIG. 9. Further, based upon
the received activity data, including one or more activity
metrics, one or more processes may be executed to classify
the received data into an activity group. This classification
may be executed at block 1016, or may be similar to those one
or more processes executed at block 926 of FIG. 9.

[0161] In one implementation, flowchart 1000 may calcu-
late an energy expenditure for a user based upon one or more
stored activity metrics. As such, one or more processes may
be executed to retrieve the one or more stored activity metrics,
in addition to one or more formulae that may be utilized to
calculate an energy expenditure based upon the available
activity metric information. As such, calculation of an energy
expenditure of the user based upon stored activity metrics
may be executed at block 1018, and may be similar to block
928 from FIG. 9.

[0162] In order to calculate a normalized energy expendi-
ture for a user, as described in relation to FIGS. 7A and 7B,
flowchart 1000 may retrieve one or more personal metrics for
a user that are stored in a metric database. As such, these
personal metrics may include a user sex, weigh, height, age,
percent body fat, and/or other demographic or physiological
parameters. This retrieval of one or more personal metrics
may be executed at block 1020, and may be similar to block
936 from FIG. 9. Accordingly, process 1000 may calculate a
normalized energy expenditure at block 1022. In one
example, the calculation of a normalized energy expenditure
at block 1022 may be similar to those processes executed at
block 938 of FIG. 9.

[0163] FIG. 11 schematically-depicts another implementa-
tion of a process for calculation of an energy expenditure
value for a user based upon received sensor data, as well as
calculation of a confidence value to be associated with a
calculated energy expenditure. Accordingly, in one imple-
mentation, flowchart 1100 may receive data from a connected
device at block 1102, and similar to block 902 from FIG. 9. In
response, flowchart 1100 may execute one or more processes
to determine whether the received data comprises raw data. In
one implementation, these one or more processes may be
executed at decision block 1104, similar to block 904 from
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FIG.9.Ifitis determined that the received data comprises raw
data, flowchart 1100 may proceed to decision block 1106, and
one or more processes may be executed to determine whether
the connected device is recognized by the receiving device.
These one or more processes executed to determine whether
the connected device is recognized by the receiving device
may be similar to those processes executed at decision block
906 of FIG. 9.

[0164] If, in response to those processes executed at deci-
sion block 1104, it is determined that the received data does
not contain raw data, one or more further processes may be
executed to identify one or more activity metrics from the
received data. These activity metric recognition processes
may be executed at block 1108, and may be similar to those
processes executed at block 908 of FIG. 9.

[0165] Turning again to decision block 1106, if those pro-
cesses executed at decision block 1106 determine that the
connected device is not recognized, flowchart 1100 may pro-
ceed to block 1110. Accordingly, one or more processes may
be executed to send a request to the connected device for
device information at block 1110. As such, block 1110 may
be similar to block 910 from FIG. 9. If, however, the con-
nected device is recognized at decision block 1106, flowchart
1100 may proceed to block 1112, and calculate an activity
metric from the received data. In this way, block 1112 may be
similar to block 912 from FIG. 9.

[0166] If, in response to the request for device information
communicated at block 1110, device information is received
from the connected device, flowchart 1110 may proceed from
decision block 1114 to block 1118. As such, received device
information may be added to a database at block 1118. If,
however, no device information is received in response to the
request is communicated at block 1110, the received sensor
data may be discarded at block 1116. In this way, decision
block 1114 may be similar to block 914 from FIG. 9, and
blocks 1116 and 1180 may be similar to blocks 916 and 918
from FIG. 9.

[0167] Decision block 1120 may execute one or more pro-
cesses to determine whether one or more activity metrics
received from a connected device at block 1102 represents
one or more best available sources of said activity metrics. In
this way, decision block 1120 may be similar to decision
block 920 from FIG. 9. In turn, if it is determined that the
received activity metrics do not represent a best available
source of data, flowchart 1100 may proceed to block 1124,
and that the received data may be discarded. Conversely, if the
one or more processes executed at decision block 1120 deter-
mine that the received activity metrics represent a best avail-
able data source, flowchart 1100 may proceed to block 1122,
and add the data to a metric database. In this way, block 1122
may be similar to block 922 from FIG. 9. Furthermore, the
received data may be classified into an activity group, and
such that an activity group may represent one or more activi-
ties that may be associated with the data received at block
1102. This classification of data into an activity group may be
executed at block 1126, and may be similar to those processes
executed at block 926 of FIG. 9.

[0168] Inoneimplementation, a confidence weighting may
be associated with an activity metric stored in a metric data-
base. As such, a confidence weighting may comprise a
numerical value representing an accuracy associated with one
or more activity metrics. In one example, a confidence
weighting may be based upon a source of data used to calcu-
late a given activity metric. For example, a specific activity
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metric may be calculated from sensor data received from
multiple different sensor types, and such that a first sensor
type may output data that is more accurate than a second
sensor type. In turn, the specific activity metric may be more
accurate when calculated from data outputted from the first
sensor type than data outputted from the second sensor type,
and the like. In this way, a confidence weighting may be
associated with an activity metric based upon one or more
source devices from which data was received in order to
calculate said activity metric.

[0169] Inanother example, a confidence weighting may be
based upon a specific activity being performed by a user. For
example, an activity metric may comprise an energy expen-
diture value associated with the user. However, a confidence
weighting associated with this energy expenditure activity
metric may take into account a specific activity being per-
formed by a user. For example, if one or more activity recog-
nition processes determine that the user is cycling, a first
confidence weighting may be associated with the activity
metric. If, however, the one or more activity recognition pro-
cesses determine that the user is running, a second confidence
weighting may be associated with the activity metric. In par-
ticular, the first confidence weighting may take into account
that an energy expenditure calculated for cycling is likely to
be less accurate, given a specific activity recognition device,
than the energy expenditure calculated for running, given the
same activity recognition device. In one implementation, a
confidence weighting may be associated with an activity met-
ric stored in the metric database at block 1128. In yet another
example, a confidence weighting may take into account one
or more environmental conditions associated with a calcu-
lated activity metric. As such, environmental conditions may
include a signal-to-noise ratio associated with received sensor
data, among others.

[0170] In one example, one or more processes to be
executed to calculate an energy expenditure of the user from
one or more stored activity metrics, and such that the one or
more stored activity metrics they comprise one or more of a
speed, a pace, an incline on which a user is moving, a heart
rate, a metabolic equivalent value, a calorie consumption
value, a volume of oxygen consumption, or a power value,
among others. In this way, an energy expenditure value may
be calculated using one or more formulae specific to a recog-
nized activity and/or activity group within which it is deter-
mined that the user is participating. As such, in one example,
the calculation of an energy expenditure for a user based upon
one or more stored activity metrics may be executed at block
1130 of flowchart 1100.

[0171] Inone implementation, one or more processes may
be executed to retrieve one or more confidence weightings
associated with the activity metrics utilized in the calculation
of'the energy expenditure. In this way, one or more confidence
weightings based on, among others, a source of the data
received at block 1102, an activity/activity group identified at
block 1126, and/or one or more environmental conditions
may be retrieved from a database, such as that database
described in relation to block 1128. In one example, retrieval
of'the one or more confidence weightings may be executed at
block 1132. Accordingly, in one example, one or more pro-
cesses may be executed to calculate a confidence value for the
calculated energy expenditure for a user, and based upon the
retrieved confidence weightings, which are in turn related to
the activity metrics utilized in the calculation of the energy
expenditure. Those of ordinary skill in the art will recognize
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various formulae that may be utilized to calculate the confi-
dence value associated with the calculator energy expendi-
ture, without departing from the scope of the disclosures
described herein. As such, in one example, the one or more
processes executed to calculate the confidence value may be
associated with block 1134.

[0172] FIG. 12 is a flowchart diagram of a process for
publishing activity information to a social feed. In particular,
flowchart 1200 may receive sensor data from a connected
device. In this way, flowchart 1200 may be executed by a first
device utilizing a first operating protocol, and such that the
first device is in communication with a second device utiliz-
ing a second operating protocol. As such, in one example,
sensor data may be received from the connected device at
block 1202 of flowchart 1200, and such that blocks 1202 may
be similar to block 1102 from FIG. 11.

[0173] Inone implementation, one or more processes may
be executed to transform data received from the connected
device. As such, these one or more processes may transform
the received data to extract one or more activity metrics, and
the like. In one example, received data may comprise raw data
from which one or more activity metrics may be calculated. In
another example, the received data may comprise pre-pro-
cessed information that may be interpreted as one or more
activity metrics. As such, these activity metrics may include,
among others, speed, a pace, an incline on which a user is
moving, a heart rate, a metabolic equivalent value, a calorie
consumption value, a volume of oxygen consumption, or a
power value. In one implementation, the received data may be
transformed at block 1204.

[0174] Inoneexample, flowchart 1200 may identify one or
more activities associated with the received sensor data. As
such, in one implementation, an activity associated with the
received sensor data may be identified based upon one or
more activity recognition processes executed on received sen-
sor data, or based upon an explicit identification of an activity
communicated within the received sensor data (e.g. an activ-
ity identifier communicated within the received sensor data).
As such, those of ordinary skill in the art will recognize
various activity recognition processes that may be utilized in
this regard, without departing from the scope of the disclo-
sures described herein. Further, in one example, identification
of one or more activities associated with received sensor data
may be executed at block 1206 of flowchart 1200.

[0175] Inoneexample, flowchart 1200 may identify one or
more social connections from a database, based upon the
received sensor data and the one or more identified activities.
As such, the one or more social connections may be associ-
ated with one or more social networks. In particular, the one
or more social networks may include groups of individuals
with common interests (e.g. athletic activity interests, and the
like). Further, the database from which the one or more social
connections may be identified may be stored locally, such as
one or more of devices 112,126, 128, 130, and/or 400, or may
be a remote database stored in a remote server, such as server
111, and the like. In this way, one or more processes may be
executed to identify one or more social connections based
upon one or more specific activities being performed by the
user. Accordingly, these one or more identification processes
may be executed at block 1208 of flowchart 1200.

[0176] Inoneexample, a data feed, otherwise referred to as
a feed, an electronic message board, or communication chan-
nel may be utilized by a user in order to communicate infor-
mation related to an activity being performed by a user. As
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such, in one implementation, the data feed may communicate
athletic performance information to one or more social con-
nections associated with user. In this way, a user may com-
municate real-time information related to an activity being
performed by the user, and such that said one or more social
connections may compare their own athletic performances to
a real-time performance associated with the user. In one
example, one or more processes may publish athletic perfor-
mance information to a social feed associated with user, based
upon the detected activity associated with block 1206, and the
social connections identified at block 1208. In one example,
this publication may be executed at block 1210.

[0177] FIG. 13 is flowchart 1300 which shows an example
implementation of utilizing two different metrics from two
different sources that were derived from two different pro-
cesses. For example, in example decision 1302, it may be
determined whether a first metric (e.g., pace and/or energy
expenditure metric) obtained from a first source (such as the
1% source of block 802 of FIG. 8A) and a metric (e.g., energy
expenditure and/or pace metric) obtained from a second
source (such as the 2" source of block 804 of FIG. 8B). Inone
embodiment, pace may be provided from the first source and
the second source. In one embodiment, the energy expendi-
ture metric from multiple sources may be provided from the
same or similar processes (which may be separate from the
calculation of pace). The first source may utilize a first pro-
cess comprising receiving locational data of the athlete during
at least a portion of the first time frame, and based upon the
locational data, determining a pace of the athlete during rel-
evant portion of the first time frame. The second source may
utilize a second process comprising determining a quantity of
steps taken by the athlete during at least a portion of the first
time frame and based upon at least the quantity of steps
determined, determining a pace of the athlete during the
relevant portion of the first time frame.

[0178] Despite the 1 and 2"“ sources being independent
from each other and not having access to each other’s data,
certain embodiments may utilize either source’s data and/or
additional data. For example, in one embodiment a pace
metric may be combined with demographic information
stored on a database independent from either source to create
a modified energy expenditure metric (e.g., block 1304; if
decision 1302 is in the negative, however, block 1306 may be
implemented to utilize the energy expenditure metric in cal-
culations. In one embodiment, a pace metric received from
both of the first and second sources is combined with demo-
graphic information located in a central database that is inde-
pendent from the first and second source to create a modified
energy expenditure metric.

[0179] In certain embodiments, the combination of the
pace metrics with the demographic information is part of the
modification of the first process value from the value calcu-
lated from the first process based upon the identity of at least
one of the first source and the first device.

[0180] Block 1308 may be implemented to determine
whether the modified energy expenditure metric (e.g., deter-
mined at block 1304) or the received energy expenditure more
reliable or accurate. If it is, block 1310 may be implemented
in which the modified energy expenditure metric may be used
for at least a portion of data from 1% or 2”4 source in calcula-
tion. If not, block 1306 may be implemented to use the energy
expenditure metric for at least portion of data from 1% or 27¢
source in subsequent calculations.
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For the avoidance of doubt, the present application extends to
the subject-matter described in the following numbered para-
graphs (referred to as “Para” or “Paras™):

[0181] 1. A non-transitory computer-readable medium
comprising computer-executable instructions that when
executed by a processor are configured to perform at
least:

[0182] receiving data from a connected device,
wherein the connected device utilizes a first operating
system and the processor utilizes a second operating
system,

[0183] identifying an activity metric associated
with the received data;

[0184] storing the received data in the metric data-
base;

[0185]
group;

[0186] associating one or more stored activity met-
rics with one or more respective confidence weight-
ings, based on the classified activity group;

classifying the received data into an activity

[0187] calculating an energy expenditure value of a
user from the one or more stored activity metrics;
and

[0188] calculating a confidence value to be associ-

ated with the energy expenditure value, based on
the one or more confidence weightings.

[0189] 2. The non-transitory computer-readable medium
of Para 1, further comprising, prior to storing the
received data in the metric database:

[0190] determining, by comparing the received data to
a metric database, whether the received data is a best
available source of data for the activity metric,

[0191] wherein if the received data is not a best avail-
able source of data for the activity metric, discarding
the received data.

[0192] 3. The non-transitory computer-readable medium
of Para 1 or 2, wherein the confidence value represents
an accuracy of the calculated energy expenditure value.

[0193] 4. The non-transitory computer-readable medium
of any preceding Para, wherein a confidence weighting,
from the one or more confidence weightings, is associ-
ated with the activity metric based on one or more char-
acteristics of the connected device.

[0194] 5. The non-transitory computer-readable medium
of any preceding Para, wherein a confidence weighting,
from the one or more confidence weightings, is associ-
ated with the activity metric based on one or more envi-
ronmental factors.

[0195] 6. The non-transitory computer-readable medium
of Para 5, wherein the one or more environmental factors
include a signal to noise ratio of the received data.

[0196] 7. The non-transitory computer-readable medium
of any preceding Para, wherein the received data is raw
sensor data.

[0197] 8. The non-transitory computer-readable medium
of Para 7, wherein the activity metric is calculated from
the raw sensor data by the processor.

[0198] 9. The non-transitory computer-readable medium
of any preceding of Paras 1 to 6, wherein the received
data comprises the activity metric pre-calculated by the
connected device.

[0199] 10. The non-transitory computer-readable
medium of any preceding Para, wherein the activity
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group comprises one or more activities that can be rec-

ognized based on one or more activity metrics stored in

the metric database.

[0200] 11. The non-transitory computer-readable
medium of Para 10, wherein the computer-executable
instructions, when executed by the processor, are further
configured to perform:

[0201] identifying an additional activity metric, not
stored in the metric database, to improve activity rec-
ognition by reducing a number of activities in the
activity group.

[0202] 12. The non-transitory computer-readable
medium of any preceding Para, wherein in order to cal-
culate the energy expenditure of the user, the processor
utilizes personal activity metrics stored in the metric
database, including: an age, a weight, a height, and a
gender of the user.

[0203] 13. The non-transitory computer-readable
medium of Para 12, wherein the personal activity met-
rics include a resting heart rate of the user.

[0204] 14. The non-transitory computer-readable
medium of Para 12 or 13, wherein in order to calculate
the energy expenditure of the user, the processor further
utilizes performance activity metrics that include a time
over which an activity is being performed by the user,
and at least one performance activity metric selected
from: a speed, a gradient, a power, a heart rate, a volume
of oxygen consumption, a metabolic equivalent, and a
calorie count.

[0205] 15. The non-transitory computer-readable
medium of any of Paras 12 to 14, wherein the computer-
executable instructions, when executed by the proces-
sor, are further configured to perform:

[0206] normalizing the energy expenditure value of
the user based on the personal activity metrics.

[0207] 16. An apparatus comprising:

[0208] a processor;

[0209] an input interface, configured to receive an
activity classification input from a user and sensor
data from a connected device, wherein the connected
device utilizes a first operating protocol and the input
interface utilizes a second operating protocol;

[0210] a memory storing computer-readable instruc-
tions that, when executed by the processor, cause the
apparatus to:

[0211] identify, based on the activity classification
input from the user, an activity being performed by
the user;

[0212] identify an activity metric associated with
the received sensor data;

[0213] storing the received sensor data in the
metric database;

[0214] classifying the received sensor data into
an activity group;

[0215] associating one or more activity metrics
stored in the metric database with one or more
respective confidence weightings, based on the
classified activity group;

[0216] calculating an energy expenditure of the
user from the one or more stored activity metrics;
and

[0217] calculating a confidence value to be asso-
ciated with the energy expenditure value, based
on the one or more confidence weightings.
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[0218] 17. The apparatus of Para 16, wherein the com-
puter-readable instructions, when executed by the pro-
cessor, further cause the apparatus to, prior to storing the
received sensor data in the metric database:

[0219] determine, by comparing the sensor received
data to a metric database, whether the received sensor
data is a best available source of data for the identified
activity metric,

[0220] wherein if the received sensor data is not the
best available source of data for the identified activ-
ity metric, discarding the received sensor data.

[0221] 18. The apparatus of Para 17, wherein the com-
puter-readable instructions, when executed by the pro-
cessor, further cause the apparatus to:

[0222] determine whether the received data is a best
available source of data for the identified activity met-
ric by comparison of the received data to a threshold
value.

[0223] 19. The apparatus of any of Paras 16 to 18,
wherein the computer-readable instructions, when
executed by the processor, further cause the apparatus
to:

[0224] condition the received data for compatibility
with the second operating protocol.

[0225] 20. The apparatus of any of Paras 16 to 19,
wherein the connected device comprises a sensor
selected from the group consisting of a GPS, an accel-
erometer, a heart rate sensor, and a gyroscope.

[0226] 21. The apparatus of any of Paras 16 to 20,
wherein in order to calculate the energy expenditure of
the user, the processor utilizes personal activity metrics
stored in the metric database, including: an age, a
weight, a height, and a gender of the user.

[0227] 22. The apparatus of Para 21, wherein the per-
sonal activity metrics include a resting heart rate of the
user.

[0228] 23. A computer-implemented method of calculat-
ing a final cumulative athletic metric based upon an
athlete’s athletic movements during a first time frame
that comprises at least a first and a second time period,
comprising:

[0229] receiving from a first source, a first value rep-
resenting a first athletic metric derived from a first
process conducted on a first device;

[0230] receiving from a second source that is indepen-
dent of the first source, a second value representing
the first athletic metric derived from a second process
conducted on a second device;

[0231] based upon an identity of at least one ofthe first
source and the first device, associating a modification
scalar to the first value;

[0232] assigning a normalizing factor configured to
normalize data received from the first source and
the second source;

[0233] calculating a final cumulative normalized
athletic metric for the first time frame using an
adjusted first value and adjusted second value,
wherein the adjusted first value is derived from the
first value, the modification scalar and the assigned
normalizing factor, and an adjusted second value is
derived from at least the second value and the
assigned normalizing factor.
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[0234] 24. The method of Para 23, wherein the normal-
izing factor and the modification scalar are each applied
to the first value.

[0235] 25. The method of Para 23 or 24, wherein one of
the assigned normalizing factor or the modification sca-
lar is directly applied to the first value to provide an
interim first value, and the other of the normalizing
factor and the modification scalar is applied to the
interim first value.

[0236] 26. The method of any of Paras 23 to 25, further
comprising:

[0237] determining that the first value represents ath-
letic movements during a first time period within the
first time frame and the second value represents ath-
letic movements during a second time period within
the first time frame; and

[0238] wherein the calculation of the final cumulative
normalized athletic metric comprises summing the
adjusted first value and the adjusted second value to
create the final cumulative normalized athletic metric.

[0239] 27.The method of any of Paras 23 to 26, wherein
the normalizing factor is assigned to the first value based
upon the activity being performed by the athlete.

[0240] 28. The method of any of Paras 23 to 27, further
comprising:

[0241] determining that the first value represents ath-
letic movements during a first time period within the
first time frame and the second value represents ath-
letic movements during a second time period within
the first time frame, wherein at least a portion of the
first time period and the second time period overlap;

[0242] and wherein the calculating the final normal-
ized cumulative athletic metric comprises:

[0243] determining that the first source better represents
the athletic movements, and in response, proportionally
attributing the first value to the overlap.

[0244] 29. The method of any of Paras 23 to 28, wherein
the first athletic metric comprises an energy expenditure
metric.

[0245] 30. The method of any of Paras 23 to 29, wherein
the athletic metric comprises a pace metric.

[0246] 31. The method of Para 30, wherein the first pro-
cess comprises:

[0247] receiving locational data of the athlete during
at least a portion of the first time frame; and

[0248] based upon the locational data, determining a
pace of the athlete during relevant portion of the first
time frame; and

[0249] wherein the second process comprises:

[0250] determining a quantity of steps taken by the
athlete during at least a portion of the first time
frame; and

[0251] Dbased upon at least the quantity of steps
determined, determining a pace of the athlete dur-
ing the relevant portion of the first time frame.

[0252] 32.The method of Para 30 or 31, further compris-
ing:
[0253] combining the pace metric received from both

of the first and second sources with demographic
information located in a central database that is inde-
pendent from the first and second source to create an
energy expenditure metric.
[0254] 33. The method of Para 32, wherein the combi-
nation of the pace metrics with the demographic infor-
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mation is part of the modification of the first process

value from the value calculated from the first process

based upon the identity of at least one of the first source
and the first device.

[0255] 34. The method of Para 33, wherein athletic met-
ric comprises both an energy expenditure metric and a
pace metric, the method further comprising:

[0256] combining the pace metric received from both
of the first and second sources with demographic
information stored on a central database that is inde-
pendent from the first and second source to create a
modified energy expenditure metric; and

[0257] determining whether to use the energy expen-
diture metric or the modified energy expenditure.

[0258] 35. The method of Para 33 or 34, wherein a first
time period and a second time period of the first time
frame overlap.

CONCLUSION

[0259] Aspects of the embodiments have been described
in terms of illustrative embodiments thereof. Numerous
other embodiments, modifications and variations within
the scope and spirit of the appended Clauses 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 illustrative
figures may be performed in other than the recited order,
and that one or more steps illustrated may be optional in
accordance with aspects of the embodiments.
We claim:
1. An athletic system comprising:
a processor;
a display; and
a non-transitory computer-readable medium comprising
computer-executable instructions that when executed by
the processor are configured to cause the processor to at
least:
receive athletic data from a connected device, wherein
the connected device utilizes a first operating system
and the processor utilizes a second operating system;

identify an activity metric associated with the received
data;

determine with the processor, by comparing the received
data to a metric database, whether the received data is
a best available source of data for the activity metric,

wherein if the received data is not a best available source
of data for the activity metric, discarding the received
data, and

wherein if the received data is the best available source
of data for the activity metric:

store the received data in the metric database;

classify the received data into an athletic activity group;

associate one or more stored activity metrics with one or
more respective confidence weightings, based on the
classified activity group;

calculate an energy expenditure value of a user from the
one or more stored activity metrics;

calculate a confidence value to be associated with the
energy expenditure value, based on the one or more
confidence weightings; and

display the calculated energy value of the user on the
display.

2. The athletic system of claim 1, the computer readable

medium further comprising: an input interface configured to
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receive an activity classification input from a user and sensor
data from the connected device.

3. The athletic system of claim 1, wherein the confidence
value represents an accuracy of the calculated energy expen-
diture value.

4. The athletic system of claim 1, wherein a first confidence
weighting, from the one or more confidence weightings, is
associated with the activity metric based on one or more
characteristics of the connected device.

5. The athletic system of claim 1, wherein a first confidence
weighting, from the one or more confidence weightings, is
associated with the activity metric based on one or more
environmental factors.

6. The athletic system of claim 5, wherein the one or more
environmental factors include a signal to noise ratio of the
received data.

7. The athletic system of claim 1, wherein the received data
is raw sensor data.

8. The athletic system of claim 7, wherein the activity
metric is calculated from the raw sensor data by the processor.

9. The athletic system of claim 1, wherein the received data
comprises the activity metric pre-calculated by the connected
device.

10. The athletic system of claim 1, wherein the activity
group comprises one or more activities that can be recognized
based on one or more activity metrics stored in the metric
database.

11. The athletic system of claim 10, wherein the computer-
readable medium further comprises computer-executable
instructions, when executed by the processor, are further con-
figured to cause the processor to perform:

identifying an additional activity metric, not stored in the

metric database, to improve activity recognition by
reducing a number of activities in the activity group.

12. The athletic system of claim 1, wherein calculating the
energy expenditure of the user comprises:

processing personal activity metrics stored in the metric

database, including at least two of: an age, a weight, a
height, and a gender of the user.

13. The athletic system of claim 12, wherein calculating the
energy expenditure of the user comprises utilizing a personal
activity metric stored in the metric database, wherein the
personal activity metrics include at least a resting heart rate of
the user.

14. The athletic system of claim 12, wherein calculating the
energy expenditure of the user comprises utilizes perfor-
mance activity metrics that include a time over which an
activity is being performed by the user, and at least one
performance activity metric selected from: a speed, a gradi-
ent, a power, a heart rate, a volume of oxygen consumption, a
metabolic equivalent, and a calorie count.
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15. The athletic system of claim 14, wherein the computer-
readable medium further comprises computer-executable
instructions, that when executed by the processor, cause the
processor to perform at least:

normalizing the energy expenditure value of the user based

on the personal activity metrics.

16. A computer-implemented method of calculating a final
cumulative athletic metric based upon an athlete’s athletic
movements during a first time frame that comprises at least a
first and a second time period, comprising:

electronically receiving from a first source, a first value

representing a first athletic metric derived from a first
process conducted on a first device;

electronically receiving from a second source that is inde-

pendent of the first source, a second value representing
the first athletic metric derived from a second process,
independent of the first process, conducted on a second
device;

based upon an identity of at least one of the first source and

the first device, associating a modification scalar to the

first value;

assigning a normalizing factor configured to normalize
data received from the first source and the second
source; and

calculating a final cumulative normalized athletic metric
for the first time frame using an adjusted first value
and adjusted second value, wherein the adjusted first
value is derived from the first value, the modification
scalar and the assigned normalizing factor, and an
adjusted second value is derived from at least the
second value and the assigned normalizing factor.

17. The method of claim 16, wherein the normalizing fac-
tor and the modification scalar are each applied to the first
value.

18. The method of claim 16, wherein one of the assigned
normalizing factor or the modification scalar is directly
applied to the first value to provide an interim first value, and
the other of the normalizing factor and the modification scalar
is applied to the interim first value.

19. The method of claim 16, further comprising:

determining that the first value represents athletic move-

ments during a first time period within the first time
frame and the second value represents athletic move-
ments during a second time period within the first time
frame; and

wherein the calculation of the final cumulative normalized

athletic metric comprises summing the adjusted first
value and the adjusted second value to create the final
cumulative normalized athletic metric.

20. The method of claim 16, wherein the normalizing fac-
tor is assigned to the first value based upon an activity being
performed by the athlete.
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