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SYSTEM AND METHOD FOR PROVIDING AN
INTELLIGENT GOAL RECOMMENDATION
FOR ACTIVITY LEVEL USING EARPHONES

WITH BIOMETRIC SENSORS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation-in-part of and
claims the benefit of U.S. patent application Ser. No. 14/830,
549 filed Aug. 19, 2015, titled “Earphones with Biometric
Sensors,” the contents of which are incorporated herein by
reference in their entirety. This application is also a continu-
ation-in-part of and claims the benefit of U.S. patent applica-
tion Ser. No. 14/140,414 filed Dec. 24, 2013, titled “System
and Method for Providing an Intelligent Goal Recommenda-
tion for Activity Level,” which is a continuation-in-part of
U.S. patent application Ser. No. 14/137,942, filed Dec. 20,
2013, titled “System and Method for Providing an Interpreted
Recovery Score,” which is a continuation-in-part of and
claims the benefit of U.S. patent application Ser. No. 14/137,
734, filed Dec. 20, 2013, titled “System and Method for
Providing a Smart Activity Score,” which is a continuation-
in-part of U.S. patent application Ser. No. 14/062,815, filed
Oct. 24, 2013, titled “Wristband with Removable Activity
Monitoring Device,” the contents all of which are incorpo-
rated herein by reference in their entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to earphones with
biometric sensors, and more particularly embodiments
describe a systems and methods for providing a user an intel-
ligent goal recommendation for an activity level using ear-
phones with biometric sensors.

BRIEF SUMMARY OF THE DISCLOSURE

[0003] According to embodiments of the technology dis-
closed herein, systems and methods are described for provid-
ing a user an intelligent goal recommendation for an activity
level using earphones with biometric sensors. In one embodi-
ment, a system for providing an intelligent goal recommen-
dation for an activity level, includes: a pair of earphones,
including: speakers; a processor; a heartrate sensor electri-
cally coupled to processor; and a motion sensor electrically
coupled to the processor, where the processor is configured to
process electronic input signals from the motion sensor and
the heartrate sensor. In this embodiment, the system is con-
figured to: monitor a movement of a user based on signals
generated by the motion sensor; determine an activity score of
the user based on the monitored movement of the user; detect
a fatigue level of the user based on signals generated by the
heart rate sensor; and display on a display an activity level
recommendation based on the user’s activity score, detected
fatigue level, and a stored archive including historical infor-
mation about the user’s movement and fatigue level.

[0004] In some embodiments, the stored archive includes
normative data about activity scores and fatigue levels, and
the activity level recommendation is based on the normative
data. In further embodiments, the activity level recommenda-
tion is based on an anticipation ofa future activity by the user;
and the future activity is anticipated based on the stored
archive. In yet further embodiments, the system is further
configured to: display on the display a reminder to the user of
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an upcoming activity; and adjust the displayed activity level
recommendation based on the upcoming activity.

[0005] 1In a particular embodiment, the heartrate sensor is
an optical heartrate sensor protruding from a side of the
earphone proximal to an interior side of a user’s ear when the
earphone is worn. In implementations of this embodiment,
the optical heartrate sensor is configured to measure the
user’s blood flow and to output an electrical signal represen-
tative of this measurement to the earphones processor. In
further implementations of this embodiment, the system cal-
culates a heart rate variability value based on signals received
from the optical heartrate sensor, and the fatigue level is
detected based on the calculated heart rate variability.
[0006] Other features and aspects of the disclosed method
and system will become apparent from the following detailed
description, taken in conjunction with the accompanying
drawings, which illustrate, by way of example, the features in
accordance with embodiments of the disclosure. The sum-
mary is not intended to limit the scope of the claimed disclo-
sure, which is defined solely by the claims attached hereto.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The present disclosure, in accordance with one or
more various embodiments, is described in detail with refer-
ence to the following Figures. The Figures are provided for
purposes of illustration only and merely depict typical or
example embodiments of the disclosure.

[0008] FIG. 1 illustrates an example communications envi-
ronment in which embodiments of the disclosed technology
may be implemented.

[0009] FIG. 2A illustrates a perspective view of exemplary
earphones that may be used to implement the technology
disclosed herein.

[0010] FIG. 2B illustrates an example architecture for cir-
cuitry of the earphones of FIG. 2A.

[0011] FIG. 3A illustrates a perspective view of a particular
embodiment of an earphone, including an optical heartrate
sensor, in accordance with the disclosed technology.

[0012] FIG. 3B illustrates a side perspective view of place-
ment of the optical heartrate sensor of the earphones of FIG.
3A when they are worn by a user.

[0013] FIG. 3C illustrates a frontal perspective view of
placement of the optical heartrate sensor of the earphones of
FIG. 3A when they are worn by a user.

[0014] FIG. 3D illustrates a cross-sectional view of an over-
the-ear configuration of dual-fit earphones in accordance with
the disclosed technology.

[0015] FIG. 3E illustrates a cross-sectional view of an over-
the-ear configuration of the dual-fit earphones of FIG. 3D.
[0016] FIG. 3F illustrates a cross-sectional view of an
under-the-ear configuration of the dual-fit earphones of FIG.
3D.

[0017] FIG. 4A is a block diagram illustrating an example
computing device that may be used to implement embodi-
ments of the disclosed technology.

[0018] FIG. 4B illustrates modules of an example activity
monitoring application that may be used to implement
embodiments of the disclosed technology.

[0019] FIG. 5 is an operational flow diagram illustrating a
method of prompting a user to adjust the placement of ear-
phones in the user’s ear to ensure accurate biometric data
collection by the earphones’ biometric sensors.

[0020] FIG. 6 illustrates an example system for providing
an intelligent goal recommendation for an activity level.
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[0021] FIG. 7 illustrates an example apparatus for provid-
ing an intelligent goal recommendation for an activity level.
[0022] FIG. 8A is an operational flow diagram illustrating
an example method for providing an intelligent goal recom-
mendation for activity level.

[0023] FIG. 8B is an example metabolic loading table
[0024] FIG. 8C is an example activity intensity library.
[0025] FIG.9isanoperational flow diagram illustrating an

example method for providing an intelligent goal recommen-
dation for activity level.

[0026] FIG. 10 illustrates an activity display that may be
associated with an activity display module of the activity
monitoring application of FIG. 4B.

[0027] FIG. 11 illustrates a sleep display that may be asso-
ciated with a sleep display module of the activity monitoring
application of FIG. 4B.

[0028] FIG. 12 illustrates an activity recommendation and
fatigue level display that may be associated with an activity
recommendation and fatigue level display module of the
activity monitoring application of FIG. 4B.

[0029] FIG. 13 illustrates a biological data and intensity
recommendation display that may be associated with a bio-
logical data and intensity recommendation display module of
the activity monitoring application of FIG. 4B.

[0030] FIG. 14 illustrates an example computing module
that may be used to implement various features of the tech-
nology disclosed herein.

DETAILED DESCRIPTION

[0031] Previous generation movement monitoring and fit-
ness tracking devices generally enabled only a recommenda-
tion of activity that accounts for desired calories burned or for
past performance. Currently available fitness tracking
devices now add functionality that customizes activity rec-
ommendations to prepare for an upcoming event. One issue
with currently available fitness tracking devices is that they do
not track or respond to user fatigue levels or recovery levels.
Another issue is that currently available solutions do not
recommend activity levels based on user fatigue levels or
recovery levels.

[0032] The present disclosure addresses the aforemen-
tioned issues and is directed toward systems and methods for
providing an intelligent goal recommendation for an activity
level. In particular embodiments, the systems and methods
are directed to earphones with biometric sensors that are used
to an intelligent goal recommendation for an activity level.
[0033] FIG. 1 illustrates an example communications envi-
ronment in accordance with an embodiment of the technol-
ogy disclosed herein. In this embodiment, earphones 100
communicate biometric and audio data with computing
device 200 over a communication link 300. The biometric
data is measured by one or more sensors (e.g., heart rate
sensor, accelerometer, gyroscope) of earphones 100.
Although a smartphone is illustrated, computing device 200
may comprise any computing device (smartphone, tablet,
laptop, smartwatch, desktop, etc.) configured to transmit
audio data to earphones 100, receive biometric data from
earphones 100 (e.g., heartrate and motion data), and process
the biometric data collected by earphones 100. In additional
embodiments, computing device 200 itself may collect addi-
tional biometric information that is provided for display. For
example, if computing device 200 is a smartphone it may use
built in accelerometers, gyroscopes, and a GPS to collect
additional biometric data.
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[0034] Computing device 200 additionally includes a
graphical user interface (GUI) to perform functions such as
accepting user input and displaying processed biometric data
to the user. The GUI may be provided by various operating
systems known in the art, such as, for example, i0S, Android,
Windows Mobile, Windows, Mac OS, Chrome OS, Linux,
Unix, a gaming platform OS, etc. The biometric information
displayed to the user can include, for example a summary of
the user’s activities, a summary of the user’s fitness levels,
activity recommendations for the day, the user’s heart rate and
heart rate variability (HRV), and other activity related infor-
mation. User input that can be accepted on the GUI can
include inputs for interacting with an activity tracking appli-
cation further described below.

[0035] In preferred embodiments, the communication link
300 is a wireless communication link based on one or more
wireless communication protocols such as BLUETOOTH,
ZIGBEE, 802.11 protocols, Infrared (IR), Radio Frequency
(RF), etc. Alternatively, the communications link 300 may be
awired link (e.g., using any one or a combination of an audio
cable, a USB cable, etc.)

[0036] With specific reference now to earphones 100, FIG.
2A is a diagram illustrating a perspective view of exemplary
earphones 100. FIG. 2A will be described in conjunction with
FIG. 2B, which is a diagram illustrating an example architec-
ture for circuitry of earphones 100. Earphones 100 comprise
aleft earphone 110 with tip 116, a right earphone 120 with tip
126, a controller 130 and a cable 140. Cable 140 electrically
couples the right earphone 110 to the left earphone 120, and
both earphones 110-120 to controller 130. Additionally, each
earphone may optionally include a fin or ear cushion 117 that
contacts folds in the outer ear anatomy to further secure the
earphone to the wearer’s ear.

[0037] Inembodiments, earphones 100 may be constructed
with different dimensions, including different diameters,
widths, and thicknesses, in order to accommodate different
human ear sizes and different preferences. In some embodi-
ments of earphones 100, the housing of each earphone 110,
120 is rigid shell that surrounds electronic components. For
example, the electronic components may include motion sen-
sor 121, optical heartrate sensor 122, audio-electronic com-
ponents such as drivers 113, 123 and speakers 114, 124, and
other circuitry (e.g., processors 160, 165, and memories 170,
175). The rigid shell may be made with plastic, metal, rubber,
or other materials known in the art. The housing may be cubic
shaped, prism shaped, tubular shaped, cylindrical shaped, or
otherwise shaped to house the electronic components.
[0038] The tips 116, 126 may be shaped to be rounded,
parabolic, and/or semi-spherical, such that it comfortably and
securely fits within a wearer’s ear, with the distal end of the tip
contacting an outer rim of the wearer’s outer ear canal. In
some embodiments, the tip may be removable such that it may
be exchanged with alternate tips of varying dimensions, col-
ors, or designs to accommodate a wearer’s preference and/or
fit more closely match the radial profile of the wearer’s outer
ear canal. The tip may be made with softer materials such as
rubber, silicone, fabric, or other materials as would be appre-
ciated by one of ordinary skill in the art.

[0039] In embodiments, controller 130 may provide vari-
ous controls (e.g., buttons and switches) related to audio
playback, such as, for example, volume adjustment, track
skipping, audio track pausing, and the like. Additionally,
controller 130 may include various controls related to bio-
metric data gathering, such as, for example, controls for
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enabling or disabling heart rate and motion detection. In a
particular embodiment, controller 130 may be a three button
controller.

[0040] The circuitry of earphones 100 includes processors
160 and 165, memories 170 and 175, wireless transceiver
180, circuitry for earphone 110 and earphone 120, and a
battery 190. In this embodiment, earphone 120 includes a
motion sensor 121 (e.g., an accelerometer or gyroscope), an
optical heartrate sensor 122, and a right speaker 124 and
corresponding driver 123. Earphone 110 includes a left
speaker 114 and corresponding driver 113. In additional
embodiments, earphone 110 may also include a motion sen-
sor (e.g., an accelerometer or gyroscope), and/or an optical
heartrate sensor.

[0041] A biometric processor 165 comprises logical cir-
cuits dedicated to receiving, processing and storing biometric
information collected by the biometric sensors of the ear-
phones. More particularly, as illustrated in FIG. 2B, processor
165 is electrically coupled to motion sensor 121 and optical
heartrate sensor 122, and receives and processes electrical
signals generated by these sensors. These processed electrical
signals represent biometric information such as the earphone
wearer’s motion and heartrate. Processor 165 may store the
processed signals as biometric data in memory 175, which
may be subsequently made available to a computing device
using wireless transceiver 180. In some embodiments, suffi-
cient memory is provided to store biometric data for trans-
mission to a computing device for further processing.
[0042] During operation, optical heartrate sensor 122 uses
a photoplethysmogram (PPG) to optically obtain the user’s
heart rate. In one embodiment, optical heartrate sensor 122
includes a pulse oximeter that detects blood oxygenation
level changes as changes in coloration at the surface of a
user’s skin. More particularly, in this embodiment, the optical
heartrate sensor 122 illuminates the skin of the user’s ear with
alight-emitting diode (LED). The light penetrates through the
epidermal layers of the skin to underlying blood vessels. A
portion of the light is absorbed and a portion is reflected back.
The light reflected back through the skin of the user’s ear is
then obtained with a receiver (e.g., a photodiode) and used to
determine changes in the user’s blood oxygen saturation
(Sp0O2) and pulse rate, thereby permitting calculation of the
user’s heart rate using algorithms known in the art (e.g., using
processor 165). In this embodiment, the optical sensor may be
positioned on one of the earphones such that it is proximal to
the interior side of a user’s tragus when the earphones are
worn.

[0043] In various embodiments, optical heartrate sensor
122 may also be used to estimate a heart rate variable (HRV),
i.e. the variation in time interval between consecutive heart-
beats, of the user of earphones 100. For example, processor
165 may calculate the HRV using the data collected by sensor
122 based on a time domain methods, frequency domain
methods, and other methods known in the art that calculate
HRYV based on data such as the mean heart rate, the change in
pulse rate over a time interval, and other data used in the art to
estimate HRV.

[0044] In further embodiments, logic circuits of processor
165 may further detect, calculate, and store metrics such as
the amount of physical activity, sleep, or rest over a period of
time, or the amount of time without physical activity over a
period of time. The logic circuits may use the HRV, the
metrics, or some combination thereof to calculate a recovery
score. In various embodiments, the recovery score may indi-
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cate the user’s physical condition and aptitude for further
physical activity for the current day. For example, the logic
circuits may detect the amount of physical activity and the
amount of sleep a user experienced over the last 48 hours,
combine those metrics with the user’s HRV, and calculate a
recovery score. In various embodiments, the calculated
recovery score may be based on any scale or range, such as,
for example, a range between 1 and 10, a range between 1 and
100, or a range between 0% and 100%.

[0045] During audio playback, earphones 100 wirelessly
receive audio data using wireless transceiver 180. The audio
data is processed by logic circuits of audio processor 160 into
electrical signals that are delivered to respective drivers 113
and 123 of left speaker 114 and right speaker 124 of ear-
phones 110 and 120. The electrical signals are then converted
to sound using the drivers. Any driver technologies known in
the art or later developed may be used. For example, moving
coil drivers, electrostatic drivers, electret drivers, orthody-
namic drivers, and other transducer technologies may be used
to generate playback sound.

[0046] The wireless transceiver 180 is configured to com-
municate biometric and audio data using available wireless
communications standards. For example, in some embodi-
ments, the wireless transceiver 180 may be a BLUETOOTH
transmitter, a ZIGBEE transmitter, a Wi-Fi transmitter, a GPS
transmitter, a cellular transmitter, or some combination
thereof. Although FIG. 2B illustrates a single wireless trans-
ceiver 180 for both transmitting biometric data and receiving
audio data, in an alternative embodiment, a transmitter dedi-
cated to transmitting only biometric data to a computing
device may be used. In this alternative embodiment, the trans-
mitter may be a low energy transmitter such as a near field
communications (NFC) transmitter or a BLUETOOTH low
energy (LE) transmitter. In implementations of this particular
embodiment, a separate wireless receiver may be provided for
receiving high fidelity audio data from an audio source. Inyet
additional embodiments, a wired interface (e.g., micro-USB)
may be used for communicating data stored in memories 165
and 175.

[0047] FIG. 2B also shows that the electrical components
of headphones 100 are powered by a battery 190 coupled to
power circuitry 191. Any suitable battery or power supply
technologies known in the art or later developed may be used.
For example, a lithium-ion battery, aluminum-ion battery,
piezo or vibration energy harvesters, photovoltaic cells, or
other like devices can be used. In embodiments, battery 190
may be enclosed in earphone 110 or earphone 120. Alterna-
tively, battery 102 may be enclosed in controller 130. In
embodiments, the circuitry may be configured to enter a
low-power or inactive mode when earphones 100 are not in
use. For example, mechanisms such as, for example, an on/off
switch,a BLUETOOTH transmission disabling button, or the
like may be provided on controller 130 such that a user may
manually control the on/off state of power-consuming com-
ponents of earphones 100.

[0048] It should be noted that in various embodiments,
processors 160 and 165, memories 170 and 175, wireless
transceiver 180, and battery 190 may be enclosed in and
distributed throughout any one or more of earphone 110,
earphone 120, and controller 130. For example, in one par-
ticular embodiment, processor 165 and memory 175 may be
enclosed in earphone 120 along with optical heartrate sensor
122 and motion sensor 121. In this particular embodiment,
these four components are electrically coupled to the same
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printed circuit board (PCB) enclosed in earphone 120. Tt
should also be noted that although audio processor 160 and
biometric processor 165 are illustrated in this exemplary
embodiment as separate processors, in an alternative embodi-
ment the functions of the two processors may be integrated
into a single processor.

[0049] FIG. 3A illustrates a perspective view of one
embodiment of an earphone 120, including an optical
heartrate sensor 122, in accordance with the technology dis-
closed herein. FIG. 3A will be described in conjunction with
FIGS. 3B-3C, which are perspective views illustrating place-
ment of heartrate sensor 122 when earphone 120 is worn in a
user’s ear 350. As illustrated, earphone 120 includes a body
125, tip 126, ear cushion 127, and an optical heartrate sensor
122. Optical heartrate sensor 122 protrudes from a frontal
side of body 125, proximal to tip 126 and where the ear-
phone’s nozzle (not shown) is present. FIGS. 3B-3C illustrate
the optical sensor and ear interface 340 when earphone 120 is
worn in a user’s ear 350. When earphone 120 is worn, optical
heartrate sensor 122 is proximal to the interior side of auser’s
tragus 360.

[0050] In this embodiment, optical heartrate sensor 122
illuminates the skin of the interior side of the ear’s tragus 360
with a light-emitting diode (LED). The light penetrates
through the epidermal layers of the skin to underlying blood
vessels. A portion of the light is absorbed and a portion is
reflected back. The light reflected back through the skin is
then obtained with a receiver (e.g., a photodiode) of optical
heartrate sensor 122 and used to determine changes in the
user’s blood flow, thereby permitting measurement of the
user’s heart rate and HRV.

[0051] In various embodiments, earphones 100 may be
dual-fit earphones shaped to comfortably and securely be
worn in either an over-the-ear configuration or an under-the-
ear configuration. The secure fit provided by such embodi-
ments keeps the optical heartrate sensor 122 in place on the
interior side of the ear’s tragus 360, thereby ensuring accurate
and consistent measurements of a user’s heartrate.

[0052] FIGS. 3D and 3E are cross-sectional views illustrat-
ing one such embodiment of dual-fit earphones 600 being
worn in an over-the-ear configuration. FIG. 3F illustrates
dual-fit earphones 600 in an under-the-ear configuration.

[0053] As illustrated, earphone 600 includes housing 610,
tip 620, strain relief 630, and cord or cable 640. The proximal
end of tip 620 mechanically couples to the distal end of
housing 610. Similarly, the distal end of strain relief 630
mechanically couples to a side (e.g., the top side) of housing
610. Furthermore, the distal end of cord 640 is disposed
within and secured by the proximal end of strain relief 630.
The longitudinal axis of the housing, H , forms angle 0, with
respect to the longitudinal axis of the tip, T . The longitudinal
axis of the strain relief, S , aligns with the proximal end of
strain relief 630 and forms angle 8, with respect to the axis H..
In several embodiments, 0, is greater than 0 degrees (e.g., T,
extends in a non-straight angle from H,, or in other words, the
tip 620 is angled with respect to the housing 610). In some
embodiments, 0, is selected to approximate the ear canal
angle of the wearer. For example, 0, may range between 5
degrees and 15 degrees. Also in several embodiments, 0, is
less than 90 degrees (e.g., S, extends in a non-orthogonal
angle from H_, or in other words, the strain relief 630 is angled
with respect to a perpendicular orientation with housing 610).
In some embodiments, 8, may be selected to direct the distal

Jan. 28,2016

end of cord 640 closer to the wearer’s ear. For example, 6,
may range between 75 degrees and 89 degrees.

[0054] As illustrated, x, represents the distance between
the distal end of tip 620 and the intersection of strain relief
longitudinal axis S, and housing longitudinal axis H,. One of
skill in the art would appreciate that the dimension x, may be
selected based on several parameters, including the desired fit
to a wearer’s ear based on the average human ear anatomical
dimensions, the types and dimensions of electronic compo-
nents (e.g., optical sensor, motion sensor, processor, memory,
etc.) that must be disposed within the housing and the tip, and
the specific placement of the optical sensor. In some
examples, x;, may be at least 18 mm. However, in other
examples, x, may be smaller or greater based on the param-
eters discussed above.

[0055] Similarly, as illustrated, x, represents the distance
between the proximal end of strain relief 630 and the surface
wearer’s ear. In the configuration illustrated, 6, may be
selected to reduce x,,, as well as to direct the cord 640 towards
the wearer’s ear, such that cord 640 may rest in the crevice
formed where the top of the wearer’s ear meets the side of the
wearer’s head. In some embodiments, 6, may range between
75 degrees and 85 degrees. In some examples, strain relief
630 may be made of a flexible material such as rubber, sili-
cone, or soft plastic such that it may be further bent towards
the wearer’s ear. Similarly, strain relief 630 may comprise a
shape memory material such that it may be bent inward and
retain the shape. In some examples, strain relief 630 may be
shaped to curve inward towards the wearer’s ear.

[0056] In some embodiments, the proximal end of tip 620
may flexibly couple to the distal end of housing 610, enabling
a wearer to adjust 0, to most closely accommodate the fit of
tip 620 into the wearer’s ear canal (e.g., by closely matching
the ear canal angle).

[0057] As one having skill in the art would appreciate from
the above description, earphones 100 in various embodiments
may gather biometric user data that may be used to track a
user’s activities and activity level. That data may then be
made available to a computing device, which may provide a
GUI for interacting with the data using a software activity
tracking application installed on the computing device. FIG.
4Aisablock diagram illustrating example components of one
such computing device 200 including an installed activity
tracking application 210.

[0058] As illustrated in this example, computing device
200 comprises a connectivity interface 201, storage 202 with
activity tracking application 210, processor 204, a graphical
user interface (GUT) 205 including display 206, and a bus 207
for transferring data between the various components of com-
puting device 200.

[0059] Connectivity interface 201 connects computing
device 200 to earphones 100 through a communication
medium. The medium may comprise a wireless network sys-
tem such as a BLUETOOTH system, a ZIGBEE system, an
Infrared (IR) system, a Radio Frequency (RF) system, a cel-
lular network, a satellite network, a wireless local area net-
work, or the like. The medium may additionally comprise a
wired component such as a USB system.

[0060] Storage 202 may comprise volatile memory (e.g.
RAM), non-volatile memory (e.g. flash storage), or some
combination thereof. In various embodiments, storage 202
may store biometric data collected by earphones 100. Addi-
tionally, storage 202 stores an activity tracking application
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210, that when executed by processor 204, allows a user to
interact with the collected biometric information.

[0061] In various embodiments, a user may interact with
activity tracking application 210 via a GUI 205 including a
display 206, such as, for example, a touchscreen display that
accepts various hand gestures as inputs. In accordance with
various embodiments, activity tracking application 210 may
process the biometric information collected by earphones 100
and present it via display 206 of GUI 205. Before describing
activity tracking application 210 in further detail, it is worth
noting that in some embodiments earphones 100 may filter
the collected biometric information prior to transmitting the
biometric information to computing device 200. Accordingly,
although the embodiments disclosed herein are described
with reference to activity tracking application 210 processing
the received biometric information, in various implementa-
tions various preprocessing operations may be performed by
a processor 160, 165 of earphones 100.

[0062] In various embodiments, activity tracking applica-
tion 210 may be initially configured/setup (e.g., after instal-
lation on a smartphone) based on a user’s self-reported bio-
logical information, sleep information, and activity
preference information. For example, during setup a user may
be prompted via display 206 for biological information such
as the user’s gender, height, age, and weight. Further, during
setup the user may be prompted for sleep information such as
the amount of sleep needed by the user and the user’s regular
bed time. Further, still, the user may be prompted during setup
for a preferred activity level and activities the user desires to
be tracked (e.g., running, walking, swimming, biking, etc.) In
various embodiments, described below, this self-reported
information may be used in tandem with the information
collected by earphones 100 to display activity monitoring
information using various modules.

[0063] Following setup, activity tracking application 210
may be used by a user to monitor and define how active the
user wants to be on a day-to-day basis based on the biometric
information (e.g., accelerometer information, optical heart
rate sensor information, etc.) collected by earphones 100. As
illustrated in FIG. 4B, activity tracking application 210 may
comprise various display modules, including an activity dis-
play module 211, a sleep display module 212, an activity
recommendation and fatigue level display module 213, and a
biological data and intensity recommendation display mod-
ule 214. Additionally, activity tracking application 210 may
comprise various processing modules 215 for processing the
activity monitoring information (e.g., optical heartrate infor-
mation, accelerometer information, gyroscope information,
etc.) collected by the earphones or the biological information
entered by the users. These modules may be implemented
separately or in combination. For example, in some embodi-
ments activity processing modules 215 may be directly inte-
grated with one or more of display modules 211-214.

[0064] As will be further described below, each of display
modules 211-214 may be associated with a unique display
provided by activity tracking app 210 via display 206. That is,
activity display module 211 may have an associated activity
display, sleep display module 212 may have an associated
sleep display, activity recommendation and fatigue level dis-
play module 213 may have an associated activity recommen-
dation and fatigue level display, and biological data and inten-
sity recommendation display module 214 may have an
associated biological data and intensity recommendation dis-
play.
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[0065] In embodiments, application 210 may be used to
display to the user an instruction for wearing and/or adjusting
earphones 100 if it is determined that optical heartrate sensor
122 and/or motion sensor 121 are not accurately gathering
motion data and heart rate data. FIG. 5 is an operational flow
diagram illustrating one such method 400 of an earphone
adjustment feedback loop with a user that ensures accurate
biometric data collection by earphones 100. At operation 410,
execution of application 210 may cause display 206 to display
an instruction to the user on how to wear earphones 100 to
obtain an accurate and reliable signal from the biometric
sensors. In embodiments, operation 410 may occur once after
installing application 210, once a day (e.g., when user first
wears the earphones 100 for the day), or at any customizable
and/or predetermined interval.

[0066] At operation 420, feedback is displayed to the user
regarding the quality of the signal received from the biometric
sensors based on the particular position that earphones 100
are being worn. For example, display 206 may display a
signal quality bar or other graphical element. At decision 430,
it is determined if the biosensor signal quality is satisfactory
for biometric data gathering and use of application 210. In
various embodiments, this determination may be based on
factors such as, for example, the frequency with which optical
heartrate sensor 122 is collecting heart rate data, the variance
in the measurements of optical heartrate sensor 122, dropouts
in heart rate measurements by sensor 122, the signal-to-noise
ratio approximation of optical heartrate sensor 122, the
amplitude of the signals generated by the sensors, and the
like.

[0067] If the signal quality is unsatisfactory, at operation
440, application 210 may cause display 206 to display to the
user advice on how to adjust the earphones to improve the
signal, and operations 420 and decision 430 may subse-
quently be repeated. For example, advice on adjusting the
strain relief of the earphones may be displayed. Otherwise, if
the signal quality is satisfactory, at operation 450, application
may cause display 206 to display to the user confirmation of
good signal quality and/or good earphone position. Subse-
quently, application 210 may proceed with normal operation
(e.g., display modules 211-214).

[0068] In various embodiments, earphones 100 and com-
puting device 200 may be implemented in a system for pro-
viding an intelligent goal recommendation for an activity
level. FIG. 6 is a schematic block diagram illustrating an
example system 700 for providing an intelligent goal recom-
mendation for an activity level. System 700 includes an appa-
ratus for providing an intelligent goal recommendation for an
activity level 702 (e.g., computing device 200), communica-
tion medium 704, server 706, and computing device 708 (e.g.,
earphones 100).

[0069] Communication medium 704 may be implemented
in a variety of forms. For example, communication medium
704 may be an Internet connection, such as a local area
network (“LAN™), a wide area network (“WAN™), a fiber
optic network, internet over power lines, a hard-wired con-
nection (e.g., a bus), and the like, orany otherkind of network
connection. Communication medium 704 may be imple-
mented using any combination of routers, cables, modems,
switches, fiber optics, wires, radio, and the like. Communi-
cation medium 704 may be implemented using various wire-
less standards, such as BLUETOOTH, Wi-Fi, LTE, etc.
[0070] Server 706 directs communications made over com-
munication medium 704. Server 706 may be, for example, an
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Internet server, a router, a desktop or laptop computer, a
smartphone, a tablet, a processor, amodule, or the like. [n one
embodiment, server 706 directs communications between
communication medium 704 and computing device 708. For
example, server 706 may update information stored on com-
puting device 708, or server 706 may send information to
computing device 708 in real time.

[0071] Computing device 708 may take a variety of forms,
such as a desktop or laptop computer, a smartphone, a tablet,
a processor, a module, or the like. In addition, computing
device 708 may be a module, processor, and/or other elec-
tronics embedded in a wearable device such as earphones, a
bracelet, a smartwatch, a piece of clothing, and so forth. For
example, computing device 708 may be substantially similar
to electronics embedded in earphones 100. Computing device
708 may communicate with other devices over communica-
tion medium 704 with or without the use of server 706. In one
embodiment, computing device 708 includes apparatus 702.
In various embodiments, apparatus 702 may be used to per-
form various processes described herein.

[0072] FIG. 7 is a schematic block diagram illustrating an
embodiment of an apparatus 702 for providing an intelligent
goal recommendation for an activity level. As illustrated in
this particular embodiment, apparatus 702 includes move-
ment monitoring module 802, fatigue level module 804,
activity level recommendation module 806, and scheduling
module 902. Movement monitoring module 802 monitors a
movement to create an activity score associated with the
movement. Fatigue level module 804 detects a fatigue level.
Activity level recommendation module 806 recommends an
activity level based on the fatigue level and an archive. The
archive includes historical information about the movement
and the fatigue level. Scheduling module 902 reminds a user
of an upcoming activity and adjusts the recommended activ-
ity level based on the upcoming activity. Movement monitor-
ing module 802, fatigue level module 804, activity level rec-
ommendation module 806, and scheduling module 902 will
be described below in further detail with regard to various
processes.

[0073] In various embodiments, at least one of movement
monitoring module 802, fatigue level module 804, activity
level recommendation module 806, and scheduling module
902 is embodied in earphones 100. In various embodiments,
any of the modules described herein may be embodied in
earphones 100 and connect to other modules described herein
via communication medium 704.

[0074] FIG. 8A is an operational flow diagram illustrating
an example method 1000 for providing an intelligent goal
recommendation for activity level in accordance with an
embodiment of the present disclosure. The operations of
method 1000 recommend an activity level based on an
archived movement and fatigue level, and based on a current
fatigue level. Moreover, the operations of method 1000 take
into account patterns of activity and fatigue level to learn the
capabilities and tendencies of a user. This provides recom-
mendations of goals for activity level that are highly tailored
to the user’s specific characteristics. In one embodiment,
apparatus 702 and earphones 100 perform various operations
of method 1000.

[0075] At operation 1002, a movement of a user is moni-
tored to determine a metabolic activity score associated with
the movement. For example, the user’s movement may be
monitored using motion sensor 121 of earphones 100. The
metabolic activity score may be determined from metabolic
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loadings. The metabolic loadings may be associated with the
movement. In one embodiment, the metabolic loadings are
determined by identifying a user activity type from a set of
reference activity types and by identifying a user activity
intensity from a set of reference activity intensities.

[0076] In one embodiment, the metabolic loadings may be
determined based on information provided by a user (user
information). User information may include, for example, an
individual’s height, weight, age, gender, geographic and envi-
ronmental conditions, and the like. The user may provide the
user information by, for example, a user interface of comput-
ing device 708 and/or apparatus 702 (e.g., using application
210 and GUI 205). User information may be determined
based on various measurements—for example, measure-
ments of the user’s body-fat content or body type. In addition,
the user information may be determined by an altimeter or
GPS, which may be used to determine the user’s elevation,
weather conditions in the user’s environment, etc. In one
embodiment, apparatus 702 obtains user information from
the user indirectly. For example, apparatus 702 may collect
the user information from a social media account, from a
digital profile, or the like.

[0077] The user information, in one embodiment, includes
a user lifestyle selected from a set of reference lifestyles.
Apparatus 702, in one instance, may prompt the user for
information about the user’s lifestyle (e.g., viaa user interface
provided by application 210). By way of example, apparatus
702 may prompt the user to determine how active the user’s
lifestyle is. Additionally, the user may be prompted to select
the user lifestyle from the set of reference lifestyles. The
reference lifestyles may include a range of lifestyles, for
example, ranging from inactive, on one end, to highly active
on the other end. In such a case, the set of reference lifestyles
may include sedentary, mildly active, moderately active, and
heavily active.

[0078] Inoneinstance, the user lifestyle is determined from
the user as an initial matter. For example, upon initiation,
apparatus 702 may prompt the user to provide the user lif-
estyle, In a further embodiment, the user is prompted periodi-
cally to select the user lifestyle. In this fashion, the user
lifestyle selected may be aligned with the user’s actual activ-
ity level as the user’s activity level varies over time. In another
embodiment, the user lifestyle is updated without interven-
tion from the user.

[0079] In one embodiment, the metabolic loadings are
numerical values and may represent a rate of calories burned
per unit weight per unit time (e.g., having units of kcal per
kilogram per hour). By way of example, the metabolic load-
ings may also be represented in units of oxygen uptake (e.g.,
in milliliters per kilogram per minute). In addition, the meta-
bolic loadings may represent a ratio of the metabolic rate
during activity (e.g., the metabolic rate associated with a
particular activity type and/or activity intensity) to the meta-
bolic rate during rest. The metabolic loadings, in one embodi-
ment, are represented in a metabolic table, such as metabolic
table 1050, illustrated in FIG. 8B. In one illustrative case, the
metabolic loadings are specific to the user information. For
example, the metabolic loadings may increase for a heavier
user, or for an increased elevation, but may decrease for a
lighter user or for a decreased elevation.

[0080] Inoneembodiment, the set of metabolic loadings is
determined based on the user lifestyle, in addition to the other
user information. For example, the metabolic loadings for a
user with a heavily active lifestyle may differ from the meta-
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bolic loadings for a user with a sedentary lifestyle. In this
fashion, the metabolic loadings may correspond with the
user’s particular characteristics.

[0081] In various embodiments, a computing device 708
(e.g., earphones 100) stores or provides the metabolic load-
ings. Moreover, the metabolic loadings may be maintained or
provided by server 706 or over communication medium 704,
In one embodiment, a system administrator provides the
metabolic loadings based on a survey, publicly available data,
scientifically determined data, compiled user data, or any
other source of data. In some instances, movement monitor-
ing module 802 performs the above-described operations. In
various embodiments, movement monitoring module 802
includes a metabolic loading module and a metabolic table
module that determine the metabolic loading associated with
the movement.

[0082] Inoneembodiment, a metabolic table is maintained
based on the user information. The metabolic table may
include metabolic loadings, which may be based on the user
information. In some cases, the metabolic table is maintained
based on standard user information, in place of or in addition
to the user information. The standard user information may
comprise, for example, the average fitness characteristics of
all individuals being the same age as the user, the same height
as the user, etc. In another embodiment, instead of maintain-
ing the metabolic table based on standard information, if the
user has not provided user information, maintaining the meta-
bolic table is delayed until the user information is obtained.

[0083] As illustrated in FIG. 8B, in one embodiment, the
metabolic table is maintained as metabolic table 1050. Meta-
bolic table 1050 may be stored in a storage of computing
device 708 (e.g., memories 170, 175) or apparatus 702 (e.g.,
storage 202). Metabolic table 1050 may include information
such as reference activity types (RATs) 1054, reference activ-
ity intensities (RAls) 1052, and/or metabolic loadings (MLs)
1060.

[0084] In one embodiment, RATs 1054 are arranged as
rows 1058 in metabolic table 1050. Thus, each of aset of rows
1058 corresponds to different RATs 1054, and each row 1058
is designated by a row index number. For example, the first
RAT row 1058 may be indexed as RAT_0, the second as
RAT _1, and so on for as many rows as metabolic table 1050
may include.

[0085] The reference activity types may include typical
activities, such as running, walking, sleeping, swimming,
bicycling, skiing, surfing, resting, working, and so on. The
reference activity types may also include a catch-all category,
for example, general exercise. The reference activity types
may also include atypical activities, such as skydiving,
SCUBA diving, and gymnastics. In one embodiment. the user
defines a user-defined activity by programming computing
device 708 or apparatus 702 (e.g.. using application 210) with
information about the user-defined activity, such as pattern of
movement, frequency of pattern, and intensity of movement.
The typical reference activities may be provided, for
example, by metabolic table 1050.

[0086] In one embodiment, reference activity intensities
1052 are arranged as columns 1056 in metabolic table 1050,
with each column 1056 corresponding to different RAIs
1052. Each column 1056 is designated by a different column
index number. For example, the first RAI column 1056 is
indexed as RAI_0, the second as RAI_1, and so on for as
many columns 1056 as metabolic table 1050 may include.
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[0087] The reference activity intensities include, in one
embodiment, a numeric scale. By way of example, the refer-
ence activity intensities may include numbers ranging from
one to ten (representing increasing activity intensity). The
reference activities may also be represented as a range of
letters, colors, and the like. The reference activity intensities
may be associated with the vigorousness of an activity. For
example, the reference activity intensities may represented by
ranges of heart rates or breathing rates.

[0088] In one embodiment, metabolic table 1050 includes
metabolic loadings 1060. Each metabolic loading 1060 cor-
responds to a reference activity type 1058 of the reference
activity types 1054 and a reference activity intensity 1056 of
the reference activity intensities 1052. Each metabolic load-
ing 1060 corresponds to a unique combination of reference
activity type 1054 and reference activity intensity 1052. For
example, in the column and row arrangement discussed
above, one of the reference activity types 1054 of a series of
rows 1058 of reference activity types, and one of the reference
activity intensities 1052 of a series of columns 1056 of refer-
ence activity intensities correspond to a particular metabolic
loading 1060. In such an arrangement, each metabolic load-
ing 1060 is identifiable by only one combination of reference
activity type 1058 and reference activity intensity 1056.
[0089] This concept is illustrated in FIG. 8B. As shown,
each metabolic loading 1060 is designated using a two-di-
mensional index, with the first index dimension correspond-
ing to the row 1058 number and the second index dimension
corresponding to the column 1056 number of the metabolic
loading 1060. For example, in FIG. 8B, ML_2,3 has a first
dimension index of 2 and a second dimension index of 3.
ML_2,3 corresponds to the row 1058 for RAT 2 and the
column 1056 for RAI_3. Any combination of RAT M and
RAI_N may identify a corresponding MI[,_M,N in metabolic
table 1050, where M is any number corresponding to a row
1058 number in metabolic table 1050 and N is any number
corresponding to a column 1056 number in metabolic table
1050. By way of example, the reference activity type RAT_3
may be “surfing,” and the reference activity intensity RAI_3
may be “4.” This combination in metabolic table 1050 corre-
sponds to metabolic loading 1060 ML _3,3, which may, for
example, represent 5.0 kcal/kg/hour (a typical value for surf-
ing). In various embodiments, some of the above-described
operations are performed by movement monitoring module
802 and some of the operations are performed by a metabolic
table module (not shown).

[0090] Referring again to method 1000, in various embodi-
ments, the movement is monitored by location tracking (e.g.,
Global Positioning Satellites (GPS) or by a location-tracking
device connected to a network via communication medium
704). The general location of the user, as well as specific
movements of the user’s body, are monitored. For example,
the movement of the user’s leg in x, y, and z directions may be
monitored using a motion sensor (e.g., by an accelerometer or
gyroscope). In one embodiment, apparatus 702 receives an
instruction regarding which body part is being monitored. For
example, apparatus 702 may receive an instruction that the
movement of a user’s wrist, ankle, head, or torso is being
monitored.

[0091] In various embodiments, the movement of the user
is monitored and a pattern of the movement (pattern) is deter-
mined. The pattern may be detected by a motion sensor (e.g.,
accelerometer or gyroscope). The pattern may be a repetition
of a motion or a similar motion monitored by the method
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1000. For example, the pattern may be geometric shape (e.g.,
acircle, line, oval) of repeated movement that is monitored. In
some cases, the repetition of the motion in the geometric
shapeis notrepeated consistently over time, but is maintained
for a substantial proportion of the repetitions of the move-
ment. For instance, one pattern of elliptical motion in a repeti-
tive pattern of ten circular motions may be monitored, and the
pattern may be determined to be circular.

[0092] In further embodiments, the geometric shape of the
pattern of movement is a three dimensional (3-D) shape. To
illustrate, the pattern associated with the head of a person
swimming freestyle may be monitored and analyzed as a
geometric shape in three dimensions. The pattern may be
described in a form can be recognized using method 1000.
Such a form may include computer code that describes the
spatial relationship of a set of points, along with changes in
acceleration forces that are experienced along those points as,
for example, a sensor travels through the pattern’s trajectory.
[0093] In various embodiments, monitoring the pattern
includes monitoring the frequency with which the pattern is
repeated, i.e., the pattern frequency. The pattern frequency
may be derived from a repetition period of the pattern, i.e., the
pattern repetition period. The pattern repetition period may be
the length of time elapsing from when a device or sensor
passes through a certain point in a pattern and when the device
or sensor returns to that point when the pattern is repeated. For
example, the sensor may be at point x, y, z at time t_0. The
device may then move along the trajectory of the pattern,
eventually returning to point X, v, z at time t_1. The pattern
repetition period would be the difference betweent_1 andt_0
(e.g., measured in seconds). The pattern frequency may be the
reciprocal of the pattern repetition period, and may have units
of cycles per second. When the pattern repetition period is, for
example, two seconds, the pattern frequency would be 0.5
cycles per second.

[0094] Insomeembodiments, various other inputs are used
to determine the activity type and activity intensity. For
example, monitoring the movement may include monitoring
the velocity at which the user is moving (or the user velocity).
The user velocity may have units of kilometers per hour. In
one embodiment, the user’s location information is moni-
tored to determine the user velocity. This may be done by
GPS, through communication medium 704, and so on. The
user velocity may be distinguished from the speed of the
pattern (or pattern speed). For example, the user may be
swimming at a user velocity of 5 km/hour, but the pattern
speed of the user’s head may be 2 km/hour at a given point
(e.g., as the head rotates between swimming strokes). The
pattern speed may be monitored using, for example, an accel-
erometer or gyroscope.

[0095] Inoneembodiment, the user’s altitude is monitored.
This may be done, for example, using an altimeter, user
location information, information entered by the user, etc. In
another embodiment, the impact the user has with an object
(e.g., the impact of the user’s feet with ground) is monitored.
This may be done using an accelerometer or gyroscope.
[0096] Insomeembodiments of method 1000, the ambient
temperature is measured. A group of reference activity types
may be associated with bands of ambient temperature. For
example, when the ambient temperature is zero degrees Cel-
sius, activities such as skiing, sledding, and ice climbing are
appropriate selections for reference activity types, whereas
surfing, swimming, and beach volleyball may be inappropri-
ate. In further embodiments, the humidity may be measured
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(e.g., by a hygrometer). In further embodiments, at operation
1002, method 1000 measures the pattern duration, that is, the
length of time for which particular movement pattern is sus-
tained.

[0097] Monitoring the movement, in one embodiment, is
accomplished using sensors configured to be attached to the
user’s body. Such sensors may include a gyroscope or accel-
erometer to detect movement, and a heart-rate sensor, each of
which may be embedded in earphones that a user can wear,
such as earphones 100. Additionally, various modules and
sensors that may be used to perform the above-described
operations may be embedded in electronic components of
earphones 100 such as, for example, processor 165 and
memory 175. In various embodiments, the above-described
operations are performed by movement monitoring module
802.

[0098] Method 1000, in one embodiment, involves deter-
mining the user activity type from the set of reference activity
types. Once detected, the pattern may be used to determine
the user activity type from the set of reference activity types.
Each reference activity type is associated with a reference
activity type pattern. The user activity type may be deter-
mined to be the reference activity type that has a reference
activity type pattern that matches the pattern detected by
method 1000.

[0099] Insome cases, the pattern that matches the reference
activity type pattern will not be an exact match, but will be
substantially similar. In other cases, the patterns will not even
be substantially similar, but it may be determined that the
patterns match because they are the most similar of any pat-
terns available. For example, the reference activity type may
be determined such that the difference between the pattern of
movement corresponding to the reference activity type and
the pattern of movement is less than a predetermined thresh-
old. In one embodiment, the pattern is looked up (for a match)
in areference activity type library. The reference activity type
librarv may be included in metabolic table 1050. For
example, the reference type library may include rows in a
table such as the RAT rows 1058.

[0100] In further embodiments, method 1000 involves
using the pattern frequency to determine the user activity type
from the set of reference activity types. Several reference
activity types may be associated with similar patterns (e.g.,
because the head moves in a similar pattern when running
versus walking). In such cases, the pattern frequency may be
used to determine the user activity type (e.g., because the
pattern frequency for running is higher than the pattern fre-
quency for walking).

[0101] Method 1000, in some instances, involves using
additional information to determine the user activity type. For
example, the pattern for walking may be similar to the pattern
for running. The reference activity type of running may be
associated with higher user velocities and the reference activ-
ity type of walking with lower user velocities. In this way, the
velocity measured may be used to distinguish between two
reference activity types having similar patterns.

[0102] Inother embodiments, method 1000 involves moni-
toring the impact the user has with the ground and determin-
ing that, because the impact is larger, the activity type is
running rather than walking, for example. If there is no
impact, the user activity type may be determined to be cycling
(or other activity type where there is no impact). In some
cases, the humidity is measured to determine whether the user
activity type is a water sport (i.e., whether the activity is being
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performed in the water). The reference activity types may be
narrowed to those that are performed in the water, from which
narrowed set of reference activity types the user activity type
may be determined. In other cases, the temperature measured
is used to determine the user activity type.

[0103] Method 1000 may entail instructing the user to con-
firm the user activity type. In one embodiment, a user inter-
face is provided (e.g., using application 210) such that the
user can confirm whether a displayed user activity type is
correct or select the user activity type from a group of refer-
ence activity types.

[0104] In further embodiments, a statistical likelihood of
choices for user activity type is determined. The possible user
activity types are then provided to the user in such a sequence
that the most likely user activity type is listed first (and then in
descending order of likelihood). For example, it may be deter-
mined, based on the pattern, the pattern frequency, the tem-
perature, and so on, that there is an 80% chance the user
activity type is running, a 15% chance the user activity type is
walking, and a 5% chance the user activity type is dancing.
Via a user interface (e.g., using app 210), a list of these
possible user activity types may be provided such that the user
may select the user activity type the user is performing. In
various embodiments, some of the above-described opera-
tions are performed by a metabolic loading module.

[0105] Method 1000, in some embodiments, also includes
determining the user activity intensity from a set of reference
activity intensities. The user activity intensity may be deter-
mined in a variety of ways. For example, the repetition period
(or pattern frequency) and user activity type (UAT) may be
associated with a reference activity intensity library to deter-
mine the user activity intensity that corresponds to areference
activity intensity. FIG. 8C illustrates one embodiment
whereby this aspect of method 1000 is accomplished, includ-
ing reference activity intensity library 1080. Reference activ-
ity intensity library 1080 is organized by rows 1088 of refer-
ence activity types 1084 and columns 1086 of pattern
frequencies 1082. In FIG. 8C, reference activity library 1080
is implemented in a table. Reference activity library 1080
may, however, be implemented other ways.

[0106] In one embodiment, it is determined that, for user
activity type 1084 UAT_0 performed at pattern frequency
1082 F_0, the reference activity intensity 1090 is RAI_0,0.
UAT 1084 may, for example, correspond to the reference
activity type for running, and a pattern frequency 1082 of 0.5
cycles per second for the user activity type may be deter-
mined. In addition, library 1080 may determine (e.g., at
operation 1002) that the UAT 1084 of running at a pattern
frequency 1082 of 0.5 cycles per second corresponds to an
RAI1090 of five on a scale of ten. In another embodiment, the
reference activity intensity is independent of the activity type.
For example, the repetition period may be five seconds, and
this may correspond to an intensity level of two on a scale of
ten regardless of the user activity type.

[0107] Reference activity intensity library 1080, in one
embodiment, is included in metabolic table 1050. In some
cases, the measured repetition period (or pattern frequency)
does not correspond exactly to a repetition period for a refer-
ence activity intensity in metabolic table 1050. In such cases,
the correspondence may be a best-match fit, or may be a fit
within a tolerance defined by the user or by a system admin-
istrator, for example.

[0108] In various embodiments, operation 1002 of method
1000 involves supplementing the measurement of pattern
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frequency to help determine the user activity intensity from
the reference activity intensities. For example, if the user
activity type is skiing, it may be difficult to determine the user
activity intensity because the pattern frequency may be erratic
or otherwise immeasurable. In such an example, the user
velocity, the user’s heart rate, and other indicators (e.g,,
breathing rate) may be monitored to determine how hard the
user is working during the activity. For example, higher heart
rate may indicate higher user activity intensity. In a further
embodiment, the reference activity intensity is associated
with a pattern speed (i.e., the speed or velocity at which a
sensor is progressing through the pattern). A higher pattern
speed may correspond to a higher user activity intensity.
[0109] Method 1000, in one embodiment, determines the
user activity type and the user activity intensity using sensors
attached to the user’s body. Such sensors may include, for
example, a gyroscope or accelerometer to detect movement,
and a heart-rate sensor, each of which may be embedded in
earphones that the user can wear on the user’s head, such as
earphones 100. Additionally, various sensors and modules
that may be used to preform above-described operations of
method 1000 may be embedded in earphones 100. In various
embodiments, the above-described operations are performed
by movement monitoring module 802.

[0110] Referring againto FIG. 8A, operation 1002 includes
determining an activity score associated with the movement.
In one embodiment, method 1000 (e.g., at operation 1002)
determines a duration of the activity type at a particular activ-
ity intensity (e.g.. in seconds, minutes, or hours). Method
1000 may determine the activity score by multiplying the
metabolic loading by the duration of the user activity type at
aparticular user activity intensity. Ifthe user activity intensity
changes, method 1000 may multiply the new metabolic load-
ing (associated with the new user activity intensity) by the
duration of the user activity type at the new user activity
intensity. In one embodiment, the activity score is represented
as a numerical value.

[0111] Atoperation 1004, a fatigue level is detected. In one
embodiment, the fatigue level is the fatigue level of the user.
In one embodiment, the fatigue level is a function of recovery.
In various embodiments, the fatigue level is described in
terms of recovery. The fatigue level may be detected in vari-
ous ways. In one example, the fatigue level is detected by
calculating a heart rate variability (HRV) of the user using
optical heartrate sensor 122 (discussed above in reference to
FIG. 2B). Further, possible representations of the fatigue
level are described above (e.g., numerical, descriptive, etc.).
When the HRV is more consistent (i.e., steady, consistent
amount of time between heartbeats), for example, the fatigue
level may be higher. In other words, with a higher fatigue
level, the body is typically less fresh and less well-rested.
When HRV is more sporadic (i.e., amount of time between
heartbeats varies largely), the fatigue level may be lower. In
various embodiments, the fatigue level is described in terms
of an HRV score.

[0112] HRYV may be measured in a number of ways (e.g., as
discussed above in reference to FIGS. 2B and 3A-3C). Mea-
suring HRV, in one embodiment, involves optical heartrate
sensor 122 measuring changes in blood flow. Light reflected
back through the skin of the user’s ear may be obtained with
areceiver (e.g., a photodiode) and used to determine changes
in the user’s blood flow, thereby permitting calculation of the
user’s heart rate using algorithms known in the art. Using the
data collected by sensor 122, processor 165 may calculate the
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HRYV based on a time domain methods, frequency domain
methods, and other methods known in the art that calculate
HRYV based on data such as the mean heart rate, the change in
pulse rate over a time interval, and other data used in the art to
estimate HRV. In other embodiments, HRV may be measured
using electrocardiography (ECG) or photoplethysmography
(PPG) sensors mounted on other parts of the user’s body, such
as, for example, sensors mounted on the wrist, finger, ankle,
leg, arm, or chest.

[0113] In one embodiment, at operation 1004, the fatigue
level is detected based solely on the determined HRV. The
fatigue level, however, may be based on other measurements
(e.g., measurements monitored by method 1000). For
example, the fatigue level may be based on the amount of
sleep that is measured for the previous night, the user activity
duration, the user activity type, and the user activity intensity
determined for a previous time period (e.g., exercise activity
level in the last twenty-four hours).

[0114] By way of example, other measurements on which
the fatigue level may be based include stress-related activi-
ties, such as work and driving in traffic, which may generally
cause the user to become fatigued. In some cases, the fatigue
level is detected by comparing the HRV measured to a refer-
ence HRV. The reference HRV may be based on information
gathered from a large number of people from the general
public. In another embodiment, the reference HRV is based
on past measurements of the user’s HRV.

[0115] At operation 1004, in one embodiment, the fatigue
level is detected once every twenty-four hours. This provides
information about the user’s fatigue level each day so that the
user’s activity levels may be directed according to the fatigue
level. In various embodiments, the fatigue level is detected
more or less often. Using the fatigue level, the user may
determine (a) whether or not an activity is necessary (or
desirable), (b) the appropriate user activity intensity, and (c)
the appropriate user activity duration. For example, in decid-
ing whether to go on a run, or how long to run, the user may
want to use operation 1004 to assess the user’s current fatigue
level. Then, the user may, for example, run for a shorter time
if the user is more fatigued, or for a longer time if the user is
less fatigued. In some cases, it may be beneficial to detect the
fatigue level in the morning when the user wakes up. This may
provide the user a reference for how the day’s activities
should proceed.

[0116] Referring again to FIG. 8A, at operation 1006 an
activity level is recommended based on the fatigue level and
an archive. The archive includes historical information about
the movement and the fatigue level. The archive, in one
embodiment, further includes historical information about
the user activity type and the user activity intensity. The
archive may include information such as the user activity
types a user has performed in the past, the duration of such
participation, the user activity intensities associated with
those user activity types, and so on. As such, method 1000
may process all of this information to generate metrics useful
to guiding the user to effective activity types, activity inten-
sities, activity durations, and fatigue levels. The archive may
also include other historical information, such as historical
information about the user’s location, elevation, and other
information available to the method 1000 (e.g., information
monitored by sensors). In various embodiments, operation
1006 is performed by activity level recommendation module
806.
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[0117] Inoneembodiment, the archive used to recommend
the activity level in operation 1006 includes normative data
on activity scores and fatigue. The normative data, in one
embodiment, includes information collected from a group of
people other than the user. The normative data may be aver-
aged and method 1000 may use the normative data to recom-
mend an activity level. This may be useful when, for example,
there is no historical information about movement, activity
scores, or fatigue level in the archive. This may be the case
when, for example, the fitness monitoring device is new to the
user.

[0118] The normative data, in one embodiment, is adjusted
according to different possible sets of user information. For
example, method 1000 may collect and average (or otherwise
statistically analyze) the normative data. In one embodiment,
method 1000 creates a user information multiplier based on a
comparison of the normative data and the user information.
Method 1000 may apply the user information multiplier to the
normative data to adjust the normative data such that the
normative data becomes specific to the user. For example,
method 1000 may increase an average value of the normative
data if the user is younger than the average group member
from which the normative data was extracted, or may
decrease the average for a user that is less active than the
average group member from which the normative data was
extracted.

[0119] Referring again to operation 1006, the recom-
mended activity level is based on the fatigue level and the
archive. The recommended activity level, in one embodiment,
is a numerical value. For example, the recommended activity
level may be 1,000. In another embodiment, the recom-
mended activity level is descriptive, being selected from a
category of activity levels. Such categories, in one embodi-
ment, include not active, slightly active, moderately active,
highly active, and extremely active. The recommended activ-
ity level may also be presented in the form of a color code or
other graphic indicator.

[0120] In one embodiment, method 1000 recommends the
activity level based on the user’s past activity, including his-
torical information about user activity type and user activity
intensity, duration, and the user’s past fatigue levels (associ-
ated with past measuring periods, for example). As such,
method 1000 may recommend a goal for activity level that is
specific to the user’s patterns of activity and fatigue, as well as
to the uset’s current level of fatigue. Moreover, when the
archive includes normative data, method 1000 recommends
activity level based on the normative data in addition to the
historical data on activity and fatigue.

[0121] For example, if method 1000 detects a fatigue level
that is higher than typical (compared to the archive’s histori-
cal fatigue levels for the user), method 1000 may recommend
an activity level that is lower than typical for the user. In one
embodiment, method 1000 does this by creating a fatigue
multiplier. The fatigue multiplier may include, for example, a
ratio of the current fatigue level to average historical fatigue
level. By contrast, if the fatigue level is lower than typical,
method 1000 may recommend an activity level that is higher
than typical. In other examples, the activity level is not
inversely proportional to the fatigue level. In one embodi-
ment, method 1000 detects the fatigue level each day. In this
manner, method 1000 can recommend an activity level spe-
cific to the user’s fatigue level for each day.

[0122] Inoneembodiment, the recommended activity level
is based on an anticipation of a future activity, and the future
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activity is anticipated based on the archive. In such an
embodiment, method 1000 determines, from the archive, that
the user has a higher level of activity than typical (e.g., greater
user activity intensity or longer duration of activity types) for
aparticular day of the week relative to other days of the week.
Method 1000 may recommend a higher activity level for that
particular day. For example, method 1000 may determine
from the archive that the user plays soccer for two hours each
Tuesday night, and may adjust the recommended activity
level upward on Tuesdays as a result. Method 1000 may
adjust the activity score goal upward, for example, by the
number of activity score points typically generated while the
user is playing soccer. In other words, method 1000 may
recommend an activity level that conforms to the user’s
desired and historical activity levels, having some days as
more active and others as less active. In another embodiment,
method 1000 does not conform to the user’s schedule if to do
so would not help the user perform at the user’s peak perfor-
mance level.

[0123] Inoneembodiment, the recommended activity level
is based on an amount of sleep monitored from the previous
night. For example, if at operation 1002, eight hours of sleep
were monitored for the previous night, a high recommenda-
tion for activity level may be provided. This is because the
user is likely well rested. In another example, if operation
1002 monitors only four hours of sleep, a lower recommen-
dation for activity level may be provided. This is because the
user is likely not as well rested.

[0124] Ina further embodiment, the activity level is recom-
mended based on a long-term activity goal of the user. For
example, the user may decide to train for and run a marathon.
Method 1000 may receive program training goals and upcom-
ing events from the user (e.g., through a user interface).
Method 1000 may recommend activity levels that conform to
a training regimen to achieve the training goals, for example
to prepare the user for the marathon or other upcoming event.
For example, method 1000 may recommend an activity level
that requires the user to run a long distance on particular days,
or to run at a particular pace (intensity or frequency) on
certain days.

[0125] Inoneembodiment, the recommended activity level
is based on an input from the user. In such an embodiment, the
input specifies a targeted aggressiveness for achieving a pet-
formance goal of the user. For example, the user may indicate
that the user would like to be very aggressive in achieving the
user’s performance goals. In response, method 1000 may
offer recommended activity levels that are very high. This
may push the user to achieve the user’s performance goals
more quickly.

[0126] The recommended activity level, in other instances,
is based on the user’s learned tendencies. In such instances,
by way of the archive, method 1000 may learn that the user
tends to, for example, be more fatigued on a certain day of the
week, to be more fatigued after a certain amount of sleep, or
to be more fatigued after achieving a particular activity score.
As more information is recorded in the archive, method 1000
may continue to track patterns of activity and fatigue stored in
the archive that allow method 1000 to learn the user’s tenden-
cies. Method 1000 may recommend activity levels based on
the user’s particular, learned tendencies.

[0127] Inoneembodiment, the recommended activity level
is based on the user’s learned capabilities. In such an embodi-
ment, by way of the archive, method 1000 may learn that the
user, for example. is capable of achieving a higher activity
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score on a particular day of the week, or after getting a certain
amount of sleep, etc. As more information is recorded in the
archive, method 1000 may refine analytical relationships
between the user’s achieved activity scores and other vari-
ables, such as scheduling, sleep, fatigue level, activity type,
and so on. Such analytical relationships may provide the basis
for method 1000 to learn the user’s capabilities. Method 1000
may recommend activities levels based on such particular,
learned capabilities of the user. In various embodiments,
operation 1008 is performed by activity level recommenda-
tion module 806.

[0128] FIG. 9is an operational flow diagram illustrating an
example method 1100 for providing an intelligent goal rec-
ommendation for activity level. Method 1100 reminds the
user of a scheduled upcoming activity or event (e.g., at opera-
tion 1104) and adjusts the recommended activity level based
on the scheduled upcoming activity (e.g., at operation 1106).
Method 1100, in various embodiments, includes the opera-
tions of method 1000. In one embodiment, apparatus 702
(e.g., computing device 200) and/or earphones 100 perform
various operations of method 1100.

[0129] Atoperation 1104, auser is reminded of a scheduled
upcoming activity. In one embodiment, the scheduled
upcoming activity was scheduled by the user. For example,
the user may make plans to run a sprint triathlon on Saturday
morning and schedule those plans in the fitness monitoring
device using an interface (e.g., using activity tracking appli-
cation 210). Taking the upcoming sprint triathlon into con-
sideration, method 1100 may periodically remind the user
about the scheduled event starting several days before when
the event will occur. This may allow the user to tailor the
user’s activity in the days or weeks before the event such that
the user is in optimal condition for the upcoming event. In
various embodiments, operation 1104 is performed by sched-
uling module 902.

[0130] At operation 1106, the recommended activity level
1s adjusted based on the scheduled upcoming activity. In the
triathlon example, method 1100 may adjust the recom-
mended activity levels for the days or weeks before the sched-
uled triathlon such that the user does not become overworked
or underworked before or during the scheduled event. More-
over, in some cases, method 1100 adjusts the recommended
activity level following a scheduled event. For example, if the
user competes in a scheduled triathlon, the recommended
activity level may be adjusted downward following the event
so that the user can rest and recover. In various embodiments,
operation 1106 is performed by scheduling module 902.
[0131] FIGS. 10-13 illustrate a particular implementation
of a GUI for activity tracking application 210 comprising
displays associated with each of display modules 211-214. In
various embodiments, the GUI of activity tracking applica-
tion 210 may be used to provide an intelligent goal recom-
mendation for activity level to a user.

[0132] FIG. 10 illustrates an activity display 1600 that may
be associated with an activity display module 211. In various
embodiments, activity display 1600 may visually present to a
user a record of the user’s activity. As illustrated, activity
display 1600 may comprise a display navigation area 1601,
activity icons 1602, activity goal section 1603, live activity
chart 1604, and activity timeline 1605. As illustrated in this
particular embodiment, display navigation area 1601 allows a
user to navigate between the various displays associated with
modules 211-214 by selecting “right” and “left” arrows
depicted at the top of the display on either side of the display
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screen title. An identification of the selected display may be
displayed at the center of the navigation area 1601. Other
selectable displays may displayed on the left and right sides of
navigation area 1601. For example, in this embodiment the
activity display 1600 includes the identification “ACTIV-
ITY” at the center of the navigation area. If the user wishes to
navigate to a sleep display in this embodiment, the user may
select the left arrow. In implementations where device 200
includes a touch screen display, navigation between the dis-
plays may be accomplished via finger swiping gestures. For
example, in one embodiment a user may swipe the screen
right or left to navigate to a different display screen. In
another embodiment, a user may press the left or right arrows
to navigate between the various display screens.

[0133] Invarious embodiments, activity icons 1602 may be
displayed on activity display 1600 based on the user’s pre-
dicted or self-reported activity. For example, in this particular
embodiment activity icons 1602 are displayed for the activi-
ties of walking, running, swimming, sport, and biking, indi-
cating that the user has performed these five activities. In one
particular embodiment, one or more modules of application
210 may estimate the activity being performed (e.g., sleeping,
walking, running, or swimming) by comparing the data col-
lected by a biometric earphone’s sensors to pre-loaded or
learned activity profiles. For example, accelerometer data,
gyroscope data, heartrate data, or some combination thereof
may be compared to preloaded activity profiles of what the
data should look like for a generic user that is running, walk-
ing, or swimming. In implementations of this embodiment,
the preloaded activity profiles for each particular activity
(e.g., sleeping, running, walking, or swimming) may be
adjusted over time based on a history of the user’s activity,
thereby improving the activity predictive capability of the
system. In additional implementations, activity display 1600
allows a user to manually select the activity being performed
(e.g., via touch gestures), thereby enabling the system to
accurately adjust an activity profile associated with the user-
selected activity. In this way, the system’s activity estimating
capabilities will improve over time as the system learns how
particular activity profiles match an individual user. Particu-
lar methods of implementing this activity estimation and
activity profile learning capability are described in U.S.
patent application Ser. No. 14/568,835, filed Dec. 12, 2014,
titled “System and Method for Creating a Dynamic Activity
Profile”, and which is incorporated herein by reference in its
entirety.

[0134] In various embodiments, an activity goal section
1603 may display various activity metrics such as a percent-
age activity goal providing an overview of the status of an
activity goal for a timeframe (e.g., day or week), an activity
score or other smart activity score associated with the goal,
and activities for the measured timeframe (e.g., day or week).
For example, the display may provide a user with a current
activity score for the day versus a target activity score for the
day. Particular methods of calculating activity scores are
described in U.S. patent application Ser. No. 14/137,734,
filed Dec. 20, 2013, titled “System and Method for Providing
a Smart Activity Score”, and which is incorporated herein by
reference in its entirety.

[0135] In various embodiments, the percentage activity
goal may be selected by the user (e.g., by a touch tap) to
display to the user an amount of a particular activity (e.g.,
walking or running) needed to complete the activity goal
(e.g., reach 100%). In additional embodiments, activities for
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the timeframe may be individually selected to display metrics
of the selected activity such as points, calories, duration, or
some combination thereof. For example, in this particular
embodiment activity goal section 1603 displays that 100% of
the activity goal for the day has been accomplished. Further,
activity goal section 1603 displays that activities of walking,
running, biking, and no activity (sedentary) were performed
during the day. This is also displayed as a numerical activity
score 5000/5000. In this embodiment, a breakdown of metrics
for each activity (e.g., activity points, calories, and duration)
for the day may be displayed by selecting the activity.
[0136] A live activity chart 1604 may also display an activ-
ity trend of the aforementioned metrics (or other metrics) as a
dynamic graph at the bottom of the display. For example, the
graph may be used to show when user has been most active
during the day (e.g., burning the most calories or otherwise
engaged in an activity).

[0137] An activity timeline 1605 may be displayed as a
collapsed bar at the bottom of display 1600. In various
embodiments, when a user selects activity timeline 1605, it
may display a more detailed breakdown of daily activity,
including, for example, an activity performed at a particular
time with associated metrics, total active time for the measur-
ing period, total inactive time for the measuring period, total
calories burned for the measuring period, total distance tra-
versed for the measuring period, and other metrics.

[0138] FIG. 11 illustrates a sleep display 1700 that may be
associated with a sleep display module 1712. In various
embodiments, sleep display 1700 may visually present to a
user a record of the user’s sleep history and sleep recommen-
dations for the day. It is worth noting that in various embodi-
ments one or more modules of the activity tracking applica-
tion 1710 may automatically determine or estimate when a
user is sleeping (and awake) based on an a pre-loaded or
learned activity profile for sleep, in accordance with the activ-
ity profiles described above. Alternatively, the user may inter-
act with the sleep display 1700 or other display to indicate that
the current activity is sleep, enabling the system to better learn
that individualized activity profile associated with sleep. The
modules may also use data collected from the earphones,
including fatigue level and activity score trends, to calculate a
recommended amount of sleep. Systems and methods for
implementing this functionality are described in greater detail
in U.S. patent application Ser. No. 14/568,835, filed Dec. 12,
2014, and titled “System and Method for Creating a Dynamic
Activity Profile”, and U.S. patent application Ser. No. 14/137,
942, filed Dec. 20, 2013, titled “System and Method for
Providing an Interpreted Recovery Score,” both of which are
incorporated herein by reference in their entirety.

[0139] As illustrated, sleep display 1700 may comprise a
display navigation area 1701, a center sleep display area
1702, a textual sleep recommendation 1703, and a sleeping
detail or timeline 1704. Display navigation area 1701 allows
a user to navigate between the various displays associated
with modules 211-214 as described above. In this embodi-
ment the sleep display 1700 includes the identification
“SLEEP” at the center of the navigation area 1701.

[0140] Center sleep display area 1702 may display sleep
metrics such as the user’s recent average level of sleep or
sleep trend 1702A, a recommended amount of sleep for the
night 1702B, and an ideal average sleep amount 1702C. In
various embodiments, these sleep metrics may be displayed
in units of time (e.g., hours and minutes) or other suitable
units. Accordingly, a user may compare a recommended sleep
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level for the user (e.g., metric 1702B) against the user’s
historical sleep level (e.g., metric 1702A). In one embodi-
ment, the sleep metrics 1702A-1702C may be displayed as a
pie chart showing the recommended and historical sleep
times in different colors. In another embodiment, sleep met-
rics 1702A-1702C may be displayed as a curvilinear graph
showing the recommended and historical sleep times as dif-
ferent colored, concentric lines. This particular embodiment
is illustrated in example sleep display 1700, which illustrates
an inner concentric line for recommended sleep metric 1702B
and an outer concentric line for average sleep metric 1702A.
In this example, the lines are concentric about a numerical
display of the sleep metrics.

[0141] Invarious embodiments, a textual sleep recommen-
dation 1703 may be displayed at the bottom or other location
of display 1700 based on the user’s recent sleep history. A
sleeping detail or timeline 1704 may also be displayed as a
collapsed bar at the bottom of sleep display 1700. In various
embodiments, when a user selects sleeping detail 1704, it
may display a more detailed breakdown of daily sleep met-
rics, including, for example, total time slept, bedtime, and
wake time. In particular implementations of these embodi-
ments, the user may edit the calculated bedtime and wake
time. In additional embodiments, the selected sleeping detail
1704 may graphically display a timeline of the user’s move-
ments during the sleep hours, thereby providing an indication
of how restless or restful the user’s sleep is during different
times, as well as the user’s sleep cycles. For the example, the
user’s movements may bedisplayed as a histogram plot chart-
ing the frequency and/or intensity of movement during dif-
ferent sleep times.

[0142] FIG. 12 illustrates an activity recommendation and
fatigue level display 1800 that may be associated with an
activity recommendation and fatigue level display module
213. In various embodiments, display 1800 may visually
present to a user the user’s current fatigue level and a recom-
mendation of whether or not engage in activity. It is worth
noting that one or more modules of activity tracking applica-
tion 210 may track fatigue level based on data received from
the earphones 100, and make an activity level recommenda-
tion. For example, HRV data tracked at regular intervals may
be compared with other biometric or biological data to deter-
mine how fatigued the user is. Additionally, the HRV data
may be compared to pre-loaded or learned fatigue level pro-
files, as well as a user’s specified activity goals. The function-
alities of module 213 and display 1800 may be implemented
in accordance with embodiments of the systems and methods
described herein with reference to FIGS. 7-9.

[0143] Asillustrated, display 1800 may comprise a display
navigation area 1801 (as described above), a textual activity
recommendation 1802, and a center fatigue and activity rec-
ommendation display 1803. Textual activity recommenda-
tion 1002 may, for example, display a recommendation as to
whether a user is too fatigued for activity, and thus must rest,
or if the user should be active. Center display 1803 may
display an indication to a user to be active (or rest) 1803A
(e.g., “g0”), an overall score 1803B indicating the body’s
overall readiness for activity, and an activity goal score 1803C
indicating an activity goal for the day or other period. In
various embodiments, indication 1803 A may be displayed as
aresult of a binary decision—for example, telling the user to
be active, or “go”—or on a scaled indicator—for example, a
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circular dial display showing that a user should be more or
less active depending on where a virtual needle is pointing on
the dial.

[0144] In various embodiments, display 1800 may be gen-
erated by measuring the user’s HRV at the beginning of the
day (e.g., within 30 minutes of waking up.) For example, the
user’s HRV may be automatically measured using the optical
heartrate sensor 122 after the user wears the earphones in a
position that generates a good signal as described in method
400. In embodiments, when the user’s HRV is being mea-
sured, computing device 200 may display any one of the
following: an instruction to remain relaxed while the variabil-
ity in the user’s heart signal (i.e., HRV) is being measured, an
amount of time remaining until the HRV has been sufficiently
measured, and an indication that the user’s HRV is detected.
After the user’s HRV is measured by earphones 100 for a
predetermined amount of time (e.g., two minutes), one or
more processing modules of computing device 200 may
determine the user’s fatigue level for the day and a recom-
mended amount of activity for the day. Activity recommen-
dation and fatigue level display 1800 is generated based on
this determination.

[0145] In further embodiments, the user’s HRV may be
automatically measured at predetermined intervals through-
out the day using optical heartrate sensor 122. In such
embodiments, activity recommendation and fatigue level dis-
play 1800 may be updated based on the updated HRV
received throughout the day. In this manner, the activity rec-
ommendations presented to the user may be adjusted
throughout the day.

[0146] FIG. 13 illustrates a biological data and intensity
recommendation display 1900 that may be associated with a
biological data and intensity recommendation display mod-
ule 214. In various embodiments, display 1900 may guide a
user of the activity monitoring system through various fitness
cycles of high-intensity activity followed by lower-intensity
recovery based on the user’s body fatigue and recovery level,
thereby boosting the user’s level of fitness and capacity on
each cycle.

[0147] As illustrated, display 1900 may include a textual
recommendation 1901, a center display 1902, and a historical
plot 1903 indicating the user’s transition between various
fitness cycles. In various embodiments, textual recommenda-
tion 1901 may display a current recommended level of activ-
ity or training intensity based on current fatigue levels, cur-
rent activity levels, user goals, pre-loaded profiles, activity
scores, smart activity scores, historical trends, and other bio-
metrics of interest. Center display 1902 may display a fitness
cycletarget 1902A (e.g., intensity, peak, fatigue, or recovery),
an overall score 1902B indicating the body’s overall readi-
ness for activity, an activity goal score 1902C indicating an
activity goal for the day or other period, and an indication to
a user to be active (or rest) 1902D (e.g., “go0”). The data of
center display 1902 may be displayed, for example, on a
virtual dial, as text, or some combination thereof. In one
particular embodiment implementing a dial display, recom-
mended transitions between various fitness cycles (e.g.,
intensity and recovery) may be indicated by the dial transi-
tioning between predetermined markers.

[0148] In various embodiments, display 1900 may display
a historical plot 1903 that indicates the user’s historical and
current transitions between various fitness cycles over a pre-
determined period of time (e.g., 30 days). The fitness cycles,
may include, for example, a fatigue cycle, a performance
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cycle, and a recovery cycle. Each of these cycles may be
associated with a predetermined score range (e.g., overall
score 1902B). For example, in one particular implementation
a fatigue cycle may be associated with an overall score range
of 0 to 33, a performance cycle may be associated with an
overall score range of 34 to 66, and a recovery cycle may be
associated with an overall score range of 67 to 100. The
transitions between the fitness cycles may be demarcated by
horizontal lines intersecting the historical plot 1903 at the
overall score range boundaries. For example, the illustrated
historical plot 1903 includes two horizontal lines intersecting
the historical plot. In this example, measurements below the
lowest horizontal line indicate a first fitness cycle (e.g.,
fatigue cycle), measurements between the two horizontal
lines indicate a second fitness cycle (e.g., performance cycle),
and measurements above the highest horizontal line indicate
a third fitness cycle (e.g., recovery cycle).

[0149] In various embodiments, the various recommenda-
tions and measurements of display 1900 may be generated
using the methods described above with reference to FIGS.
7-9.

[0150] FIG. 14 illustrates an example computing module
that may be used to implement various features of the systems
and methods for estimating sky probes disclosed herein. As
used herein, the term module might describe a given unit of
functionality that can be performed in accordance with one or
more embodiments of the present application. As used herein,
a module might be implemented utilizing any form of hard-
ware, software, or a combination thereof. For example, one or
more processors, controllers, ASICs, PLAs, PALs, CPLDs,
FPGAs, logical components, software routines or other
mechanisms might be implemented to make up a module. In
implementation, the various modules described herein might
be implemented as discrete modules or the functions and
features described can be shared in part or in total among one
or more modules. In other words, as would be apparent to one
of ordinary skill in the art after reading this description, the
various features and functionality described herein may be
implemented in any given application and can be imple-
mented in one or more separate or shared modules in various
combinations and permutations. Even though various fea-
tures or elements of functionality may be individually
described or claimed as separate modules, one of ordinary
skill in the art will understand that these features and func-
tionality can be shared among one or more common software
and hardware elements, and such description shall not require
or imply that separate hardware or software components are
used to implement such features or functionality.

[0151] Where components or modules of the application
are implemented in whole or in part using software, in one
embodiment, these software elements can be implemented to
operate with a computing or processing module capable of
carrying out the functionality described with respect thereto.
One such example computing module is shown in FIG. 14.
Various embodiments are described in terms of this example-
computing module 2000. After reading this description, it
will become apparent to a person skilled in the relevant art
how to implement the application using other computing
modules or architectures.

[0152] Referring now to FIG. 14, computing module 2000
may represent, for example, computing or processing capa-
bilities found within desktop, laptop, notebook, and tablet
computers; hand-held computing devices (tablets, PDA’s,
smart phones, cell phones, palmtops, etc.); mainframes,
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supercomputers, workstations or servers; or any other type of
special-purpose or general-purpose computing devices as
may be desirable or appropriate for a given application or
environment. Computing module 2000 might also represent
computing capabilities embedded within or otherwise avail-
able to a given device. For example, a computing module
might be found in other electronic devices such as, for
example, digital cameras, navigation systems, cellular tele-
phones, portable computing devices, modems, routers,
WAPs, terminals and other electronic devices that might
include some form of processing capability.

[0153] Computing module 2000 might include, for
example, one or more processors, controllers, control mod-
ules, or other processing devices, such as a processor 2004.
Processor 2004 might be implemented using a general-pur-
pose or special-purpose processing engine such as, for
example, a microprocessor, controller, or other control logic.
In the illustrated example, processor 2004 is connected to a
bus 2002, although any communication medium can be used
to facilitate interaction with other components of computing
module 2000 or to communicate externally.

[0154] Computing module 2000 might also include one or
more memory modules, simply referred to herein as main
memory 2008. For example, preferably random access
memory (RAM) or other dynamic memory, might be used for
storing information and instructions to be executed by pro-
cessor 2004. Main memory 2008 might also be used for
storing temporary variables or other intermediate information
during execution of instructions to be executed by processor
2004. Computing module 2000 might likewise include a read
only memory (“ROM”) or other static storage device coupled
to bus 2002 for storing static information and instructions for
processor 2004.

[0155] The computing module 2000 might also include one
or more various forms of information storage mechanism
2010, which might include, for example, a media drive 2012
and a storage unit interface 2020. The media drive 2012 might
include a drive or other mechanism to support fixed or remov-
able storage media 2014. For example, a hard disk drive, a
solid state drive, a magnetic tape drive, an optical disk drive,
aCD, DVD, or Blu-ray drive (R or RW), or other removable
or fixed media drive might be provided. Accordingly, storage
media 2014 might include, for example, a hard disk, a solid
state drive, magnetic tape, cartridge, optical disk,a CD, DVD,
Blu-ray or other fixed or removable medium that is read by,
written to or accessed by media drive 2012. As these
examples illustrate, the storage media 2014 can include a
computer usable storage medium having stored therein com-
puter software or data.

[0156] In alternative embodiments, information storage
mechanism 2010 might include other similar instrumentali-
ties for allowing computer programs or other instructions or
data to be loaded into computing module 2000. Such instru-
mentalities might include, for example, a fixed or removable
storage unit 2022 and an interface 2020. Examples of such
storage units 2022 and interfaces 2020 can include a program
cartridge and cartridge interface, a removable memory (for
example, a flash memory or other removable memory mod-
ule) and memory slot, a PCMCIA slot and card, and other
fixed or removable storage units 2022 and interfaces 2020 that
allow software and data to be transferred from the storage umt
2022 to computing module 2000.

[0157] Computing module 2000 might also include a com-
munications interface 2024. Communications interface 2024
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might be used to allow software and data to be transferred
between computing module 2000 and external devices.
Examples of communications interface 2024 might include a
modem or softmodem, a network interface (such as an Eth-
ernet, network interface card, WiMedia, IEEE 802.XX or
other interface), a communications port (such as for example,
a USB port, IR port, RS232 port BLUETOOTH® interface,
or other port), or other communications interface. Software
and data transferred via communications interface 2024
mighttypically be carried on signals, which can be electronic,
electromagnetic (which includes optical) or other signals
capable of being exchanged by a given communications intet-
face 2024. These signals might be provided to communica-
tions interface 2024 via a channel 2028. This channel 2028
might carry signals and might be implemented using a wired
or wireless communication medium. Some examples of a
channel might include a phone line, a cellular link, an RF link,
an optical link, a network interface, a local or wide area
network, and other wired or wireless communications chan-
nels.

[0158] In this document, the terms “computer program
medium” and “computer usable medium” are used to gener-
ally refer to transitory or non-transitory media such as, for
example, memory 2008, storage unit 2020, media 2014, and
channel 2028. These and other various forms of computer
program media or computer usable media may be involved in
carrying one or more sequences of one or more instructions to
a processing device for execution. Such instructions embod-
ied on the medium, are generally referred to as “computer
program code” or a “computer program product” (which may
be grouped in the form of computer programs or other group-
ings). When executed, such instructions might enable the
computing module 2000 to perform features or functions of
the present application as discussed herein.

[0159] Although described above in terms of various exem-
plary embodiments and implementations, it should be under-
stood that the various features, aspects and functionality
described in one or more of the individual embodiments are
not limited in their applicability to the particular embodiment
with which they are described, but instead can be applied,
alone or in various combinations, to one or more of the other
embodiments of the application, whether or not such embodi-
ments are described and whether or not such features are
presented as being a part of a described embodiment. Thus,
the breadth and scope of the present application should not be
limited by any of the above-described exemplary embodi-
ments.

[0160] Terms and phrases used in this document, and varia-
tions thereof, unless otherwise expressly stated, should be
construed as open ended as opposed to limiting. As examples
of the foregoing: the term “including” should be read as
meaning “including, without limitation” or the like; the term
“example” is used to provide exemplary instances of the item
in discussion, not an exhaustive or limiting list thereof; the
terms “a” or “an” should be read as meaning “at least one,”
“one or more” or the like; and adjectives such as “conven-
tional,” “traditional,” “normal,” “standard,” “known” and
terms of similar meaning should not be construed as limiting
the item described to a given time period or to an item avail-
able as of a given time, but instead should be read to encom-
pass conventional, traditional, normal, or standard technolo-
gies that may be available or known now or at any time in the
future. Likewise, where this document refers to technologies
that would be apparent or known to one of ordinary skill in the
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art, such technologies encompass those apparent or known to
the skilled artisan now or at any time in the future.

[0161] The presence of broadening words and phrases such
as “one or more,” “at least,” “but not limited to” or other like
phrases in some instances shall not be read to mean that the
narrower case is intended or required in instances where such
broadening phrases may be absent. The use of the term “mod-
ule” does not imply that the components or functionality
described or claimed as part of the module are all configured
in a common package. Indeed, any or all of the various com-
ponents of a module, whether control logic or other compo-
nents, can be combined in a single package or separately
maintaired and can further be distributed in multiple group-
ings or packages or across multiple locations.

[0162] Additionally, the various embodiments set forth
herein are described in terms of exemplary block diagrams,
flow charts and other illustrations. As will become apparent to
one of ordinary skill in the art after reading this document, the
illustrated embodiments and their various alternatives can be
implemented without confinement to the illustrated
examples. For example, block diagrams and their accompa-
nying description should not be construed as mandating a
particular architecture or configuration.

[0163] While various embodiments of the present disclo-
sure have been described above, it should be understood that
they have been presented by way of example only. and not of
limitation. Likewise, the various diagrams may depict an
example architectural or other configuration for the disclo-
sure, which is done to aid in understanding the features and
functionality that can be included in the disclosure. The dis-
closure is not restricted to the illustrated example architec-
tures or configurations, but the desired features can be imple-
mented using a variety of alternative architectures and
configurations. Indeed, it will be apparent to one of skill in the
art how alternative functional, logical or physical partitioning
and configurations can be implemented to implement the
desired features of the present disclosure. Also, a multitude of
different constituent module names other than those depicted
herein can be applied to the various partitions. Additionally,
with regard to flow diagrams, operational descriptions and
method claims, the order in which the steps are presented
herein shall not mandate that various embodiments be imple-
mented to perform the recited functionality in the same order
unless the context dictates otherwise.

[0164] Although the disclosure is described above in terms
of various exemplary embodiments and implementations, 1t
should be understood that the various features, aspects and
functionality described in one or more of the individual
embodiments are not limited in their applicability to the par-
ticular embodiment with which they are described, but
instead can be applied, alone or in various combinations, to
one or more of the other embodiments of the disclosure,
whether or not such embodiments are described and whether
or not such features are presented as being a part of a
described embodiment. Thus, the breadth and scope of the
present disclosure should not be limited by any of the above-
described exemplary embodiments.

[0165] Terms and phrases used in this document, and varia-
tions thereof, unless otherwise expressly stated, should be
construed as open ended as opposed to limiting. As examples
of the foregoing: the term “including” should be read as
meaning “including, without limitation” or the like; the term
“example” is used to provide exemplary instances of the item
in discussion, not an exhaustive or limiting list thereof; the
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terms “a” or “an” should be read as meaning “at least one,”
“one or more” or the like; and adjectives such as “conven-
tional,” “traditional,” “normal,” “standard,” “known” and
terms of similar meaning should not be construed as limiting
the item described to a given time period or to an item avail-
able as of a given time, but instead should be read to encom-
pass conventional, traditional, normal, or standard technolo-
gies that may be available or known now or at any time in the
future. Likewise, where this document refers to technologies
that would be apparent or known to one of ordinary skill in the
art, such technologies encompass those apparent or known to
the skilled artisan now or at any time in the future.

[0166] The presence of broadening words and phrases such
as “one or more,” “at least,” “but not limited t0” or other like
phrases in some instances shall not be read to mean that the
narrower case is intended or required in instances where such
broadening phrases may be absent. The use of the term “mod-
ule” does not imply that the components or functionality
described or claimed as part of the module are all configured
in a common package. Indeed, any or all of the various com-
ponents of a module, whether control logic or other compo-
nents, can be combined in a single package or separately
maintained and can further be distributed in multiple group-
ings or packages or across multiple locations.

[0167] Additionally, the various embodiments set forth
herein are described in terms of exemplary block diagrams,
flow charts and otherillustrations. As will become apparent to
oneofordinary skill in the art after reading this document, the
illustrated embodiments and their various alternatives can be
implemented without confinement to the illustrated
examples. For example, block diagrams and their accompa-
nying description should not be construed as mandating a
particular architecture or configuration.

What is claimed is:
1. A system for providing an intelligent goal recommenda-
tion for an activity level, comprising;
a pair of earphones comprising:
speakers;
a processor;
a heartrate sensor electrically coupled to processor; and
a motion sensor electrically coupled to the processor,
wherein the processor is configured to process elec-
tronic input signals from the motion sensor and the
heartrate sensor; and
a non-transitory computer-readable medium operatively
coupled to at least one of one or more processors and
having instructions stored thereon that, when executed
by at least one of the one or more processors, cause the
system to:
monitor a movement of a user based on signals gener-
ated by the motion sensor;
determine an activity score based on the user’s move-
ment;
detect a fatigue level of the user based on signals genet-
ated by the heart rate sensor; and
display on a display an activity level recommendation
based on the user’s activity score, detected fatigue
level, and a stored archive, wherein the stored archive
comprises historical information about the user’s
movement and fatigue level.
2. The system of claim 1, further comprising: a memory
storing the archive.
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3. The system of claim 2, wherein the stored archive com-
prises normative data about activity scores and fatigue levels,
and wherein the activity level recommendation is based on the
normative data.

4. The system of claim 1, wherein the motion sensor is an
accelerometer.

5. The system of claim 1, wherein the activity level recom-
mendation is based on an anticipation of a future activity by
the user; and wherein the future activity is anticipated based
on the stored archive.

6. The system of claim 1, wherein the displayed activity
level recommendation is a numerical value.

7. The system of claim 5, wherein the instructions, when
executed by at least one of the one or more processors, further
cause the system to display on the display a reminder to the
user of an upcoming activity.

8. The system of claim 7, wherein the instructions, when
executed by at least one of the one or more processors, further
causes the system to adjust the displayed activity level rec-
ommendation based on the upcoming activity.

9. The system of claim 1, wherein the heartrate sensor is an
optical heartrate sensor protruding from a side of the ear-
phone proximal to an interior side of a user’s ear when the
earphone is worn, and wherein the optical heartrate sensor is
configured to measure the user’s blood flow and to output an
electrical signal representative of this measurement to the
earphones processor.

10. The system of claim 9, wherein the instructions, when
executed by at least one of the one or more processors, further
causes the system to calculate a heart rate variability based on
signals received from the optical heartrate sensor, and
wherein the fatigue level is detected based on the calculated
heart rate variability.

11. A method for providing an intelligent goal recommen-
dation for an activity level using earphones with biometric
sensors, comprising:

monitoring a movement of a user based on electrical sig-

nals generated by a motion sensor of the earphones;
determining an activity score of the user based on the
monitored movement of the user;

detecting a fatigue level of the user based on electrical

signals generated by a heart rate sensor of the earphones;
and

displaying on a display an activity level recommendation

based on the user’s activity score, detected fatigue level,
and a stored archive, wherein the stored archive com-
prises historical information about the user’s movement
and fatigue level.

12. The method of claim 11, further comprising: storing in
a memory the archive comprising historical information
about the user’s movement and fatigue level.

13. The method of claim 12, wherein the stored archive
comprises normative data about activity scores and fatigue
levels, and wherein the activity level recommendation is
based on the normative data.

14. The method of claim 12, wherein the motion sensor is
an accelerometer.

15. The method of claim 11, wherein the activity level
recommendation is based on an anticipation of a future activ-
ity by the user; and wherein the future activity is anticipated
based on the stored archive.

16. The method of claim 11, wherein the displayed activity
level recommendation is a numerical value.
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17. The method of claim 15, further comprising: displaying
on the display a reminder to the user of an upcoming activity.

18. The method of claim 17, further comprising: adjusting
the displayed activity level recommendation based on the
upcoming activity.

19. The method of claim 11, wherein the heartrate sensor is
an optical heartrate sensor protruding from a side of the
earphone proximal to an interior side of a user’s ear when the
earphone is worn, and wherein the optical heartrate sensor is
configured to measure the user’s blood flow and to output an
electrical signal representative of this measurement.

20. The method of claim 19, further comprising: calculat-
ing a heart rate variability based on signals received from the
optical heartrate sensor, and wherein the fatigue level is
detected based on the calculated heart rate variability.
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