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(57) Abstract: Various systems and methods for tracking heart rate for
music selection are described herein. A system to track heart rate for
music selection comprises a target heart rate module to identity a tar-
get heart rate of a user for an activity session; a heart rate monitor
module to receive a current heart rate of the user from a sensor
coupled to the system; and an audio selection module to determine
when a difference between the current heart rate and the target heart
rate is larger than a threshold value, and when the difference is larger
| than the threshold value: identify a beats per minute of a current audio
selection; determine a beats per minute to adjust the heart rate of the
user from the current heart rate toward the target heart rate; and select
a next audio selection from an audio library with a beats per minute
similar to the beats per minute to adjust the heart rate.
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TRACKING HEART RATE FOR MUSIC SELECTION

TECHNICAL FIELD
[0001] Embodiments described herein generally relate to mobile fitness

applications and in particular, to tracking heart rate for music selection.

BACKGROUND
[0002] Many people enjoy listening to music while working out. People tend
to work out more effectively and have more enjoyment during a workout when
listening to music. When working out, a person may naturally move in thythm
with the time of the music. As an example, runners may pace their steps in a
cadence that corresponds to the beats of the music. As a result, people who want

to run faster may listen to music with faster tempo.

BRIEF DESCRIPTION OF THE DRAWINGS
[0003] In the drawings, which are not necessarily drawn to scale, like
numerals may describe similar components in different views. Like numerals
having different letter suffixes may represent different instances of similar
components. Some embodiments are illustrated by way of example, and not
limitation, in the figures of the accompanying drawings in which:
[0004] FIG. 1 is a schematic drawing illustrating a system to track heart rate
for music selection, according to an embodiment;
[0005] FIG. 2 is a block diagram of a PID controller, according to an
embodiment;
[0006] FIG. 3 is a chart illustrating a process reaction curve showing the
calibration of the PID coefficients Kp, Ki, and Kd, according to an embodiment;
[0007] FIG. 4 is an example of a user interface to select and customize
parameters of a workout, according to an embodiment;
[0008] FIG. 5 is an example of a user interface presented to a user during a
workout, according to an embodiment;
[0009] FIG. 6 is a flowchart illustrating a method for tracking heart rate for

music selection, according to an embodiment; and
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[0010] FIG. 7 is a block diagram illustrating an example machine upon which
any one or more of the techniques (e.g., methodologies) discussed herein may

perform, according to an example embodiment.

DETAILED DESCRIPTION
[0011] While training or working out, some people like to stay in certain
heart rate zones, such as a cardio or fat burning zone. Various heart rate zones
are understood to work different biological systems and are used to achieve
different physiological results (e.g., weight loss or strength training). Heart rate
zones are typically based on a maximum heart rate. The maximum heart rate is
the highest heart rate that an individual may achieve before encountering severe
problems. The maximum heart rate may be determined by a heart rate stress test
or by using a formula to estimate the maximum heart rate. The formula may be
based on age, weight, physical condition, type of activity, and other factors. One
commonly accepted formula to determine the maximum heart rate is HRpax =
220 — Age. As such, the maximum heart rate for a 35 year old person is
approximately 185 beats per minute (BPM).
[0012] When a person is working out, the person may experience temporary
fatigue or a burst of energy, which may decrease or increase their cadence.
Consequently, the person’s heart rate may decrease or increase outside of a
target heart rate zone. In such situations, music may be used to either energize
or pacify the person in order to bring the person’s heart rate back into the target
heart rate zone. In an embodiment, the music is changed relatively quickly, such
as in the middle of a song, to more quickly move the person’s heart rate back
toward the target heart rate zone.
[0013] FIG. 1 is a schematic drawing illustrating a system 100 to track heart
rate for music selection, according to an embodiment. FIG. 1 includes a mobile
device 102 and an audio library 104, communicatively coupled via a network
106.
[0014] The mobile device 102 may be a device such as a smartphone, cellular
telephone, mobile phone, laptop computer, tablet computer, music player, or
other portable networked device. In general, the mobile device 102 is small and
light enough to be considered portable and includes a mechanism to connect to a

network, either over a persistent or intermittent connection,
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[0015] The audio library 104 may be remote from the mobile device 102 or
stored at the mobile device 102. The audio library 104 may be a collection of
one or more audio works, such as music files, stored at the mobile device 102.
The audio library 104 may be an online resource, such as a streaming music

5 service or a network storage device.
[0016] The network 106 may include local-area networks (LAN), wide-area
networks (WAN), wireless networks (e.g., 802.11 or cellular network), the
Public Switched Telephone Network (PSTN) network, ad hoc networks,
personal area networks (e.g., Bluetooth) or other combinations or permutations

10 of network protocols and network types. The network 108 may include a single
local area network (LAN) or wide-area network (WAN), or combinations of
LANs or WANS, such as the Internet. The various devices (e.g., mobile device
106 or audio library 104) coupled to the network 108 may be coupled to the
network 108 via one or more wired or wireless connections.

15 [0017] The mobile device 102 may include a heart rate monitor 108 and a
cadence sensor 110. The heart rate monitor 108 may be incorporated into the
mobile device 102 or communicatively coupled to the mobile device 102 with a
wired or wireless connection (e.g., via the network 106). The heart rate monitor
108 may be an optical sensor, such as a camera on the mobile device 102 or an

20  optical pulse monitoring sensor in an earphone. The heart rate monitor 108 may
also be a chest strap, wrist band, finger band, or other sensor to detect the user’s
heart rate. The cadence sensor 110 may also be incorporated into the mobile
device 102 (e.g., using an accelerometer) or separate from the mobile device
102, such as with a pedometer worn at the waist, and communicatively

25  connected to the mobile device 102.

[0018] The mobile device may also include a target heart rate module 112, a
heart rate monitor module 114, and an audio selection module 116. In some
embodiments, the mobile device 102 may include a history module 118 or a
notification module 120.

30 [0019] Various modules 112, 114, 116, 118, 120 may be incorporated or
integrated into an application that executes on the mobile device 102. The
application may execute in the background and collect data from the sensors and

populate a database, which may be accessed by one or more other applications,
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to enable access to heart rate data. Multiple applications may be developed to
use the real-time or historical heart rate data for various purposes.

[0020] In operation, the application may query the user or calculate for the
user a target heart rate. Then the application may select music from a library
based on the beats per minute (BPM) of the music, where the BPM of the music
correlates to the target heart rate. If the person exercising does not maintain a
heart rate at or near the target heart rate, or in a target heart rate zone, then the
application may notify the user. The notification may be an audible notification,
such as a voice feedback or a series or one or more beeps or tones. The
notification may be presented in a manner that interrupts playback of the current
music selection. If the user does not adjust to move their heart rate back into the
target heart rate zone or the near the target heart rate, then the application may
select a new song based on the then current and target heart rates.

[0021] Thus, the application is able to change songs in anticipation of the
target heart rate change in order to get the user’s heart rate to start moving
toward the target sooner. The song selection may be made in part based on the
kind of activity that the user is engaged in. So, song selection may be different
when the user is running, power walking, or on an exercise bike, for example.
[0022]  Generally, songs are picked to motivate the user to move with a
specific cadence (steps/cycles per minute). Users tend to match their cadence to
the BPM of the music they are listening to. This allows very fine control of the
cadence. This cadence may be determined either from accelerometer-based
sensors in shoes, from the earphones, or sensors embedded in the mobile device
102. It may also be used to coach users to run to a target cadence.

[0023] The mobile device 102 is a system to calculate vehicle ratings via
measured driver behavior. The target heart rate module 112 may be used to
identify a target heart rate of a user for an activity session. In an embodiment, to
identify the target heart rate, the target heart rate module 112 is to receive the
target heart from the user. For example, the target heart rate module 112 may
present a user interface prompt on the mobile device 102 and receive a selection
for the target heart rate from the user.

[0024] In an embodiment, to identify the target heart rate, the target heart rate

module is to calculate the target heart rate based on at least one of an age, a
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height, or a weight of the user. For example, the target heart rate for aerobic
exercise may be calculated as 75% of 220 minus the user’s age.

[0025] The heart rate monitor module 114 may be used to receive a current
heart rate of the user from a sensor coupled to the system. In an embodiment, to
receive the current heart rate of the user from the sensor, the heart rate monitor
module 114 receives the current heart rate from a heart rate monitor in an
earphone, In another embodiment, to receive the current heart rate of the user
from the sensor, the heart rate monitor module 114 receives the current heart rate
from a heart rate monitor chest strap.

[0026] The audio selection module 116 may be used to determine when a
difference between the current heart rate and the target heart rate is larger than a
threshold value, and when the difference is larger than the threshold value for a
duration longer than a threshold time, identify a beats per minute of a current
audio selection, determine a beats per minute to adjust the heart rate of the user
from the current heart rate toward the target heart rate, and select a next audio
selection from an audio library with a beats per minute similar to the beats per
minute to adjust the heart rate. In an embodiment, the threshold value is ten
heart beats per minute. In an embodiment, the threshold value is user adjustable.
As such, if the target heart rate is 180, then the threshold values are +/- 18 BPM
from 180. It is understood that other thresholds may be used and that the
threshold may be expressed in terms of heart rate BPM or percentages of a max
BPM, for example.

[0027] In an embodiment, to identify the beats per minute of the current audio
selection, the audio selection module 116 is to access metadata of the current
audio selection. Metadata may be stored in an electronic file with the audio
track of an audio selection.

[0028] In an embodiment, to identify the beats per minute of the current audio
selection, the audio selection module 116 is to perform acoustic analysis of the
audio selection. For example, the audio selection module 116 may play a
portion of the current audio selection and analyze the portion to determine a
BPM of the portion.

[0029] In an embodiment, to determine the beats per minute to adjust the
heart rate of the user from the current heart rate toward the target heart rate, the

audio selection module 116 is to use a feedback controller to calculate the beats
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per minute. In a further embodiment, the feedback controller comprises a
proportional integral derivative (PID) controller 122. In an embodiment, the PID
controller 122 includes a plurality of coefficients. In an embodiment, the
plurality of coefficients is calculated during a calibration activity performed by
5  the user. For example, the user may be requested to perform a calibration

exercise session so that the coefficients are tuned to the user. In an embodiment,
the plurality of coefficients comprise Kp, Ki, and Kd, where Kp represents a
present error between the current heart rate and the target heart rate, Ki
represents an accumulation of past errors between the current heart rate and the

10 target heart rate, and Kp represents a prediction of future errors between the
current heart rate and the target heart rate.
[0030] In an embodiment, to select the next audio selection from the audio
library, the audio selection module 116 is to identify a potential next audio
selection from the audio library. The potential next audio selection may be

15  selected based on a playlist the user is listening to from the audio library. The
audio selection module 116 may then analyze the potential next audio selection
to determine whether the beats per minute substantially matches the beats per
minute to adjust the heart rate when the beats per minute of the potential next
audio selection substantially matches the beats per minute to adjust the heart

20  rate, select the potential next audio selection from the audio library as the next
audio selection. To substantially match the BPM of the next audio selection, the
potential next audio selection may be required to be within some small threshold
value of the BPM of the next audio selection, such as three BPM. In an
embodiment, to analyze the potential next audio selection, the audio selection

25  module 116 is to perform acoustic analysis of the potential next audio selection.
This allows the user to access an audio library that has music with various BPM
values without the need to pre-filter the music. This also allows the mobile
device 102 to be more flexible and dynamically use music that is appropriate for
the situation.

30  [0031] The next music selection may be made while the user is listening to a
current music selection so as to avoid interruptions in the music playback, and
consequently, interrupts to the user’s workout. Thus, in an embodiment, the next

audio selection is selected during playback of the current audio selection.
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[0032] In an embodiment, the target heart rate changes at a particular interval
and the audio selection module 116 identifies the beats per minute of the current
audio selection, determines the beats per minute, and selects the next audio
selection at the particular interval. The particular interval may be set by the user,
5 such as for use in interval training. The interval may be any amount of time,

such as 5 minutes.
[0033] In an embodiment, the mobile device includes a history module 118 to
store a history of audio selections played to the user, and when the potential next
selection is in the history of audio selections, the audio selection module 116

10 may select a different potential next selection to analyze beats per minute. This
avoids playing the same audio to the user, which may annoy, distract, or bore the
user.
[0034] In an embodiment, the mobile device 102 includes a notification
module 120 to present a notification to the user when the difference between the

15  current heart rate and the target heart rate is larger than the threshold value. The
notification may be an audible one, such as with a voice or an alarm, tactile (e.g.,
vibrate a smartphone), haptic, or visual (e.g., a warning dialog box), or any
combination. The notification may include information about the user’s
performance, such as heart rate over time or current heart rate, or encouragement

20  to assist the user to maintain or regain the target heart rate. When a timeout
period expires after the notification is presented to the user, the audio selection
module 116 may evaluate the difference between the current heart rate and the
target heart rate to determine whether it has been larger than the threshold value
for the timeout period, and is so, perform the identifying the beats per minute of

25  the current audio selection, determining the beats per minute to adjust the heart
rate of the user from the current heart rate toward the target heart rate, and
selecting the next audio selection from the audio library. In an embodiment, the
timeout period is 40 seconds. The timeout period may be user adjustable. The
timeout period is used to ensure that the user has a chance to respond to the

30  notification before changing music. Thus, if a user does not respond to the
notification, new music may be selected to encourage the user to increase or
decrease their cadence, in order to bring their heart rate toward the target.
[0035] FIG. 2 is a block diagram of a PID controller 200, according to an

embodiment. The PID controller 200 includes an input target heart rate 202 and
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a current heart rate 204, the difference resulting in an error value (e) 206, which
is used with the coefficients Kp 208, Ki 210, and Kd 212. The coefficients 208,
210, 212 are aggregated and a BPM change 214 is calculated. A new song 216
is selected based on the BPM change and presented to the user 218. The aim of
the music selection is to minimize the error 206.

[0036] The PID controller coefficients may be calibrated. In an embodiment,
the Ziegler-Nichols method is employed to tune the PID coefficients based on
the process reaction curve for each target transition. The PID coefficients are
calculated for a user based on how reactive a user’s heart rate is to a change in
song BPM. The calibration process is explained with the help of FIG. 3.

[0037] FIG. 3 is a chart illustrating a process reaction curve showing the
calibration of the PID coefficients Kp, Ki, and Kd, according to an embodiment.
The x-axis and y-axis of the chart are in seconds. Curve 300 shows the song
BPM. This is the control input to the PID controller. When the song BPM
changes by X, the user’s HR 302 starts to rise in response. To calculate the
steady state value for an interval, y data points are averaged, starting x data
points after the disturbance. In FIG. 3, x=85 seconds, so 85 seconds after a song
changes (e.g., the disturbance), the user’s HR is assumed to have reached steady
state. Steady State Average 1 is the average of points from A to B and Steady
State Average 2 is the average of points from D to . Mu is the difference
between the new and previous steady states for the user’s HR 302. Line 1 is
Steady State Average 1 + 25% Mu, and line 2 is Steady State Average 2 - 25%
Mu. The line tangent 304 to the response curve is approximated by the
intersection of the smoothed response curve with linel and line2. Where this
tangent line 304 intersects with the two steady states are points C and D.

[0038] In FIG. 3, Tgeaq is the time from B to C, e.g., the time taken from the
moment the disturbance was introduced to the first sign of change, t is the time
from C to D, e.g., the time for the response to occur, and Kp=1.2 (X, 1)/(Mu
Tdead), Ki = Kp/(2 T4eaa ) and Kd = 0.5 Kp Tgead.

[0039] The calibration may be done during a calibration run and the
coefficients may be tuned during a workout. This ensures the constants stay
realistic throughout a long workout, where varying degrees of fatigue will

change how the user’s HR reacts to music.
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[0040] FIGS. 4 and 5 illustrate user interfaces, according to an example
embodiment. FIG. 4 is an example of a user interface 400 to select and
customize parameters of a workout. The user may select between an endurance
workout and an interval workout. An endurance workout is one where the user
maintains a relatively static heart rate over a long period of time (e.g., two
hours). An interval workout is one where the user works out at a high heart rate
for a period of time and then interlaces the hard workouts with recovery periods,
where the user’s heart rate is lowered for a period. The recovery period may be
the same length as the hard workout period, or may be a longer or shorter length.
The user interface 400 shown in FIG. 4 is to configure an interval workout. The
user interface 400 includes a visual indication of the selections 402 to assist the
user when configuring the workout. The user may select the duration of the
workout, the number of intervals in the duration, the target heart rate during the
hard intervals, and the target heart rate during the recovery intervals. After
selecting the parameters, the user may activate the “Start” control 404 to begin
the workout.

[0041] FIG. 5 is an example of a user interface 500 presented to a user during
a workout, according to an embodiment. The user interface 500 displays the
current heart rate, the time elapsed in the workout, the target heart rate, the
distance travelled, the estimated calories burned, and the current speed of the
user. In the example shown in FIG. 5, the user is performing a relatively
stationary exercise, such running on a treadmill, so the distance, calories, and
speed are all zero (calories may be estimated based on speed and distance
travelled in a given time). The user interface 500 also includes music controls,
which may include the name of the artist or the name of the song, in addition to
other information, such as beats per minute of the song, in various embodiments.
In an embodiment, the user interface 500 is presented on a lock screen of the
mobile device 102, so that the user does not have to unlock the mobile device
102 in order to view the user interface 500.

[0042] FIG. 6 is a flowchart illustrating a method 600 method for tracking
heart rate for music selection, according to an embodiment. At 602, a target
heart rate of a user for an activity session is identified at a mobile device. The
activity session may be an endurance or interval training session, such as

described above in FIGS. 4-5. In an embodiment, identifying the target heart
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rate comprises receiving the target heart from the user. In an embodiment,
identifying the target heart rate comprises calculating the target heart rate based
on at least one of an age, a height, or a weight of the user.

[0043] At 604, a current heart rate of the user is received from a sensor
coupled to the mobile device. In an embodiment, receiving the current heart rate
of the user from the sensor comprises receiving the current heart rate from a
heart rate monitor in an earphone. In an embodiment, receiving the current heart
rate of the user from the sensor comprises receiving the current heart rate from a
heart rate monitor chest strap.

[0044] At 606, when a difference between the current heart rate and the target
heart rate is larger than a threshold value for a duration longer than a threshold
time, a beats per minute of a current audio selection is identified. In an
embodiment, the threshold value is ten heart beats per minute. In an
embodiment, the threshold value is user adjustable. In an embodiment,
identifying the beats per minute of the current audio selection comprises
accessing metadata of the current audio selection. In an embodiment, identifying
the beats per minute of the current audio selection comprises performing
acoustic analysis of the audio selection.

[0045] Then, a beats per minute to adjust the heart rate of the user from the
current heart rate toward the target heart rate is determined. In an embodiment,
determining the beats per minute to adjust the heart rate of the user from the
current heart rate toward the target heart rate comprises using a feedback
controller to calculate the beats per minute. In an embodiment, feedback
controller comprises a proportional integral derivative (PID) controller. In an
embodiment, the PID controller includes a plurality of coefficients. In an
embodiment, the plurality of coefficients is calculated during a calibration
activity performed by the user. In an embodiment, the plurality of coefficients
comprise Kp, Ki, and Kd, where Kp represents a present error between the
current heart rate and the target heart rate, Ki represents an accumulation of past
errors between the current heart rate and the target heart rate, and Kp represents
a prediction of future errors between the current heart rate and the target heart
rate.

[0046] Then, a next audio selection is selected from an audio library with a

beats per minute similar to the beats per minute to adjust the heart rate. In an

10
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embodiment, selecting the next audio selection from the audio library comprises
identifying a potential next audio selection from the audio library, analyzing the
potential next audio selection to determine whether the beats per minute of the
potential next audio selection substantially matches the beats per minute to

5 adjust the heart rate, and when the beats per minute of the potential next audio
selection substantially matches the beats per minute to adjust the heart rate,
selecting the potential next audio selection from the audio library as the next
audio selection. In an embodiment, analyzing the potential next audio selection
comprises performing acoustic analysis of the potential next audio selection.

10 [0047] In an embodiment, selecting the next audio selection is performed
during playback of the current audio selection.

[0048] In an embodiment, the target heart rate changes at a particular interval
and the identifying the beats per minute of the current audio selection,
determining the beats per minute, and selecting the next audio selection are

15  performed at the particular interval.

[0049] In an embodiment, the method 600 includes storing a history of audio
selections played to the user and when the potential next selection is in the
history of audio selections, selecting a different potential next selection to
analyze beats per minute.

20 [0050] In an embodiment, the method 600 includes presenting a notification
to the user when the difference between the current heart rate and the target heart
rate is larger than the threshold value. In a further embodiment, when a timeout
period expires after the notification is presented to the user, evaluating the
difference between the current heart rate and the target heart rate to determine

25  whether it has been larger than the threshold value for the timeout period, and is
so, performing the identifying the beats per minute of the current audio selection,
determining the beats per minute to adjust the heart rate of the user from the
current heart rate toward the target heart rate, and selecting the next audio
selection from the audio library.

30 [0051] Embodiments may be implemented in one or a combination of
hardware, firmware, and software. Embodiments may also be implemented as
instructions stored on a machine-readable storage device, which may be read and
executed by at least one processor to perform the operations described herein. A

machine-readable storage device may include any non-transitory mechanism for

11
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storing information in a form readable by a machine (e.g., a computer). For
example, a machine-readable storage device may include read-only memory
(ROM), random-access memory (RAM), magnetic disk storage media, optical
storage media, flash-memory devices, and other storage devices and media.
[0052] Examples, as described herein, may include, or may operate on, logic
or a number of components, modules, or mechanisms. Modules may be
hardware, software, or firmware communicatively coupled to one or more
processors in order to carry out the operations described herein. Modules may
hardware modules, and as such modules may be considered tangible entities
capable of performing specified operations and may be configured or arranged in
a certain manner. In an example, circuits may be arranged (e.g., internally or
with respect to external entities such as other circuits) in a specified manner as a
module. In an example, the whole or part of one or more computer systems
(e.g., a standalone, client or server computer system) or one or more hardware
processors may be configured by firmware or software (e.g., instructions, an
application portion, or an application) as a module that operates to perform
specified operations. In an example, the software may reside on a machine-
readable medium. In an example, the software, when executed by the underlying
hardware of the module, causes the hardware to perform the specified
operations. Accordingly, the term hardware module is understood to encompass
a tangible entity, be that an entity that is physically constructed, specifically
configured (e.g., hardwired), or temporarily (e.g., transitorily) configured (e.g.,
programmed) to operate in a specified manner or to perform part or all of any
operation described herein. Considering examples in which modules are
temporarily configured, each of the modules need not be instantiated at any one
moment in time. For example, where the modules comprise a general-purpose
hardware processor configured using software; the general-purpose hardware
processor may be configured as respective different modules at different times.
Software may accordingly configure a hardware processor, for example, to
constitute a particular module at one instance of time and to constitute a different
module at a different instance of time. Modules may also be software or
firmware modules, which operate to perform the methodologies described

herein.

12



WO 2015/099768

10

15

20

25

30

[0053] FIG. 7 is a block diagram illustrating a machine in the example form
of a computer system 700, within which a set or sequence of instructions may be
executed to cause the machine to perform any one of the methodologies
discussed herein, according to an example embodiment. In alternative
embodiments, the machine operates as a standalone device or may be connected
(e.g., networked) to other machines. In a networked deployment, the machine
may operate in the capacity of either a server or a client machine in server-client
network environments, or it may act as a peer machine in peer-to-peer (or
distributed) network environments. The machine may be an onboard vehicle
system, wearable device, personal computer (PC), a tablet PC, a hybrid tablet, a
personal digital assistant (PDA), a mobile telephone, or any machine capable of
executing instructions (sequential or otherwise) that specify actions to be taken
by that machine. Further, while only a single machine is illustrated, the term
“machine” shall also be taken to include any collection of machines that
individually or jointly execute a set (or multiple sets) of instructions to perform
any one or more of the methodologies discussed herein. Similarly, the term
“processor-based system” shall be taken to include any set of one or more
machines that are controlled by or operated by a processor (e.g., a computer) to
individually or jointly execute instructions to perform any one or more of the
methodologies discussed herein.

[0054] Example computer system 700 includes at least one processor 702
(e.g., a central processing unit (CPU), a graphics processing unit (GPU) or both,
processor cores, compute nodes, etc.), a main memory 704 and a static memory
706, which communicate with each other via a link 708 (e.g., bus). The
computer system 700 may further include a video display unit 710, an
alphanumeric input device 712 (e.g., a keyboard), and a user interface (UI)
navigation device 714 (e.g., a mouse). In one embodiment, the video display
unit 710, input device 712 and Ul navigation device 714 are incorporated into a
touch screen display. The computer system 700 may additionally include a
storage device 716 (e.g., a drive unit), a signal generation device 718 (e.g., a
speaker), a network interface device 720, and one or more sensors (not shown),
such as a global positioning system (GPS) sensor, compass, accelerometer, or

other sensor.
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[0055] The storage device 716 includes a machine-readable medium 722 on
which is stored one or more sets of data structures and instructions 724 (e.g.,
software) embodying or utilized by any one or more of the methodologies or
functions described herein. The instructions 724 may also reside, completely or
at least partially, within the main memory 704, static memory 706, and/or within
the processor 702 during execution thereof by the computer system 700, with the
main memory 704, static memory 706, and the processor 702 also constituting
machine-readable media.

[0056] While the machine-readable medium 722 is illustrated in an example
embodiment to be a single medium, the term “machine-readable medium” may
include a single medium or multiple media (e.g., a centralized or distributed
database, and/or associated caches and servers) that store the one or more
instructions 724. The term “machine-readable medium” shall also be taken to
include any tangible medium that is capable of storing, encoding or carrying
instructions for execution by the machine and that cause the machine to perform
any one or more of the methodologies of the present disclosure or that is capable
of storing, encoding or carrying data structures utilized by or associated with
such instructions. The term “machine-readable medium” shall accordingly be
taken to include, but not be limited to, solid-state memories, and optical and
magnetic media. Specific examples of machine-readable media include non-
volatile memory, including but not limited to, by way of example,
semiconductor memory devices (e.g., electrically programmable read-only
memory (EPROM), electrically erasable programmable read-only memory
(EEPROM)) and flash memory devices; magnetic disks such as internal hard
disks and removable disks; magneto-optical disks; and CD-ROM and DVD-
ROM disks.

[0057] The instructions 724 may further be transmitted or received over a
communications network 726 using a transmission medium via the network
interface device 720 utilizing any one of a number of well-known transfer
protocols (e.g., HI'TP). Examples of communication networks include a local
area network (LAN), a wide area network (WAN), the Internet, mobile
telephone networks, plain old telephone (POTS) networks, and wireless data
networks (e.g., Wi-Fi, 3G, and 4G LTE/LTE-A or WiMAX networks). The term

“transmission medium” shall be taken to include any intangible medium that is
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capable of storing, encoding, or carrying instructions for execution by the
machine, and includes digital or analog communications signals or other

intangible medium to facilitate communication of such software.

Additional Notes & Examples:

[0058] Example 1 includes subject matter (such as a device, apparatus, or
machine) comprising a system to track heart rate for music selection, comprising
a target heart rate module to identify a target heart rate of a user for an activity
session; a heart rate monitor module to receive a current heart rate of the user
from a sensor coupled to the system; and an audio selection module to determine
when a difference between the current heart rate and the target heart rate is larger
than a threshold value, and when the difference is larger than the threshold value
for a duration longer than a threshold time: identify a beats per minute of a
current audio selection; determine a beats per minute to adjust the heart rate of
the user from the current heart rate toward the target heart rate; and select a next
audio selection from an audio library with a beats per minute similar to the beats
per minute to adjust the heart rate.

[0059] In Example 2, the subject matter of Example 1 may optionally include,
wherein to identify the target heart rate, the target heart rate module is to receive
the target heart from the user.

[0060] In Example 3, the subject matter of any one or more of Examples 1 to
2 may optionally include, wherein to identify the target heart rate, the target
heart rate module is to calculate the target heart rate based on at least one of an
age, a height, or a weight of the user.

[0061] In Example 4, the subject matter of any one or more of Examples 1 to
3 may optionally include, wherein the target heart rate changes at a particular
interval and wherein the audio selection module identifies the beats per minute
of the current audio selection, determines the beats per minute of the next audio
selection, and selects the next audio selection at the particular interval.

[0062] In Example 5, the subject matter of any one or more of Examples 1 to
4 may optionally include, wherein to receive the current heart rate of the user
from the sensor, the heart rate monitor module receives the current heart rate

from a heart rate monitor in an earphone.
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[0063] In Example 6, the subject matter of any one or more of Examples 1 to
5 may optionally include, wherein to receive the current heart rate of the user
from the sensor, the heart rate monitor module receives the current heart rate
from a heart rate monitor chest strap.

S [0064] In Example 7, the subject matter of any one or more of Examples 1 to
6 may optionally include, wherein the threshold value is ten heart beats per
minute.

[0065] In Example 8, the subject matter of any one or more of Examples 1 to
7 may optionally include, wherein to identify the beats per minute of the current
10  audio selection, the audio selection module is to access metadata of the current
audio selection.
[0066] In Example 9, the subject matter of any one or more of Examples 1 to
8 may optionally include, wherein to identify the beats per minute of the current
audio selection, the audio selection module is to perform acoustic analysis of the
15  audio selection.
[0067] In Example 10, the subject matter of any one or more of Examples 1
to 9 may optionally include, wherein to determine the beats per minute to adjust
the heart rate of the user from the current heart rate toward the target heart rate,
the audio selection module is to use a feedback controller to calculate the beats
20  per minute.
[0068] In Example 11, the subject matter of any one or more of Examples 1
to 10 may optionally include, wherein the feedback controller comprises a
proportional integral derivative (PID) controller.
[0069] In Example 12, the subject matter of any one or more of Examples 1
25  to 11 may optionally include, wherein the PID controller includes a plurality of
coefficients.
[0070] In Example 13, the subject matter of any one or more of Examples 1
to 12 may optionally include, wherein the plurality of coefficients is calculated
during a calibration activity performed by the user.
30  [0071] In Example 14, the subject matter of any one or more of Examples 1
to 13 may optionally include, wherein the plurality of coefficients comprise Kp,
Ki, and Kd, where Kp represents a present error between the current heart rate

and the target heart rate, Ki represents an accumulation of past errors between
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the current heart rate and the target heart rate, and Kp represents a prediction of
future errors between the current heart rate and the target heart rate.
[0072] In Example 15, the subject matter of any one or more of Examples 1
to 14 may optionally include, wherein to select the next audio selection from the
5 audio library, the audio selection module is to: identify a potential next audio
selection from the audio library; analyze the potential next audio selection to
determine whether the beats per minute of the potential next audio selection
substantially matches the beats per minute to adjust the heart rate; and when the
beats per minute of the potential next audio selection substantially matches the
10 beats per minute to adjust the heart rate, select the potential next audio selection
from the audio library as the next audio selection.
[0073] In Example 16, the subject matter of any one or more of Examples 1
to 15 may optionally include, wherein to analyze the potential next audio
selection, the audio selection module is to perform acoustic analysis of the
15  potential next audio selection.
[0074] In Example 17, the subject matter of any one or more of Examples 1
to 16 may optionally include, wherein the next audio selection is selected during
playback of the current audio selection.
[0075] In Example 18, the subject matter of any one or more of Examples 1
20  to 17 may optionally include, a history module to store a history of audio
selections played to the user, and when the potential next selection is in the
history of audio selections, the audio selection module is to select a different
potential next selection to analyze beats per minute.
[0076] In Example 19, the subject matter of any one or more of Examples 1
25  to 18 may optionally include, a notification module to present a notification to
the user when the difference between the current heart rate and the target heart
rate is larger than the threshold value.
[0077] In Example 20, the subject matter of any one or more of Examples 1
to 19 may optionally include, wherein when a timeout period expires after the
30  notification is presented to the user, the audio selection module evaluates the
difference between the current heart rate and the target heart rate to determine
whether it has been larger than the threshold value for the timeout period, and is
so, performs the identifying the beats per minute of the current audio selection,

determining the beats per minute of the next audio selection to adjust the heart
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rate of the user from the current heart rate toward the target heart rate, and
selecting the next audio selection from the audio library.

[0078] Example 21 includes subject matter for tracking heart rate for music
selection (such as a method, means for performing acts, machine readable
medium including instructions that when performed by a machine cause the
machine to performs acts, or an apparatus configured to perform) comprising
identifying, at a mobile device, a target heart rate of a user for an activity
session; receiving a current heart rate of the user from a sensor coupled to the
mobile device; and when a difference between the current heart rate and the
target heart rate is larger than a threshold value for a duration longer than a
threshold time: identifying, at the mobile device, a beats per minute of a current
audio selection; determining, at the mobile device, a beats per minute to adjust
the heart rate of the user from the current heart rate toward the target heart rate;
and selecting, at the mobile device, a next audio selection from an audio library
with a beats per minute similar to the beats per minute to adjust the heart rate.
[0079] In Example 22, the subject matter of Example 21 may optionally
include, wherein identifying the target heart rate comprises receiving the target
heart from the user.

[0080] In Example 23, the subject matter of any one or more of Examples 21
to 22 may optionally include, wherein identifying the target heart rate comprises
calculating the target heart rate based on at least one of an age, a height, or a
weight of the user.

[0081] In Example 24, the subject matter of any one or more of Examples 21
to 23 may optionally include, wherein the target heart rate changes at a particular
interval and wherein the identifying the beats per minute of the current audio
selection, determining the beats per minute, and selecting the next audio
selection are performed at the particular interval.

[0082] In Example 25, the subject matter of any one or more of Examples 21
to 24 may optionally include, wherein receiving the current heart rate of the user
from the sensor comprises receiving the current heart rate from a heart rate
monitor in an earphone.

[0083] In Example 26, the subject matter of any one or more of Examples 21

to 25 may optionally include, wherein receiving the current heart rate of the user
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from the sensor comprises receiving the current heart rate from a heart rate
monitor chest strap.

[0084] In Example 27, the subject matter of any one or more of Examples 21
to 26 may optionally include, wherein the threshold value is ten heart beats per
minute.

[0085] In Example 28, the subject matter of any one or more of Examples 21
to 27 may optionally include, wherein identifying the beats per minute of the
current audio selection comprises accessing metadata of the current audio
selection.

[0086] In Example 29, the subject matter of any one or more of Examples 21
to 28 may optionally include, wherein identifying the beats per minute of the
current audio selection comprises performing acoustic analysis of the audio
selection.

[0087] In Example 30, the subject matter of any one or more of Examples 21
to 29 may optionally include, wherein determining the beats per minute to adjust
the heart rate of the user from the current heart rate toward the target heart rate
comprises using a feedback controller to calculate the beats per minute.

[0088] In Example 31, the subject matter of any one or more of Examples 21
to 30 may optionally include, wherein the feedback controller comprises a
proportional integral derivative (PID) controller.

[0089] In Example 32, the subject matter of any one or more of Examples 21
to 31 may optionally include, wherein the PID controller includes a plurality of
coefficients.

[0090] In Example 33, the subject matter of any one or more of Examples 21
to 32 may optionally include, wherein the plurality of coefficients is calculated
during a calibration activity performed by the user.

[0091] In Example 34, the subject matter of any one or more of Examples 21
to 33 may optionally include, wherein the plurality of coefficients comprise Kp,
Ki, and Kd, where Kp represents a present error between the current heart rate
and the target heart rate, Ki represents an accumulation of past errors between
the current heart rate and the target heart rate, and Kp represents a prediction of
future errors between the current heart rate and the target heart rate.

[0092] In Example 35, the subject matter of any one or more of Examples 21

to 34 may optionally include, wherein selecting the next audio selection from the
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audio library comprises: identifying a potential next audio selection from the
audio library; analyzing the potential next audio selection to determine whether
the beats per minute of the potential next audio selection substantially matches
the beats per minute to adjust the heart rate; and when the beats per minute of the
potential next audio selection substantially matches the beats per minute to
adjust the heart rate, selecting the potential next audio selection from the audio
library as the next audio selection.

[0093] In Example 36, the subject matter of any one or more of Examples 21
to 35 may optionally include, wherein analyzing the potential next audio
selection comprises performing acoustic analysis of the potential next audio
selection.

[0094] In Example 37, the subject matter of any one or more of Examples 21
to 36 may optionally include, wherein selecting the next audio selection is
performed during playback of the current audio selection.

[0095] In Example 38, the subject matter of any one or more of Examples 21
to 37 may optionally include, storing a history of audio selections played to the
user; and when the potential next selection is in the history of audio selections,
selecting a different potential next selection to analyze beats per minute.

[0096] In Example 39, the subject matter of any one or more of Examples 21
to 38 may optionally include, presenting a notification to the user when the
difference between the current heart rate and the target heart rate is larger than
the threshold value.

[0097] In Example 40, the subject matter of any one or more of Examples 21
to 39 may optionally include, when a timeout period expires after the notification
is presented to the user, evaluating the difference between the current heart rate
and the target heart rate to determine whether it has been larger than the
threshold value for the timeout period, and is so, performing the identifying the
beats per minute of the current audio selection, determining the beats per minute
to adjust the heart rate of the user from the current heart rate toward the target
heart rate, and selecting the next audio selection from the audio library.

[0098] Example 41 includes a machine-readable medium including
instructions for tracking heart rate for music selection, which when executed by

a machine, cause the machine to perform any one of Examples 21-40.
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[0099] Example 42 includes an apparatus to track heart rate for music
selection, the apparatus means for performing any one of Examples 21-40.
[00100] Example 43 includes an apparatus to track heart rate for music
selection comprising: means for identifying, at a mobile device, a target heart
rate of a user for an activity session; means for receiving a current heart rate of
the user from a sensor coupled to the mobile device; and means for when a
difference between the current heart rate and the target heart rate is larger than a
threshold value: means for identifying, at the mobile device, a beats per minute
of a current audio selection; means for determining, at the mobile device, a beats
per minute to adjust the heart rate of the user from the current heart rate toward
the target heart rate; and means for selecting, at the mobile device, a next audio
selection from an audio library with a beats per minute similar to the beats per
minute to adjust the heart rate.

[00101] The above detailed description includes references to the
accompanying drawings, which form a part of the detailed description. The
drawings show, by way of illustration, specific embodiments that may be
practiced. These embodiments are also referred to herein as “examples.” Such
examples may include elements in addition to those shown or described.
However, also contemplated are examples that include the elements shown or
described. Moreover, also contemplated are examples using any combination or
permutation of those elements shown or described (or one or more aspects
thereof), either with respect to a particular example (or one or more aspects
thereof), or with respect to other examples (or one or more aspects thereof)
shown or described herein.

[00102] Publications, patents, and patent documents referred to in this
document are incorporated by reference herein in their entirety, as though
individually incorporated by reference. In the event of inconsistent usages
between this document and those documents so incorporated by reference, the
usage in the incorporated reference(s) are supplementary to that of this
document; for irreconcilable inconsistencies, the usage in this document
controls.

[00103] In this document, the terms “a” or “an” are used, as is common in
patent documents, to include one or more than one, independent of any other

instances or usages of “at least one” or “one or more.” In this document, the
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term “or” is used to refer to a nonexclusive or, such that “A or B” includes “A
but not B,” “B but not A,” and “A and B,” unless otherwise indicated. In the
appended claims, the terms “including” and “in which” are used as the plain-
English equivalents of the respective terms “comprising” and “wherein.” Also,
in the following claims, the terms “including” and “comprising” are open-ended,
that is, a system, device, article, or process that includes elements in addition to
those listed after such a term in a claim are still deemed to fall within the scope

k13

of that claim. Moreover, in the following claims, the terms “first,” “second,”
and “third,” etc. are used merely as labels, and are not intended to suggest a
numerical order for their objects.

[00104] The above description is intended to be illustrative, and not restrictive.
For example, the above-described examples (or one or more aspects thereof)
may be used in combination with others. Other embodiments may be used, such
as by one of ordinary skill in the art upon reviewing the above description. The
Abstract is to allow the reader to quickly ascertain the nature of the technical
disclosure, for example, to comply with 37 C.IF.R. §1.72(b) in the United States
of America. It is submitted with the understanding that it will not be used to
interpret or limit the scope or meaning of the claims. Also, in the above Detailed
Description, various features may be grouped together to streamline the
disclosure. However, the claims may not set forth every feature disclosed herein
as embodiments may feature a subset of said features. Further, embodiments
may include fewer features than those disclosed in a particular example. Thus,
the following claims are hereby incorporated into the Detailed Description, with
a claim standing on its own as a separate embodiment. The scope of the
embodiments disclosed herein is to be determined with reference to the
appended claims, along with the full scope of equivalents to which such claims

are entitled.
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CLAIMS

What is claimed is:

1. A system to track heart rate for music selection, the system comprising:
a target heart rate module to identify a target heart rate of a user for an
activity session;
a heart rate monitor module to receive a current heart rate of the user
from a sensor coupled to the system; and
an audio selection module to determine when a difference between the
current heart rate and the target heart rate is larger than a threshold value, and
when the difference is larger than the threshold value for a duration longer than a
threshold time:
identify a beats per minute of a current audio selection;
determine a beats per minute to adjust the heart rate of the user
from the current heart rate toward the target heart rate; and
select a next audio selection from an audio library with a beats

per minute similar to the beats per minute to adjust the heart rate.

2. The system of claim 1, wherein to identify the target heart rate, the target

heart rate module is to receive the target heart from the user.

3. The system of claim 1, wherein to identify the target heart rate, the target
heart rate module is to calculate the target heart rate based on at least one of an

age, a height, or a weight of the user.

4. The system of claim 1, wherein the target heart rate changes at a
particular interval and wherein the audio selection module identifies the beats
per minute of the current audio selection, determines the beats per minute of the
next audio selection, and selects the next audio selection at the particular

interval.
5. The system of claim 1, wherein to receive the current heart rate of the

user from the sensor, the heart rate monitor module receives the current heart

rate from a heart rate monitor in an earphone.
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6. The system of claim 1, wherein to receive the current heart rate of the
user from the sensor, the heart rate monitor module receives the current heart

rate from a heart rate monitor chest strap.

7. The system of claim 1, wherein the threshold value is ten heart beats per
minute.
8. The system of claim 1, wherein to identify the beats per minute of the

current audio selection, the audio selection module is to access metadata of the

current audio selection.

9. The system of claim 1, wherein to identify the beats per minute of the
current audio selection, the audio selection module is to perform acoustic

analysis of the audio selection.

10. The system of claim 1, wherein to determine the beats per minute to
adjust the heart rate of the user from the current heart rate toward the target heart
rate, the audio selection module is to use a feedback controller to calculate the

beats per minute.

11. The system of claim 10, wherein the feedback controller comprises a

proportional integral derivative (PID) controller.

12. The system of claim 11, wherein the PID controller includes a plurality
of coefficients.
13. The system of claim 12, wherein the plurality of coefficients is calculated

during a calibration activity performed by the user.
14. The system of claim 12, wherein the plurality of coefficients comprise

Kp, Ki, and Kd, where Kp represents a present error between the current heart

rate and the target heart rate, Ki represents an accumulation of past errors
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between the current heart rate and the target heart rate, and Kp represents a

prediction of future errors between the current heart rate and the target heart rate.

15. The system of claim 1, wherein to select the next audio selection from
5  the audio library, the audio selection module is to:
identify a potential next audio selection from the audio library;
analyze the potential next audio selection to determine whether the beats
per minute of the potential next audio selection substantially matches the beats
per minute to adjust the heart rate; and
10 when the beats per minute of the potential next audio selection
substantially matches the beats per minute to adjust the heart rate, select the

potential next audio selection from the audio library as the next audio selection.

16. The system of claim 15, wherein to analyze the potential next audio
15  selection, the audio selection module is to perform acoustic analysis of the

potential next audio selection.

17. The system of claim 15, wherein the next audio selection is selected
during playback of the current audio selection.

20
18. The system of claim 15, further comprising a history module to store a
history of audio selections played to the user, and when the potential next
selection is in the history of audio selections, the audio selection module is to
select a different potential next selection to analyze beats per minute.

25
19. The system of claim 1, further comprising:

a notification module to present a notification to the user when the
difference between the current heart rate and the target heart rate is larger than
the threshold value.

30
20. The system of claim 19, wherein when a timeout period expires after the
notification is presented to the user, the audio selection module evaluates the
difference between the current heart rate and the target heart rate to determine

whether it has been larger than the threshold value for the timeout period, and is
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so, performs the identifying the beats per minute of the current audio selection,
determining the beats per minute of the next audio selection to adjust the heart
rate of the user from the current heart rate toward the target heart rate, and

selecting the next audio selection from the audio library.

21. A method for tracking heart rate for music selection, the method
comprising:
identifying, at a mobile device, a target heart rate of a user for an activity
session;
receiving a current heart rate of the user from a sensor coupled to the
mobile device; and
when a difference between the current heart rate and the target heart rate
is larger than a threshold value for a duration longer than a threshold time:
identifying, at the mobile device, a beats per minute of a current
audio selection;
determining, at the mobile device, a beats per minute to adjust the
heart rate of the user from the current heart rate toward the target heart
rate; and
selecting, at the mobile device, a next audio selection from an
audio library with a beats per minute similar to the beats per minute to

adjust the heart rate.

22. The method of claim 21, wherein the target heart rate changes at a
particular interval and wherein the identifying the beats per minute of the current
audio selection, determining the beats per minute, and selecting the next audio

selection are performed at the particular interval.

23. A method to perform any of the operations of claims 1-20.

24, A machine-readable medium including instructions for tracking heart rate

for music selection, which when executed by a machine, cause the machine to

perform any one of the operations of claims 1-20.
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25. An apparatus to track heart rate for music selection, the apparatus means

for performing any one of the methods of claims 21-22.

27



WO 2015/099768 PCT/US2013/078009
- 100
- 104
AUDIO LIBRARY
L
108
_____ |
S MONITOR |
L e e |
NETWORK S _ _ _ _ _ 0
CADENCE :
SENSOR
L e |
/ 102
MOBILE DEVICE
Y- 112 Y 114 Y- 108
TARGET HEART HR MONITOR
RATE MODULE MODULE HR SENSOR
/‘ 116 /“ 115 /‘ 110
| ' CADENCE
SELECTION |H|STORY MODULE| SENSOR
MODULE A /99 b — — — — — |
- o~ | ;
[ 104 120
| CONTROLLER ! r——[—ﬂ ,‘—‘C“l
Lo AUDIO LBRARY | | NOTIFICATION
| MODULE
e o — — [ e |

1/5



WO 2015/099768

200
?/
f 208

LA 7

202 j ,/- 200
TARGET HR / ERROR (e)

CURRENT HR

Ki>e
> / 212
Kd Ae

218

/- 210

PCT/US2013/078009

/- 211

BPM CHANGE

NEW SONG

FIG. 2

250+
X y
4 v
2004 ! |
|
l 300
> |
150- © D EJ A~ ~ Fi . STEADYSTATE
YNV T N\ AVERAGE 2
|
|
' Mu 909
100 :
-
|
VAT Y VYYD | STEADY STATE
0 | Lo | AVERAGE 1
L '
: Lo :
| | | I
| | | I
| | | [
| L1 !
% 50 100 150 200 250 300 350

2/5




PCT/US2013/078009

WO 2015/099768

GOl

©

\

~N

s

-

N
<< W PP

YH j1ebie] awi] HH jueuny

|0J]U0D) DISNIA]

0 0 0

poadg saLoje) aouejsig

¢L 6¢vl V.

&

SOHSHEIS INOYIONY

-

/
oo ="~

J

GOF —

v O

- R

€L £6 9 uiw G¢
L L6 [ uiw g
LL 06 14 ulw gz

AloA008Y pieH  S|eAlojul  uonBINg

aunbiyuon

I aoueInpug _

( weabouad uuw_wQ

/
oor =
J

3/5



WO 2015/099768 PCT/US2013/078009

?/- 600
602
IDENTIFY TARGET HEART RATE a
* S 004
RECEIVE CURRENT HEART RATE OF USER
* S o06

WHEN A DIFFERENCE BETWEEN THE TARGET HEART RATE AND
THE CURRENT HEART RATE IS LARGER THAN A THRESHOLD,
IDENTIFY A BPM OF A CURRENT AUDIO SELECTION, DETERMINE A
BPM TO ADJUST THE USER'S HR, AND SELECT A NEXT AUDIO
SELECTION FROM AN AUDIO LIBRARY

FIG. 6

4/5



WO 2015/099768 PCT/US2013/078009

700
708 <
{ X 710
7 ‘ e
SROCESSOR -« VIDEQ DISPLAY
L 794 )
/ < > F 712
SOFTWARE
ALPHANUMERIC INPUT
< > DEVICE
/ 701 -
MAIN MEMORY /
/’ 724 @«——»| Ul NAVIGATION DEVICE
[ —P>
SOFTWARE
/ 716
706
4 STORAGE DEVICE 722
STATIC MEMORY : o1 > _ [ [ MACHINE-READABLE
/] = MEDIUM
SOFTWARE //— 794
f 790 SOFTWARE
718
NETWOBE \}ll\éTEERFACE f
SIGNAL GENERATION
< > DEVICE
% 79

FIG. 7

5/5



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2013/078009

A. CLASSIFICATION OF SUBJECT MATTER

GO6F 3/01(2006.01)i, GO6F 3/16(2006.01)i, GO6F 9/44(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
GOG6F 3/01; G10H 1/40; A61B 5/04; G10H 1/00, G10H 7/00; A61B 5/0402; A63B 71/00; GO6F 3/16; GOGF 9/44

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KTIPO internal) & Keywords: music, selection, heart, rate

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 7956274 B2 (MICHIHIKO SASAKI et al.) 07 June 2011 1-9,15-17,21-25
See column 1, lines 48-50; column 5, lines 64-65; column 6, lines 35-37;
colum 7, line 66 - column 8, line 59; column 9, lines 6-26;
column 12, line 67 — column 13, line 3; column 16, lines 52-56;
column 17, line 65 - column 18, line 2; column 20, lines 52-58; and
figures 1 and 2B.
Y 10-12,14,19-20
A 13,18
Y US 7841967 Bl (PHILIPPE KAHN et al.) 30 November 2010 10-12,14,19-20
See column 3, lines 61-66; column 5, lines 17-28; and figure 2.
A WO 2005-071662 A1 (KONIN-KLIJKE PHILIPS ELECTRONICS N.V.) 04 August 2005 1-25
See page 10, lines 26-31; and figure 1.
A US 2013-0312589 Al (LUKE DAVID MACPHERSON) 28 November 2013 1-26
See paragraphs [0045]-[0048]; and figures HA-7.
A US 2010-0145203 A1 (YOON SANG KIM et al.) 10 June 2010 1-25
See paragraphs [0007]-[0008]; and figure 1.

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

than the priority date claimed

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priotity ¢claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O"  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family

Date of the actual completion of the international search

30 September 2014 (30.09.2014)

Date of mailing of the international search report

30 September 2014 (30.09.2014)

Name and mailing address of the [ISA/KR
International Application Division

« Korean Intellectual Property Office

¥ 189 Cheongsa-ro, Seo-gu, Dagjeon Metropolitan City, 302-701,
Republic of Korea

Facsimile No, +82-42-472-7140

Authorized officer

LEE, Seok Hyung

Telephone No. +82-42-481-5983

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2013/078009

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 7956274 B2 07/06/2011 JP 2008-242287 A 09/10/2008
JP 4311467 B2 12/08/2009
JP 4311468 B2 12/08/2009
US 2008-0236370 Al 02/10/2008
US 2010-0236386 Al 23/09/2010
US 7956274 B2 07/06/2011
US 7982120 B2 19/07/2011

US 7841967 Bl 30/11/2010 None

WO 2005-071662 Al 04/08/2005 CN 1910649 A 07/02/2007
EP 1709624 Al 11/10/2006
JP 2007-519048 A 12/07/2007
KR 10-2006-0128925 A 14/12/2006
US 2009-0019994 Al 22/01/2009

US 2013-0312589 Al 28/11/2013 None

US 2010-0145203 Al 10/06/2010 KR 10-0986527 Bl 07/10/2010
KR 10-2010-0064192 A 14/06/2010
US 8370290 B2 05/02/2013

Form PCT/ISA/210 (patent family annex) (July 2009)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - wo-search-report
	Page 36 - wo-search-report

