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7) ABSTRACT

The invention generally pertains to a hand-held computing
device. More particularly, the invention pertains to a comput-
ing device that is capable of controlling the speed of the music
so as to affect the mood and behavior of the user during an
activity such as exercise. By way of example, the speed of the
music can be controlled to match the pace of the activity
(synching the speed of the music to the activity of the user) or
alternatively it can be controlled to drive the pace of the
activity (increasing or decreasing the speed of the music to
encourage a greater or lower pace). One aspect of the inven-
tion relates to adjusting the tempo (or some other attribute) of
the music being outputted from the computing device. By
way of example., a songs tempo may be increased or
decreased before or during playing.

19 Claims, 13 Drawing Sheets
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1
MUSIC SYNCHRONIZATION
ARRANGEMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is a continuation application of
U.S. patent application Ser. No. 13/079,620, entitled “Music
Synchronization Arrangement,” filed Apr. 4, 2011, whichis a
divisional of U.S. Pat. No. 7,973,231 filed Mar. 10, 2010,
which is a continuation of U.S. Pat. No. 7,705,230 filed Feb.
6, 2009, which is a continuation of U.S. Pat. No. 7,521,623
filed Nov. 24, 2004, all of which is incorporated by reference
herein for all purposes.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to portable media devices
and, more particularly, to improved features for managing
and outputting media items.

2. Description of the Related Art

There exist today many styles of sound machines such as
home stereos, car stereos, boom boxes, CD players, and hand-
held music players (e.g., MP3) for outputting music. Hand-
held music players in particular have become increasingly
popular as they allow a user to listen to music on the go. That
is, because of their size, they can easily be transported whet-
ever the user travels. In some cases, the devices are attached to
the user, as for example, using a belt or clip, thereby making
them even easier to transport. In fact, because of their ease of
transport, they are commonly used when exercising. The user
can wear the music player thereby leaving their hands free to
exercise. The iPod® manufactured by Apple Computer of
Cupertino, Calif. is one example of a hand-held MP3 player.

In most cases, the music stored in music player is down-
loaded from a host device such as a personal computer. The
personal computer can include music management software
that allows a user to sort, store and catalog their music. More
particularly, the music management software gives the user
the ability to organize their music into playlists, play music,
purchase music over the Internet (World Wide Web), run a
visualizer to display the music in a visual form, encode or
transcode music into different audio formats such as MP3,
AIFF, WAY, AAC, and ALE, and transfer music between the
personal computer and the music players. iTunes® manufac-
tured by Apple Computer of Cupertino, Calif. is one example
of music management software.

A personal computer may also include other software pro-
grams associated with music. By way of example, the per-
sonal computer may utilize recording software that allows a
user to perform, record, and create music. These types of
programs typically include features such as instruments, pre-
recorded loops, amps, effects and editing tools. Garage-
Band® manufactured by Apple Computer of Cupertino,
Calif., is one example of a music recording program.

The personal computer may also utilize mixing software
that allows a user to perform DI mixing, live remixing, and
mix recording using music in various formats such as MP3.
This type of software typically performs many functions
including mixing, equalizing, cross fading, looping, tempo
determination, pitch and tempo adjustment, etc. In order to
synchronize two songs during mixing, mixing programs may
be configured to analyze the music files and create beat marks
for each song (annotate all the beats of the songs so that they
can be matched efficiently during mixing). Furthermore, in
order to adjust the tempo of a song without affecting pitch,
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mixing programs may utilize a technique called phase voc-
oding, whichis one of the more powerful methods of manipu-
lating sounds in the frequency domain. Only recently have
personal computers had sufficient processing to make real-
time phase vocoding a viable proposition. In the past, algo-
rithms for phase vocoding were of such complexity and per-
sonal computers were of limited processing power such that it
would often require many hours of processing to acquire each
second of audio output. Traktor DI Studio 2.0 manufactured
by Native Instruments of Germany is one example of'a mixing
program.

Although music player systems utilizing a music player
and personal computer work well, there is a continuing need
for improved features for managing and outputting music.

SUMMARY OF INVENTION

The invention relates, in one embodiment, to a music
method performed on a hand-held computing device. The
method generally includes designating an attribute of a song.
The method also includes controlling the music output of the
computing device based on the designated attribute of the
song. The attribute may, for example, correspond to the tempo
of the song.

The invention relates, in another embodiment, to a method
performed on a hand-held computing device. The method
includes designating a tempo. The method also includes
adjusting the tempo of one or more audio tracks being out-
putted to match the designated tempo.

The invention relates, in another embodiment, to a method
performed on a hand-held computing device. The method
includes storing a plurality of audio tracks. Each audio track
having a tempo. The method also includes designating a
tempo. The method further includes selecting audio tracks
from storage with a tempo similar to the designated tempo.

The invention relates, in another embodiment, to a com-
puter readable medium contained on a hand-held music
player and including at least computer code for managing
music. The medium includes obtaining the tempo of an event.
The medium also includes outputting music. The medium
further includes controlling the tempo of the music being
outputted based on the tempo of the event.

The invention relates, in another embodiment, to a hand-
held media player. The hand-held media player includes a
housing of the media player. The hand-held media player also
includes an accelerometer disposed inside the housing of the
media player and configured to measure the motion of the
media player. The hand-held music player further includes a
music storage element disposed inside the housing of the
media player and configured to contain one or more music
items. The hand-held media player additionally includes a
processor disposed inside the housing of the media player,
and operatively coupled to the accelerometer and the music
storage element. The processor is configured to control the
output of the music items based on the motion of the media
player.

The invention relates, in another embodiment, to a method
performed on a hand-held media player. The method includes
sensing the pace of body motion. The method also includes
playing one or more audio tracks. The method further
includes adjusting the tempo of each audio track in accor-
dance with changes in body motion.

The invention relates, in another embodiment, to a method
performed on a hand-held music player. The method includes
designating a tempo profile. The method also includes out-
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putting one or more audio tracks. The method further includes
adjusting the tempo of the audio tracks based on the tempo
profile.

The invention relates, in another embodiment, to a method
of transferring data between a host device and a portable
media device. The portable media device is capable of storing
and playing media items. The method includes, at the host
device, designating at least one audio file for downloading to
the portable media device. The method also includes, at the
host device, generating a tempo tag for each designated audio
file. Each tempo tag indicates the tempo of the audio file. The
method further includes, at the host device, sending the audio
file including the tempo tag to the portable media device.

The invention relates, in another embodiment, to a method
of transferring data between a host device and a portable
media device. The portable media device is capable of storing
and playing media items. The method includes, at the host
device, designating at least one song for downloading to the
portable media device. The method also includes, at the host
device, producing a music collection for each designated
song. Each music collection contains the original version of
the designated song and new versions of the designated song.
Each new version has a different tempo. The method further
includes, at the host device, sending the music collection to
the portable media device.

The invention relates, in another embodiment, to an opera-
tional method for a hand-held music player. The method
includes storing music data. The music data includes a plu-
rality of music collections. Each music collection contains an
original song and a plurality of differently formatted songs
based on the original song. The original and differently for-
matted songs have different tempos. The music collection is
generated separately on a device other than the portable
media device. The method also includes designating a desired
tempo. The method further includes retrieving at least one
song from storage having a tempo that closely matches the
desired tempo. The method additionally includes outputting
one or more of the retrieved songs.

The invention relates, in another embodiment, to a portable
media device capable of playing music. The portable media
device includes a storage device containing downloaded
music data. The music data includes a plurality of music
collections. Each music collection includes an original song
and plurality of different versions of the original song. Each
song in the music collection has an attribute with a different
value. The portable media device also includes a processor
configured to control the supply of songs to a speaker.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be readily understood by the following
detailed description in conjunction with the accompanying
drawings, wherein like reference numerals designate like
structural elements, and in which:

FIG. 1 is a simplified block diagram of a music player, in
accordance with one embodiment of the present invention.

FIG. 2A is an illustration of an audio file signal, in accor-
dance with one embodiment of the present invention.

FIG. 2B is an illustration of a tag with beats annotated, in
accordance with one embodiment of the present invention.

FIG. 3 is a music method performed on a music player, in
accordance with one embodiment of the present invention.

FIG. 4 is a music method performed on a music player, in
accordance with one embodiment of the present invention.

FIG. 5 is a music method performed on a music player, in
accordance with one embodiment of the present invention.
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FIG. 6 is a music method performed on a music player, in
accordance with one embodiment of the present invention.

FIG. 7 is a block diagram of a music player system, in
accordance with another embodiment of the present inven-
tion.

FIG. 8 is a block diagram of a media player system, in
accordance with one embodiment of the present invention.

FIG. 9 is an operational method, in accordance with one
embodiment of the present invention.

FIGS. 10A-101 show various screen shots of a computing
device, in accordance with one embodiment of the present
invention.

FIGS. 11A-11E show various work out programs, in accor-
dance with one embodiment of the present invention.

FIG. 12 is an operational method performed on a portable
media device, in accordance with one embodiment of the
present invention.

FIG. 13 is an operational method performed on a portable
media device, in accordance with one embodiment of the
present invention.

FIG. 14 is a block diagram of a media management system,
in accordance with one embodiment of the present invention.

FIG. 15 is a block diagram of a media player, in accordance
with one embodiment of the present invention.

FIG. 16 is method of transferring data between a host
device and a portable media device, in accordance with one
embodiment of the present invention.

FIG. 17 is method of transferring data between a host
device and a portable media device, in accordance with one
embodiment of the present invention.

FIG. 18 is perspective view of a hand-held computing
device, in accordance with one embodiment of the present
invention.

FIG. 19 shows a user jogging with a music player attached
to the arm, in accordance with one embodiment of the present
invention.

FIG. 20 shows a music player moving up and down in
accordance with a user’s steps, in accordance with one
embodiment of the present invention.

FIG. 21 shows an exemplary signal produced by an accel-
erometer, in accordance with one embodiment of the present
invention.

FIG. 22 is a side elevation view of a hand-held computing
device, in accordance with one embodiment of the present
invention.

FIG. 23 is a side elevation view of a hand-held computing
device, in accordance with one embodiment of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

It is well documented that music can affect the mood and
behavior of people. For example, different compositions of
music may be used for relaxing, romancing, dancing, exer-
cising, etc. During exercise in particular, music can be used to
motivate, speed and drive the intensity of the workout. For
example, it is generally believed that if the music is invigo-
rating and inspiring people will be more motivated to work
out. Because of this, most gyms play music with an upbeat
tempo to keep people motivated during their work out. Fur-
thermore, some studies have shown that joggers who exer-
cised with music had greater endurance, worked out longer
and felt better about the workout than those who worked out
without music.

One attribute of music that is believed to be tied strongly to
mood and behavior is tempo. Tempo, which is often measured
in beats per minute (bpm), is the speed at which an element or
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composition is played. The tempo of music typically ranges
between 50 and 200 beats per minute. Although tempo sets
the basic pace of music, it should be noted that the rhythm of
the music can also have an impact on the perceived pace (so it
too can affect a person’s mood and behavior).

With regards to exercising, it is generally believe that the
speed of the music influences the pace of a person’s workouts
since the body automatically tries to keep in synch with the
music. Because of this, slower tempos, which tend to produce
a more relaxed state, are typically used when stretching,
warming up or cooling down, while faster tempos, which tend
to produce a more excited state, are typically used when
strength training or performing cardio work outs. In fact,
some studies have shown that sedative music (low tempo) is
great for stretching but bad for strength training, and that
stimulating music (high tempo) is good for strength training
but bad for stretching.

The invention generally pertains to a hand-held music
player. The term hand-held music player is primarily directed
atmusic storage players such as MP3 music players, although
it may also be directed at any hand-held personal computing
device capable of outputting music as, for example, a game
player, a video player, acell phone, a personal digital assistant
(PDA), and/or the like. More particularly, the invention per-
tains to a music player that is capable of controlling the speed
of the music so as to affect the mood and behavior of the user
during an activity such as exercise. By way of example, the
speed of the music can be controlled to match the pace of the
activity (synching the speed of the music to the activity of the
user) or alternatively it can be controlled to drive the pace of
the activity (increasing or decreasing the speed of the music to
encourage a faster or slower pace).

One aspect of the invention relates to adjusting the tempo
(or some other attribute) of music being outputted from a
music player. By way of example, a song’s tempo may be
increased or decreased before or during playing. This is typi-
cally accomplished in real time (on the fly) in the music
player. Another aspect of the invention relates to selecting
music for outputting based on tempo (or some other
attribute). For example, the music player may play songs
having a particular tempo. Yet another aspect of the invention
relates to both selecting music based on tempo and adjusting
the tempo of the music.

These and other embodiments of the invention are dis-
cussed below with reference to FIGS. 1-23. However, those
skilled in the art will readily appreciate that the detailed
description given herein with respect to these figures is for
explanatory purposes as the invention extends beyond these
limited embodiments.

FIG. 1 is a simplified block diagram of a music player 10,
in accordance with one embodiment of the present invention.
The music player 10 includes a music manager 12 and amusic
store 14, both of which can be embodied as software or
hardware or a combination of software and hardware. The
music manager 12 controls the audio output of music files 16
stored in the music store 14. During operation, for example,
the music manager 12 selects an audio track 18 from the
music files 16 and outputs the audio track 18 in the form of an
audio track.

In accordance with one embodiment, the music manager
12 is configured to select audio tracks 18 with particular
characteristics and/or adjust characteristics of the audio
tracks 18 to meet a particular need. In so doing, the music can
be more closely matched to a user’s mood and circumstances,
and in some cases drive the mood and circumstances of the
user. For example, the music manager 12 can select an audio
track or adjust the characteristics of the audio track to match
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the behavior of the user, and/or it can select an audio track or
adjust the characteristics of the audio track to encourage or
drive the behavior of the user.

In oneimplementation, the music manager 12 is configured
to adjust the tempo of an audio track or an audio track (as it is
being outputted). This may be accomplished via a user selec-
tion or some external event. In the case of user selection, the
user may set a desired tempo, and thereafter the media man-
ager 12 may adjust the tempo of the audio tracks to match the
desired tempo. In the case of events, the media manager may
monitor an event and adjust the tempo of the audio track 18
based on the tempo of the event. In either case, the tempo may
be adjusted incrementally or continuously (real time). When
incrementally, the media manager 12 may sample the user
selection or event at various times, and therefore only adjust
the tempo at various times. When continuously, the media
manager 12 continuously samples the user selection or event
while the audio track 18 is being output, and simultaneously
adjusts the tempo of the audio output with the tempo of the
user selection or event as it changes.

The user selection may be performed in a variety of ways.
In one example, the user selection is made through a GUI and
a button or wheel that operates a slider bar on the GUI. The
desired tempo changes as the slider bar is moved to various
positions. The user can therefore select a desired tempo by
simply moving the slider bar to a position associated with the
desired tempo. Once a tempo is set, the music manager 12 can
adjust the tempo of the audio track 18 accordingly. For
example, if the user selects 120 beats per minute, and the
audio track has a tempo of 140 beats per minute, then the
music manager 12 can decrease the tempo of the audio track
18 from 140 bpm to 120 bpm thereby matching the tempo of
the audio track with the selected tempo.

The events, which are typically monitored by the music
manager 12, may be widely varied. In one example, the user
events are associated with a body metric such as body motion,
heart rate, respiratory rate, temperature, and the like. In most
cases, these types of events are measured via sensors that send
signals to the music manager 12 that are proportional to the
tempo of the user event. For example, when the user event is
body motion, and more particularly jogging, the sensors may
send a signal indicative of the number of steps per minute,
which can then be translated by the music manager 12 to beats
per minute (bpm). For example, each step may represent one
beat. The music manager after determining the tempo (bpm)
of the user event can adjust the tempo of the audio track
accordingly. For example, if the audio track has a tempo of
120 beats per minute, and the user event has a tempo of 140
beats per minute, then the music manager 12 can increase the
tempo of the audio track from 120 bpm to 140 bpm thereby
matching the tempo of the audio track with the tempo of the
user event. Alternatively, the sensor itself may translate the
step/m to beat/m.

In another implementation, the media manager 12 is con-
figured to select audio tracks having tempos that closely
match a desired tempo. The desired tempo may be based on a
user selection or on some user event such as a body metric.
For example, the user may set a desired tempo, and thereafter
the media manager 12 may browse through all the music files
16 stored in the music store 14 looking for audio tracks 18
with similar tempos. Alternatively, the media manager 12
may monitor a user event, and thereafter the media manager
12 may browse through all the music files 16 stored in the
music store 14 looking for audio tracks 18 with tempos simi-
lar to the user event. In either case, once matches are made, the
media manager 12 outputs only those audio tracks, which
have tempos that closely match the desired tempo.
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In some cases, the music files 16 may contain multiple
versions of the same audio track 18. Each version has a
different tempo and therefore more audio tracks 18 may be
made available for outputting. By way of example, the music
files 16 may contain the original version 18A as well as one or
more increased tempo versions 18B, and one or more
decreased tempo versions 18C. The different versions may be
part of the original music file, or they may be created when the
music file is downloaded either to a host device that serves the
music player 10 or to the music player 10 itself. Furthermore,
in order to make it easier on the music manager 12 (save time
and processing power), each audio track 18 may include a tag
20 that indicates the tempo of the audio track 18. The tag 20
may be part of the original music file, or it may be created
when the music file is acquired (e.g., downloaded). By pro-
viding tags 20, the music manager 12 does not have to deter-
mine the tempo of each audio track 18 on its own. It simply
has to select the audio tracks 16 with the desired tempo by
looking at the tags 20. The tags and formats may be associated
with metadata.

The tag may be a simple number such as 120 bpm or it may
be based on the score that has the beats annotated. FIG. 2A is
an example of an audio output signal, and FIG. 2B is an
exampleofa preprocessed tag with the beats annotated for the
audio output signal.

In yet another implementation, the music manager 12 is
configured to both select audio tracks 18 having tempos that
closely match a desired tempo, and to adjust the tempo of the
audio track as it is being outputted. This is a combination of
the two embodiments mentioned above. This particular
embodiment may be used to reduce the processing power
typically required to adjust the tempo of the audio track 18 at
the music player 10. Because the tempo of the audio track has
already been pre-selected to closely match the desired tempo,
only small adjustments need to be made to more closely
match the tempo of the audio track with the desired tempo.
For example, if the desired tempo is 120 bpm, the music
manager may select audio tracks having tags that indicate
between about 115 bpm and about 125 bpm, and thereafter
the music manager may adjust the audio track to bring it to
120 bpm.

Although the embodiments described above are primarily
directed at “tempo matching” it should be noted that this is not
a limitation and that the music manager may also be config-
ured to drive events based on the tempo. For example, the
music manager can select or adjust the tempo of music to
illicit a change in a user event such as a body metric (e.g., the
music manger can slow the tempo, thereby causing the user to
slow their pace or the music manger can speed up the tempo,
thereby causing the user to speed up their pace).

FIG. 3 is a music method 50 performed on a music player,
in accordance with one embodiment of the present invention.
The method generally includes blocks 52 and 54. In block 52,
an attribute of a song is designated. The attribute may for
example correspond to tempo, rhythm, pitch, and the like.
The designation may be accomplished by a user selection,
1.e., a user selects the attribute and its desired value. The
attribute is typically fixed once it is selected, i.e., it doesn’t
change until a user selects another attribute or another value.
The designation may also be acconiplished by monitoring an
event such as a media player event, a user event, or the like. In
this case, the attribute may be fixed or it may vary over time.

In block 54, the music output of the media player is con-
trolled based on the designated attribute of the song. The
music can be controlled in a variety of ways. In some cases,
the actual attribute of the song is adjusted based on the des-
ignated attribute. For example, the actual attribute may be
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increased or decreased to match the designated attribute. In
other cases, the songs that are selected for playing are based
on the designated attribute. For example, only those songs
with an actual attribute that matches the designated attribute
may be played.

FIG. 4 is a music method 60 performed on a music player,
in accordance with one embodiment of the present invention.
The method begins at block 62 where a tempo indicator is
obtained. The tempo indication may be generated by a user
selection or by monitoring some event. Once a tempo indica-
tor is obtained, the method proceeds to block 64 where an
audio track is obtained. For example, once an audio track is
selected, the media player begins playing the audio track so
that is can be transmitted to a speaker or headset. The method
also includes block 66, which can occur before or during the
playing (block 64). In block 66, the tempo of the audio track
is adjusted based on the tempo indicator. In some cases, the
tempo of the audio track is adjusted to match the tempo
indicator, and in other cases, the tempo of the audio track is
adjusted to effect a change, but not necessarily to match the
two tempos. That is, the tempo indicator may be used to drive
the tempo up and down in conjunction with some rules. For
example, the tempo of the music may be a multiple or divisor
of the user’s pace (¥x, ¥ax, 2x, 3x, efc.).

FIG. 5 is a music method 70 performed on a music player,
in accordance with one embodiment of the present invention.
The method begins at block 72 where a plurality of songs,
each of which has a tempo, are stored. The songs may for
examplebe stored in memory. Thereafter in block 74, a tempo
indicator is obtained. This block is similar to block 64
described above. Following block 74, the method proceeds to
block 76 where one or more songs are selected from storage
based on the tempo indicator. In some cases, the tempo of the
song is selected to match to the tempo indicator, and in other
cases, the tempo of the song is selected to effect a change, but
not necessarily to match the two tempos. For example, the
tempo indicator may be used to drive the tempo of the next
song up and down in conjunction with some rules. Thereafter,
in block 78, a least one of the selected songs is retrieved from
storage and outputted.

In FIGS. 4 and 5, the step of obtaining the tempo of a user
event such as a body metric may include generating a signal
indicative of a user event and extracting tempo information
from the user event. By way of example, if the user event is
body motion, an accelerometer may be used to generate an
acceleration signal indicative of the user’s acceleration, and a
controller of some sort may be used to extract the tempo of the
user’s motion from the acceleration signal. During extraction,
one or more conversion or filtering steps can be performed in
order to transform the user event signal into a tempo indica-
tion.

FIG. 6 is a music method 100 performed on a music player,
in accordance with one embodiment of the present invention.
The method begins at block 102 where a determination is
made as to whether or not a playlist feature is selected. A
playlist is a plurality of songs that are grouped together. They
may for example be grouped according to music genre, user
ratings, most played, recently played, etc. The playlist is
typically selected via a user interface that includes a display
and an input device. If the playlist feature is not selected, the
method waits.

If the playlist feature is selected, then the method proceeds
to block 104 where a determination is made as to whether or
not a tempo selection feature is active. If it is not active, the
method proceeds to block 106 where the entire playlist is
retrieved. If it is active, the method proceeds to block 108
where a tempo indicator is obtained. This may be accom-
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plished via user selection, or monitoring an event and extract-
ing tempo information from the event. If the tempo indicator
is extracted from an event, the method may proceed to block
110 where the desired tempo is determined from the tempo
indication. For example, the tempo indicator can be compared
to a set of rules to calculate the desired tempo. In some cases
the desired tempo is the same as the tempo indicator and in
other cases the desired tempo is different. In the later case for
example the rules may state that the tempo indicator is to low
and thus the desired tempo should be increased. This may be
done to drive the pace of the user. Following either blocks 108
or 110, the method proceeds to block 112 where songs from
the playlist having the desired tempo are retrieved. In one
embodiment, the retrieved songs are those having a tempo not
substantially different than the desired tempo.

Following blocks 106 or 112, the method proceeds to block
114 where a determination is made as to whether or not a song
is selected from the playlist (the entire playlist if the flow
passed through block 106 and a modified playlist if the flow
passed through block 110). This can be accomplished a vari-
ety of ways. For example, the user may manually select one
song at a time or the user may select the first song and
thereafter the songs may be selected automatically one after
the other in some predetermined manner. Alternatively, the
user can select a shuffle feature that randomly selects songs
from the playlist. Once the song(s) is selected, the method
proceeds to block 116 where the song is retrieved. Following
block 116, the method proceeds to block 118 where a deter-
mination is made as to whether or not a tempo adjustment
feature is active. If it is not active, the method proceeds to
block 120 where the music is outputted. If the tempo adjust-
ment feature is active, the method proceeds to block 122
where the tempo indicator is obtained for the retrieved song.
For example, the tempo indicator for the retrieved song can be
determined by analysis of its audio file or by a tempo tag.
Once the tempo indicator is obtained, the method proceeds to
block 124 where a determination is made as to whether or not
atempo adjustment is needed. If not, the music is outputted in
block 120. If so, the tempo of the music is adjusted in block
126 and thereafter the modified music is outputted in block
120.

FIG. 7 is a block diagram of a music player system 130, in
accordance with another embodiment of the present inven-
tion. As shown, the music player 130 includes a processor 132
configured to execute instructions and to carry out operations
associated with the music player 130. For example, using
instructions retrieved for example from memory, the proces-
sor 132 may control the reception and manipulation of input
and output data between components of the music player
system 130. The processor 132 can be implemented on a
single-chip, multiple chips or multiple electrical components.
For example, various architectures can be used for the pro-
cessor 132, including dedicated or embedded processor,
single purpose processor, controller, DSP, ASIC, and so forth.

In most cases, the processor 132 together with an operating
system operates to execute computer code and produce and
use data. The operating system, other computer code and data
may reside within a memory block 134 that is operatively
coupled to the processor 132. Memory block 134 generally
provides a place to store computer code and data that are used
by the music player system 130. By way of example, the
memory block 134 may include Read-Only Memory (ROM),
Random-Access Memory (RAM), hard disk drive and/or the
like.

The music player system 130 also includes a display device
136 that is operatively coupled to the processor 132. The
display device 136 may be a liquid crystal display (LCD) or a
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display implemented with electronic inks. The display device
136 is generally configured to display a graphical user inter-
face (GUT) 138 that provides an easy to use interface between
a user of the system 130 and the operating system or appli-
cation running thereon. Generally speaking, the GUI 138
represents, programs, files and operational options with
graphical images. The graphical images may include win-
dows, fields, dialog boxes, menus, icons, buttons, cursors,
scroll bars, etc. The GUI 138 can additionally or alternatively
display information, such as non-interactive text and graph-
ics, for the user on the display device 136.

The music player system 130 also includes an input device
140 that is operatively coupled to the processor 132. The input
device 140 is configured to transfer data from the outside
world into the music player system 130. The input device 140
may for example be used to perform tracking and to make
selections with respect to the GUI 138 on the display 136. The
input device 140 may also be used to issue commands in the
music player system 130. By way of example, the input
device may be selected from keys, buttons, wheels, knobs,
joysticks, touch pads, touch screens, and/or the like.

The music player system 130 also includes input/output
circuitry 142 that is operatively coupled to the processor 132.
The input/output circuitry 142 allows connections to one or
more 1/0 devices 144 that can be coupled to the music player
system 130. The processor 132 generally operates by
exchanging data between the music player system 130 and
1/0 devices 144 that desire to communicate with the music
player system 130. The 1/0 devices 144 may be connected
through wired connections or through wireless connections.
In the case of a music player, the 1/0 circuitry 142 may include
an audio jack so that speakers or earphones can be plugged
into the music player system 130, and a data port so that music
can be transferred between the music player system 130 and
a host.

The music player system 130 also includes a sensor 146
thatis operatively coupled to the processor 132. Like the input
device 140, the sensor 146 is configured to transfer data from
the outside world into the music player system 130. The
sensor 146 generally includes capabilities for measuring
some event. The sensor may for example be used to monitor
auser’s body metrics such as body motion or heart rate. The
sensor 146 may be located internal or external relative to the
housing of the music player. If internal, it is typically fixed
within the housing. If external, it may be fixed to the outside
of the housing or it may be located peripherally away from the
housing (e.g., peripheral device). In most cases, the sensor is
positioned inside the media player housing in order to
decrease the wires and cords that often get in the way of a user
when the user tries to exercise or move around.

It should be noted, however, there are times when this isn’t
practical as for example when the event cannot be easily
measured from an onboard sensor. In the case of body metric,
the sensor 146 may be attached to some mechanism for secur-
ing the sensor 146 to a user’s body so that a body metric can
be measured. For example, the sensor 146 may be integrated
with aband, belt, or some other article of clothing. The sensor
146 may also be integrated into a piece of exercise equipment
as for example treadmills, stair climbers, rowing machines,
punching bags, and the like. The data measured by the exter-
nal sensor 146 may be transferred through wired or wireless
connections. For example, a cable may be used to connect the
sensor 146 to the music player system 130 through the 1/0
circuitry or a wireless link such as Bluetooth, 802.11. UWB
(ultra wide band), IR, and the like may be used. Like an
internal sensor, a wireless link prevents the use of cables and
cords.
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The sensor 146 may be widely varied. The sensor 146 may
correspond to pressure switches, proximity sensors, acceler-
ometers, optical sensors and the like. In the case of body
motion, accelerometers that measure acceleration work par-
ticularly well. The accelerometer can be a single, biaxial or
triaxial accelerometer depending on the needs of the system.
The accelerometer can process the raw data and then send the
processed data to the processor or alternatively, the raw data
can be sent to the processor for processing the raw data. In the
first case, the accelerometer may be embedded in a chip that
has built in amplifiers and analog to digital converters result-
ing in a serial digital output signal that can be connected
directly to the processor.

In accordance with one embodiment, the media player is
configured to control the tempo of the music being outputted
from the media player based on the signal from the sensor. In
the case of a body metric such as body motion or heartbeat,
the sensor measures a body metric and converts the body
metric into a signal indicative of the body metric. The signal
is sent to the processor that analyzes the signal and extracts
tempo information from the body metric signal. The proces-
sor then refers to a set of rules that tell the processor how to
affect the music being outputted based on the tempo infor-
mation. The rules may for example be stored in the memory
block. After consulting the rules, the processor may select a
particular song for outputting based on the tempo informa-
tion. (i.e., select a song that has a tempo that matches the
tempo information, selecta song that has a tempo greater than
the tempo information, select a song that has a tempo that is
lower than the tempo information). Additionally or alterna-
tively, the processor may modify the song itself based on the
tempo information (i.e., increase or decrease the tempo of the
song in accordance with the tempo of the body metric).

In one embodiment, the rules are embodied in a tempo
control program for controlling the tempo of the music to be
outputted. The tempo program may be accessed by a user
through a tempo control menu, which may be viewed on the
display device 170 as part of a GUI interface. The tempo
control menu may include various options. In fact, the tempo
control menu may serve as a control panel for reviewing
and/or customizing the tempo control settings, i.e., the user
may quickly and conveniently review the tempo control set-
tings and make changes thereto. Once changed, the modified
tempo control settings will be automatically saved and
thereby employed to handle future tempo processing.

The tempo control program may include a beat synch mod-
ule that is configured to modify the outgoing audio. For
example, it is capable of adjusting the tempo of the music
being outputted from the music player system. Once a song
has been selected, the audio associated with the song is played
so that a user can listen to the song. If the beat synch module
is activated, it will adjust the tempo of the playing audio based
on the tempo obtained from the sensor. The adjustment may
be made using an algorithm capable of adjusting the tempo in
a non-trivial manner. The algorithm may for example be
associated with phase vocoding or SFFT processing. Phase
vocoding is a complex signal processing technique that
includes elements of LPC (linear predictive coding). It uses
continuous and overlapping Fourier transforms of a sound for
several related objectives ranging from resynthesis, and tim-
bral interpolation from one sound to another, to time stretch-
ing (altering the tempo without affecting the pitch) and pitch
shifting (transposition of a sound without altering the tempo).
Traktor DJ studio manufactured by Native Instruments of
Germany is one example of a program that uses phase voc-
oding.
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FIG. 8 is a block diagram of a media player system 150, in
accordance with one embodiment of the present invention.
The media player system 150 generally includes a media
device controller 152 that directs inputs and outputs between
an input device 154, a display 156, a sensor 158 and a speaker
160. By way of example, the input device 154 may be a touch
pad or button, the display 156 may be an LCD, the sensor 158
may be an accelerometer, and the speaker 160 may be a
headphone or speaker set.

The media device controller 152 includes several modules,
which may be hardware, software, or a combination of both
hardware and software. As shown, the media device control-
ler 152 includes at least a media player module 162, a GUI
module 164, a mode selector module 166 and a beat synch
module 168. The modules may work individually or together
with other modules in order to process media information.
The media player module 162 is primarily configured to run
the media aspects of the media player system 100. That is, the
media player module 162 controls the overall activity of the
media player system 150. For example, the media player
module 162 may include capabilities for inputting and out-
putting audio information. The GUI module 164 controls the
information presented on the display 156. The GUI module
164 may for example present a graphical user interface in the
form of text or graphics on the display 156. The mode selector
module 166 controls which mode the media player 150 is in.
For example, in the case of tempo, whether the media player
150 is in a manual, automatic or training mode. The beat
synch module 168 helps control the tempo of the music out-
put. That is, the beat synch module 168 along with the media
player module select a song with the desired tempo or it can
adjust the tempo of the music before or during the time when
it’s played. By way of example, the beat synch module may
utilize phase vocoding techniques in order to adjust the tempo
(or other attribute of the music such as pitch).

The media player module 162 may include a set of instruc-
tions that tell the beat synch module 168 what to do with the
music based on what mode the mode selector 166 module is
in. By way of example, the media player module 162 may
instruct the beat synch module to increase or decrease the
tempo of the music.

During one particular operation of the system, the GUI
module 164 (for example after referring to the mode selector
module 166) presents a list of tempo modes on the display
156. Using the input device 154, the user selects one of the
tempo modes from the list of tempo modes. By way of
example, the user may use a touch pad to move a selector bar
though the list of tempo modes and a button to select the
desired tempo mode, i.e., the mode around which the selector
bar is positioned. The mode selector module 166 receives the
selection signal, and changes the tempo mode based on the
selection signal. Once the tempo mode has been set, the
selected tempo mode will be employed to handle future music
events. The tempo modes may be widely varied. If a manual
mode is selected, the beat synch module will adjust the tempo
of the music based on a user entry. If an automatic mode is
selected, the beat synch module will adjust the music based
on some event such as a body metric measured by the sensor
158. If a training mode is selected, the beat synch module will
adjust the music to help drive the user’s work out.

FIG. 9 is an operational method 200, in accordance with
one embodiment of the present invention. The operational
method 200 may for example be performed on a music player
such as any of those described herein. The method 200 gen-
erally begins at block 202 where a main menu is presented to
auser on a display. See for example FIG. 10A, which shows
the main menu 250 presented on the display 248. The main
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menu 250 generally includes several options 252 associated
with operating the music player. By way of example, the main
menu 250 may include options 252 such as playlists, browse,
extras, settings, shuffle, backlight, tempo, etc. In most cases,
each of the options 252 includes its own sub menu of sub
options, which are associated with the main option.

Following block 202, the method proceeds to block 204
where a determination is made as to whether the tempo option
was selected. If not, the method proceeds back to block 202.
If so (as shown in FIG. 10B), the method proceeds to block
206 where the tempo sub menu is presented to the user on the
display. By way of example, see FIG. 10C which shows the
tempo sub menu 254 presented on the display 248. The tempo
sub menu 254 generally includes one or more tempo options
256, which represent different modes of tempo control. In the
illustrated embodiment, the sub menu 254 includes at least a
first option 256A and a second option 256B. Each of these
options 256 is configured to initiate a different control opera-
tion when selected. For example, the first option may initiate
manual tempo control, and the second option may initiate
automatic tempo control. Alternatively or additionally, a third
option 256C, may be included that initiates training tempo
control.

Following block 206, the method proceeds to block 208
where a determination is made as to whether the first option is
selected. If it is selected (as shown in FIG. 10D), the method
proceeds to block 210 where manual tempo control is per-
formed. In manual tempo control, the user can manually enter
a desired tempo. This can be accomplished through a user
interface element such as slider bar 260 (as shown in FIG.
10E), through alphanumeric entry, by selecting from a list of
tempos, or by selecting a multiple of the tempo (¥4x, %x, 2x,
3x, etc.). Although exact values are typically selected, in
some cases it may be desirable to offer only a few values in
order to simplify the operation of the device. In cases such as
these, the user may only be presented with a few tempo
options such as andante (which is a moderately slow tempo),
allegro (which is a brisk and lively tempo), or allegretto
(which is a quicker tempo than andante but not as fast as
allegro). Accelerando (which is a gradually increasing tempo
of music) or rubato (which is a flexible tempo, not strictly on
the beat) may also be made available.

If the first option is not selected, the method proceeds to
block 212 where a determination is made as to whether the
second option is selected. If it is selected (as shown in FIG.
10P), the method proceeds to block 214 where the media
player performs automatic tempo control. In automatic tempo
control, the media player automatically controls the tempo
based on some event. The event may for example be a user
event that is measured by a sensor. By way of example, the
sensor may be an accelerometer located within the media
player. In cases such as this, the acceleration data can be used
to determine the pace of the user when the media player is
worn on the user. The pace can be converted to tempo, and this
tempo value can be used to drive the tempo ofthe music being
outputted (e.g., adjust the audio track, select a song with the
desired tempo, etc.). As such, the tempo of the music can be
matched to the pace of the user. For example, the tempo may
be increased when the user’s pace increases or it may be
decreased when the user’s pace decreases (or vice versa).
Alternatively or additionally, the songs being outputted can
be carefully selected to match the pace of the user. As shown
in FIG. 10G, the user may be prompted with a submenu that
allows a user to select tempo features such as “adjust match”,
“select match”, or “combo.”

If the first and second options are not selected, the method
proceeds to block 212 where a determination is made as to
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whether the third option is selected. If it is selected (as shown
in FIG. 10H), the method proceeds to block 214 where the
media player is placed in a training mode. In the training
mode, the tempo of the music is adjusted to help drive the
user’s workout. The tempo serves as the coach or trainer to the
user. This can be accomplished before the workout or during
the workout.

In one embodiment, the user may be presented with alist of
exercise regimes (as shown in FIG. 101), each or which has a
different exercise profile associated with the pace desired by
the user during their exercise sequence. Each exercise profile
has a tempo profile associated therewith that matches the pace
of the exercise profile. When the user selects an exercise
profile and begins the workout, the tempo is adjusted accord-
ing to the tempo profile and therefore the tempo can be used
to help drive the pace of the user (either subconsciously or by
the user recognizing that the tempo has increased or
decreased). FIGS. 11A-11E are graphical illustrations of sev-
eral exercise regimes, which show pace as a function of time.
More particularly, FIG. 11 A shows a hill work out, FIG. 11B
shows a random workout, FIG. 11C shows a cardio workout,
FIG. 11D shows a fat burn workout, FIG. 11E shows speed
interval work out.

In another embodiment, the user may select pace threshold
values instead of an exercise regime. In this embodiment, if
the user falls below or above the pace thresholds the tempo is
adjusted to help direct the user to increase or decrease their
pace. By way of example, if the heart rate of the user goes
above a set limit then the tempo of the music may reduced so
as to encourage the user to slow their pace and therefore their
heart rate or if the heart rate of the user goes below a set limit
then the tempo of the music may be increased so as to encour-
age the user to increase their pace and therefore their heart
rate.

FIG. 12 is an operational method 300 performed on a
portable media device, in accordance with one embodiment
of the present invention. The method begins at block 302
where a user selects an exercise activity profile. Exercise
activity profiles may for example those shown in FIGS. 11A-
11E. Following block 302, the method proceeds to block 304
where the tempo of the music is controlled in accordance with
the activity profile. For example, if the activity profile
includes increasing levels of pace, the tempo of the song
being played at the time may be selected or adjusted to
increase with the increasing levels of pace of the activity
profile. In so doing, the tempo can help the user maintain his
pace in accordance with the activity profile. Alternatively or
additionally, each activity profile may have a sequence of
songs associated therewith. During the activity, the songs are
played in some predetermined manner to drive the workout.

FIG. 13 is an operational method 350 performed on a
portable media device, in accordance with one embodiment
of the present invention. The method generally begins at
block 352 where a desired body metric threshold is set. For
example, upper and lower control limits of pace or heart rate
may be entered. Following block 352, the method proceeds to
block 354 where the body metric is monitored. For example,
the user’s pace may be monitored with an accelerometer and
a user’s heart rate can be monitored with a heart rate sensor,
which are used in well-known heart rate monitors. Following
block 354, the method proceeds to block 356 where music is
played on the media player. Following block 356, the method
proceeds to block 358 where the tempo of the music is con-
trolled when the body metric falls outside of the desired body
metric threshold set by the user. For example, different songs
may be played and/or the tempo of the current song being
played may be adjusted.
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To cite an example using the above technique. The user
enters an upper heart rate as for example 160 and a lower heart
rate as for example 120. Thereafter when the user is exercis-
ing and listening to music, the heart rate of the user is moni-
tored. If the heart rate falls below the lower limit, the tempo of
the song is increased either by selecting a new song with the
appropriate tempo and/or by adjusting the currently played
song. [fthe heart rate rises above the upper limit, the tempo of
the song is decreased either by selecting a new song with the
appropriate tempo and/or by adjusting the currently played
song.

FIG. 14 is a block diagram of a media management system
400, in accordance with one embodiment of the present
invention. The media management system 400 includes a host
computer 402 and a media player404. The host computer 402
is typically a personal computer. The host computer, among
other conventional components, includes a management
module 406, which is a software module. The management
module 406 provides for centralized management of media
items (and/or playlists) not only on the host computer 402 but
also on the media player 404. More particularly, the manage-
ment module 406 manages those media items stored in a
media store 408 associated with the host computer 402. The
management module 406 also interacts with a media database
410 to store media information associated with the media
items stored in the media store 408.

The media information pertains to characteristics or
attributes of the media items. For example, in the case of
audio or audiovisual media, the media information can
include one or more of: title, album, track, artist, composer
and genre. These types of media information are specific to
particular media items. In addition, the media information
can pertain to quality characteristics of the media items.
Examples of quality characteristics of media items can
include one or more of’ bit rate, sample rate, equalizer setting,
and volume adjustment, start/stop and total time.

Still further, the host computer 402 includes a play module
412. The play module 412 is a software module that can be
utilized to play certain media items stored in the media store
408. The play module 412 can also display (on a display
screen) or otherwise utilize media information from the
media database 410. Typically, the media information of
interest corresponds to the media items to be played by the
play module 412.

The host computer 402 also includes a communication
module 414 that couples to a corresponding communication
module 416 within the media player 404. A connection or link
418 removeably couples the communication modules 414
and 416. In one embodiment, the connection or link 418 is a
cable that provides a data bus, such as a FIREWIRE™ bus or
USB bus, which is well known in the art. In another embodi-
ment, the connection or link 418 is a wireless channel or
connection through a wireless network. Hence, depending on
implementation, the communication modules 414 and 416
may communicate in a wired or wireless manner.

The media player 404 also includes a media store 420 that
stores media items within the media player 404. The media
items being stored to the media store 420 are typically
received over the connection or link 418 from the host com-
puter 402. More particularly, the management module 406
sends all or certain of those media items residing on the media
store 408 over the connection or link 418 to the media store
420 within the media player 404. Additionally, the corre-
sponding media information for the media items that is also
delivered to the media player 404 from the host computer 402
can be stored in a media database 422. In this regard, certain
media information from the media database 410 within the
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host computer 402 can be sent to the media database 422
within the media player 404 over the connection or link 418.
Still further, playlists identifying certain of the media items
can also be sent by the management module 406 over the
connection or link 418 to the media store 420 or the media
database 422 within the media player 404.

Furthermore, the media player 404 includes a play module
424 that couples to the media store 420 and the media data-
base 422. The play module 424 is a software module that can
be utilized to play certain media items stored in the media
store 420. The play module 424 can also display (on a display
screen) or otherwise utilize media information from the
media database 422. Typically, the media information of
interest corresponds to the media items to be played by the
play module 424.

Hence, in one embodiment, the media player 404 has lim-
ited or no capability to manage media items on the media
player 404. However, the management module 406 within the
host computer 402 can indirectly manage the media items
residing on the media player 404. For example, to “add” a
media item to the media player 404, the management module
406 serves to identify the media item to be added to the media
player 404 from the media store 408 and then causes the
identified media item to be delivered to the media player 404.
As another example, to “delete” a media item from the media
player 404, the management module 406 serves to identify
the media item to be deleted from the media store 408 and
then causes the identified media item to be deleted from the
media player 404. As still another example, if changes (i.e.,
alterations) to characteristics of a media item were made at
the host computer 402 using the management module 406,
then such characteristics can also be carried over to the cor-
responding media item on the media player 404. In one imple-
mentation, the additions, deletions and/or changes occur in a
batch-like process during synchronization of the media items
on the media player 404 with the media items on the host
computer 402.

In another embodiment, the media player 404 has limited
or no capability to manage playlists on the media player 404.
However, the management module 406 within the host com-
puter 402 through management of the playlists residing on the
host computer can indirectly manage the playlists residing on
the media player 404. In this regard, additions, deletions or
changes to playlists can be performed on the host computer
402 and then by carried over to the media player 404 when
delivered thereto.

FIG. 15 is a block diagram of a media player 500, in
accordance with one embodiment of the present invention.
The media player 500 includes a processor 502 that pertains
to a microprocessor or controller for controlling the overall
operation of the media player 500. The media player 500
stores media data pertaining to media items in a file system
504 and a cache 506. The file system 504 is, typically, a
storage disk or a plurality of disks. The file system 504 typi-
cally provides high capacity storage capability for the media
player 500. However, since the access time to the file system
504 is relatively slow, the media player 500 can also include
a cache 506. The cache 506 is, for example, Random-Access
Memory (RAM) provided by semiconductor memory. The
relative access time to the cache 506 is substantially shorter
than for the file system 504. However, the cache 506 does not
have the large storage capacity of the file system 504. Further,
the file system 504, when active, consumes more power than
does the cache 506. The power consumption is often a con-
cern when the media player 500 is a portable media player
that is powered by a battery (not shown). The media player
500 also includes a RAM 520 and a Read-Only Memory



US 9,230,527 B2

17

(ROM) 522. The ROM 522 can store programs, utilities or
processes to be executed in a non-volatile manner. The RAM
520 provides volatile data storage, such as for the cache 506.

The media player 500 also includes a user input device 508
that allows a user of the media player 500 to interact with the
media player 500. For example, the user input device 508 can
take avariety of forms, such as a button, keypad, dial, etc. Still
further, the media player 500 includes a display 510 (screen
display) that can be controlled by the processor 502 to display
information to the user. A data bus 511 can facilitate data
transfer between at least the file system 504, the cache 506,
the processor 502, and the CODEC 512.

In one embodiment, the media player 500 serves to store a
plurality of media items (e.g., songs) in the file system 504.
When a user desires to have the media player play a particular
media item, a list of available media items is displayed on the
display 510. Then, using the user input device 508, a user can
select one of the available media items. The processor 502,
upon receiving a selection ofa particular media item, supplies
the media data (e.g., audio file) for the particular media item
to a coder/decoder (CODEC) 1012. The CODEC 512 then
produces analog output signals for a speaker 1014. The
speaker 514 can be a speaker internal to the media player 500
or external to the media player 500. For example, headphones
or earphones that connect to the media player 500 would be
considered an external speaker.

The media player 500 also includes a network/bus interface
516 that couples to a data link 518. The data link 518 allows
the media player 500 to couple to a host computer. The data
link 518 can be provided over a wired connection or a wireless
connection. In the case of'a wireless connection, the network/
bus interface 516 can include a wireless transceiver.

In another embodiment, a media player can be used with a
docking station. The docking station can provide wireless
communication capability (e.g., wireless transceiver) for the
media player, such that the media player can communicate
with a host device using the wireless communication capa-
bility when docked at the docking station. The docking sta-
tion may or may not be itself portable.

The wireless network, connection or channel can be radio
frequency based, so as to not require line-of-sight arrange-
ment between sending and receiving devices. Hence, syn-
chronization can be achieved while a media player remains in
a bag, vehicle or other container.

In accordance with another embodiment, the present
invention also relates to music transfer between portable
media devices and their hosts. As mentioned above, media
devices with tempo controlling functionality may require sev-
eral different song versions. For example, media devices may
require an original version of a song for normal listening
pleasure as well as various “thumbnail” versions of the origi-
nal for enhanced tempo effecting use.

One method for creating these various versions is to down-
load the original song to the portable media device and then to
convert the original song into the various versions on the
portable media device when needed (either before or during
outputting). This is sometimes referred to as processing data
on the fly. While this may work well, it may have several
drawbacks that make it less appealing to the user. For
example, because reformatting a song (i.e., adjusting its
tempo) is a process intensive task (especially on portable
media devices that lack the horsepower of their larger hosts),
portable media devices may operate slowly and consume
more power.

In lieu of the above, the present invention provides a
method where songs are preformatted on the host before or
during the download thereto. When a song is identified for
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download various preformatted songs derived from the origi-
nal are sent to the portable media device. The processing is
performed on the host, which can handle these tasks more
easily than the portable media player. The tasks may, for
example, include adjusting tempo of the original in order to
create new versions with different tempos. Once received by
the portable media device, the original and preformatted
songs are stored for later use. By storing these songs, the
media device is relieved from having to perform any of the
labor-intensive tasks associated with song formatting. As a
result, the device operates faster and without repeated needs
for recharging.

During media device use, a user may request that a song to
be outputted. Instead of processing the original song as in the
method described above, the device simply obtains the appro-
priate preformatted song from storage and outputs it to the
user. The preformatted songs may include a high tempo,
medium tempo and low tempo version.

FIG. 16 is method 500 of transferring data between a host
device and a portable media device, in accordance with one
embodiment of the present invention. The method 500 is
broken up into two steps. A first step 502 is performed at the
host device, and a second step 504 is performed at the portable
media device. The first step 502 includes blocks 506-510, the
second step 504 includes blocks 512 and 514. The method
500 generally begins at block 506 where at least one audio file
is designated for downloading to the portable media device.
Thereafter, in block 508, a tempo tag is generated for each
designated audio file. Each tempo tag indicates the tempo of
the audio track associated with the audio file. Thereafter, in
block 510, the audio file including the audio track and the
tempo tag are sent to the portable media device.

Following block 510, the method proceeds to block 512
where the audio file including the audio track and tempo tag
are received at the portable media device. Thereafter, in block
514, the audio file including the audio track and the tempo tag
are stored at the portable media device. Once stored, the
tempo tag may be used by the portable media device to help
select appropriate songs when a desired tempo is designated.
For example, the media device may compare the desired
tempo to the tempo tag in order to determine if the audio track
should be played. It should be noted that the tempo tag asso-
ciated with an audio track can be provided in the audio file or
separate from the audio file.

FIG. 17 is method 600 of transferring data between a host
device and a portable media device, in accordance with one
embodiment of the present invention. The method 600 is
broken up into two steps. A first step 602 is performed at the
host device, and a second step 604 is performed at the portable
media device. The first step 602 includes blocks 606-610, the
second step 604 includes blocks 612 and 614. The method
600 generally begins at block 606 where at least one song is
designated for downloading to the portable media device.
Thereafter, in block 608, a music collection for each desig-
nated song is produced. Each music collection contains the
original version of the designated song as well as new ver-
sions of the designated song. Each new version has been
reformatted to have a different tempo. In some cases, each
song includes atempo tag. Thereafter, in block 610, the music
collection is sent to the portable media device.

Following block 610, the method proceeds to block 612
where music collection is received at the portable media
device. Thereafter, in block 614, the music collection is stored
at the portable media device. Once stored, the entire music
collection may be used by the portable media device when
selecting songs in accordance with a desired tempo range. In
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some cases, the music collection includes tags that indicate
that the songs are tempo low, tempo medium or tempo high.

FIG. 18 is perspective view of a hand-held computing
device 710, in accordance with one embodiment of the
present invention. The computing device 710 is capable of
processing data and more particularly media such as audio,
video, images, etc. By way of example, the computing device
710 may generally correspond to a music player, video player,
game player, video player, camera, cell phone, personal digi-
tal assistant (PDA), and/or the like. With regards to being
hand-held, the computing device 710 can be operated solely
by the user’s hand(s), i.e., no reference surface such as a
desktop is needed. In some cases, the hand-held device is
sized for placement into a pocket of the user. By being pocket
sized, the user does not have to directly carry the device and
therefore the device can be taken almost anywhere the user
travels (e.g., the user is not limited by carrying a large, bulky
and heavy device).

As shown, the computing device 710 includes a housing
712 that encloses and supports internally various electrical
components (including integrated circuit chips and other cir-
cuitry) to provide computing operations for the device. The
integrated circuit chips and other circuitry may include a
microprocessor, memory, a battery, and various input/output
(110) support circuitry. In most cases, the microprocessor
executes instructions and carries out operations associated
with the computing device. For example, using instructions
retrieved for example from memory, the microprocessor may
control the reception and manipulation of input and output
data between components of the computing device 710. In
fact, the microprocessor may work with an operating system
to execute computer code and produce and use data stored in
memory. By way of example, the memory may include a hard
drive, flash memory, Read-Only Memory (ROM), Random-
Access Memory (RAM) and/or the like.

The computing device 710 also includes a display 714. The
display 714, which is assembled within the housing 712 and
which is visible through an opening in the housing 712, is
used to display a graphical user interface (GUI) as well as
other information to the user (e.g., text, objects, graphics).
The display 714 generally takes the form of a flat panel
display such as a liquid crystal display (LCD).

The computing device 710 also includes one or more input
devices 718 configured to transfer data from the outside world
into the computing device 710. The input devices 718 may for
examplebe used to perform tracking/scrolling, to make selec-
tions or to issue commands in the computing device 710. By
way of example, the input devices 718 may correspond to
keypads, joysticks, touch screens, touch pads, track balls,
wheels, buttons, switches, and/or the like. In the illustrated
embodiment, the computing device 710 includes a touch pad
718A and a plurality of buttons 718B, which are assembled
within the housing 712 and which are accessible through
openings in the housing 712.

The computing device 710 may include one or more
switches 720 including power switches, hold switches, and
the like. Furthermore, the device 710 may include one or
more connectors 722 including data ports, jacks, power ter-
minals, etc.

In the illustrated embodiment, the computing device 710 is
a pocket sized hand-held music player that allows a user to
store a large collection of music, and to listen to this music on
the go (e.g., while working, traveling, exercising, etc.). In the
case of a music player, the memory may contain music play-
ing software, playlists containing a plurality of songs, etc.
Furthermore, the GUI may visually provide menus, playlists,
music controls and/or the like to the user. Moreover, the touch
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pad may provide scrolling functions, which allow a user to
traverse through menus or playlists on the GUI and the but-
tons may provide button functions that open a menu, play a
song, fast forward through a song, seek through a menu
and/or the like. In addition, the music player typically
includes an audio jack for outputting audio and a data port for
transmitting and receiving audio data (and other data.) to and
from a host device. By way of example, the music player may
correspond to the iPod series MP3 players manufactured by
Apple Computer of Cupertino, Calif.

In one embodiment, the music player includes an acceler-
ometer inside the housing. By way of example, the acceler-
ometer may be model ADXTL.311 manufactured by Analog
Devices of Norwood, Mass. The accelerometer may for
example be attached to the main PCB that includes the major
circuitry components of the music player including for
example the processor, memory and other IC chips. The
accelerometer as the term used herein covers both a raw
accelerometer and any accelerometer that also includes other
components such as an ASIC. Because the music player is
typically worn during use as for example using a belt clip or
arm band (fixed to the user), the accelerometer measures the
motion of the user and produces a signal indicative thereof.
See for example FIG. 19, which shows a user 800 jogging
with a music player 710 attached to the arm, FI1G. 20, which
shows the music player 710 moving up and down when the
user takes steps, and FIG. 21, which shows an exemplary
signal 802 produced by the accelerometer (the accelerometer
converts the acceleration of the user into an electronic signal).

The tempo of the user event (jogging) can be extracted
from the accelerometer signal. For example, referring to FIG.
20, each peak P in the acceleration signal may represent a
consecutive step, and therefore the number of steps in a given
time frame may indicate the beats per minute or tempo of the
jogging steps. The extraction can be performed by the accel-
erometer as for example via an ASIC or it can be performed by
the main processor or some sub processor of the music player
710.

In some cases, the raw accelerometer data is converted,
filtered or transformed into tempo data. Because the acceler-
ometer measures all motion not just the steps, the step infor-
mation typically needs to be separated from the other motion
information to produce an accurate tempo reading. As should
be appreciated, large scale movements such as steps may
produce low frequency information and small scale move-
ments such as vibrations may produce high frequency infor-
mation. The high frequency information can be filtered out
thereby leaving only low frequency information indicative of
the large scale movements (e.g., steps). The filtered informa-
tion can then be converted into tempo information.

FIGS. 22 and 23 are side elevation views of the hand-held
computing device 710 shown in FIG. 18, in accordance with
different embodiments of the present invention. As shown in
both figures, the computing device 710 includes a housing
712 that defines an internal chamber 730 for placing the
components 732 of the computing device 710. The compo-
nents 732 may for example include a printed circuit board 734
that provides a central structure for carrying and connecting
the operational components 736 and supporting them when
assembled inside the housing 710. The PCB 734 is generally
attached to the housing 710 and typically contains various
integrated circuit chips and other circuitry that provide com-
puting operations for the computing device 710. The printed
circuit board 734 may for example include a microprocessor,
memory, a data port, and various switches. The internal cham-
ber 732 may also contain a display, a hard drive, a battery and
an audio subassembly, each of which is operatively coupled to
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the printed circuit board 734 and its various components
through interconnecting circuitry.

In accordance with one embodiment of the present inven-
tion, an accelerometer 740 is mounted inside the housing 710
within the internal chamber 732. This is typically done to
reduce cost and complexity, and in some cases this may also
help reduce unwanted high frequency content (e.g., the mass
of the computing device may mechanically filter out the high
frequency content). As shown in FIG. 21, the accelerometer
740 is mounted onto the housing 710 or some structural
element of the housing 710. As shown in FIG. 22, the accel-
erometer 740 is mounted securely onto the PCB 734. As a
result of mounting the accelerometer 740 directly or indi-
rectly to the housing 710, the accelerometer 740 moves with
the movement of the housing 710. The accelerometer 740
therefore measures the acceleration of the computing device
710 as it is moved.

While this invention has been described in terms of several
preferred embodiments, there are alterations, permutations,
and equivalents, which fall within the scope of this invention.
For example, although the media items of emphasis in several
of the above embodiments were audio items (e.g., audio files
or songs), the media items are not limited to audio items. For
example, the media item can alternatively pertain to videos
(e.g., movies) or images (e.g., photos). Furthermore, the vari-
ous aspects, embodiments, implementations or features of the
invention can be used separately or in any combination.

It should also be noted that there are many alternative ways
of implementing the methods and apparatuses of the present
invention. For example, the invention is preferably imple-
mented by software, but can also be implemented in hardware
oracombination of hardware and software. The invention can
also be embodied as computer readable code on a computer
readable medium. The computer readable medium is any data
storage device that can store data, which can thereafter be
read by a computer system. Examples of the computer read-
able medium include read-only memory, random-access
memory, CD-ROMs, DVDs, magnetic tape, optical data stor-
age devices, and carrier waves. The computer readable
medium can also be distributed over network-coupled com-
puter systems so that the computer readable code is stored and
executed in a distributed fashion.

Tt is therefore intended that the following appended claims
be interpreted as including all such alterations, permutations,
and equivalents as fall within the true spirit and scope of the
present invention.

The invention claimed is:

1. An electronic device, comprising:

a wearable electronic device configured to detachably

couple to a body member, and configured to:

present a list of selectable exercise activity profiles,

wherein each selectable exercise activity profile of the
list of selectable exercise activity profiles is associated
with a respective tempo profile, and wherein the respec-
tive tempo profile is associated with a sequence of songs,
wherein the sequence of songs comprises a plurality of
versions of a single recorded song, and wherein each
version of the plurality of versions of the single recorded
song comprises a different tempo;

receive a selection of one of the selectable exercise activity

profiles; and

play back the sequence of songs according to the tempo

profile associated with the selected selectable exercise
activity profile.

2. The electronic device of claim 1, wherein the sequence
of songs comprises allegro tempo songs, allegretto tempo
songs. and andante tempo songs.
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3. The electronic device of claim 1, wherein the wearable
electronic device is configured to play back the sequence of
songs according to increasing tempo over a period of time.

4. The electronic device of claim 1, wherein the wearable
electronic device is configured to play back the sequence of
songs according to decreasing tempo over a period of time.

5. The electronic device of claim 1, wherein the wearable
electronic device is configured to play back the sequence of
songs alternating between the allegro tempo songs and the
andante tempo songs over a period of time.

6. The electronic device of claim 1, wherein the wearable
electronic device is configured to play back a sequence of
videos according to the tempo profile.

7. The electronic device of claim 1, wherein the wearable
electronic device comprises one or more accelerometers con-
figured to detect a measurement of a body metric associated
with a physical activity.

8. The electronic device of claim 1, wherein the wearable
electronic device is configured to detachably couple to a
portion of an arm as the body member.

9. A wearable electronic device, comprising:

an attachment device configured to attach around a body

member;

a display;

a sensor configured to measure a pace of motion; and

one or more processors configured to:

receive the measurement of the pace of motion;

cause the display to display a set of selectable tempo
control options, wherein the set of selectable tempo
control options comprises an automatic tempo control
option;

receive a selection of the automatic tempo control
option;

derive a tempo value based at least in part on the mea-
surement of the pace of motion and the selection of the
automatic tempo control option; and

adjust a tempo of a song selected for playback to be
substantially less than or substantially greater than the
derived tempo value.

10. The wearable electronic device of claim 9, wherein the
one or more processors are configured to play back the
selected song at the adjusted tempo.

11. The wearable electronic device of claim 9, wherein the
one or more processors are configured to cause the display to
play back a video.

12. The wearable electronic device of claim 9, wherein the
set of selectable tempo control options comprises a manual
tempo control option.

13. The wearable electronic device of claim 9, wherein the
set of selectable tempo control options comprises a training
mode tempo control option, and wherein the one or more
processors are configured to cause the display to present a
plurality of selectable exercise activities when the training
mode tempo control option is selected.

14. The wearable electronic device of claim 9, comprising
a second sensor configured to measure a heart rate.

15. The wearable electronic device of claim 9, wherein the
sensor is configured to measure a value of steps per minute as
the measurement of the pace of motion.

16. The wearable electronic device of claim 15, wherein
the one or more processors are configured to convert the
measured value of steps per minute to a tempo value of beats
per minute (BPM).

17. The wearable electronic device of claim 9, wherein the
attachment device comprises a band configured to encircle a
portion of an arm.
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18. The wearable electronic device of claim 9, comprising
a camera.
19. A system, comprising:
afirst electronic device configured to be worn, wherein the
first electronic device comprises one or more sensors
configured to detect motion data and heart rate data, and
to transmit the motion data and the heart rate data; and
asecond electronic device configured to communicatively
couple to the first electronic device, comprising:
a display; and
a processor configured to:
receive the motion data and the heart rate data from
the first electronic device;
determine a desired pace of motion according to a
selected one of a plurality of exercise regimens
presented on the display, and in relation to the
motion data and the heart rate data, wherein each
exercise regimen is associated with a respective
progression of audio tracks each comprising a dif-
ferent tempo; and
play back the progression ofaudio tracks as a function
of tempo during the duration of performance of the
selected exercise regimen, wherein playing back
the progression of audio tracks as a function of
tempo comprises adjusting the tempo of the respec-
tive audio tracks to follow the desired pace of
motion.
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