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MOBILE EXERCISE ENHANCEMENT WITH
VIRTUAL COMPETITION

BACKGROUND

[0001] Well known correlations exist between the amount
of physical exercise an individual engages in and that indi-
vidual’s mental and physical health. Statistical data indicates
that upwards of two million people die each year from causes
that are attributable to a lack of sufficient physical exercise.
Additionally, well known correlations exist between an indi-
vidual’s level of motivation to remain physically active and
the amount of physical exercise they actually perform. Thus,
devices that aid in maintaining or increasing an individual’s
motivation to engage in physical exercise are often used in
conjunction with an individual’s exercise regiment.

[0002] Music can act as a means of motivation to continue
physical exercise, and it can aid the user in ignoring any
physical discomfort the user may be experiencing while they
exercise. Consequently, portable music devices have often
been incorporated by users into their exercise regiment.
While such portable music devices have traditionally been
smaller versions of home entertainment devices, such as
radios, cassette players and compact disk players, modern
portable music devices are increasingly digital computing
devices designed to decode music, or other audio/visual
entertainment based on digital formats. Such devices often
include capabilities beyond merely decoding audio/visual
content, such as the ability to execute other computer-read-
able instructions, display photographs, play games or engage
in wireless communication, including cellular telephony.
[0003] Because modern portable music devices can execute
other computer-readable instructions, the motivation a user
receives from the music they are listening to can be tailored to
aid the user in achieving predetermined exercise goals. For
example, as described in co-pending U.S. Patent Application
No. 2007/00113725A1, which is assigned to the assignee of
the present application, a user’s heart rate during exercise can
be monitored and, if the user’s heart rate deviates from a target
heart rate, the music played by the portable music device can
be selected such that it either encourages the user to increase
or decrease their exercise effort so as to reach their target heart
rate.

SUMMARY

[0004] Modern portable music devices or, more generally,
any portable computing device that can decode and play back
audio and visual entertainment, traditionally comprises a dis-
play or other mechanism of visual feedback. Such a visual
feedback mechanism can be utilized, either by itself, or in
conjunction with auditory mechanisms, such as the selection
of music, to further a user’s motivation to both engage in
physical exercise and to do so in a manner that will optimally
achieve the user’s exercise goals.

[0005] Inoneembodiment, the visual feedback mechanism
can provide a glanceable interface that incorporates shapes,
colors, iconic signs and the like to provide goal-related infor-
mation to a user in a glanceable manner. In particular, the
glanceable interface can display the deviation between a
user’s target level, as determined by the user’s exercise goals,
and the user’s current level. The glanceable interface can also
display the actions required to enable the user to reach their
target level. For example, in one embodiment, a target heart
rate can be determined based on the user’s exercise goals
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using well-known formulae. The difference between the
user’s current heart rate, as determined, for example, by a
heart rate monitor, and the user’s target heart rate, can be
prominently displayed on the glanceable interface. Similarly,
the action the user needs to take, such as to increase or
decrease their heart-rate can, likewise, be displayed on the
glanceable interface. In such a manner, the user is not pre-
sented with raw data, such as their current heart rate, but
rather is presented with meaningful information regarding the
achievement of the user’s exercise goals.

[0006] In another embodiment, once the user has achieved
their target level, the glanceable interface can display raw
exercise-related data, such as heart rate. Consequently, as the
user approached their target level, the glanceable interface
could, according to this further embodiment, transition from
displaying the difference between the user’s current level and
their target level, to a display of raw exercise-related data
once the user reached their target level. Such a transition can
likewise comprise a color change, an iconic symbol change,
and other changes to communicate information to the user in
a glanceable manner.

[0007] In a further embodiment, a virtual competition can
be established and maintained, at least in part, by the portable
computing device, and can be presented to the user through
auditory or visual means. The virtual competition can be
based on the ability of the competitors to maintain a target
exercise level that was individually selected for each of the
competitors. In such a manner, the virtual competition
encourages productive and goal-oriented exercise, as
opposed to simply rewarding raw strength or speed.

[0008] In a still further embodiment, the virtual competi-
tion can be based on a target-achievement-score designed to
provide an objective measure of how well each competitor is
exercising within a target range determined by each competi-
tor’s pre-determined exercise goals. For example, in one
embodiment, a target heart rate for each competitor can be
determined based on each competitors’ exercise goals and the
target-achievement-score can be proportional to the amount
of time each competitor’s heart rate stayed within the target
range and can also be proportional to an accuracy function
that can quantify how close the competitor’s heart rate is to a
target heart rate at a point in time.

[0009] Inayet further embodiment, information regarding
potential competitors’ exercise sessions can be maintained,
either locally or on a remote device accessible by the portable
computing device, and can be used to inform the selection of
appropriate competitors for a given user. While, in one
embodiment, the user can simply be presented the relevant
information and can be enabled to select their own competi-
tors, in another embodiment, the selection of competitors can
occur automatically based on the potential competitors’
whose target-achievement-scores are closest to the user.
Additionally, in a further embodiment, the automatic selec-
tion of competitors can ensure that at least one competitor is
selected whose target-achievement-score is expected to be
greater than the user’s so as to leverage the user’s competitive
spirit, and thereby provide greater motivation to the user.

[0010] This Summary is provided to introduce a selection
of concepts in a simplified form that are further described
below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used to limit
the scope of the claimed subject matter.
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[0011] Additional features and advantages will be made
apparent from the following detailed description that pro-
ceeds with reference to the accompanying drawings.

DESCRIPTION OF THE DRAWINGS

[0012] The following detailed description may be best
understood when taken in conjunction with the accompany-
ing drawings, of which:

[0013] FIG. 11is a diagram of an exemplary sensing mod-
ule;

[0014] FIG. 2 is a block diagram of an exemplary comput-
ing device;

[0015] FIG. 3 is an example of a glanceable interface;
[0016] FIG. 4isa flow diagram of an exemplary method of

generating a portion of the glanceable interface; and
[0017] FIGS.5a and 55 are a flow diagram of an exemplary
method of providing virtual competition.

DETAILED DESCRIPTION

[0018] The following description relates to the provision of
virtual competition and a glanceable interface via a portable
computing device so as to increase a user’s motivation to
engage in physical exercise and achieve target exercise levels
appropriate for that user’s stated exercise goals. The glance-
able interface can provide users with information regarding
the difference between their current exercise level and an
appropriate target exercise level, and can provide users with
simple instructions to guide the user to reaching the target
exercise level, thereby enabling the user to quickly ascertain
how to reach their target exercise level. The virtual competi-
tion can be based on a target-achievement-score that can
objectively measure each competitor’s maintenance of a tar-
get exercise level appropriate for each competitor’s stated
exercise goals. The virtual competition can include, when
automatically selected, at least one competitor whose target-
achievement-score is expected to be greater than the user’s,
thereby relying on the user’s competitive spirit to further
motivate them.

[0019] The techniques described herein focus on the
design, implementation and usage of the glanceable interface
and virtual competition to motivate a user to perform physical
exercise at an appropriate intensity level. However, the tech-
niques described herein are not limited to the use of a glance-
able interface or virtual competition to the exclusion of other
motivating mechanisms. To the contrary, either or both the
glanceable interface and the virtual competition can be used
with other motivating mechanisms. For example, co-pending
United States Application No. 2007/00113725A1, which is
assigned to the assignee of the present application, and whose
contents are herein incorporated by reference in their entirety
for all that they may teach or suggest, describes a mechanism
by which the music played by a portable computing device to
which the user is listening during an exercise session is
selected to instinctively guide the user to an appropriate level,
such as by selecting songs with a faster beat when the user
needs to increase their exercise intensity. Such a music-selec-
tion mechanism can be used in conjunction with either or both
the glanceable interface and the virtual competition to further
motivate the user to exercise at an appropriate level. Conse-
quently, while the descriptions below will focus on the
glanceable interface and the virtual competition mechanisms,
nothing in the below descriptions is intended to limit the
motivation of a user to only those mechanisms.
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[0020] Although not required, the description below will be
in the general context of instructions being executed by a
device having computational abilities. Such “computing
devices” include both traditional computers and consumet-
electronic devices having computational abilities, such as
those provided by a central processing unit. Thus, the descrip-
tion below will be in the general context of “computer-ex-
ecutable instructions,” such as program modules, that are
capable of being executed by a such a “computing device.”
More specifically, the description will reference acts and
symbolic representations of operations that are performed by
one or more computing devices or peripherals, unless indi-
cated otherwise. As such, it will be understood that such acts
and operations, which are at times referred to as being com-
puter-executed, include the manipulation by a processing unit
of electrical signals representing data in a structured form.
This manipulation transforms the data or maintains it at loca-
tions in memory, which reconfigures or otherwise alters the
operation of the computing device or peripherals in a manner
well understood by those skilled in the art. The data structures
where data is maintained are physical locations that have
particular properties defined by the format of the data.

[0021] Generally, program modules include routines, pro-
grams, objects, components, data structures, and the like that
perform particular tasks or implement particular abstract data
types. Moreover, those skilled in the art will appreciate that
the computing devices need not be limited to conventional
personal computers and conventional personal electronics
devices, and can include other devices capable of computa-
tion, including hand-held devices, multi-processor systems,
other microprocessor based or programmable consumer elec-
tronics, network PCs, minicomputers, mainframe computers,
and the like. Similarly, the computing devices need not be
limited to a stand-alone device, as the mechanisms may also
be practiced in distributed computing environments where
tasks are performed by remote processing devices that are
linked through a communications network. In a distributed
computing environment, program modules may be located in
both local and remote memory storage devices.

[0022] With reference to FIG. 1, an exemplary sensing
module 90 is illustrated, providing context for the descrip-
tions below. Exemplary sensing module 90 includes various
sensors 10, 20 and 30, though, in an alternative embodiment,
each of the sensors 10, 20 and 30 could be encapsulated
within their own sensing module. The sensors 10, 20 and 30
can collect information pertinent to auser’s physical exercise,
including heart rate information, activity information and the
like. Thus, the exemplary sensing module 90 includes an
electrocardiogram 90 for measuring a user’s heart rate, a
3-axis accelerometer 10, which can be used to measure a
user’s pace, the distance a user has traveled, the type of
movement or similar information, and another sensor 30
which can measure other information pertinent to the user’s
physical exercise, including, but not limited to the user’s
location, external and internal temperature, dehydration lev-
els and the like.

[0023] Each of the sensors 10, 20 and 30 can be communi-
cationally coupled, either through a direct physical connec-
tion, or through a wireless communication connection, to a
processing unit 40. The processing unit 40 can be a general-
purpose processing unit, or it can be a processing unit spe-
cifically designed for functionality limited to, for example,
the storage and transmission of the information received from
the sensors 10, 20 and 30. In one embodiment, the processing
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unit 40 can repackage information received from the sensors
10, 20 and 30 into a format capable of being transmitted to a
receiver external to the sensing module 90. Such transmission
can be accomplished by means of a transmitter 50, which can
be a wireless transmitter conforming to either short-range or
long-range wireless communication standards, or it can be a
wire-based transmitter. In one embodiment, the transmitter
50 can implement standard short-range wireless communica-
tions, such as would be supported by portable computing
devices, including digital music players, cellular telephones,
personal digital assistants, and the like.

[0024] Turning to FIG. 2, an exemplary portable computing
device 100 is illustrated. As indicated previously, the term
“computing device,” as used herein, includes consumer entet-
tainment devices, such as portable video game consoles, por-
table digital video recorders and players and portable digital
music recorders and players. The term “computing device”
likewise extends to more traditional computing devices, such
as laptop computers, palmtop computers, wearable comput-
ing devices, personal digital assistants, cellular telephones or
cellular telephony devices, and hybrids thereof.

[0025] The exemplary portable computing device 100 can
include, but is not limited to, one or more central processing
units (CPUs) 120, a system memory 130, and a system bus
121 that couples various system components including the
system memory to the processing unit 120. The system bus
121 may be any of several types of bus structures including a
memory bus or memory controller, a peripheral bus, and a
local bus using any of a variety of bus architectures. The
computing device 100 can include graphics hardware, includ-
ing, but not limited to, a graphics hardware interface 190 and
a display device 191, including, for example, Liquid Crystal
Display (LCD) devices that are physically part of the com-
puting device 100.

[0026] The computing device 100 also typically includes
computer readable media, which can include any available
media that can be accessed by computing device 100 and
includes both volatile and nonvolatile media and removable
and non-removable media. By way of example, and not limi-
tation, computer readable media may comprise computer
storage media, communication media or combinations
thereof. Computer storage media includes media imple-
mented in any method or technology for storage of informa-
tion such as computer readable instructions, data structures,
program modules or other data. Communication media typi-
cally embodies computer readable instructions, data struc-
tures, program modules or other data in a modulated data
signal such as a carrier wave or other transport mechanism
and includes any information delivery media.

[0027] The system memory 130 includes computer storage
media in the form of volatile and/or nonvolatile memory such
as read only memory (ROM) 131 and random access memory
(RAM) 132. A basic input/output system 133 (BIOS), con-
taining the basic routines that help to transfer information
between elements within computing device 100, such as dur-
ing start-up, is typically stored in ROM 131. RAM 132 typi-
cally contains data and/or program modules that are imme-
diately accessible to and/or presently being operated on by
processing unit 120. By way of example, and not limitation,
FIG. 2 illustrates operating system 134, other program mod-
ules 135, and program data 136. Program modules 135 can
include programs for recording and playing back audio and
visual content and such content can be considered part of the
program data 146.

May 7, 2009

[0028] The computing device 100 may also include other
removable/non-removable, volatile/nonvolatile computer
storage media. By way of example only, FIG. 2 illustrates a
Solid-State Drive (SSD) 141 that reads from or writes to
nonvolatile transistor-based media. Other removable/non-re-
movable, volatile/nonvolatile computer storage media that
can be used with the exemplary computing device include,
but are not limited to, hard disk drives, magnetic tape cas-
settes, flash memory cards, digital versatile disks, digital
video tape, solid state RAM, solid state ROM, and the like.
The SSD 141 is typically connected to the system bus 121
through an interface such as the non-volatile memory inter-
face 140.

[0029] The drives and their associated computer storage
media discussed above and illustrated in FIG. 2, provide
storage of computer readable instructions, data structures,
program modules and other data for the computing device
100. In FIG. 2, for example, SSD 141 is illustrated as storing
operating system 144, other program modules 145, and pro-
gram data 146. Note that these components can either be the
same as or different from operating system 134, other pro-
gram modules 135 and program data 136. Operating system
144, other program modules 145 and program data 146 are
given different numbers here to illustrate that, at a minimum,
they are different copies.

[0030] The computing device 100 may operate in a net-
worked environment using logical connections to one or more
remote computing or communication devices. The comput-
ing device 100 is not limited to any particular network or
networking protocols. Thus, the network connection depicted
is a general network connection 171 that can represent a
connection to a local area network (LAN), a wide area net-
work (WAN) or other networks, each represented by the
general network 175. For example, the general network con-
nection 171 and network 175 can represent a cellular connec-
tion if the computing device 100 was a cellular telephone or
personal digital assistant, or they could represent a wireless
network if the computing device 100 was a portable audio or
video player or a palmtop or laptop computing device. The
computing device 100 is connected to the general network
connection 171 through a network interface or adapter 170
which is, in turn, connected to the system bus 121. In a
networked environment, program modules depicted relative
to the computing device 100, or portions or peripherals
thereof, may be stored in the memory of one or more other
computing devices that are communicatively coupled to the
computing device 100 through the general network connec-
tion 171. It will be appreciated that the network connections
shown are exemplary and other means of establishing a com-
munications link between computing devices may be used.

[0031] In addition to the wireless, or wire-based, general
network connection 171, the computing device 100 can fur-
ther comprise a peripheral interface 150, connected to the
system bus 121, for enabling communications between the
computing device and peripherals, such as the sensing mod-
ule 90 illustrated in detail in FIG. 1. In one embodiment, for
ease of use in an exercise session, the peripheral interface 150
can support wireless peripheral-oriented protocols that are
compatible with the transmitted 50 of the sensing module 90.
In such a manner one or more sensing modules 90 can be
positioned in accordance with the requirements of the sensors
10, 20 and 30, and can communicationally connect to the
computing device 100 via the transmitter 50 and the periph-
eral interface 150. For example, a sensing module 90 com-
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prising an electrocardiogram 20 can be connected to the
user’s chest and can wirelessly communicate with the com-
puting device 100, which can be carried by the user or placed
in their pocket. In an alternative embodiment, however, the
peripheral interface 150 can support wire-based peripheral
communications.

[0032] Thedataobtained by the sensors 10,20 and 30 of the
sensing module 90 can be communicated to the computing
device 100 where it can be processed by the CPU 120 and can
be meaningfully presented to the user via, for example, the
display 191, as driven by the graphics hardware interface 190.
In one embodiment, such a meaningful presentation can com-
prise the presentation of a glanceable interface to the user by
the display 191. Turning to FIG. 3, an exemplary structure for
a glanceable interface 200 is illustrated. In the embodiment
illustrated, the glanceable interface 200 can comprise a
prominent display of goal information 220 and competition
information 225 and can secondarily display workout-centric
information 230, user selectable elements 215 and a status bar
210. The glanceable interface 200 is intended to convey infor-
mation to the user under circumstances typically present dur-
ing an exercise session. Thus, significant information can be
presented in a large and uncluttered manner in the center of
the glanceable interface 200, while secondary information,
that the user may desire only on an intermittent basis, is
presented in smaller, less-centered areas.

[0033] Among the information that the user may only inter-
mittently desire during their exercise session can be status
information that can be displayed in the status bar 210. Such
status information can include information regarding the bat-
tery, such as the remaining battery power, of the computing
device 100 or the sensing module 90, information regarding
the signal strength of the sensing module 90, or a wireless or
cellular network, and identification information, such as the
name of the program providing the glanceable interface 200.
Other information that the user may only intermittently desire
during their exercise session can be workout-centric informa-
tion displayed in area 230, which can include information
such as a timer, or countdown timer, of the exercise session,
an estimation of the number of calories burned during the
exercise session, an estimation of the distance traveled, or
other cumulative measure of the exercise session, and can
also include information regarding any entertainment being
presented by the computing device 100 to the user, such as the
name and duration of a song that the computing device is
currently playing.

[0034] In some cases, space-limited computing devices,
such as cellular telephones, personal digital assistants, and
palmtop computing devices can provide for multi-use inter-
face elements, such as buttons that are located proximately to
the display 191. Traditionally, the functionality assigned to
such multi-use interface elements can be displayed to the user
via the user-selectable elements section 215, with each multi-
use interface element having an associated label displayed
proximately to it within section 215. Alternatively, the user-
selectable elements sections 215 can simply display user
options and settings that can be selected through conventional
data entry mechanisms.

[0035] Among the primary information that can be pre-
sented to the user via the glanceable interface 200 can be
information obtained from the sensing module 90. In one
embodiment, such information can be presented to the user
within the context of the user’s exercise goals. For example,
using well-known formulae, a user’s target heart rate can be
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determined based on the user’s personal information, such as
the user’s age, and on the uset’s exercise goals, such as the
improvement of cardiovascular strength, or the burning of
additional calories. One such formula is known as the Kary-
onen formula, which states that a user’s target heart rate when
exercising is equal to that user’s resting heart rate plus a
percentage of the users “reserve” heart rate, which is the
difference between the user’s maximum heart rate and their
resting heart rate. While a user’s resting heart rate can be
empirically determined by measuring their heart rate while
the user is at rest, a user’s maximum heart rate, rather than
being determined empirically, can be simply the difference
between the user’s age (in years) and the number 220. The
percentage of the user’s reserve heart rate that is used in the
Karyonen formula can range from 50% to 100%, depending
on the exercise goals of the user. For example, a user whose
goal is to improve their cardiovascular strength should exer-
cise such that their target heart rate is given by the Karyonen
formula using a percentage value between 70% and 80%.
These upper and lower bounds for the user’s target heart rate
can define a target heart rate zone.

[0036] Once such a target heart rate, and target heart rate
zone have been determined, the data collected from, for
example, the electrocardiogram 20 can be presented to the
user via the glanceable interface 200 in a format that refer-
ences the user’s target heart rate and provides context for the
electrocardiogram data. Specifically, the user can be provided
with raw data when the data is already within the user’s target
range. If the measured data is not within the user’s target
range, the user can, instead, be presented with an indication of
the deviation between the user’s target range and the current
measured data.

[0037] Glanceable interfaces 250 and 270 illustrate an
aspect of the above-described embodiments. Specifically, the
goal information area 220 of the glanceable interface 200 can
display either the difference between the user’s current data
and the user’s target range, optionally together with an indi-
cation of how to reach the target range, or it can display the
user’s current data if such data is already within the user’s
target range. Thus, as illustrated by glanceable interface 250,
the goal information area 260 can indicate that the user’s
current heart rate is six beats-per-minute below the user’s
target heart rate, such as would have been determined from
the user’s exercise goals. Consequently, the goal information
area 260 can instruct the user to increase their current heart
rate by six beats-per-minute so as to reach their target heart
rate. Once the user’s current data reaches the user’s target
range, such as in the case illustrated by glanceable interface
270, the goal information area 280 can display the user’s data
directly, such as the number of beats-per-minute of the user’s
heart.

[0038] Other aspects of the above-described embodiments,
which are not easily illustrated by the glanceable interfaces
250 and 270 include the use of color, animation, icons, sym-
bols or other easy-to-discern mechanisms to convey the
above-described information. For example, while the user’s
current data indicates that the user is not within their target
range, a color, such as red, can dominate the presentation of
information in area 260. Once a user’s current data indicates
that the user has achieved their target range, a different color,
such as green, can dominate the presentation of information
in area 280. In such a case, the user would need to perceive
nothing more than the color to, at a minimum, determine
whether they had achieved their target range. Similarly, easy-
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to-distinguish symbols, such as the “plus” sign, “minus” sign,
or even the lack of any such signs, can be used to again
provide glanceable instructions to the user.

[0039] FIG. 4 illustrates a flow diagram 300 describing an
exemplary series of steps by which the glanceable interface
200, 250 and 270 can be generated. As shown, initially, at step
310, sensor data can be received, such as from the sensing
module 90. Subsequently, a determination can be made, at
step 320, as to whether the received data indicates that the
user is exercising within their desired, or target, zone. If the
user is exercising within their target zone, then, at step 330,
the raw sensor data can be displayed in the glanceable inter-
face, such as shown in the exemplary glanceable interface
270, comprising the goal information display 280, which
displays only the measured beats-per-minute of the user’s
heart. Alternatively, if, at step 320, it is determined that the
user is not exercising within their target zone, then, at step
340, adifference between the user’s current exercise level and
the user’s target zone can be displayed, together with, option-
ally, instructions for the user to reach the target zone. For
example, as shown in the exemplary glanceable interface 250,
the goal information display 260 can display the discrepancy
between the current beats-per-minute of the user’s heart and
the target beats-per-minute, together with an instruction for
the user to increase their heart-rate in order to reach the target
zone.

[0040] After either step 330 or 340 is performed, a check
can be made, at step 350, to determine if the user is still active
in their exercise session. Such a check can, for example, rely
on sensor data or, alternatively, can be based on an exercise
timer that can be pre-set by the user. If the user continues to
exercise, then processing can return to step 310 while, if the
user 1s found, at step 350, to have completed their exercise
session, then, at step 360, the processing of the exemplary
flow diagram 300 can end.

[0041] Returning to FIG. 3, the glanceable interface 200
can provide a user with directed motivation to maintain a
particular level of exercise in accordance with the user’s
stated exercise goals. Additional motivation can be provided
to the user via a virtual competition that can be displayed to
the user through the competition information section 225 of
the glanceable interface 200. In one embodiment, the virtual
competition can be based on a score that can account for the
maintenance of a competitor’s exercise level within a target
range based on that competitor’s goals. In such a manner, the
virtual competition need not reward raw strength or speed, but
rather can reward ability of a competitor to maintain an exer-
cise level appropriate for that competitor’s goals. In such a
manner, the virtual competition can provide a greater number
of competitors with meaningful competition, and can,
thereby, act to further motivate a user.

[0042] To provide an objective measure of a competitor’s
maintenance of their exercise level within a proscribed target
range, a target-achievement-score can be generated that
rewards exercise within the target range. The target-achieve-
ment-score can further penalize exercise outside of the target
range. In one embodiment, the target-achievement-score can
increase in value in proportion to the amount of time spent
exercising within the target range, with the greatest increase
in value being assigned to exercise levels that are centralized
within the target zone. The target-achievement-score can still
increase in value for time spent exercising outside of the
target range, though the rate of increase can decrease as the
competitor’s exercise level further deviates from the target
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zone. In an alternative embodiment, no increase to the target-
achievement-score can be provided by time spent exercising
outside of a predetermined zone that can be either equal to the
target zone, or can be greater than the target zone. In a further
alternative embodiment, the target-achievement-score can be
decreased for the time a competitor spends exercising outside
of a predetermined zone that can, likewise, be either equal to
the target zone or greater than the target zone.

[0043] The target-achievement-score can be based on any
quantifiable exercise-related measure by which the user’s
exercise performance can, objectively, be determined. One
common measure for exercise level is the heart rate of the
individual performing the exercise. However, other similar
measures exist and the below described formulas can be
analogously adapted for such measures.

[0044] In one embodiment, the target-achievement-score
can be based, at least in part, on the competitor’s heart rate,
and the ability of the competitor to maintain a target heart rate
appropriate for that competitor’s exercise-related goals. For
example, the target-achievement-score at any point in time of
an exercise session can be given by the following equation:

TargetAchievmeniScore(x) =

HeartRateAccuracy(x, HR) + ZoneAccuracy(x)
2 s

where “x” is the cumulative number of seconds of the exercise
session up until the measured point in time.

[0045] As can be seen, in the described embodiment, the
target-achievement-score can be a function of two variables;
namely: “HeartRateAccuracy(x,HR)”, which can represent
the accuracy with which the competitor maintains a target
heart rate, and “ZoneAccuracy(x)”, which can represent the
amount of time, up until the measured point in time, that the
competitor maintained their heart rate within the target zone.
In particular, the variable “ZoneAccuracy(x)” can be
obtained from the following equation:

SecondsInZone
ZoneAccuracy(x) = ————————,
X

while the variable “HeartRateAccuracy(x,HR)” can be
obtained from the following equation:

| fac(Hr) — min{ fac(HRyes), fac(HRyax))
|HRiarger — titd fac(HResr), faclHRua |’

HeartRateAccuracy(x, HR) =

where

‘HRrarger’HR‘ ‘HRrarger’HR‘
15 V2 HRarger | 5 P Riarger
2

Jac(HR) = HRigyge; +

As will be recognized by those skilled in the art, the variable
“HeartRateAccuracy(x)” provides a hyperbolic relationship
between the increase of the target-achievement-score and the
closeness of the competitor’s heart rate to the target heart rate.
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[0046] TIrrespective of the precise manner in which the tar-
get-achievement-score is determined, once data from one or
more exercise sessions has been obtained, a target-achieve-
ment-score for each time increment of the exercise session
can be computed. In one embodiment, such pre-computed
target-achievement-score information can be used to inform
the selection of appropriate competitors for a given user. For
example, those competitors whose target-achievement-
scores are closest to the user’s most recent target-achieve-
ment-scores can be selected as the user’s competitors by an
automated process. In an alternative embodiment, to provide
further motivation for the user, at least one competitor can be
selected such that that competitor’s target-achievement-
scores are higher than the user’s. If such a competitor is not
among the closest competitors, then the automated selection
of the user’s competitors can replace one or more of the
closest competitors with one or more of the competitors
whose target-achievement-scores are higher than the user’s.

[0047] Once the user’s competitors have been selected, the
user’s target-achievement-score can be computed in real-time
as the user engages in an exercise session, and can be com-
pared to the target-achievement-scores of the user’s competi-
tors at an analogous point in time of their exercise sessions. In
one embodiment, to account for exercise sessions of varying
durations, the pre-computed target-achievement-scores of the
user’s competitors can be interpolated to synchronize with the
user’s indicated exercise duration. Thus, for example, if one
of the user’s competitors had engaged in an hour-long exer-
cise session, and the user indicated an intention to engage in
an exercise session of only a half-hour in length, then, for
purposes of determining the user’s rank among their competi-
tors within the virtual competition, the competitor’s target-
achievement-scores can either be compressed into a duration
of half the time, or every second target-achievement-score
could be discarded. Similarly, if the user’s competitors had
engaged ina half-hour exercise session, and the user indicated
that they intended to exercise for an hour, the competitors’
target-achievement-scores for their half-hour session can be
interpolated across an hour exercise session such that a mean-
ingful comparison between the user’s target-achievement-
score and their competitors’ target-achievement-scores can
be made at each instant of the user’s exercise session.

[0048] By comparing the user’s real-time target-achieve-
ment-score to the pre-computed, and appropriately interpo-
lated target-achievement-scores of the user’s competitors, the
user’s rank within the virtual competition can be ascertained
at any instant in time during their exercise session. Such a
ranking can then be communicated to the user, such as
through the competition information section 225 of the
glanceable interface 200. Thus, as shown in FIG. 3, the users
ranking can be prominently displayed, such as illustrated by
exemplary competition information sections 265 and 285,
and additional information, such as the names of the closest
competitors, can likewise be displayed.

[0049] Turning to FIGS. 5a and 55, a flow diagram com-
prising sequence of steps 400 and 450 is shown illustrating an
exemplary implementation of virtual competition to increase
a user’s motivation to maintain a proper exercise level, given
the user’s predetermined exercise goals. Thus, as shown, at an
initial step 405, the user can select to engage in virtual com-
petition during their exercise session. Subsequently, at step
410, the user can select to automate the selection of competi-
tors, or the user can manually select their competitors them-
selves. If the user selects the latter, then, at step 435, the user’s
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selection of competitors can be received, such as through an
appropriate user interface, and the process can continue with
the sequence of steps 450, shown in FIG. 5b.

[0050] Ifthe user, at step 410, enables the automatic selec-
tion of competitors, then, in one embodiment, an identifica-
tion can be made, at step 415, of potential competitors whose
target-achievement-scores throughout their exercise sessions
are closest to the user’s target-achievement-scores, such as
during the user’s most recent exercise session. As indicated,
the potential competitors’  target-achievement-scores
throughout their exercise sessions can be pre-computed once
the potential competitor’s exercise data is obtained. At step
420, a determination can be made to ensure that at least some
of the potential competitors have target-achievement-scores
that are higher than the user’s target-achievement-scores. If at
least some of the potential competitors do have higher target-
achievement-scores, then, at step 425, some or all of the
potential competitors can be selected as the user’s competi-
tors and processing can continue with the sequence of steps
450, illustrated in FIG. 5b. However, if, at step 420, it is
determined that none of the potential competitors have target-
achievement-scores that are higher than the user’s, potential
competitors with higher target-achievement-scores can be
added at step 430 and the user’s competitors can then be
selected from this modified set of potential competitors. In
one embodiment, the potential competitor, from among those
identified at step 415, whose target-achievement-score is fur-
thest from the user’s target-achievement-score, is removed
and replaced, at step 430, by a potential competitor whose
target-achievement-score is, from among those having higher
target-achievement-scores, closest to the user’s target-
achievement-score.

[0051] As indicated previously, the target-achievement-
scores throughout a competitor’s exercise session can be
determined once the data from the competitor’s exercise ses-
sion is received. Thus, while step 460 is illustrated as having
aparticular order within the flow diagram illustrated in FIGS.
5a and 54, the pre-computation of target-achievement-scores
referenced by step 460 can occur at any time.

[0052] When the user commences an exercise session, the
intended length of the exercise session can be obtained from
the user at step 465. The competitors’ pre-computed target-
achievement-scores can then be interpolated, at step 470, so
as to match the intended length of the user’s exercise session.
Subsequently, at step 475, once the user has commenced their
exercise session, a current target-achievement-score can be
determined based on exercise-related data received from the
sensing module 90. At each instant of time within the virtual
competition, the user can be ranked, at step 480, based on the
relative magnitude of the user’s current target-achievement-
score at that instant in time, as compared to the pre-computed
and prorated competitors’ target-achievement-scores at the
same corresponding instant in time. The user’s current rank
can then be displayed, at step 485, as part of the glanceable
interface 200.

[0053] A check can be made, at step 490, to ensure that the
user’s exercise session has completed. In one embodiment,
the check at step 490 can be based on the user’s intended
length of their exercise session, as obtained at step 465. In an
alternative embodiment, however, the check at step 490 can
be based on the data received, such as from the sensing
module 90, to determine if the user actually has ended their
exercise session. If step 490 determines that the user’s exer-
cise session has ended, then the processing can end at step
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495. Alternatively, if the determination at step 490 indicates
that the user is continuing to exercise, then processing can
return to step 475 to compute a new current target-achieve-
ment-score for the user.

[0054] Inone embodiment, a user’s exercise data, together
with potential competitors’ exercise data, can be stored on a
remote computing device that can be accessed by the portable
computing device 100, such as through the network 175. In
such a case, the competitors for the virtual competition can be
selected from a much greater, and, thus, potentially more
applicable, pool of potential competitors. In addition, such a
centralized storage of exercise data could enable a user to
compete against acquaintances or family members despite
being separated from such competitors by distance or time.
[0055] As can be seen from the above descriptions, a
glanceable interface and virtual competition are provided via
a computing device that a user can access while exercising so
as to maintain and improve the user’s motivation to exercise
and to do so in an appropriate goal-oriented manner. In view
of the many possible variations of the subject matter
described herein, we claim as our invention all such embodi-
ments as may come within the scope of the following claims
and equivalents thereto.

We claim:

1. One or more computer-readable media comprising com-
puter-executable instructions for providing exercise-oriented
motivation to a user, the computer-executable instructions
directed to steps comprising:

receiving a user’s exercise-related data from one or more

sensors coupled to the user;

calculating a user’s target-achievement-score based on fac-

tors comprising: auser’s exercise level as determined by
reference to the user’s exercise-related data, a user’s
target exercise level zone, a length of time during which
the user’s exercise level was within the user’s target
exercise level zone, and an accuracy with which the
user’s exercise level matched a user’s target exercise
level, wherein the user’s target exercise level is associ-
ated with the user’s target exercise level zone;
determining a user’s ranking from among one or more
virtual competitors based on a comparison between the
user’s target-achievement-score and each competitor’s
target-achievement-score; and

providing, to the user, while the user is exercising, the

user’s ranking.

2. The computer-readable media of claim 1 comprising
further computer-executable instructions directed to select-
ing one or more virtual competitors from among potential
virtual competitors based on a proximity between the virtual
competitors’ target-achievement-scores and a user’s most
recent target-achievement-score, wherein the virtual com-
petitors’ target-achievement-scores are pre-computed.

3. The computer-readable media of claim 2, wherein the
selecting one or more virtual competitors comprises selecting
at least one greater virtual competitor whose target-achieve-
ment-score is greater than the user’s most recent target-
achievement score.

4. The computer-readable media of claim 2, wherein the
virtual competitors’ target-achievement-scores are stored
remotely from the user.

5. The computer-readable media of claim 1, wherein the
comparison between the user’s target-achievement-score and
each competitor’s target-achievement-score comprises inter-
polating each competitor’s target-achievement-scores in
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accordance with that competitor’s duration of exercise as
compared to a user’s anticipated duration of exercise.

6. The computer-readable media of claim 1, wherein the
providing the user’s ranking comprises providing the user’s
ranking in a prominent manner in a glanceable interface.

7. The computer-readable media of claim 6, wherein the
glanceable interface further comprises: an indication of the
difference between the user’s exercise-related data and the
user’s target exercise level zone if the user’s exercise-related
data indicates that the user’s exercise level is outside of the
user’s target exercise level zone.

8. The computer-readable media of claim 1, wherein the
user’s exercise-related data comprises heart-rate data, and
wherein the one or more sensors coupled to the user com-
prises an electrocardiogram sensor.

9. A computing device for providing exercise-oriented
motivation to a user, the computing device comprising:

aperipheral interface for receiving a user’s exercise-related

data from one or more sensors coupled to the user; and

a glanceable interface comprising, if the user’s exercise-

related data signifies that a user’s exercise level is out-
side of the user’s target exercise level zone: a color-
coded indication that the user’s exercise level is outside
of the user’s target exercise level zone, an indication of'a
change required of the user to conform the user’s exer-
cise level with the user’s target exercise level zone, and
an indication of the difference between the user’s exer-
cise-related data and a user’s target exercise level zone.

10. The computing device of claim 9, wherein the glance-
able interface further comprises an instruction to the user
directed to modifying the user’s exercise level to conform to
the user’s target exercise level zone if the user’s exercise-
related data indicates that a user’s exercise level is outside of
the user’s target exercise level zone.

11. The computing device of claim 9, wherein the glance-
able interface further comprises a user’s ranking from among
one or more virtual competitors based on a comparison
between a user’s target-achievement-score and each competi-
tor’s target-achievement-score, wherein the user’s target-
achievement-score is based on factors comprising: the user’s
exercise level as determined by reference to the user’s exer-
cise-related data, the user’s target exercise level zone, a length
of time during which the user’s exercise level was within the
user’s target exercise level zone, and an accuracy with which
the user’s exercise level matched a user’s target exercise level,
wherein the user’s target exercise level is associated with the
user’s target exercise level zone.

12. The computing device of claim 11 further comprising
computer-executable instructions directed to selecting one or
more virtual competitors from among potential virtual com-
petitors based on a proximity between the virtual competi-
tors’ target-achievement-scores and a user’s most recent tar-
get-achievement-score, wherein the virtual competitors’
target-achievement-scores are pre-computed.

13. The computing device of claim 12, wherein the select-
ing one or more virtual competitors comprises selecting at
least one greater virtual competitor whose target-achieve-
ment-score is greater than the user’s most recent target-
achievement score.

14. The computing device of claim 11, wherein the com-
parison between the user’s target-achievement-score and
each competitor’s target-achievement-score comprises pro-
rating each competitor’s target-achievement-scores in accor-
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dance with that competitor’s duration of exercise as compared
to a user’s anticipated duration of exercise.

15. A method of providing exercise-oriented motivation to
a user comprising the steps of:

receiving a user’s exercise-related data from one or more

sensors coupled to the user;

calculating a user’s target-achievement-score based on fac-

tors comprising: auser’s exercise level as determined by
reference to the user’s exercise-related data, a user’s
target exercise level zone, a length of time during which
the user’s exercise level was within the user’s target
exercise level zone, and an accuracy with which the
user’s exercise level was within the user’s target exercise
level zone;

determining a user’s ranking from among one or more

virtual competitors based on a comparison between the
user’s target-achievement-score and each competitor’s
target-achievement-score; and

providing, to the user, while the user is exercising, the

user’s ranking.

16. The method of claim 15 further comprising the steps of?
selecting one or more virtual competitors from among poten-
tial virtual competitors based on a proximity between the
virtual competitors’ target-achievement-scores and a user’s
most recent target-achievement-score, wherein the virtual
competitors’ target-achievement-scores are pre-computed.

17. The method of claim 16, wherein the selecting one or
more virtual competitors comprises selecting at least one
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greater virtual competitor whose target-achievement-score is
greater than the user’s most recent target-achievement score.

18. The method of claim 15, wherein the comparison
between the user’s target-achievement-score and each com-
petitor’s target-achievement-score comprises prorating each
competitor’s target-achievement-scores in accordance with
that competitor’s duration of exercise as compared to a user’s
anticipated duration of exercise.

19. The method of claim 15, wherein the user’s raking is
provided via a glanceable interface, the glanceable interface
further comprising: an indication of the difference between
the user’s exercise-related data and the user’s target exercise
level zone if the user’s exercise-related data indicates that the
user’s exercise level is outside of the user’s target exercise
level zone; and an indication of the user’s exercise-related
data if the user’s exercise-related data indicates that the user’s
exercise level matches a user’s target exercise level, wherein
the user’s target exercise level is associated with the user’s
target exercise level zone.

20. The method of claim 19, wherein the glanceable inter-
face further comprises an instruction to the user directed to
modifying the user’s exercise level to conform to the user’s
target exercise level zone if the user’s exercise-related data
indicates that a user’s exercise level is outside of the user’s
target exercise level zone.
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