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(57) ABSTRACT

A muscle assessment protocol can include: attaching one or
more surface electromyometry (sSEMG) sensors to the skin of
a subject to be operably coupled with one or more muscles;
operably coupling the one or more sSEMG sensors to a com-
puting system; performing the predetermined muscle activity
of'a muscle assessment protocol that includes one or more of
amuscleprint protocol, stride rate tuning protocol, controlled
activity training protocol, or frequency-based, or amplitude-
adjusted root mean square protocol; monitoring/recording
sEMG data of the one or more muscles during the predeter-
mined muscle activity; and providing the sSEMG data to the
subject such that the subject can improve muscle performance
for the predetermined muscle activity by using the sSEMG
data. The muscle activity includes static or dynamic muscle
use. The predetermined muscle activity can be provided to the
subject by the computing system.
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METHODS FOR ASSESSING AND
OPTIMIZING MUSCULAR PERFORMANCE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This patent application claims the benefit of U.S.
Provisional Application Nos. 61/385,046, 61/385,038,
61/385,048, 61/385,049, 61/385,051, and 61/385,053 all of
which were filed on Sep. 21, 2010. In addition, this patent
application claims the benefit of U.S. Provisional Application
No.61/514,148, filed Aug. 2, 2011. All of the aforementioned
provisional applications are incorporated herein by specific
reference in their entirety.

BACKGROUND

[0002] Generally, there are various methods for monitoring
and analyzing muscle condition and/or performance. Often,
such muscle monitoring and analysis involves some form of
myometry, which measures the strength of a muscle by mea-
suring the force that the muscle can generate. For an example
of myometry, a user squeezes a device which in turn measures
and transmits force information back to a computer, and the
computer computes a force/time curve. The measurement is
usually via electronic components, and thereby can be
referred to as electromyometry. These electronic devices are
typically fully wired systems that require immediate proxim-
ity to a computer, and which are designed to be operated by
physicians or clinicians in appropriate controlled settings.
[0003] Surface electromyometry (sSEMG) is a type of myo-
metry that uses surface sensors to obtain information about
the functionality of one or more muscles during a muscular
activity. The sEMG assessments can be sorted into three
general groups of muscle activity: static muscle activity,
dynamic muscle activity, or combination of static and
dynamic muscle activities. The different muscle activity para-
digms can be useful for different muscle assessments.
[0004] A static muscle activity may occur with no load (i.e.
sitting) or with an isometric load (no movement of limb).
Static muscle activity evaluation can include observation of
the rectified amplitude of the sSEMG data. The static muscle
activity evaluation can be useful for a specific muscle or
muscle group or as a comparison to other muscles or muscle
groups. Absolute levels of the sEMG data can be monitored
through root mean square of the sSEMG amplitude (e.g., RMS
sEMG amplitude), and abnormally large values of the RMS
sEMG can be identified or determined. Rhythmic contraction
patterns of the muscle or muscle groups can be identified or
determined, and may also be based on rectified amplitude.
During an isometric loading protocol, a user can exert an
amount of force while keeping the limb fixed in a single
position. Usually, the force exerted is measured as a fixed
percentage of Maximum Voluntary Contraction (MVC).
Then, the median frequency (MF) or mean power frequency
(MPF) can be measured or determined by observing or ana-
lyzing the frequency spectrum of the sEMG. In this manner,
the fatigue level of the muscles can be established, and the
point at which fatigue begins to occur may be identified.
[0005] Dynamic muscle activity evaluations can ascertain
relationships between sEMG amplitude and force, which
have been shown to be “curvilinear”, or non-linear at the
extremes of the force range (e.g., very little force, or a lot of
force) and essentially linear for the majority of the force/
amplitude relationship. Evaluating that relationship is useful
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for dynamic muscle activity sSEMG evaluation. Methods for
implementing dynamic muscle activity evaluations can
include incrementally increasing the force exerted by the
muscle by way of a machine that measures force, and mea-
suring the sEMG amplitude of the muscle activity that is
associated with various force levels. Dynamic muscle activity
evaluations can be used in the evaluation of torque and paraly-
sis. There are dynamic muscle activity evaluation methods
for: muscle imbalance, trigger points, cocontractions, and
fasciculations.

[0006] However, the abovementioned muscle assessment
methods can be used to assess a variety of pathologies and
physiological states which may correspond to (or attempt to
correspond to) clinical and/or medical conditions. These
methods have typically been designed to be performed by
specialists (e.g., MD, chiropractor, physical therapist, etc.).
However, these muscle assessment methods are usually
restricted to controlled settings in the presence of these spe-
cialists. Thus, there is not a way for a common person to
implement muscular assessment on their own. Therefore,
there remains a need to bring the ability to implement muscle
assessment to the masses.

BRIEF DESCRIPTION OF THE FIGURES

[0007] The foregoing and following information as well as
other features of this disclosure will become more fully
apparent from the following description and appended
claims, taken in conjunction with the accompanying draw-
ings. Understanding that these drawings depict only several
embodiments in accordance with the disclosure and are,
therefore, not to be considered limiting of its scope, the dis-
closure will be described with additional specificity and detail
through use of the accompanying drawings, in which:
[0008] FIG. 1A includes a graph that illustrates speed ver-
sus time of a subject during a muscleprint exercise routine
that is conducted as a “step-up test,” where the exercise can be
walking, jogging, running, cycling, or the like;

[0009] FIG. 1B includes a graph that illustrates surface
electromyography (sEMG) amplitude versus time with a
decay period later in time of a Subject during a muscleprint
exercise routine that is conducted as a “step-up test;”

[0010] FIG. 1C includes a graph that illustrates frequency-
based, amplitude-adjusted RMS sEMG versus time with a
decay period (e.g., RMS of decay in dashed box) later in time
of a subject during a muscleprint exercise routine that is
conducted as a “step-up test;”

[0011] FIG. 1D includes a graph that illustrates SEMG
amplitude (e.g., microV) versus time (e.g., minutes) of a
subject during a muscleprint exercise routine that is con-
ducted as a “step-up test,” with speed constant with respect to
time;

[0012] FIG. 2A includes a graph that illustrates SEMG
amplitude versus time (e.g., arbitrary unit) of a subject during
a muscleprint exercise routine that is conducted as a “step-up
test,” where Period (1) indicates a “transition” (e.g., from
standing to full squat), Period (2) indicates being “stationary”
(e.g., staying in squat before a jump), Period (3) indicates a
“transition” (e.g., jumping up), Period (4) indicates a “tran-
sition” (e.g., absorbing impact or weight or force of landing
from jump), Period (5) indicates being “stationary” (e.g.,
staying in squat before rising), and Period (6) indicates a
“transition” (e.g., rise to standing);

[0013] FIG. 2B includes a graph that illustrates weight
versus time per rep (i.e., time/rep) of a subject during a
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muscleprint weightlifting exercise routine that is conducted
as a weightlifting “step-up test,” where each horizontal line
represents a 5 pound increment increase, and while the
weightlifting exercise routine can be a machine bench press,
any weight lifting exercise can be conducted ant the weight
increment increase can vary;

[0014] FIG. 2C includes a graph that illustrates sSEMG
amplitude versus time per rep (i.e., time/rep) of a subject
during a muscleprint weightlifting exercise routine that is
conducted as a weightlifting “step-up test,”

[0015] FIG. 3A includes a graph that illustrates sSEMG
amplitude versus time of a subject during a muscleprint exer-
cise routine that has an action-hold-release protocol, and is
exemplified by a using a bow to draw-hold-release;

[0016] FIG. 3B includes a graph that illustrates sSEMG
amplitude versus time of two different subjects during a
muscleprint exercise routine that has an action-hold-release
protocol, and is exemplified by a using a bow to draw-hold-
release;

[0017] FIG. 3C includes a graph that illustrates sSEMG
amplitude versus time of a subject compared to a database of
subjects (e.g., similar subjects in size, weight, height age,
condition, etc.) during a muscleprint exercise routine that has
an action-hold-release protocol, and is exemplified by a using
a bow to draw-hold-release;

[0018] FIG. 3D includes a graph that illustrates sSEMG
amplitude versus time of a subject compared to an entire
database of subjects during a muscleprint exercise routine
that has an action-hold-release protocol, and is exemplified
by a using a bow to draw-hold-release;

[0019] FIG. 4A includes a graph that illustrates sSEMG
amplitude versus time, where the sSEMG amplitude is a metric
observed during a muscleprint exercise routine such as walk-
ing, jogging, running, cycling, or the like;

[0020] FIG. 4B includes a graph that illustrates sSEMG
amplitude versus time, where the sEMG amplitude is an
average rectified amplitude during a muscleprint exercise
routine such as walking, jogging, running, cycling, or the like;
[0021] FIG. 4C includes a graph that illustrates sSEMG
amplitude versus time, where the sEMG amplitude is an
integrated SEMG or area under curve of FIG. 4A during a
muscleprint exercise routine such as walking, jogging, run-
ning, cycling, or the like;

[0022] FIG. 4D includes a graph that illustrates mean
power frequency (i.e., MPF) versus time, where the MPF may
be a mean power frequency variance observed during a
muscleprint exercise routine such as walking, jogging, run-
ning, cycling, or the like;

[0023] FIG.4Eincludes a graph that illustrates mean power
frequency (i.e., MPF) versus time, where the MPF may be a
mean power frequency variance observed during a muscle-
print exercise routine such as “step-up test” routine or weight-
lifting routine or the like;

[0024] FIG. 4F includes a graph that illustrates RMS sEMG
versus time or frequency-based, amplitude-adjusted RMS
sEMG versus time (i.e., FBAAR v. time) during a muscleprint
exercise routine such as walking, jogging, running, cycling,
or the like;

[0025] FIG. 5A includes a schematic representation of an
exercise routine that is measured at stride length versus speed
versus stride rate, wherein the stride length is measured as
distance between right foot heal-strikes of a single stride;
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[0026] FIG. 5B includes a schematic representation of an
exercise routine that is measured at half strides or for each
heal strike of both feet;

[0027] FIG. 6A includes a graph that illustrates stride rate
versus time, where speed is constant throughout exercise
routine at 5.5 MPH, where stride rate is held constant up to 20
minutes and then initially decreased before being increased in
a “step-up test;”

[0028] FIG. 6B includes a graph that illustrates cumulative
integral versus time for FIG. 6A, where speed is constant
throughout exercise routine at 5.5 MPH in a “warm-up
period;”

[0029] FIG. 7A includes a graph that illustrates SEMG
amplitude versus time or speed versus time, where speed is
constant throughout exercise routine;

[0030] FIG. 7B includes a graph that illustrates SEMG
amplitude versus time or speed versus time, where speed is
controlled to keep sEMG amplitude under a limit throughout
exercise routine, and exhaustion is delayed;

[0031] FIG. 8A includes a graph that illustrates SEMG
amplitude versus time for a set time of consistent exercise
(e.g., running etc.) followed by rest or non-exercise, where an
inflection point is identified;

[0032] FIG. 8B includes a graph that illustrates SEMG
amplitude versus time for a set time of consistent exercise
(e.g., weight lifting or other periodic exercise) followed by
rest or non-exercise, which is shown as exercise-rest-exer-
cise-rest-exercise;

[0033] FIG. 8C includes a graph that illustrates SEMG
amplitude versus time for a set time of consistent exercise
(e.g., weight lifting or other periodic exercise) followed by
rest or non-exercise, which is shown as exercise-rest-exer-
cise-rest-exercise, where FIG. 8C is an alternative profile
compared to FIG. 8B;

[0034] FIG. 9A includes a graph that illustrates sSEMG
amplitude versus time or MPF versus time of a subject during
an exercise routine that is conducted as a constant rate, such as
5.5 MPH with a 135 BPM stride rate, where data can be from
lett quad;

[0035] FIG. 9B includes a graph that illustrates frequency-
based, amplitude-adjusted RMS sEMG versus time (i.e.,
FBAAR v. time) of a subject during an exercise routine that is
conducted as a constant rate, such as 5.5 MPH with a 135
RPM stride rate, where data can be from left quad;

[0036] FIG. 10A includes a graph similar to FIG. 8A;

[0037] FIG. 10B includes a graph that illustrates sSEMG
amplitude versus frequency-for a non-fatigued muscle spec-
trum from FIG. 10A, and shows the MPF;

[0038] FIG. 10C includes a graph that illustrates SEMG
amplitude versus frequency for a fatigued muscle spectrum
from FIG. 10A, and shows the MPF;

[0039] FIG. 11 includes a schematic representation of a
computing system that can be used in the systems and meth-
ods of the present invention; and

[0040] FIGS. 12-15 include flow diagrams for different
methods, which can be performed as described herein, where
one or more steps may be omitted, arranged in accordance
with at least one of the embodiments described herein, and
which arrangement may be modified in accordance with the
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disclosure provided herein by one of ordinary skill in the art.
The images in the graphs may or may not be to scale.

DETAILED DESCRIPTION

[0041] In the following detailed description, reference is
made to the accompanying drawings, which form a part
hereof. In the drawings, similar symbols typically identify
similar components, unless context dictates otherwise. The
illustrative embodiments described in the detailed descrip-
tion, drawings, and claims are not meant to be limiting.
[0042] Other embodiments may be utilized, and other
changes may be made, without departing from the spirit or
scope of the subject matter presented herein. It will be readily
understood that the aspects of the present disclosure, as gen-
erally described herein, and illustrated in the figures, can be
arranged, substituted, combined, separated, and designed in a
wide variety of different configurations, all of which are
explicitly contemplated herein.

[0043] Generally, the present invention includes systems
and methods for implementing muscle assessment protocols.
The assessment protocols can be implemented in a manner
such that a common person can obtain accurate muscle infor-
mation. The inventive muscle assessment protocols can be
implemented with the aide of computing systems and soft-
ware with user interfaces to facilitate use by a common per-
son. The muscle assessment protocols can be implemented
without controlled settings or specialists. As such, the muscle
assessment protocols described herein may be useful for
monitoring and analyzing muscle function of healthy indi-
viduals, and therefore may not be used in connection with
determination or monitoring of disease states. The muscle
assessment protocols can be used for personal use, which may
include analysis of an exercise routine as well as the muscu-
lature benefits, improvements, or declines that may occur.
The muscle assessment protocols can be used to monitor and
analyze muscular performance of an athletic subject who
already is relatively healthy, but who may desire improve-
ment in their overall health or athletic performance, or general
muscle maintenance.

[0044] The muscle assessment protocols can be designed
and implemented for the assessment of muscular perfor-
mance for athletic consumers. These protocols differ from
standard medical and clinical assessment techniques in a
variety of ways. One example of a differentiating factor is that
the inventive muscle assessment protocols are designed for
implementation that is automatic and software-driven. Ease
of use allows any subject to receive the benefit of muscle
assessment. Another distinguishing factor includes the inven-
tive muscle assessment protocols being designed and imple-
mented as standard actions for a wide variety of different
muscle activities for one or more muscles, exercise disci-
plines, of for one or more specific muscles. Also, the muscle
assessment protocols can be performed by a common person
without specific equipment other than one or more sensors
that can be worn on the subject as well as a computing system
for measuring, recording, and analyzing the data obtained
during the protocol. This differs from the strategy of an asses-
sor having a number of different assessment tools at their
disposal, and relying upon judgment to determine which is
best for a particular individual (typically, with the goal of
diagnosis in mind).

[0045] The muscle assessment protocols can use comput-
ing systems and software for measuring, recording, and ana-
lyzing the data from the subject having their muscles being
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assessed. The protocols can focus on single muscle or muscle
group performance assessment from the perspective of basic
muscle functional through muscle performance enhancement
as well as optimization of muscular performance. The proto-
cols can be implemented with one or more muscles for short
and/or long periods of physical exertion in static, dynamic
and/or combined static and dynamic muscle activities.

[0046] Inoneembodiment,the presentinvention provides a
method for performing a muscle assessment protocol. FIG.
12 illustrates an embodiment of a method for performing the
muscle assessment protocol 1, which can include: attaching
one or more surface electromyometry (sEMG) sensors to the
skin ofa subject so as to be operably coupled with one or more
muscles of the subject (Attach Sensor to Skin,” block 10);
operably coupling the one or more sSEMG sensors to a com-
puting system (“Link Sensor to Computer,” block 12); per-
forming the predetermined muscle activity of a muscle
assessment protocol (“Perform Predetermined Muscle Activ-
ity,” block 14) that includes one or more of a muscleprint
protocol, stride rate tuning protocol, controlled activity train-
ing protocol, or frequency-based, or amplitude-adjusted root
mean square protocol; monitoring and/or recording sEMG
data of the one or more muscles during the predetermined
muscle activity (“Monitor/Record sEMG Data,” block 16);
and providing the sEMG data to the subject such that the
subject can improve muscle performance for the predeter-
mined muscle activity by using the sEMG data (“Provide
sEMG Data to Subject,” block 18). The muscle activity
includes static (e.g., resistance against a load) or dynamic
muscle use. The predetermined muscle activity can be pro-
vided to the subject by the computing system. The muscle
activity can include a continuous exercise routine or a non-
continuous exercise routine. The continuous exercise routine
can include one or more of walking, jogging, running, sprint-
ing, hiking, cycling, rollerblading, roller skating, skiing,
cross-country skiing, rowing, swimming, snowboarding,
yoga, pilates, and the like. The noncontinuous exercise rou-
tine can include one or more of firing an arrow from a bow,
weightlifting, golf swing, bat swing, ball throw, punch, kick,
jumping, squatting, or the like.

[0047] The muscle assessment protocols can include a
series of assessed activities that provide data that can be
analyzed in order to provide a subject with a better under-
standing of the muscular activity and response patterns. Once
a muscle response pattern can be, determined, then strategies
can be implemented so that optimal muscle performance can
be targeted and hopefully achieved. The muscle assessment
protocols can be described as: a muscleprint protocol; a stride
rate tuning protocol; a controlled activity training protocol, or
a frequency-based, amplitude-adjusted root mean square pro-
tocol. A muscleprint is a muscle assessment protocol that
monitors muscle sEMG data of a muscular response while a
subject is engaged in an activity. In the muscleprint protocol,
the one or more sensors each monitor muscle sEMG data of
the one or more muscles while the subject performs the pre-
determined activity in order to determine the subject’s mus-
cular capabilities of the one or more muscles over a defined
period of time or portion thereof. Stride rate tuning is a muscle
assessment protocol that monitors muscle sEMG data while a
subject adjusts their caloric expenditure during a controlled
activity based on sSEMG data measure and analyzed, and then
provided back to the subject during the protocol. In the stride
rate tuning protocol, the one or more sensors monitor muscle
sEMG data while the subject adjusts their caloric consump-
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tion during a controlled activity based on sEMG data that is
measured and/or analyzed, and the sEMG data is provided to
the subject in order to facilitate the adjustment of caloric
consumption. Controlled activity training is a muscle assess-
ment protocol where an sSEMG metric or a derivative metric is
kept constant during a particular physical activity and a non-
quantitative, athletic activity is varied, which allows for pre-
cise training based on a quantitative metrics while engaged in
inherently subjective activities. In the controlled activity
training protocol, the subject maintains substantially a con-
stant sSEMG metric or metric derivative or metric integral by
varying muscle activity exertion during the predetermined
muscle activity. Frequency-based, amplitude-adjusted root
mean square is a muscle assessment protocol that provides for
displaying sEMG data that is adjusted to compensate for
fatigue (e.g., frequency-based) muscle signal dropout. In the
frequency-based, amplitude-adjusted root mean square that
includes displaying sSEMG data that is adjusted to compensate
for muscle fatigue of the one or more muscles.

[0048] The sEMG data can include a metric selected from:
sEMG amplitude; instantaneous rectified sSEMG amplitude;
average rectified sEMG amplitude; area under sEMG curve;
area over sSEMG curve; integrated sEMG; derivative sEMG;
frequency-based, amplitude adjusted RMS sEMG; mean
power frequency (MPF); muscle fatigue onset index (MFOI);
or combination thereof.

[0049] Oneimplementation of the invention can be to com-
pare different results of the same subject from a muscle activ-
ity performed at different times. Another implementation can
be to compare different results of the same muscle activity
across multiple subjects. Traditionally, the subjects are
human, but the principle can be applied to non-human sub-
jects, such as dogs, horses, or the like. When comparing the
data for a muscle activity or the results of the muscle activity,
the data can be normalized with respect to the muscle activity.
The normalization can be on speed, repetitions, or other
parameter of the muscle acidity. With running as an example,
the comparative relationships and amplitude levels of the data
can be linked to a particular speed. As such, normalization of
the data can be performed before the comparison of the data
so that the data is relevant across the subjects. The normal-
ization can adjust the levels to compare them as if they were
recorded at the same speed.

[0050] In one embodiment, muscle data can be used to
create a reference database. The database can include various
types of muscle data, such as the data described herein or the
metrics of the data described in the incorporated references.
For example, the database can include RMS EMG data and
frequency values for people of different age, sexes, shapes,
size, BMI, and athletic condition. For example, the speed of a
run can be a parameter in the database. The database can
include muscle data for all muscle optimization protocols
described herein. The data can be raw data or normalized
data.

[0051] Inoneexample, the database can beused to compare
different subjects. The subjects can include a 25-year old man
who is 6'S" with 4% body fat, and a 80-year old woman who
is 4'11" with 18% body fat. It is likely that these individuals do
not perform muscle activities at the same level, and as such,
the data or data values need to be normalized before being
compared. The computing system associated with the data-
base can facilitate adjustment of the recorded values between
different subjects in order to estimate what the values would
be if they had the same age, sex, BMI, and activity speed.
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[0052] The database can be used to provide data and infor-
mation as well as to receive data and information. The data
can be used for direct or normalized comparison between
subjects. For example, the first time a run or test is performed
by a subject and some kind of metric is produced, compari-
sons and adjustments can be made to a reference database of
people with similar age, sex, BMI, and activity speed. In
another example, if the user has never recorded a MVC or
“pseudo-MVC” type of exercise, then these levels can be
taken from a reference database. Subsequent to initial tests,
such as including MVC, pseudo-MVC, and any of the
muscleprinting methods, the initial results can also be used in
addition to the reference database values for additional accu-
racy.

Muscleprint

[0053] Generally, the muscleprinting muscle assessment
protocol can be designed to determine a subject’s muscular
capabilities during a muscle activity over a defined period of
time in order to identify or determine a muscle sSEMG profile
in response to the muscle activity. The defined period of time
can vary, and a portion or the whole time can be used. Much
like a fingerprint, a muscleprint is a unique snapshot of an
individual’s personal biometric characteristics for the given
period of time. Unlike a fingerprint, a muscleprint may
change for an individual over time as the individual gets into
better shape or as physiological changes occur for the indi-
vidual. Also unlike a fingerprint, a muscleprint cannot be used
for identification purposes due to the ever changing muscle
conditions and responses to the same or different activity.
While muscleprinting can be used for common athletic activi-
ties, it can also be used for any activity that uses a muscle that
is static (e.g., loaded) or dynamic.

[0054] Muscleprinting may be accomplished in a variety of
ways. In one aspect, a muscleprinting protocol can be imple-
mented with a “step-up test” for a continuous or noncontinu-
ous muscular activity. A particularly useful continuous mus-
cular activity for muscle printing is running because it can
result in the onset of fatigue before other similar activities,
which results in a shorter assessment period of time. FIG. 1A
includes a graph that illustrates speed versus time of a subject
during a muscleprint exercise routine that is conducted as a
“step-up test.” For a running example, a treadmill can be used
when programmed to incrementally increase the speed at
defined time intervals. For example, the speed of the treadmill
can be increased by 0.25 MPH for a defined period of time,
such as 20 seconds. Examples of speed increases can be 0.5
MPH, 1 MPH, 2 MPH, 3 MPH, 4 MPH, or higher for fit
athletes. For continuous muscular activities such as cycling
where the rate is much faster, the speed increases can be
multiplied by a factor, such as a factor of 5 or 10 depending on
the fitness level of the subject. The time period can vary
greatly, where the time period can be as short as 20 to 30
seconds or as long as 10 minutes depending on the particular
activity. For example, running activities can have shorter
periods between step-up increases in speed, while cycling
activities can have longer periods between step-up increases.
The protocol can also be implemented with a subject that is
capable of monitoring their speed and then increasing their
speed by increments after defined time periods. In an actual
experimental protocol, the step-up-test was structured as fol-
lows: run at 1.0 MPH for a first period of 3 minutes; runat 1.5
MPH for a second period of 3 minutes; run at 2.0 MPH for a
third period of time for 3 minutes; and so on at 0.5 MPH
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increments until 8.0 MPH or as fast as the subject can run in
a sprint, or until fatigued. When step-up increments result a
final speed of 8.0 MPH, the total duration of the step-up test
can be 45 minutes.

[0055] FIG. 1B includes a graph that illustrates another
example of surface electromyography (sSEMG) amplitude
versus time study with a decay period later in time of a subject
during a muscleprint exercise routine that is conducted as a
“step-up test.” The metric observed and recorded for each
section of the run was the average rectified sEMG amplitude.
As shown in FIG. 1B, each step-up occurs, but the sEMG
amplitude can vary between each step. This can be a result of
some fatigue or other reason why the subject cannot maintain
the identified speed. Accordingly, the graph in FIG. 1B can be
obtained from the sEMG that was recorded from the speed
step-up of FIG. 1A.

[0056] FIG. 1C includes a graph that illustrates frequency-
based, amplitude-adjusted RMS sEMG versus time with a
decay period (e.g., RMS of decay in dashed box) later in time
of a subject during a muscleprint exercise routine that is
conducted as a “step-up test”” This graph can be generated
from the data of FIG. 1B.

[0057] There are anumber of other types of muscleprinting
algorithms which can be implemented. A muscle printing
algorithm can be determined to depend on the type of athletic
activity. For instance, there is the “typical run” muscleprint
for runners as shown in FIG. 1D. FIG. 1D includes a graph
that illustrates sSEMG amplitude (e.g., microV) versus time
(e.g., minutes) of a subject during a muscleprint exercise
routine that is conducted as a “step-up test,” with speed con-
stant with respect to time. One implementation of this method
would require a runner to run for 30 minutes at 5.0 MPH with
a constant neutral stride rate, which results in the change in
sEMG amplitude over time. Also, the rate and duration can be
modulated depending on the subject.

[0058] In another example, a muscleprint protocol can
include the activity of a transition muscle activity and then a
stationary muscle activity, or vice versa. Also, the activity can
include a first transition muscle activity, a first stationary
muscle activity, a second transition muscle activity, and then
a second stationary activity. The activity may also be a tran-
sition muscle activity, a stationary muscle activity, a second
transition muscle activity, a third transition activity, and then
a second stationary activity. Accordingly, various combina-
tions and arrangements of stationary and transition muscle
activities can be implemented. The transition activity can
include squatting down, the stationary muscle activity can be
staying squatted or otherwise waiting for the next transition
activity. Generally, the stationary muscle activities do not
involve movement or change in position, while the transition
muscle activities include active motion or movement or
changing position. One example can include holding a squat
for a stationary muscle activity and then jumping straight up
into the air as high as possible with a stationary squat between
each jump for a defined number of times, such as 3 times, 5
times, 7 times, or 9 times in a row or any number therebe-
tween. These types of muscle activities can be described as
noncontinuous due to the way the muscle activity is imple-
mented not being continuous.

[0059] FIG. 2A includes a graph that illustrates sSEMG
amplitude versus time (e.g., arbitrary unit) of a subject during
a muscleprint exercise routine that is conducted as a “step-up
test,” where Period (1) indicates a “transition” (e.g., from
standing to full squat), Period (2) indicates being “stationary”

Mar. 22, 2012

(e.g., staying in squat before a jump), Period (3) indicates a
“transition” (e.g., jumping up), Period (4) indicates a “tran-
sition” (e.g., absorbing impact or weight or force of landing
from jump), Period (5) indicates being “stationary” (e.g.,
staying in squat before rising), and Period (6) indicates a
“transition” (e.g., rise to standing).

[0060] Additionally, step-up tests can be performed with
noncontinuous athletic activities. Examples of noncontinu-
ous athletic activities include weightlifting, throwing, kick-
ing, punching, golfing, tennis, or others that have start-stop
motions. Accordingly, weightlifting is a good example of a
noncontinuous athletic activity can be performed during a
muscleprint protocol. Weightlifting can be conducted with
the step-up test as well by using progressively heavier
weights for a specific exercise such as biceps curls. For
example, the weight can be increased in increments of 5
pounds until exhaustion or a predefined weight limit, and
certain measurements can be made, such as sSEMG, at each
weight increment. The increase in rate or weight or resistance
can be described as an increase in muscle output or muscle
effort. The sSEMG data can be processed for rectified ampli-
tude and/or mean power frequency (i.e., MPF) during max
amplitude of repetition of lifting the weight. This can allow
for a muscleprint similar to the one developed for running, a
step-up test described above for weightlifting or other non-
continuous muscle activities.

[0061] FIG. 2B includes a graph that illustrates weight
versus time per rep (i.e., time/rep) of a subject during a
muscleprint weightlifting exercise routine that is conducted
as a weightlifting “step-up test,” where each horizontal line
represents a 5 pound increment increase, and while the
weightlifting exercise routine can be a machine bench press,
any weight lifting exercise can be conducted ant the weight
increment increase can vary. FIG. 2C includes a graph that
illustrates SEMG amplitude versus time per rep (i.e., time/
rep) of a subject during a muscleprint weightlifting exercise
routine that is conducted as a weightlifting “step-up test.”
[0062] The muscleprinting protocol can be implemented
by processing data through the proper algorithm. As such, the
subject of the muscleprinting protocol can wear a device that
records sEMG data, and the device can be configured to
record sEMG output during all phases of muscleprinting
activities. This allows for the muscleprinting protocol to both
facilitate a specific exercise plan, recordation of sSEMG data
during the exercise plan, and process the data to provide a
subjective analysis of the subject’s muscleprint. The muscle-
print can then be used for analysis and strategizing exercise
routines to improve muscle condition and function.

[0063] In one embodiment, the muscleprinting protocol
can be used to record quantitative biometric data (e.g., sSEMG)
in a standardized method to allow for comparisons to be made
across time for a single individual, between different indi-
viduals, between an individual and a database of metrics
taken for a subset of a large population, or compared to the
entire database. The data obtained during a muscleprinting
protocol can then be input into a computing method for an
automatic software-driven assessment of an individual’s
muscular capabilities and a comparative analysis can be per-
formed between the individual’s data and the data of one or
more other individuals. These comparisons can result in data
that can be provided to the individual in a manner that allows
for visual comparison of the performance data. The data can
be illustrated for the individual in a table, graph, or other
visual display. Also, the data may be converted to audio and
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played so that the individual can listen to the results. The
comparisons can be implemented for any type of continuous
or noncontinuous athletic activity, as well as other athletic
activities that use muscles. An example of an athletic activity
that is suitable for such muscle printing comparative analysis
can include the firing of an arrow from a bow, which includes
a draw-hold, release muscle performance profile, which can
be considered a noncontinuous muscle activity. FIGS. 3A-3D
show the graphical output of for an individual and then the
comparison of the individual with one or more other individu-
als.

[0064] FIG. 3A includes a graph that illustrates SEMG
amplitude versus time of a subject during a muscleprint exer-
cise routine that has an action-hold-release protocol, and is
exemplified by a using a bow to draw-hold-release. This type
of graph can be generated for substantially any muscle activ-
ity. While the X-axis identifies time at 10 seconds, the time
can vary for any stage of the muscle activity. Also, the dura-
tion can be varied depending on the type of muscle activity.
[0065] FIG. 3B includes a graph that illustrates sSEMG
amplitude versus time of two different subjects during a
muscleprint exercise routine that has an action-hold-release
protocol, and is exemplified by a using a bow to draw-hold-
release. Such a comparison can be done between individuals
that know each other or random individuals. The second
individual data can be obtained from a database or from a
known other user.

[0066] FIG. 3C includes a graph that illustrates SEMG
amplitude versus time of a subject compared to a database of
subjects (e.g., similar subjects in size, weight, height age,
condition, etc.) during a muscleprint exercise routine that has
an action-hold-release protocol, and is exemplified by a using
a bow to draw-hold-release. The database can be assessed
over a network so that the individual can obtain the necessary
information for the comparative analysis. The individual user
can then select for similar users using a variety of criteria.
[0067] FIG. 3D includes a graph that illustrates sSEMG
amplitude versus time of a subject compared to an entire
database of subjects during a muscleprint exercise routine
that has an action-hold-release protocol, and is exemplified
by a using a bow to draw-hold-release. The database can be
continually updated by users providing their information to
the database. The database can then be accessed by qualified
users, such as the individual.

[0068] During the muscleprint, various types of data can be
measured, recorded, and/or generated. The data can be rel-
evant to various metrics that are useful for assessment of the
muscle activity, or change in muscle activity’. Some
examples of the metrics that can be recorded or generated
during the muscleprint protocol include the following: instan-
taneous rectified SEMG amplitude (see FIG. 4A); average
rectified sEMG amplitude (see FIG. 4B); area under the
sEMG graph/integrated sSEMG (FIG. 4C); mean power fre-
quency (MPF) (see FIG. 4D). While all of FIGS. 4A-4D
illustrate metrics for a running muscle activity, FIG. 4E shows
a weightlifting metric for MPF, which is visually different
from for running. As such, the type of muscle activity can
dictate the visual information of the graphical output. FIG.
4A includes a graph that illustrates sSEMG amplitude versus
time, where the sSEMG amplitude is a metric observed during
a muscleprint exercise routine such as walking, jogging, run-
ning, cycling, or the like. FIG. 4B includes a graph that
illustrates sSEMG amplitude versus time, where the sSEMG
amplitude is an average rectified amplitude during a muscle-
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print exercise routine such as walking, jogging, running,
cycling, or the like. FIG. 4C includes a graph that illustrates
sEMG amplitude versus time, where the sSEMG amplitude is
an integrated sSEMG or area under curve of FIG. 4A during a
muscleprint exercise routine such as walking, jogging, run-
ning, cycling, or the like. FIG. 4D includes a graph that
illustrates mean power frequency (i.e., MPF) versus time,
where the MPF may be a mean power frequency variance
observed during a muscleprint exercise routine such as walk-
ing, jogging, running, cycling, or the like. FIG. 4E includes a
graph that illustrates mean power frequency (i.e., MPF) ver-
sus time, where the MPF may be a mean power frequency
variance observed during a muscleprint exercise routine such
as “step-up” routine or weightlifting routine, or the like.

[0069] Additionally, the muscleprint protocol can obtain
data that is then processed by a frequency-based amplitude
adjusted RMS (FBAAR) process to create a standardized
profile for an individual. The data can then be used to compare
the beginning rectified amplitude values to the ending recti-
fied amplitude values across time. For instance, a user may be
able to make comparisons over the course of a particular
period of time (e.g., 30 minute run) in which it is known that
amplitude drop-off occurs despite speed/stride rate/incline
being held constant (see FIG. 4F). FIG. 4F includes a graph
that illustrates RMS sEMG versus time or frequency-based,
amplitude-adjusted RMS sEMG versus time (i.e., FBAAR
versus time) during a muscleprint exercise routine such as
walking, jogging, running, cycling, or the like as well as
noncontinuous muscle activities.

[0070] Additionally, the FBAAR process can be imple-
mented with or substituted with time-based amplitude
adjusted RMS (TBAAR). The TBARR is substantially simi-
lar to FBAAR in application to the invention described
herein. As such, the amplitude adjustments can be made with
any basis in addition to frequency and time. Any appropriate
parameter may be amplitude adjusted using RMS. Thus, reci-
tation herein of frequency-based amplitude adjusted RMS
(FBAAR) process can also refer to TBAAR or other.

[0071] In one embodiment, the muscleprinting protocol
can be implemented with computing devices and software.
The computing device can be associated with sensors that are
coupled to subject’s body at particular locations. The sensors
can be placed on the skin adjacent to one or more muscles to
be monitored and assessed during the protocol. The sensor
can be communicatively coupled, either wired or wireless, so
a computing system having the software that can operate the
method. The computing system can receive and record the
data. The computing system, via muscleprinting protocol
software, can process data from the sensors. The computing
system can then generate a viewable format of the data for
analysis by the subject. Additionally, the computing system
can access a database over a network in order to obtain com-
parative data for one or more other users or to provide the
subject’s data to the database. The data from the database can
be selectively filtered to identify one or more subjects that the
subject may want to compare their data with. The other sub-
jects may be persons known or unknown to the current subject
undergoing the muscleprint. A viewable representation of the
data, such as a graph, can then be generated to compare the
current subject with one or more other subjects. The data of
the current subject can also be provided to the database and
stored, which data can then be accessed by other subjects for
their own comparative analysis. Thus, the muscleprinting
protocol can utilize computer hardware and/or software to
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automatically compare a subject’s muscle response profile to
a large database of muscle responses in order to categorize the
subject’s muscle fitness level. The protocol can also provide
tailored exercise plans based on which muscles the subject
could train for improvement. The protocol can also provide
recommendations to a particular subject for training method
to optimize muscle activity performance given their particu-
lar profile.

[0072] FIG. 13 illustrates an embodiment of a muscleprint
protocol 100. Such a muscleprint protocol 100 can include:
attaching one or more surface electromyometry (SEMG) sen-
sors to the skin of a subject so as to be operably coupled with
one or more muscles of the subject (“Attach Sensor To Skin,”
block 110); operably coupling the one or more sEMG sensors
to a computing system (“Link Sensor To Computer,” block
112); performing the predetermined muscle activity of a
muscleprint protocol (“Perform Muscleprint Protocol,” block
114), wherein in the muscleprint protocol the one or more
sensors each monitor muscle sEMG data of the one or more
muscles while the subject performs during the predetermined
activity in order to determine the subject’s muscular capabili-
ties of the one or more muscles over a defined period of time
or portion thereof; monitoring and/or recording sEMG data of
the one or more muscles during the predetermined muscle
activity (“Monitor/Record sEMG Data,” block 116); and pro-
viding the sSEMG data to the subject such that the subject can
improve muscle performance for the predetermined muscle
activity by using the sEMG data (“Provide sEMG Data to
Subject,” block 118).

[0073] In one embodiment, the muscleprint protocol can
include determining and/or generating a muscle sEMG pro-
file in response to the predetermined muscle activity over the
defined period of time or portion thereof.

[0074] In one embodiment, the muscleprint protocol can
include a step-up test that incrementally increases muscle
output or muscle effort over one or more step-up time periods
of the predetermined muscle activity until the subject is suf-
ficiently fatigued or predetermined muscle activity time
period or predetermined repetitions of the muscle activity.
[0075] In one embodiment, the muscleprint protocol can
include graphing the muscleprint protocol with sEMG data
versus time, and providing the graph to the subject.

[0076] In one embodiment, the muscleprint protocol can
include accessing sEMG data of one or more other subjects
from a database, and comparing the subject’s sEMG data with
the sEMG data of the other subjects from the database.
[0077] In one embodiment, the muscleprint protocol can
include: filtering the one or more subjects from the database
based on one or more criteria; providing sEMG data of the
filtered one or more subjects to the computing system; and
generating a graph of the subject’s sSEMG data with the sSEMG
data of the filtered one or more subjects.

[0078] The muscleprint protocol can be implemented as
part of any of the other protocols described herein. Also, the
method steps of the muscleprint protocol can be illustrated as
a flowchart or the like.

Stride Rate Tuning

[0079] One of the reasons people exercise is due to the
energy consumption by the body in order to perform an ath-
letic activity. The energy consumption of exercise can be used
for maintaining or improving a subject’s physical attributes.
During exercise, muscle contraction consumes energy. The
more a muscle is contracted, the greater the energy consump-
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tion, which can be measured in calories. The energy con-
sumption can also be expressed as work done by the muscle,
and the more work done by the muscle does, the greater the
energy consumption and greater amounts of calories are
burned. Stride rate tuning can be used for any continuous
muscle activity. Stride rate tuning can also be used for non-
continuous muscle activities when each repetition is
described as a stride in accordance with the parameters
herein.

[0080] Running is performed by contracting muscles dur-
ing a stride. The rate at which a subject runs can be measured
by the distance that is covered in a certain period of time. The
subject’s stride can be measured in terms of a stride rate that
is the number of heel-strikes in a minute. For cycling, the
stride can be measured in terms of when the peddle is at its
lowest point. A heal-strike can be described as a beat, and the
number of strikes over time can have a strike rate that can be
described as “beats per minute” or “BPM.” Also, stride length
can be described as the distance covered in a single step by a
runner. For cycling, the stride length can be the distance
covered between peddle low points. It should also be noted
that stride rate is not equivalent to speed. At a given constant
speed, a subject may run at a variety of stride rates. In fact, for
each athlete, there is a definite range of stride rates at any
given speed. Also, runners are usually aware of a so-called
“natural stride rate,” even if they do not call it that, that they
feel comfortable using at any given speed. FIG. SA includes
a schematic representation of an exercise routine that is mea-
sured at stride length versus speed versus stride rate, wherein
the stride length is measured as distance between right foot
heal-strikes of a single stride. FIG. 5B includes a schematic
representation of an exercise routine that is measured at half
strides or for each heal strike of both feet. The stride length is
the distance between a first left or left foot heel-strike and a
second right or left foot-heel strike, where only one foot is
considered, which can be either the right foot or left foot as
illustrated in FIG. 5A. The average speed can be determined
by identifying the total distance (Dtot) traveled, which is
divided by the total time. The total time can be determined by
a final time (Tf) subtracted by the initial time (To). Equation
1 defines average speed.

Average Speed=Drot/(1f~10)

[0081] The stride rate can be determined by using the heel-
strikes of both the left and right foot. The total number of
heel-strikes per minute equals the stride rate, which can be
measured in beats per minute (BPM), which can be audible. It
may also be referred to as heel-strikes per minute (hspm).
Dividing the stride rate by two can provide the haploid stride
rate, which is for one side of the body, right or left, which is
shown in Equation 2.

Equation 1

Haploid Stride Rate=(Stride Rate)/2

[0082] In the example illustrated in FIG. 5B, there are a
total of 60 heel-strikes in 60 seconds, with one heel-strike per
second. As such, the stride rate is 60 BPM (or hspm). The
stride length cannot be determined from stride rate alone.
Some form of distance information is needed for the calcula-
tion. The distance information, for example, can include
stride length, total stride distance traveled, or other.

[0083] Different stride rates have different cumulative
energy costs. A cumulative energy cost can be defined as
being proportional to the sum of integrated rectified sSEMG
observed in major muscles being used for an activity. Equa-
tion 3 illustrates a calculation of a cumulative energy cost

Equation 2
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(CEC) for muscles that may be used for running, which can
include: right quadriceps (A); left quadriceps (B); right ham-
string (C); left hamstring (D); right calf (E); left calf (F);
abdominal (G); and lower back (H). For example, for running,
the cumulative energy cost could be proportional to the sum
of the areas under the curves of rectified sSEMG graphs
recorded in the Left Quadriceps Femoris, Right Quadriceps
Femoris, Left Hamstring, Right Hamstring, Left Gastrocne-
mius, and Right Gastrocnemius as shown in Equation 3.
These muscles can each have in individual sensor associated
therewith. However, the relationship can be simplified by
selecting particular muscles as shown in Equations 4 or 5,
which are only examples. Any muscle or group of muscles
can be considered or excluded as, desired. The area under the
curve can then be used to calculate the calorie cost by using a
skeletal muscle calorie index (SMCI).

CECH[AB+C+{DHE+[F+{G+[H Equation 3
CEC[4+{D+JE+/H Equation 4
CECH[A+{B+C+[D+[EHF Equation 5
[0084] The SMCI can also be used as an adjustment to

methods of calorie estimation currently in use which are
based on heart rate. The SMCI adjustment can be used to
improve the accuracy of the calculated calorie burn rate based
on HR-only methods.

[0085] The stride rate can be used for stride rate tuning.
Stride rate tuning (SRT) is can be described as a protocol for
optimization stride rate of a subject based on sEMG data. The
optimization of stride rate can be used to minimize energy
expenditure during activities. There are various ways to
implement SRT, one of which involves running at a constant
speed. First, the runner applies sensors to their quads, ham-
strings, and calves as well as other muscles such as those
recited above (e.g., L and R leg muscles). A computing sys-
tem having hardware and software can be programed to cal-
culate the sum of the integrated sSEMG amplitudes of all 6
muscles being monitored to determine the SEC. Then the
runner begins to run at a constant rate. This can be done on a
treadmill, or outside with some device that allows the runner
to maintain their speed at a substantially constant rate. A
secondary speed monitor can be used by the runner. A sec-
ondary speed monitor can include another object, such as a
motorcycle, moped, car, bike or the like, that can operate at a
constant speed, or use of a speedometer device that provides
speed (e.g., audio or visual speed information) to the runner
so that the runner can modulate their running to maintain the
speed. During SRT, the runner should be on a flat or horizon-
tal surface, or on a slope or incline that is substantially con-
stant. The runner can run for a set duration (e.g., run for 20
minutes) to allow the observed rectified sSEMG amplitude to
level off, which can eliminate the need for FBAAR adjust-
ment or any other amplitude adjusted RMS process, such as
TBAAR. Then the stride rate is then varied, from the low limit
of the runner’s stride range to the high limit of the runner’s
stride range, in regular increments (see FIGS. 6A-6B).
[0086] For an example of SRT, the runner performs the
following: 20 minutes of natural stride rate as a warm up; then
1 minute of running at 110 BPM; then 1 minute or running at
115 BPM; then 1 minute or running at 120 BPM; and so onup
to resulting 1 minute of running at 190 BPM or maximum
BPM for the runner. FIG. 6A includes a graph that illustrates
stride rate versus time, where speed is constant throughout
exercise routine at 5.5 MPH, where stride rate is held constant
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up to 20 minutes and then initially decreased before being
increased in a step-up test. For this runner, 110-160 RPM is a
stride rate range, and 130 BPM was self-identified as a “natu-
ral stride rate.”

[0087] At the conclusion of the run, each increment has an
associated combination rectified sEMG integral (e.g., area
under the rectified sSEMG curve for that increment for each
muscle, then all muscles’ integrals are added together) as
shown in Equation 6, using the abbreviations for the leg
muscles as shown above to calculate the cumulative integral
(CI). The Cl is then plotted verses time. Since the areas under
the curves are proportional to the energy cost, the computing
system can determine energy cost of different stride rates, and
prepare graphical representations thereof (see FIG. 6B). FIG.
6B includes a graph that illustrates cumulative integral versus
time for FIG. 6 A, where speed is constant throughout exercise
routine at 5.5 MPH in a “warm-up period.”” At 135 BPM,
primary trough/valley observed, which is compared to the
130 self-identified “natural stride rate.” At 155 BPM, second-
ary trough/valley observed, which is useful for running on an
incline. Typical response profile for this type of graph is a “U”
or “V” shaped curve.

CI=[A+[B+[C+[D+[E+[F

[0088] The low-point on the graph of FIG. 6B corresponds
to a stride rate which results in the smallest possible additive
integral. This stride rate may not be equivalent to the stride
rate that a user thinks of as their “natural stride rate”. How-
ever, it is the stride rate which results in the smallest caloric
burn rate, and as such is a singularly useful piece of informa-
tion for competitive runners and can be referred to as the true
natural stride rate. For noncontinuous muscle activities, a
repetition can be considered to be a stride, and the method can
be implemented for repetitions in place of strides. Thus, stride
can also refer to repetitions of a muscle activity, such as
weight lifting or arrow firing repetitions.

[0089] FIG. 14 illustrates an embodiment of performing a
muscle improvement protocol 200 can include: attaching one
or more surface electromyometry (sSEMG) sensors to the skin
of a subject so as to be operably coupled with one or more
muscles of the subject (“Attach Sensor To Skin,” block 210);
operably coupling the one or more sSEMG sensors to a com-
puting system (“Link Sensor to Computer,” block 212); per-
forming the predetermined muscle activity of a stride rate
tuning protocol (“Perform Stride Rate Tuning Protocol,”
block 214), wherein in the stride rate tuning protocol the one
or more sensors monitor muscle SEMG data while the subject
adjusts their caloric consumption during a controlled activity
based on sEMG data that is measured and/or analyzed, and
the sSEMG data is provided to the subject in order to facilitate
the adjustment of caloric consumption; monitoring and/or
recording sEMG data of the one or more muscles during the
predetermined muscle activity (“Monitor/Record sEMG
Data,” block 216); and providing the sSEMG data to the subject
such that the subject can improve muscle performance for the
predetermined muscle activity by using the sEMG data (“Pro-
vide sSEMG Data to Subject,” block 218). The muscle
improvement protocol can also include determining one or
more of a stride; stride rate; natural stride rate; haploid stride
rate; stride distance; or combination thereof. Also, the sub-
ject’s true natural stride rate can be determined.

[0090] In one embodiment, the muscle improvement pro-
tocol can include determining cumulative energy cost for the
one or more muscles. This information can then be used for
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optimizing stride rate for the subject based on sEMG data so
as to minimize energy consumption by the one or more
muscles.

[0091] In one embodiment, the muscle improvement pro-
tocol can include: performing the predetermined muscle
activity at an initial constant rate or load for a predetermined
time period or until exhaustion or until sSEMG amplitude
levels; performing the predetermined muscle activity at a low
constant rate or load that is lower than the initial constant rate
or load; and incrementally increasing the rate or load of the
predetermined muscle activity at incremental time periods.
The muscle improvement protocol can include the initial
constant rate being substantially the subject’s natural stride
rate or estimate thereof.

[0092] In one embodiment, the muscle improvement pro-
tocol can include: computing energy costs of different stride
rates; and providing the computed energy costs to the subject.
[0093] The stride rate protocol can be implemented as part
of any of the other protocols described herein. Also, the
method steps of the stride rate protocol can be illustrated as a
flowchart or the like.

Controlled Activity Training (CAT)

[0094] Additionally, sSEMG data can be used in controlled
activity training for improvement of muscle function and
endurance. Controlled activity training (CAT) refers to per-
forming an activity with some manner of control with regard
to sSEMG data. In one instance, sSEMG data is provided to the
subject so that they can modulate their muscle activity in
order to maintain or attempt to maintain the sEMG data at a
certain level. In another instance, it includes using sEMG data
to determine at what time point during a muscle activity
fatigue sets in that reduces caloric consumption, and then the
subject attempts maximum muscle activity output for a period
up to the time point when muscle activity fatigue begins to set
in. Inboth cases, muscle activity is controlled by use of sSEMG
data. As such, the sEMG data can include control variables as
follows: sEMG amplitude; integrated sEMG; MPF; and
muscle fatigue onset index (MFOI). The subject can then use
these control variables in order to modulate the muscle activ-
ity, which can include modulating the following dependent
variables: speed; stride rate; stroke rate (swimming); or
weight lifted. Of course, the muscle activity that is a depen-
dent variable will depend on the type of physical activity.

[0095] For example, it has been observed that when run-
ning for certain time (e.g., 30 minutes), the amplitude of
rectified SEMG observed in major muscle groups of the lower
extremities initially demonstrates a large peak which
decreases over the course of the first period (e.g., 10-20 min-
utes) of the run, but which can vary depending on the subject
(see F1G.7A). FIG. 7A includes a graph that illustrates SEMG
amplitude versus time or speed versus time, where speed is
constant throughout exercise routine. Then, the amplitude
continues to decrease thereafter until the end of the run, but at
a much slower rate of decrease. The first period (e.g., 12
minutes) of the run have a greater caloric cost than the remain-
der of the run. The rectified sSEMG amplitude, however, can
be reduced by reducing the speed of the run. If the runner’s
speed is allowed to be variable, and instead hold the rectified
sEMG amplitude constant (e.g., at whatever level is observed
toward the end of an initial calibration run), the runner’s speed
would start out slow, and gradually speed up as their muscles
physical properties changed over the course of the run. This
specific implementation of CAT is called Delayed Fatigue
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Onset Training (DFOT). DFOT is a process which realizes at
its core that the energy available to an individual during an
activity is limited. The calories available to that individual are
limited. The total work that the individual can do during the
activity is limited. Since energy expenditure is proportional to
sEMG output, by reducing the early-stage sEMG output, the
runner can reduce the high caloric cost of the first period (e.g.,
12 minutes) of a run. These calories are therefore available to
the runner at the end of the run (see FIG. 7B). FIG. 7B
includes a graph that illustrates sSEMG amplitude versus time
or speed versus time, where speed is controlled to keep sEMG
amplitude under a limit throughout exercise routine, and
exhaustion is delayed.

[0096] While DFOT is one type of CAT, the subject may
also take the opposite approach, and design a CAT focused on
maximizing caloric burn with respect to time. A runner who is
interested in burning as many calories as quickly as possible
or having a goal of weight loss and fitness, or short muscle
activity competitive performance, but not endurance, might
be interested in a CAT structured as follows. The runner goes
on initial calibration run and the sEMG amplitude is mea-
sured. The inflection point is measured, and the time to the
inflection point is saved. On the next run, the runner warms up
with muscle groups other than those of their lower extremities
(some weight-lifting, for instance, to get the heart rate
elevated for ten minutes prior to the run). Then, the runner
engages in interval training where the length of the intervals
are equivalent to the length of time until the inflection point.
Let us assume for example that the inflection point is located
at 12 minutes. The runner would be instructed to run near their
maximum comfortable speed for 12 minutes, without the
benefit of accelerating into that speed.

[0097] Next, the runner takes a break for ten minutes, per-
haps working out with different exercises (weight-lifting).
Then, the runner goes back and runs another interval period
(e.g., 12 minutes) at a fast pace. Each time the runner per-
forms the interval run, they can maximize caloric consump-
tion by starting the muscle activity of running as hard and fast
as possible for the first period (e.g., 12 minutes), and then
doing a different activity after the first period and/or between
running periods when the amplitude starts to drop and caloric
burn rate decreases (see FIG. 8A).

[0098] FIG. 8A includes a graph that illustrates SEMG
amplitude versus time for a set time of consistent exercise
(e.g., running etc.) followed by rest or non-exercise, where an
inflection point is identified. In this figure, the runner runs at
a solid effort for 30 minutes, followed by some period of rest
before again running solid for another period of time.
[0099] Also, these CAT protocols can be performed with
any muscle activity. Weightlifting is an example of a noncon-
tinuous muscle activity. FIG. 8B includes a graph that illus-
trates sSEMG amplitude versus time for a set time of consistent
exercise (e.g., weight lifting or other periodic exercise) fol-
lowed by rest or non-exercise, which is shown as exercise-
rest-exercise-rest-exercise. FIG. 8C includes a graph that
illustrates sSEMG amplitude versus time for a set time of
consistent exercise (e.g., weight lifting or other periodic exer-
cise) followed by rest or non-exercise, which is shown as
exercise-rest-exercise-rest-exercise. FIG. 8C is an alternative
profile compared to FIG. 8B, where FIG. 8B shows a rounded
profile indicative of a extending the set past the maximum,
FIG. 8C show that the set is terminated at the maximum.
[0100] Additionally, another CAT protocol for DFOT can
be implemented as follows. The runner first goes on a cali-
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bration run for a first period of time (e.g., 12 minutes) in
which the rectified sSEMG amplitude is measured and the
inflection point is identified. The inflection point marks a
change from initial high-amplitude levels to post first period
(e.g., post-12-minute) lower-amplitude levels. The amplitude
at the inflection point is measured, and the final amplitude is
measured, as well as at any time point therebetween. The
average amplitude is calculated for the post-inflection point
data. The average amplitude level (post-inflection) is
recorded and may be analyzed and/or graphed or otherwise
provided to the runner. The runner than goes on another run,
and uses the average amplitude level that is saved as the
maximum allowable amplitude level for the whole run.
Accordingly, amplitude is held constant or substantially con-
stant during the whole next run. If the amplitude is too high,
the runner’s speed can be decremented or otherwise reduce
until the amplitude is below the maximum allowable ampli-
tude level (e.g., safety limit). Amplitude being lower than the
limit is permissible.

[0101] FIG. 15 illustrates an embodiment of a muscle
improvement protocol 300, which can include: attaching one
or more surface electromyometry (sEMG) sensors to the skin
of a subject so as to be operably coupled with one or more
muscles of the subject (“Attach Sensor to Skin,” block 310);
operably coupling the one or more sEMG sensors to a com-
puting system (“Link Sensor to Computer,” block 312); per-
forming the predetermined muscle activity of a controlled
activity training protocol (“Perform Controlled Activity
Training Protocol,” block 314), wherein in the controlled
activity training protocol the subject maintains substantially a
constant sSEMG metric or metric derivative or metric integral
by varying muscle activity exertion during the predetermined
muscle activity; monitoring and/or recording sEMG data of
the one or more muscles during the predetermined muscle
activity (“Monitor/Record sEMG Data,” block 316); and pro-
viding the sSEMG data to the subject such that the subject can
improve muscle performance for the predetermined muscle
activity by using the sEMG data (“Provide sEMG Data to
Subject,” block 318).

[0102] In one embodiment, the muscle improvement pro-
tocol can include: analyzing the sSEMG data; and determining
a fatigue initiation time point at which fatigue initiates after
an initial time period.

[0103] In one embodiment, the muscle improvement pro-
tocol can include performing the predetermined muscle activ-
ity again for a time period less than the initial time period so
that the subject ceases performance of the predetermined
muscle activity before the fatigue initiation time point. This
can include controlling a second performance of the prede-
termined muscle activity based on sEMG data collected dur-
ing a first performance of the predetermined muscle activity.
[0104] In one embodiment, the muscle improvement pro-
tocol can include: holding substantially constant for control
variables selected from sEMG amplitude, integrated sEMG,
MPF, and MFOI; and varying performance of the predeter-
mined muscle activity at the substantially constant control
variable. The muscle improvement protocol can also include
performing a delayed fatigue onset training protocol.

[0105] In one embodiment, the muscle improvement pro-
tocol can include: performing a calibration protocol for the
predetermined muscle activity; determining an inflection
point of sSEMG data during the calibration protocol, wherein
the inflection point identifies an activity period from begin-
ning the calibration protocol to a fatigue time point; and
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performing the predetermined muscle activity for the activity
period one or more times. Also, prior to performance of the
predetermined muscle activity after the calibration protocol,
the subject can warm up with muscle groups other than
involved in the predetermined muscle activity. The activity
period can be performed at a maximum effort that can be
substantially sustained for the duration of the activity period.
Activity between the different activity periods can include
either resting or performing a muscle activity different from
the predetermined muscle activity for a rest period between
repetitions of the predetermined muscle activity. Activity dur-
ing the activity period can be performed so as to maximize
caloric consumption during the activity period.

[0106] In one embodiment, the muscle improvement pro-
tocol can include: measuring sSEMG amplitude at inflection
point; measuring final amplitude of predetermined muscle
activity; calculating average sEMG amplitude for post-inflec-
tion point data; and performing the predetermined muscle
activity another time while holding the sEMG amplitude
substantially constant.

[0107] The controlled activity protocol can be imple-
mented as part of any of the other protocols described herein.
Also, the method steps of the controlled activity training
protocol can be illustrated as a flowchart or the like.

Frequency-Based, Amplitude-Adjusted Root Mean Square
(FBAAR)

[0108] It has been experimentally observed that when a
subject exercises for along period of time (e.g., t>10 minutes)
there is noticeable sSEMG amplitude drop-off which occurs in
the rectified sSEMG signals of their muscles (see FIGS. 10A-
10C. For example, if someone runs for a period of time (e.g.,
30 minutes), the amplitude of rectified sSEMG observed will
decrease noticeably over this period of time. In one aspect, it
can be useful to adjust the amplitude of the rectified signal so
that this decrease is cancelled out. This can be done by pro-
viding the sEMG data to the subject so that they can module
effort. The amplitude drop-off correlates with muscle fatigue
(e.g., compression of power spectrum), though the rate of
fatigue, and the correlation, is subject-specific.

[0109] FIG.10A includes agraphsimilarto FIG. 8A, which
shows the sEMG amplitude profile. FIG. 10B includes a
graph that illustrates sSEMG amplitude versus frequency for a
non-fatigued muscle spectrum from FIG. 10A, and shows the
MPF. FIG. 10C includes a graph that illustrates sSEMG ampli-
tude versus frequency for a fatigued muscle spectrum from
FIG. 10A, and shows the MPF.

[0110] Also, a FBAAR muscle activity protocol can
include a subject first performing a typical exercise, and the
computing system establishes the correlation between degree
of'amplitude drop-off over time, and the corresponding MPF
(see FIG. 9A). Then, in the future, when the subject performs
similar types of exercises, the computing system can measure
or determine the MPF for the subject, and the subject can
modulate their muscle activity in order to adjust the signal
accordingly (see FIG. 9B). This provides the subject with a
way to observe the amplitude levels that would be observed if
the subject were always minimally fatigued with respect to
the muscle potential. When attempting to compare and cor-
relate amplitude levels for a subject over time, or over mul-
tiple days, this muscle activity protocol can be useful for the
standardization and comparison of amplitude of values.
[0111] The FBAAR muscle activity protocol can improve
fitness and endurance, and can be used to help a subject to
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delay the onset of fatigue. By repeating the protocol, a subject
can extend the period time they can exercise before the onset
of fatigue. The computing system can implement algorithms
in order to make use of metrics, which are provided to the
subject during the protocol so that they can adjust their
muscle activity output.

[0112] In one embodiment, a muscle assessment protocol
can include: attaching one or more surface electromyometry
(sEMG) sensors to the skin of a subject so as to be operably
coupled with one or more muscles of the subject; operably
coupling the one or more sEMG sensors to a computing
system; performing the predetermined muscle activity of an
amplitude-adjusted root mean square protocol, wherein in the
frequency-based, amplitude-adjusted root mean square that
includes displaying sSEMG data that is adjusted to compensate
for muscle fatigue of the one or more muscles; monitoring
and/or recording sEMG data of the one or more muscles
during the predetermined muscle activity; and providing the
sEMG data to the subject such that the subject can improve
muscle performance for the predetermined muscle activity by
using the sEMG data. Also, the protocol can include: provid-
ing an sEMG metric to the subject during the predetermined
muscle activity; and modulating effort by the subject during
the predetermined muscle activity so as to maintain the sSEMG
metric at substantially a constant.

[0113] The FBAAR muscle activity protocol can be imple-
mented as part of any of the other protocols described herein.
Also, the method steps of the FBAAR muscle activity proto-
col can be illustrated as a flowchart or the like.

[0114] In one embodiment, the invention described herein
can be implemented with the sensors or systems described in
U.S. Provisional Application Nos. 61/385,048 and 61/514,
148 and U.S. patent application Ser. No. (Attorney
Docket Number S1061.10011US02, the serial number to be
inserted here after the filing thereot). Additionally, the inven-
tion described herein can be implemented with metrics and
algorithms described in U.S. Provisional Application No.
61/385,038 and U.S. patent application Ser. No. (At-
torney Docket Number S1061.10009US02, the serial number
to be inserted here after the filing thereof). Also, the invention
described herein can be implemented with methods of pro-
moting fitness described in U.S. Provisional Application No.
61/385,053 and U.S. patent application Ser. No. (At-
torney Docket Number S1061.10014US02, the serial number
to be inserted here after the filing thereof). Further, the inven-
tion described herein can be implemented with graphing
methods described in U.S. Provisional Application No.
61/385,049. Also, the invention described herein can be
implemented with the multi-functional carrying case and
associated biometric sensors and transceivers described in
U.S. Provisional Application No. 61/385,051. The invention
described herein can be implemented with the devices, sys-
tems, and/or methods described in U.S. Pat. Nos. 7,593,769
and 7,809,435. The patents and patent applications recited
herein are incorporated herein by specific reference in their
entirety.

[0115] One skilled in the art will appreciate that, for this
and other processes and methods disclosed herein, the func-
tions performed in the processes and methods may be imple-
mented in differing order. Furthermore, the outlined steps and
operations are only provided as examples, and some of the
steps and operations may be optional, combined into fewer
steps and operations, or expanded into additional steps and
operations without detracting from the essence of the dis-

Mar. 22, 2012

closed embodiments. The methods can also be implemented
with hardware and/or software on the sensors and/or comput-
ing system.

[0116] The presentdisclosure is notto be limited in terms of
the particular embodiments described in this application,
which are intended as illustrations of various aspects. Many
modifications and variations can be made without departing
from its spirit and scope, as will be apparent to those skilled in
the art. Functionally equivalent methods and apparatuses
within the scope of the disclosure, in addition to those enu-
merated herein, will be apparent to those skilled in the art
from the foregoing descriptions. Such modifications and
variations are intended to fall within the scope of the
appended claims. The present disclosure is to be limited only
by the terms of the appended claims, along with the full scope
of'equivalents to which such claims are entitled. It is also to be
understood that the terminology used herein is for the purpose
of describing particular embodiments only, and is not
intended to be limiting.

[0117] In one embodiment, the present methods can
include aspects performed on a computing system. As such,
the computing system can include a memory device that has
the computer-executable instructions for performing the
method. The computer-executable instructions can be part of
a computer program product that includes one or more algo-
rithms for performing any of the methods of any of the claims.
[0118] In one embodiment, any of the operations, pro-
cesses, methods, or steps described herein can be imple-
mented as computer-readable instructions stored on a com-
puter-readable medium. The computer-readable instructions
can be executed by a processor of a wide range of computing
systems from desktop computing systems, portable comput-
ing systems, tablet computing systems, and hand-held com-
puting systems as well as any other computing device.
[0119] There is little distinction left between hardware and
software implementations of aspects of systems; the use of
hardware or software is generally (but not always, in that in
certain contexts the choice between hardware and software
can become significant) a design choice representing cost
versus efficiency tradeoffs. There are various vehicles by
which processes and/or systems and/or other technologies
described herein can be effected (e.g., hardware, software,
and/or firmware), and that the preferred vehicle will vary with
the context in which the processes and/or systems and/or
other technologies are deployed. For example, if an imple-
menter determines that speed and accuracy are paramount,
the implementer may opt for a mainly hardware and/or firm-
ware vehicle; if flexibility is paramount, the implementer may
opt for a mainly software implementation; or, yet again alter-
natively, the implementer may opt for some combination of
hardware, software, and/or firmware.

[0120] The foregoing detailed description has set forth vari-
ous embodiments of the processes via the use of block dia-
grams, flowcharts, and/or examples. Insofar as such block
diagrams, flowcharts, and/or examples contain one or more
functions and/or operations, it will be understood by those
within the art that each function and/or operation within such
block diagrams, flowcharts, or examples can be implemented,
individually and/or collectively, by a wide range of hardware,
software, firmware, or virtually any combination thereof. In
one embodiment, several portions of the subject matter
described herein may be implemented via Application Spe-
cific Integrated Circuits (ASICs), Field Programmable Gate
Arrays (FPGAs), digital signal processors (DSPs), or other
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integrated formats. However, those skilled in the art will
recognize that some aspects of the embodiments disclosed
herein, in whole or in part, can be equivalently implemented
in integrated circuits, as one or more computer programs
running on one or more computers (e.g., as one or more
programs running on one or more computer systems), as one
Or more programs running on one or more processors (e.g., as
one Or more programs running on one or more Microproces-
sors), as firmware, or as virtually any combination thereof,
and that designing the circuitry and/or writing the code for the
software and or firmware would be well within the skill of one
of skill in the art in light of this disclosure. In addition, those
skilled in the art will appreciate that the mechanisms of the
subject matter described herein are capable of being distrib-
uted as a program product in a variety of forms, and that an
illustrative embodiment of the subject matter described
herein applies regardless of the particular type of signal hear-
ing medium used to actually carry out the distribution.
Examples of a signal bearing medium include, but are not
limited to, the following: a recordable type medium such as a
floppy disk, a hard disk drive, a CD, a DVD, a digital tape, a
computer memory, etc.; and a transmission type medium such
as a digital and/or an analog communication medium (e.g., a
fiber optic cable, a waveguide, a wired communications link,
a wireless communication link, etc.). Those skilled in the art
will recognize that it is common within the art to describe
devices and/or processes in the fashion set forth herein, and
thereafter use engineering practices to integrate such
described devices and/or processes into data processing sys-
tems. Thatis, atleast a portion of the devices and/or processes
described herein can be integrated into a data processing
system via a reasonable amount of experimentation. Those
having skill in the art will recognize that a typical data pro-
cessing system generally includes one or more of a system
unit housing, a video display device, a memory such as vola-
tile and non-volatile memory, processors such as micropro-
cessors and digital signal processors, computational entities
such as operating systems, drivers, graphical user interfaces,
and applications programs, one or more interaction devices,
such as a touch pad or screen, and/or control systems includ-
ing feedback loops and control motors (e.g., feedback for
sensing position and/or velocity; control motors for moving
and/or adjusting components and/or quantities). A typical
data processing system may be implemented utilizing any
suitable commercially available components, such as those
generally found in data computing/communication and/or
network computing/communication systems.

[0121] The herein described subject matter sometimes
illustrates different components contained within, or con-
nected with, different other components. Itis to be understood
that such depicted architectures are merely exemplary, and
that in fact many other architectures can be implemented
which achieve the same functionality. In a conceptual sense,
any arrangement of components to achieve the same func-
tionality is effectively “associated” such that the desired func-
tionality is achieved. Hence, any two components herein
combined to achieve a particular functionality can be seen as
“associated with” each other such that the desired function-
ality is achieved, irrespective of architectures or intermedial
components. Likewise, any two components so associated
can also be viewed as being “operably connected”, or “oper-
ably coupled”, to each other to achieve the desired function-
ality, and any two components capable of being so associated
can also be viewed as being “operably couplable”, to each
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other to achieve the desired functionality. Specific examples
of'operably couplable include but are not limited to physically
mateable and/or physically interacting components and/or
wirelessly interactable and/or wirelessly interacting compo-
nents and/or logically interacting and/or logically inter-
actable components.

[0122] FIG. 11 shows an example computing device 600
that is arranged to perform any of the computing methods
described herein. In a very basic configuration 602, comput-
ing device 600 generally includes one or more processors 604
and a system memory 606. A memory bus 608 may be used
for communicating between processor 604 and system
memory 606.

[0123] Depending on the desired configuration, processor
604 may be of any type including but not limited to a micro-
processor (UP), a microcontroller (uC), a digital signal pro-
cessor (DSP), or any combination thereof. Processor 604 may
include one more levels of caching, such as a level one cache
610 and a level two cache 612, a processor core 614, and
registers 616. An example processor core 614 may include an
arithmetic logic unit (ALU), a floating point unit (FPU), a
digital signal processing core (DSP Core), or any combina-
tion thereof. An example memory controller 618 may also be
used with processor 604, or in some implementations
memory controller 618 may be an internal part of processor
604.

[0124] Depending on the desired configuration, system
memory 606 may be of any type including but not limited to
volatile memory (such as RAM), non-volatile memory (such
as ROM, flash memory, etc.) or any combination thereof.
System memory 606 may include an operating system 620,
one or more applications 622, and program data 624. Appli-
cation 622 may include a determination application 626 that
is arranged to perform the functions as described herein
including those described with respect to methods described
herein. Program Data 624 may include determination infor-
mation 628 that may be useful for analyzing the contamina-
tion characteristics provided by the sensor unit 240. In some
embodiments, application 622 may be arranged to operate
with program data 624 on operating system 620 such that the
work performed by untrusted computing nodes can be veri-
fied as described herein. This described basic configuration
602 is illustrated in FIG. 6 by those components within the
inner dashed line.

[0125] Computing device 600 may have additional features
or functionality, and additional interfaces to facilitate com-
munications between basic configuration 602 and any
required devices and interfaces. For example, a bus/interface
controller 630 may be used to facilitate communications
between basic configuration 602 and one or more data storage
devices 632 via a storage interface bus 634. Data storage
devices 632 may be removable storage devices 636, non-
removable storage devices 638, or a combination thereof.
Examples of removable storage and non-removable storage
devices include magnetic disk devices such as flexible disk
drives and hard-disk drives (HDD), optical disk drives such as
compact disk (CD) drives or digital versatile disk (DVD)
drives, solid state drives (SSD), and tape drives to name a few.
Example computer storage media may include volatile and
nonvolatile, removable and non-removable 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.
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[0126] System memory 606, removable storage devices
636 and non-removable storage devices 638 are examples of
computer storage media. Computer storage media includes,
butis notlimited to, RAM, ROM, EEPROM, flash memory or
other memory technology, CD-ROM, digital versatile disks
(DVD) or other optical storage, magnetic cassettes, magnetic
tape, magnetic disk storage or other magnetic storage devices,
or any other medium which may be used to store the desired
information and which may be accessed by computing device
600. Any such computer storage media may be part of com-
puting device 600.

[0127] Computing device 600 may also include an inter-
face bus 640 for facilitating communication from various
interface devices (e.g., output devices 642, peripheral inter-
faces 644, and communication devices 646) to basic configu-
ration 602 via bus/interface controller 630. Example output
devices 642 include a graphics processing unit 648 and an
audio processing unit 650, which may be configured to com-
municate to various external devices such as a display or
speakers via one or more A/V ports 652.

[0128] Example peripheral interfaces 644 include a serial
interface controller 654 or a parallel interface controller 656,
which may be configured to communicate with external
devices such as input devices (e.g., keyboard, mouse, pen,
voice input device, touch input device, etc.) or other periph-
eral devices (e.g., printer, scanner, etc.) via one or more /O
ports 658. An example communication device 646 includes a
network controller 660, which may be arranged to facilitate
communications with one or more other computing devices
662 over a network communication link via one or more
communication ports 664.

[0129] The network communication link may be one
example of a communication media. Communication media
may generally be embodied by computer readable instruc-
tions, data structures, program modules, or other data in a
modulated data signal, such as a carrier wave or other trans-
port mechanism, and may include any information delivery
media. A “modulated data signal” may be a signal that has one
or more of its characteristics set or changed in such a manner
as to encode information in the signal. By way of example,
and not limitation, communication media may include wired
media such as a wired network or direct-wired connection,
and wireless media such as acoustic, radio frequency (RF),
microwave, infrared (TR) and other wireless media. The term
computer readable media as used herein may include both
storage media and communication media.

[0130] Computing device 600 may be implemented as a
portion of a small-form factor portable (or mobile) electronic
device such as a cell phone, a personal data assistant (PDA),
a personal media player device, a wireless web-watch device,
a personal headset device, an application specific device, or a
hybrid device that include any of the above functions. Com-
puting device 600 may also be implemented as a personal
computer including both laptop computer and non-laptop
computer configurations. The computing device 600 can also
be any type of network computing device. The computing
device 600 can also be an automated system as described
herein.

[0131] The embodiments described herein may include the
use of a special purpose or general-purpose computer includ-
ing various computer hardware or software modules.

[0132] Embodiments within the scope of the present inven-
tion also include computer-readable media for carrying or
having computer-executable instructions or data structures
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stored thereon. Such computer-readable media can be any
available media that can be accessed by a general purpose or
special purpose computer. By way of example, and not limi-
tation, such computer-readable media can comprise RAM,
ROM, EEPROM, CD-ROM or other optical disk storage,
magnetic disk storage or other magnetic storage devices, or
any other medium which can be used to carry or store desired
program code means in the form of computer-executable
instructions or data structures and which can be accessed by
a general purpose or special purpose computer. When infor-
mation is transferred or provided over a network or another
communications connection (either hardwired, wireless, or a
combination of hardwired or wireless) to a computer, the
computer properly views the connection as a computer-read-
able medium. Thus, any such connection is properly termed a
computer-readable medium. Combinations of the above
should also be included within the scope of computer-read-
able media.

[0133] Computer-executable instructions comprise, for
example, instructions and data which cause a general purpose
computer, special purpose computer, or special purpose pro-
cessing device to perform a certain function or group of
functions. Although the subject matter has been described in
language specific to structural features and/or methodologi-
cal acts, it is to be understood that the subject matter defined
in the appended claims is not necessarily limited to the spe-
cific features or acts described above. Rather, the specific
features and acts described above are disclosed as example
forms of implementing the claims.

[0134] As used herein, the term “module” or “component”
can refer to software objects or routines that execute on the
computing system. The different components, modules,
engines, and services described herein may be implemented
as objects or processes that execute on the computing system
(e.g., as separate threads). While the system and methods
described herein are preferably implemented in software,
implementations in hardware or a combination of software
and hardware are also possible and contemplated. In this
description, a “computing entity” may be any computing
system as previously defined herein, or any module or com-
bination of modulates running on a computing system.
[0135] With respect to the use of substantially any plural
and/or singular terms herein, those having skill in the art can
translate from the plural to the singular and/or from the sin-
gular to the plural as is appropriate to the context and/or
application. The various singular/plural permutations may be
expressly set forth herein for sake of clarity.

[0136] It will be understood by those within the art that, in
general, terms used herein, and especially in the appended
claims (e.g., bodies of the appended claims) are generally
intended as “open” terms (e.g., the term “including” should
be interpreted as “including but not limited to,” the term
“having” should be interpreted as “having at least,” the term
“includes” should be interpreted as “includes but is not lim-
ited to,” etc.). It will be further understood by those within the
art that if a specific number of an introduced claim recitation
is intended, such an intent will be explicitly recited in the
claim, and in the absence of such recitation no such intent is
present. For example, as an aid to understanding, the follow-
ing appended claims may contain usage of the introductory
phrases “at least one” and “one or more” to introduce claim
recitations. However, the use of such phrases should not be
construed to imply that the introduction of a claim recitation
by the indefinite articles “a” or “an” limits any particular
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claim containing such introduced claim recitation to embodi-
ments containing only one such recitation, even when the
same claim includes the introductory phrases “one or more”

[Tt}

or “at least one” and indefinite articles such as “a” or “an”
(e.g., “a” and/or “an” should be interpreted to mean “at least
one” or “one or more”); the same holds true for the use of
definite articles used to introduce claim recitations. In addi-
tion, even if a specific number of an introduced claim recita-
tion is explicitly recited, those skilled in the art will recognize
that such recitation should be interpreted to mean at least the
recited number (e.g., the bare recitation of “two recitations,”
without other modifiers, means at least two recitations, or two
or more recitations). Furthermore, in those instances where a
convention analogous to “at least one of A, B, and C, etc.” is
used, in general such a construction is intended in the sense
one having skill in the art would understand the convention
(e.g., “a system having at least one of A, B, and C” would
include but not be limited to systems that have A alone, B
alone, C alone, A and B together, A and C together, B and C
together, and/or A, B, and C together, etc.). In those instances
where a convention analogous to “at least one of A, B, or C,
etc.” is used, in general such a construction is intended in the
sense one having skill in the art would understand the con-
vention (e.g., “a system having at least one of A, B, or C”
would include but not be limited to systems that have A alone,
B alone, C alone, A and B together, A and C together, B and
Ctogether, and/or A, B, and C together, etc.). It will be further
understood by those within the art that virtually any disjunc-
tive word and/or phrase presenting two or more alternative
terms, whether in the description, claims, or drawings, should
be understood to contemplate the possibilities of including
one of the terms, either of the terms, or both terms. For
example, the phrase “A or B” will be understood to include
the possibilities of “A” or “B” or “A and B.”

[0137] In addition, where features or aspects of the disclo-
sure are described in terms of Markush groups, those skilled
in the art will recognize that the disclosure is also thereby
described in terms of any individual member or subgroup of
members of the Markush group.

[0138] As will be understood by one skilled in the art, for
any and all purposes, such as in terms of providing a written
description, all ranges disclosed herein also encompass any
and all possible subranges and combinations of subranges
thereof. Any listed range can be easily recognized as suffi-
ciently describing and enabling the same range being broken
down into at least equal halves, thirds, quarters, fifths, tenths,
etc. As a non-limiting example, each range discussed herein
can be readily broken down into a lower third, middle third
and upper third, etc. As will also be understood by one skilled
in the art all language such as “up to,” “at least,” and the like
include the number recited and refer to ranges which can be
subsequently broken down into subranges as discussed
above. Finally, as will be understood by one skilled in the art,
a range includes each individual member. Thus, for example,
agroup having 1-3 cells refers to groups having 1, 2, or 3 cells.
Similarly, a group having 1-5 cells refers to groups having 1,
2,3, 4, or 5 cells, and so forth.

[0139] From the foregoing, it will be appreciated that vari-
ous embodiments of the present disclosure have been
described herein for purposes of illustration, and that various
modifications may be made without departing from the scope
and spirit of the present disclosure. Accordingly, the various
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embodiments disclosed herein are not intended to be limiting,
with the true scope and spirit being indicated by the following
claims.

[0140] Allreferences recited herein are incorporated herein
by specific reference in their entirety.

1. A muscle assessment protocol comprising:

attaching one or more surface electromyometry (SEMG)
sensors to skin of a subject so as to be operably coupled
with one or more muscles of the subject;

operably coupling the one or more sEMG sensors to a

computing system;
performing the predetermined muscle activity of a muscle
assessment protocol that includes one or more of a
muscleprint protocol, stride rate tuning protocol, con-
trolled activity training protocol, or frequency-based, or
amplitude-adjusted root mean square protocol;

monitoring and/or recording sEMG data of the one or more
muscles during the predetermined muscle activity; and

providing the sEMG data to the subject such that the sub-
ject can improve muscle performance for the predeter-
mined muscle activity by using the sEMG data.
2. The muscle assessment protocol of claim 1, wherein the
muscle activity includes static loading resistance or dynamic
muscle use.
3. The muscle assessment protocol of claim 2, wherein the
predetermined muscle activity is provided to the subject by
the computing system.
4. The muscle assessment protocol of claim 3, wherein the
muscle activity includes a continuous exercise routine, a non-
continuous exercise or routine.
5. The muscle assessment protocol of claim 4, wherein the
continuous exercise routine includes one or more of walking,
jogging, running, sprinting, hiking, cycling, rollerblading,
roller skating, skiing, cross-country skiing, rowing, swim-
ming, snowboarding, yoga, pilates, or the like.
6. The muscle assessment protocol of claim 4, wherein the
noncontinuous exercise routine includes one or more of firing
an arrow from a bow, weightlifting, golf swing, bat swing,
ball throw, punch, kick, jumping, squatting, or the like.
7. The muscle assessment protocol of claim 4, wherein:
in the muscleprint protocol the one or more sensors each
monitor muscle sSEMG data of the one or more muscles
while the subject performs the predetermined activity in
order to determine the subject’s muscular capabilities of
the one or more muscles over a defined period of time or
portion thereof;
in the stride rate tuning protocol the one or more sensors
monitor muscle sEMG data while the subject adjusts
their caloric consumption during a controlled activity
based on sEMG data that is measured and/or analyzed,
and the sEMG data is provided to the subject in order to
facilitate the adjustment of caloric consumption;
in the controlled activity training protocol the subject
maintains substantially a constant sSEMG metric or met-
ric derivative or metric integral by varying muscle activ-
ity exertion during the predetermined muscle activity; or

in the frequency-based, amplitude-adjusted root mean
square that includes displaying sEMG data that is
adjusted to compensate for muscle fatigue of the one or
more muscles.

8. The muscle assessment protocol of claim 4, wherein the
sEMG data is a metric selected from: sEMG amplitude;
instantaneous rectified sSEMG amplitude; average rectified
sEMG amplitude; area under sEMG curve; area over sEMG
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curve; integrated SEMG; derivative sSEMG; frequency-based,
amplitude adjusted RMS sEMG; mean power frequency
(MPF); muscle fatigue onset index (MFOI); or combination
thereof.

9. The muscle assessment protocol of claim 1, comprising:

obtaining ECG data; and

using the ECG data in conjunction with the sEMG data.

10. A muscleprint protocol comprising:

attaching one or more surface electromyometry (SEMG)

sensors to skin of a subject so as to be operably coupled
with one or more muscles of the subject;

operably coupling the one or more sEMG sensors to a

computing system;
performing the predetermined muscle activity of a muscle-
print protocol, wherein in the muscleprint protocol the
one or more sensors each monitor muscle SEMG data of
the one or more muscles while the subject performs
during the predetermined activity in order to determine
the subject’s muscular capabilities of the one or more
muscles over a defined period of time or portion thereof;

monitoring and/or recording sEMG data of the one or more
muscles during the predetermined muscle activity; and

providing the sEMG data to the subject such that the sub-
ject can improve muscle performance for the predeter-
mined muscle activity by using the sEMG data.

11. The muscleprint protocol of claim 9, wherein the
muscleprint protocol includes determining and/or generating
a muscle sSEMG profile in response to the predetermined
muscle activity over the defined period of time or portion
thereof.

12. The muscleprint protocol of claim 11, wherein the
muscleprint protocol includes a step-up test that incremen-
tally increases muscle output or muscle effort over one or
more step-up time periods of the predetermined muscle activ-
ity until the subject is sufficiently fatigued or predetermined
muscle activity time period or predetermined repetitions of
the muscle activity.

13. The muscleprint protocol of claim 12, comprising:

graphing the muscleprint protocol with sEMG data versus

time; and

providing the graph to the subject.

14. The muscleprint protocol of claim 13, comprising:

accessing sSEMG data of one or more other subjects from a

database; and

comparing the subject’s sSEMG data with the sEMG data of

the other subjects from the database.

15. The muscleprint protocol of claim 14, comprising:

filtering the one or more subjects from the database based

on one or more criteria; and

providing sSEMG data of the filtered one or more subjects to

the computing system; and

generating a graph of the subject’s sSEMG data with the

sEMG data of the filtered one or more subjects.

16. The muscle assessment protocol of claim 10, compris-
ing:

obtaining ECG data; and

using the ECG data in conjunction with the sEMG data.

17. A muscle improvement protocol comprising:

attaching one or more surface electromyometry (SEMG)

sensors to skin of a subject so as to be operably coupled
with one or more muscles of the subject;

operably coupling the one or more sEMG sensors to a

computing system;
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performing the predetermined muscle activity of a stride
rate tuning protocol, wherein in the stride rate tuning
protocol the one or more sensors monitor muscle sSEMG
data while the subject adjusts their caloric consumption
during a controlled activity based on sSEMG data that is
measured and/or analyzed, and the sEMG data is pro-
vided to the subject in order to facilitate the adjustment
of caloric consumption;

monitoring and/or recording sEMG data of the one or more
muscles during the predetermined muscle activity; and

providing the sEMG data to the subject such that the sub-
ject can improve muscle performance for the predeter-
mined muscle activity by using the sEMG data.
18. The muscle improvement protocol of claim 17, com-
prising determining one or more of a stride; stride rate; natural
stride rate; haploid stride rate; stride distance; or combination
thereof.
19. The muscle improvement protocol of claim 18, com-
prising determining cumulative energy cost for the one or
more muscles.
20. The muscle improvement protocol of claim 19, com-
prising optimizing stride rate for the subject based on sEMG
data so as to minimize energy consumption by the one or
more muscles.
21. The muscle improvement protocol of claim 20, com-
prising:
performing the predetermined muscle activity at an initial
constant rate or load for a predetermined time period or
until exhaustion or until sSEMG amplitude levels;

performing the predetermined muscle activity at a low
constant rate or load that is lower than the initial constant
rate or load; and

incrementally increasing the rate or load of the predeter-

mined muscle activity at incremental time periods.

22. The muscle improvement protocol of claim 21, wherein
the initial constant rate is substantially the subject’s natural
stride rate or estimate thereof.

23. The muscle improvement protocol of claim 22, com-
prising:

computing energy costs of different stride rates; and

providing the computed energy costs to the subject.

24. The muscle improvement protocol of claim 23, com-
prising determining the subject’s true natural stride rate.

25. A muscle improvement protocol comprising:

attaching one or more surface electromyometry (sSEMG)
sensors to skin of a subject so as to be operably coupled
with one or more muscles of the subject;

operably coupling the one or more sEMG sensors to a
computing system;

performing the predetermined muscle activity of a con-
trolled activity training protocol, wherein in the con-
trolled activity training protocol the subject maintains
substantially a constant sSEMG metric or metric deriva-
tive or metric integral by varying muscle activity exer-
tion during the predetermined muscle activity;

monitoring and/or recording sEMG data of the one or more
muscles during the predetermined muscle activity; and

providing the sEMG data to the subject such that the sub-
ject can improve muscle performance for the predeter-
mined muscle activity by using the sEMG data.
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26. The muscle improvement protocol of claim 25, com-
prising:

analyzing the sEMG data; and

determining a fatigue initiation time point at which fatigue

initiates after an initial time period.

27. The muscle improvement protocol of claim 26, com-
prising performing the predetermined muscle activity again
for a time period less than the initial time period so that the
subject ceases performance of the predetermined muscle
activity before the fatigue initiation time point.

28. The muscle improvement protocol of claim 25, com-
prising controlling a second performance of the predeter-
mined muscle activity based on sEMG data collected during
a first performance of the predetermined muscle activity.

29. The muscle improvement protocol of claim 25, com-
prising

holding substantially constant for control variables

selected from sEMG amplitude, integrated sSEMG, MPF,
and MFOI; and

varying performance of the predetermined muscle activity

at the substantially constant control variable.

30. The muscle improvement protocol of claim 29, per-
forming a delayed fatigue onset training protocol.

31. The muscle improvement protocol of claim 25, com-
prising:

performing a calibration protocol for the predetermined

muscle activity;

determining an inflection point of sSEMG data during the

calibration protocol, wherein the inflection point identi-
fies an activity period from beginning the calibration
protocol to a fatigue time point; and

performing the predetermined muscle activity for the activ-

ity period one or more times.

32. The muscle improvement protocol of claim 31, wherein
prior to performance of the predetermined muscle activity
after the calibration protocol includes the subject warming up
with muscle groups other than involved in the predetermined
muscle activity.

33. The muscle improvement protocol of claim 32, wherein
the activity period is performed at a maximum effort that can
be substantially sustained for the duration of the activity
period.
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34. The muscle improvement protocol of claim 33, com-
prising either resting or performing a muscle activity different
from the predetermined muscle activity for a rest period
between repetitions of the predetermined muscle activity.

35. The muscle improvement protocol of claim 34, com-
prising maximizing caloric consumption during the activity
period.

36. The muscle improvement protocol of claim 31, com-
prising:

measuring sEMG amplitude at inflection point;

measuring final amplitude of predetermined muscle activ-

ity;

calculating average sEMG amplitude for post-inflection

point data;

performing the predetermined muscle activity another time

while holding the sEMG amplitude substantially con-
stant.

37. A muscle assessment protocol comprising:

attaching one or more surface electromyometry (sSEMG)

sensors to skin of a subject so as to be operably coupled
with one or more muscles of the subject;

operably coupling the one or more sEMG sensors to a

computing system;
performing the predetermined muscle activity of an ampli-
tude-adjusted root mean square protocol, wherein in the
frequency-based, amplitude-adjusted root mean square
that includes displaying sEMG data that is adjusted to
compensate for muscle fatigue of the one or more
muscles;
monitoring and/or recording sEMG data of the one or more
muscles during the predetermined muscle activity; and

providing the sEMG data to the subject such that the sub-
ject can improve muscle performance for the predeter-
mined muscle activity by using the sEMG data.

38. The muscle assessment protocol of claim 37, compris-
ing:

providing an sSEMG metric to the subject during the prede-

termined muscle activity; and

modulating effort by the subject during the predetermined

muscle activity so as to maintain the SEMG metric at
substantially a constant.
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