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SYSTEM AND METHOD FOR MONITORING
FATIGUE

BACKGROUND

[0001] The present invention generally deals with systems
and methods for monitoring physical activity and fitness.
[0002] What is needed is a system and method for moni-
toring fatigue during exercise to avoid over-exercise and
tissue damage.

BRIEF SUMMARY OF THE DRAWINGS

[0003] The accompanying drawings, which are incorpo-
rated in and form a part of the specification, illustrate an
exemplary embodiment of the present invention and,
together with the description, serve to explain the principles
of the invention. In the drawings:

[0004] FIG. 1 illustrates a conventional system for moni-
toring exercise using heart rate;

[0005] FIG. 2 illustrates a system in accordance with
aspects of the present invention,

[0006] FIG. 3 shows a system in accordance with aspects
of the present invention in training mode;

[0007] FIG. 4 shows the fatigue determining component in
more detail as applied to the training mode;

[0008] FIG. 5 illustrates a process which describes the
training mode steps;

[0009] FIG. 6 shows a system in accordance with aspects
of the present invention in normal mode;

[0010] FIG. 7 illustrates the fatigue determining compo-
nent in more detail as applied to a normal mode;

[0011] FIG. 8 shows a process which describes the normal
mode steps;
[0012] FIG. 9 shows an example visual display method in

accordance with aspects of the present invention for con-
veying fatigue information to the user.

SUMMARY

[0013] The present invention is drawn to a system and
method for monitoring fatigue during exercise such that
results reflect subjective fatigue levels for each user, and for
which more accurate results are obtained through a plurality
of parameters thus significantly enhancing the ability for the
user to exercise at optimum levels and to avoid over-exercise
and tissue damage.

[0014] Various embodiments described herein are drawn
to a device that includes a cardiac detecting component, a
parameter detecting component, an interface component and
a fatigue determining component. The cardiac detecting
component detects a cardiac parameter of the user. An
additional parameter detecting component detects an addi-
tional parameter. The interface component receives a fatigue
input from the user. The fatigue determining component
generates a fatigue indicator of the user based on the
detected cardiac parameter, the detected additional param-
eter and the fatigue input. The interface component conveys
fatigue indications to the user.

[0015] A plurality of cardiac parameter detection events,
additional parameter detection events, accompanying
fatigue input events and calculated fatigue indications for a
user are accumulated over a period of time into a library. The
calculated fatigue indications are then conveyed to the user
through the interface component. The user may then use the
indications to modify activity.
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EXAMPLE EMBODIMENTS

[0016] The concept of physical activity trackers grew out
of written logs that led to spreadsheet-style computer logs in
which entries were made manually, such as that provided in
the US by the President’s Council on Physical Fitness and
Sports as part of The President’s Challenge Improvements in
technology in the late 20th and early 21st century have made
it possible to automate the monitoring and recording of
fitness activities and to integrate them into more easily worn
equipment. Early examples of this technology include wrist-
watch-sized bicycle computers that monitored speed, dura-
tion, distance, etc., available at least by the early 1990s.
Wearable heart rate monitors for athletes were available in
1981. Wearable fitness tracking devices, including wireless
heart rate monitoring that integrated with commercial-grade
fitness equipment found in gyms, were available in con-
sumer-grade electronics by at least the early 2000s. Wear-
able fitness tracking computers with tightly integrated fitness
training and planning software were available as consumer
products by at least 2006.

[0017] Muscle fatigue is the decreased ability to generate
appropriate amounts of muscle force or power during on-
going contractile activity. Muscle fatigue may vary accord-
ing to the cause or underlying mechanisms, with variable
rates of recovery. For example, fatigue brought on by a
marathon is different from fatigue that prevents a 10th bench
press repetition at a given resistance. Exercise-induced
muscle fatigue can occur shortly after onset of exercise
(acute muscle fatigue) or after a constant, high-intensity
exercise had been carried out for a prolonged period of time
(delayed exercise-induced fatigue), which is characterized
by tiredness only after a longer duration of constant exercise.
Acute muscle fatigue is usually maximal immediately post-
exercise. Exercise-induced muscle fatigue can develop
under a sub-maximal as well as maximal intensity exercise.
Exercise-induced fatigue can occur in healthy or diseased
subjects, and depends on age, gender, physical fitness, mode
and duration of exercise, and the underlying disease.

[0018] Fatigue as a functional sign and muscle damage as
a structural sign can be observed after prolonged exercise
like marathon running or after strenuous exercise, especially
with the involvement of eccentric contractions. For fatigue
due to prolonged exercise, hypoxic conditions and the
formation of free oxygen radicals seem to be of causal
importance, resulting in an elevated lysosomal activity.
Eccentric exercise of high intensity rather results in a
mechanical stress to the fibers. Although these different
mechanisms can be discerned experimentally, both result in
similar impairments of muscle function. A good training
status may attenuate the clinical signs of fatigue and muscle
damage. The symptoms and events occurring during delayed
onset of muscle soreness can be explained by a cascade of
events following structural damage to muscle proteins.

[0019] So, decreasing the force production during exercise
can be regarded as a safety mechanism. If fatigue does not
occur or 1s delayed, structural damage to muscle cells and
supportive tissues due to fatigne would not occur during the
workout. Monitoring physical activity, e.g. a workout, might
therefore help fatigue avoidance.

[0020] Since it has been shown that there is a link between
heart rate and fatigue, conventional systems and methods for
monitoring a workout usually employ heart rate measure-
ments.
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[0021] FIG. 1 illustrates a conventional system 100 for
monitoring exercise by heart rate.

[0022] As shown in the figure, system 100 includes a user
102, a heart rate detecting component 104 and a heart rate
display component 106.

[0023] Heart rate detecting component 104 is arranged to
receive a signal from user 102 via line 108 and to output data
via line 110 to heart rate display component 106.

[0024] Heart rate detecting component 104 is operable to
convert a heart rate signal to data for display. Heart rate
display component 106 is operable to visually display a
heart rate number according to an input signal.

[0025] During activity of user 102, heart rate detecting
component 104 detects the heart rate of the user as shown by
arrow 108, and converts the detected heart rate signal to
data. The data is received via line 110 by heart rate display
component 106. Heart rate display component 106 then
converts the data to a heart rate number for visual display
user 102.

[0026] Since there is somewhat of a correlation between
heart rate and fatigue, heart rate can and is used to monitor
level of exercise activity and to signal possible adverse
conditions so that over-exercise and resulting muscle dam-
age can be avoided. However any specific heart rate result,
when taken in isolation, can mean different exercise states
for different persons and for different fitness and health
levels. For example, for a specific heart rate, one person may
feel fatigued while another while another healthier person
may not be in a fatigue state at all. In addition, the fatigue
heart rate for one of those persons may change as the person
gets fitter. Furthermore, there are many other measurable
parameters which are not used by conventional systems and
methods which, when used in conjunction with heart rate,
can achieve much better fatigue-indicating results.

[0027] One aspect in accordance with the present inven-
tion is drawn to the use of a component that detects an
additional parameter in conjunction with a component that
detects a cardiac parameter in order to monitor fatigue. As
opposed to using a single parameter (as used conventionally
and which may not be very accurate), a system and method
in accordance with the present invention uses a cardiac
parameter in addition to other parameters to determine the
level of fatigue of a user. In particular, the fatigue level is
determined based on the detected cardiac parameter and the
additional parameters as compared to a priori thresholds
indicating an unacceptable level of fatigue.

[0028] Another aspect of the invention is drawn to devel-
oping personalized fatigue indications. For example, in
some embodiments, a pre-determined threshold level may
be used when determining the level of fatigue of a user. A
system may be trained by detecting cardiac and other
parameters in addition to user fatigue inputs to establish a
range of fatigue thresholds including, for instance, a thresh-
old for an unacceptable level of fatigue. These fatigue
thresholds may change based on a “training or learning” of
the system through additional use by the user. These estab-
lished user-unique fatigue thresholds are then used to deter-
mine future measurements of fatigue to be conveyed back to
the user.

[0029] Another aspect in accordance with the present
invention is drawn to the use of an interface component to
allow the user to input that he is fatigued and to additionally
input the level of fatigue he is feeling. This information is
used along with the cardiac parameter and additional param-
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eters which accompany the fatigue inputs to train the system
to establish the personalized fatigue thresholds.

[0030] Another aspect in accordance with the present
invention is drawn to the use of a fatigue determining
component to process the cardiac parameters and additional
parameters which accompany the user’s fatigue inputs into
the user-unique thresholds. Over time, during training of the
system, a plurality of user inputs can be compiled into a
stored “library” of calculated thresholds personalized to the
user and which can be updated by the user in additional
training periods to reflect changes in fitness and to increase
accuracy. In some embodiments in accordance with the
present invention, the library can store personalized fatigue
information for multiple users.

[0031] Another aspect of the present invention is drawn to
the use of the interface component to additionally provide a
graphic user interface (GUI). After the system has been
trained, the GUI easily informs a user of his level of fatigue
so that he can use the information to adjust his level of
activity in order to, for example, set a particular level of
activity or to avoid over activity.

[0032] Conventional activity monitoring systems and
methods measure and convey a single cardiac parameter
such as heart rate to a user. Such a measurement conveys
fatigue information only very loosely, since the heart rate
when fatigued is different for different persons and for any
one person can change with levels of health and fitness.
[0033] Systems and methods in accordance with the pres-
ent invention overcome the limitations of conventional
systems and methods by using user-subjective fatigue inputs
along with user cardiac parameters in order to eliminate the
differences in fatigue heart rate between users and between
users’ fitness levels. Furthermore, measurements for one or
more additional parameters may be employed, which can
greatly enhance accuracy as compared to a single parameter.
In addition, accumulation of fatigue data in a “library”
allows for a range of fatigue levels to be determined and
allows even more accuracy to be achieved. Embodiments in
accordance with the present invention also use methods of
displaying fatigue levels to users which can help them
anticipate and thus avoid the excessive levels, which may
lead to the adverse consequences of over-exercise.

[0034] Aspects of the present invention will now be fur-
ther described with reference to FIGS. 2-9.

[0035] FIG. 2 illustrates system 200, a system in accor-
dance with aspects of the present invention.

[0036] As shown in the figure, system 200 includes a user
102, a cardiac detecting component 202, a parameter detect-
ing component 204, a fatigue determining component 206
and a fatigue interface component 208.

[0037] Cardiac detecting component 202 is arranged to
receive a cardiac signal from user 102 via a line 210 and to
output cardiac data to fatigue determining component 206
via a line 218. Parameter detecting component 204 is
arranged to receive a parameter signal from user 102 via a
line 212 and to output parameter data to fatigue determining
component 206 via a line 220. Fatigue interface component
208 is arranged to receive a fatigue input from user 102 via
a line 214 and to output fatigue data to fatigue determining
component 206 via a line 222. Fatigue determining compo-
nent 206 is arranged to output fatigue indication data to
fatigue interface component 208 via a line 224. Fatigue
interface component is further arranged to output a fatigue
indicator to user 102 via a user interface 216.
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[0038] Cardiac detecting component 202 may be any
system or device that is able to receive and detect cardiac
parameter signals and to output a corresponding cardiac
data. Non-limiting examples of a cardiac parameter include
a heartbeat, a heartbeat amplitude, a heartbeat rhythm, a
change in heartbeat amplitude, a change in heartbeat rhythm,
a pulse, a change in pulse, an electrocardial signals, a change
in an electrocardial signal and combinations thereof.
[0039] Parameter detecting component 204 may be any
system or device that is able to receive and detect at least one
other parameter signal and to output corresponding param-
eter data. Non-limiting examples of detected parameters
include breathing rate, a change in gait, a biomarker and
other parameters.

[0040] Fatigue interface component 208 may be any sys-
tem or device that is able to receive a user fatigue and fatigue
level commands and to output corresponding data. Fatigue
and fatigue level commands may be input by any known
system or method, non-limiting examples of which include
pressing buttons on keyboard, a touch graphic user interface,
a microphone or combinations thereof.

[0041] Fatigue determining component 206 may be any
system or device that is able to receive cardiac and param-
eter data and to output fatigue indication data based on the
cardiac and parameter data. Fatigue interface component
208 is further operable to convey a fatigue indication signal
to a user via any known type of interface, non-limiting
examples of which include a visual display, a sound, a
contact vibration or combinations thereof.

[0042] In operation, presume for purposes of discussion
that user 102 is exercising. A cardiac signal and a parameter
signal are input via lines 210 and 212 respectively from user
102. Cardiac detecting component 202 receives the cardiac
signal and parameter detecting component 204 receives the
parameter signal, which are then passed as data to fatigue
determining component 206 via lines 218 and 220, respec-
tively. Fatigue interface component 208 accepts a subjective
fatigue state and passes this to fatigue determining compo-
nent 206 via line 222. Fatigue determining component 206
processes cardiac data, parameter data, fatigue state into
thresholds that can be used to provide fatigue feedback to
user 102. The feedback is sent as data via line 224 to fatigue
interface component 208 which then conveys the fatigue
information to user 102 via user interface 216.

[0043] It should be noted that the use of a parameter is not
intended to be limiting and this parameter can include sound,
a change in sound, proximity, change in proximity, location,
a change in location position, velocity, acceleration, jerk,
temperature, a change in temperature, moisture, a change in
moisture, impedance, a change in impedance, resistance, a
change in resistance, capacitance, a change in capacitance,
inductance, a change in inductance, voltage, a change in
voltage, current, a change in current, volume, a change in
volume, pressure, a change in pressure, breathing rate, a
change in breathing rate, breath, gait, a change in gait,
cadence, a change in cadence, ground reaction time, a
change in ground reaction time, ground contact time, a
change in ground contact time, air time, a change in air time,
hydration, a change in hydration, sound, a change in sound,
a composition of matter, a change of composition of matter,
biomarkers, changes in biomarkers, physiological param-
eters, changes in physiological parameters, an electromag-
netic signal, a change in an electromagnetic signal, time, a
change in time and combinations thereof.

Dec. 8, 2016

[0044] Operation of system 200 occurs in two phases: a
training phase and a normal phase.

[0045] FIG. 3 illustrates system 300, which shows system
200 in operating in a training mode.

[0046] As shown in the figure, system 300 includes all the
component of system 200, operable and arranged identically.
In system 300, user 102 does not receive any fatigue
feedback and so line 224 and line 216 are not used. Since
these are the only differences, the components of system
300, their arrangements and operability will not be repeated
here in the interests of brevity.

[0047] The operation of system 300 will now be further
explained with additional reference to FIG. 4.

[0048] FIG. 4 shows a method 400 of operation for a
training mode in accordance with aspects of the present
invention.

[0049] As shown in the figure, method 400 starts at 5402,
and user 202 selects a training mode (S404). For example,
as shown in FIG. 2, user 102 may employ fatigue interface
component 208. Fatigue interface component 208 would
then inform fatigue determining component 206 that system
200 is to be in the training mode.

[0050] Returning to FIG. 4, user 202 then begins an
exercise session (S406). For example, user may jog, lift
weights, or perform some type of strenuous exertion.
[0051] While the user is exercising, a first cardiac param-
eter is detected (S408). For example, as shown in FIG. 3,
cardiac detecting component 202 detects a cardiac signal via
line 210. Cardiac detecting component 202 outputs cardiac
data, corresponding to the detected cardiac signal, to fatigue
determining component 206 via line 218.

[0052] Returning to FIG. 4, after the cardiac parameter is
detected another parameter is detected (S410). For example,
as shown in FIG. 3, parameter detecting component 204
detects a parameter signal via line 212. Parameter detecting
component 204 outputs parameter data, corresponding to the
detected parameter signal, to fatigue determining component
206 via line 220.

[0053] Returning to FIG. 4, it is then determined whether
the user indicates fatigue (S412). For example, returning to
FIG. 3, user 102 may provide input via fatigue interface
component 208. In some embodiments, the input may have
a binary form, e.g., fatigued/not fatigued. In some embodi-
ments, the input may have a scaled form, e.g., a scale of
1-10, wherein an input of “1” may indicate that user 102 is
not fatigued whereas an input of “10” may indicate that user
102 is the most fatigued. In some embodiments, the input
may have a threshold form, e.g., a first threshold indicating
that user 102 is experiencing sufficient fatigue and a second
threshold indicating that user 102 is experiencing too much
fatigue. It should be noted that any known system or method
of indicating fatigue may be used in accordance with aspects
of the present invention, and that these discussed embodi-
ments are non-limiting example embodiments.

[0054] Returning to FIG. 4, if there is no fatigue input (N
at S412), a new set of parameters are detected (return to
S408). However, if there is fatigue input (Y at S412), then
the data corresponding to the detected parameters is stored
and thresholds are updated (S414). For example, as shown
in FIG. 3, fatigue determining component 206 has received
the cardiac and parameter data via lines 218 and 220,
respectively, and has received the data representing the user
input for fatigue via line 222.
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[0055] At this point there are two detected parameters of
user 102 in addition to a subjective input by user 102
regarding fatigue. For example, cardiac detecting compo-
nent 202 may provide cardiac data corresponding to a
detected heart rate of user 102, parameter detecting compo-
nent 204 may provide parameter data corresponding to a
respiration rate of user 102 and fatigue interface component
208 may input fatigue data corresponding to a fatigue
indicator of “4,” on a scale of 1-10, as a subjective user
assessment of the level of fatigue of user 102. Fatigue
determining component 206 then generates the fatigue infor-
mation based on a function of the cardiac data, the parameter
data and the fatigue data. Fatigue determining component
206 additionally stores the fatigue information, and its
association with the cardiac data, the parameter data and the
fatigue data. In this manner, as will be described later, if
similar cardiac data and parameter data are provided to
fatigue determining component 206, a level of fatigue may
be indicated to user 102 without user input.

[0056] Returning to FIG. 4, it is then determined whether
the user has ended the exercise session (8416). Any known
method of determining an end of an exercise session may be
used. Some non-limiting examples of which include user
102 indicating an end of the exercise session via a GUI and
a drastic and/or sudden decrease in a detectable parameter
associated with the exercise session, e.g., acceleration,
velocity, etc.

[0057] If the exercise session has not ended (N at S416)
then a new set of parameters are detected (return to S408).
If the exercise session has ended (Y at S416), then method
400 stops (S418).

[0058] Insome embodiments, method 400 is implemented
once to generate fatigue information for user 102. In some
embodiments, method 400 may be implemented a plurality
of times to generate a library of fatigue information for
multiple instances of exercise related fatigue for user 102. In
some embodiments, method 400 may be implemented a
plurality of times for a plurality of users to generate a library
of fatigue information for multiple instance of exercise
related fatigue for the multiple users, wherein each user may
be associated with respective fatigue information. In some
embodiments, method 400 may be implemented a plurality
of times for a plurality of users to generate a library of
average fatigue information for multiple instance of exercise
related fatigue for use by any user.

[0059] Method 400 may be repeated for user 102 to update
fatigue data. In particular, as user 102 continues to exercise,
user 102 will become less fatigued for a given amount of
exercise. This change in fatigue as a function of exercise
may be reflected in changes in the updated fatigue data.
[0060] At this point. user 102 can use system 200 in a
normal mode of operation.

[0061] The above description has touched on the process-
ing and storage of parameter and fatigue data into a library
of fatigue information by fatigue determining component
206. A more detailed look at fatigue determining component
206 will now be provided with additional reference to FIG.
5.

[0062] FIG. 5 illustrates an example embodiment of
fatigue determining component 206 in as applied to the
training mode.

[0063] As shown in the figure, fatigue determining com-
ponent 206 includes a fatigue processor 502 and a fatigue
information library component 504.
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[0064] Fatigue processor 502 is arranged to receive and
transmit all the data and user inputs as received by fatigue
determining component 206 and to transmit the output.
Fatigue information library component 504 is arranged to
connect to fatigue processor 502 via a bidirectional interface
506.

[0065] Fatigue processor 502 processes data and control of
other components. Fatigue information library component
504 provides data storage.

[0066] In training mode, every time a user a fatigue input,
the accompanying cardiac data, parameter data and fatigue
data appearing via line 210, line 212 and line 222. respec-
tively is written by fatigue processor 502 to fatigue infor-
mation library component 504 for storage. Thus, over time,
a library of fatigue information is compiled.

[0067] In this embodiment, raw data is stored and is later
used by fatigue processor 502 to compute fatigue indications
representing different levels of fatigue. This is not meant to
be limiting. In other embodiments in accordance with
aspects of the present invention, any useful data may be
stored in fatigue library information component 504 and any
fatigue indicator which is of use to the user may be com-
puted by fatigue processor 504.

[0068] At this point, system 200 has a baseline for deter-
mining fatigue of user 102. In the embodiment discussed
above with reference to FIG. 4, the baseline of fatigue is
determined through use of system 200, wherein cardiac and
other parameters are detected and the user provided fatigue
input. However, in other embodiments, a baseline of fatigue
may be initially provided in fatigue determining component
206. For example, a factory setting of fatigue may be
provided in fatigue determining component 206, wherein the
factory setting is based on cardiac and other detected param-
eters as associated with a group of users. For example,
fatigue levels may be previously determined for the average
male, female, person of a particular age, person of a par-
ticular age, etc. In either case, whether determined through
use as discussed with reference to FIG. 4 or whether
provided via a factory setting, the fatigue data within fatigue
determining component 206 is a priori fatigue data that is
used to determine fatigue of user 102 during subsequent
exercise sessions. This will be further described with refer-
ence to FIG. 6. The normal mode of operation will now be
explained.

[0069] FIG. 6 illustrates system 200 as operating in a
normal mode.
[0070] As shown in the figure, user 102 does not give

fatigue states but instead receives fatigue indications from
the system and so line 224 and line 216 are now used but
lines 214 and 222 are not. Since these are the only differ-
ences, the component listing of system 200, their arrange-
ments and operability will not be repeated here in the interest
of brevity.

[0071] Operation of system 200 in a normal mode will
now be explained with reference to FIG. 7.

[0072] FIG. 7 illustrates a method 700 of operation for
normal mode in accordance with aspects of the present
invention.

[0073] Method 700 begins (S402) and system 200 is in
normal mode (S704). For example, as shown in FIG. 6, in
some embodiments, system 200 may be in normal mode as
a default mode. In some embodiments, user 102 may place
system 200 in normal mode via a user interface on fatigue
interface component 208.
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[0074] Returning to FIG. 7, once in the normal mode, the
user begins the exercise session (S406), system 200 obtains
cardiac data (S408) and obtains parameter data (S410) all as
discussed above with reference to method 400.

[0075] The fatigue of the user is then determined (S706).
For example, returning to FIG. 6, fatigue determining com-
ponent 206 uses the cardiac data and the parameter data to
determine a corresponding user-tailored fatigue by using the
a priori fatigue data. This will be described in greater detail
with reference to FIG. 8.

[0076] FIG. 8 illustrates fatigue determining component
206 as applied to the normal mode.

[0077] As shown in the figure, for normal operation,
fatigue processor 502 is receiving only cardiac and param-
eter data. These data are used by fatigue processor 502 to
determine fatigue indications for display to user 102 and
these indications are output via line 224.

[0078] Returning to FIG. 7. the fatigue data is then pro-
vided to the user (S708). For example, returning to FIG. 6,
fatigue determining component 206 sends the determined
fatigue data via line 224 to fatigue interface component 208
and interface component 208 passes it on via line 216. As
already mentioned for FIG. 2, interface 216 may be a visual
display, a sound, a contact vibration, or another manner or
mechanism. In this example embodiment, fatigue interface
component 216 provides this to the user using a visual
indication.

[0079] Returning to FIG. 7, it is then determined whether
the user has ended the session (S416). If not (N at S416),
additional cardiac data is obtained (S408). If the session has
ended (Y at S416), method 700 stops (S418).

[0080] While, for ease of explanation, the training and the
normal modes have been described as separate phases of
operation, other embodiments in accordance with the pres-
ent invention may allow a single mode of operation where
training inputs can be given in normal operation as fatigue
indications are also displayed. In such embodiments, the
accuracy of fatigue indications can be improved over time
and there is no need to

[0081] Conveying the determined fatigue indication to the
user can be done by many manner or mechanism and it is not
the intention for these to be limited. As mentioned earlier
example embodiments in accordance with the present inven-
tion can include a visual interface, sound, vibration, or any
other suitable method. For completeness, one of these
example embodiments will be described below with refer-
ence to FIG. 9.

[0082] FIG. 9 shows display 900, a visual display method
for conveying fatigue information to the user.

[0083] As shown in the figure, display 900 includes dis-
play graphic 902 and a pointer 904. Display graphic 902
includes a low region 906, a medium region 908 and a
fatigue region 906.

[0084] In operation, pointer 904 is indicating to the user a
visual representation of the fatigue level determined by
fatigue determining component 206 of FIG. 2. It does this
against display graphic 902 which represents a range of
possible fatigue levels. As each cardiac and second param-
eter measurement is detected, the fatigue level and pointer
position is updated.

[0085] Users can use this display to personalize their
exercise regimens according to their own fatigue behaviors.
The user might use this display to optimize exercise and
avoid over-exercise and muscle damage by keeping the
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pointer, for instance, just below the fatigue region or by
minimizing the time into that region. At any time, users can
update their personal fatigue profile by re-entering the
training mode.

[0086] In this example embodiment, a grey scale and
outlined regions are used with a pointer to indicate fatigue
level but this is not meant to be limiting for visual display
methods. Other embodiments in accordance with the present
invention could use other means of visual display such as
colors, numbers, symbols and other suitable means. In
addition, for emphasis, redundancy or other reasons, a visual
display could be used in conjunction with one or more other
methods of conveying fatigue information such as sound or
vibration.

[0087] In summary, conventional activity monitoring
devices provide only very limited information relating to
fatigue level during exercise. Conventionally, they use only
heart rate for display to the user, a parameter which is only
very loosely correlated to fatigue level. Conventional sys-
tems do not take account of differences between persons, or,
for any one person, for differences in fitness or health over
time.

[0088] Embodiments in accordance with aspects of the
present invention overcome all the stated limitations of a
conventional heart rate monitor. By incorporating the detec-
tion of a plurality of parameters, said embodiments can take
advantage of the wealth of additional information available
from other measurements to significantly enhance the accu-
racy and usefulness of a fatigue level determination. By
incorporating a training mode using user-generated subjec-
tive fatigue input, fatigue determination can be personalized
to individuals and to their changes in fitness. Through
accumulation of data into a library, accuracy is further
enhanced. By conveying current fatigue level on a visual
scale, over-exercise can be held back or avoided and the
adverse effects of fatigue can be better controlled or elimi-
nated.

[0089] In the drawings and specification, there have been
disclosed embodiments of the invention and, although spe-
cific terms are employed, they are used in a generic and
descriptive sense only and not for purposes of limitation, the
scope of the invention being set forth in the following
claims.

What is claimed as new and desired to be protected by
Letters Patent of the United States is:

1. A device for use by a user, said device comprising:

a cardiac detecting component operable to detect a cardiac
parameter of the user at a first time and to generate
cardiac data based on the detected cardiac parameter;

a parameter detecting component operable to detect a
second parameter at a second time and to generate
fatigue data based on the detected second parameter;

an interface component operable to receive a fatigue input
from the user; and

a fatigue determining component operable to generate a
first fatigue indicator of the user based on the cardiac
data, the fatigue data and the fatigue input.

2. The device of claim 1,

wherein said cardiac detecting component is further oper-
able to detect the cardiac parameter at a third time,

wherein said parameter detecting component is further
operable to detect the second parameter at a fourth
time, and
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wherein said fatigue determining component is operable
to generate the first fatigue indicator of the user addi-
tionally based the detected cardiac parameter at the
third time, the detected second parameter at the fourth
time and the fatigue input.

3. The device of claim 2,

wherein said cardiac detecting component is further oper-

able to detect the cardiac parameter of the user at a fifth
time,

wherein said parameter detecting component is further

operable to detect the second parameter at a sixth time,
and

wherein said fatigue determining component is operable

to generate a second fatigue indicator of the user based
on the detected cardiac parameter at the fifth time, the
detected second parameter at the sixth time and the first
fatigue indicator.

4. The device of claim 3,

wherein the first time comprises the second time,

wherein the third time comprises the fourth time, and

wherein the fifth time comprises the sixth time.

5. The device of claim 1, wherein said second parameter
detecting component is operable to detect, as the second
parameter, one of the group selected from sound, a change
in sound, proximity, change in proximity, location, a change
in location position, velocity, acceleration, jerk, temperature,
a change in temperature, moisture, a change in moisture,
impedance, a change in impedance, resistance, a change in
resistance, capacitance, a change in capacitance, inductance,
achange in inductance, voltage, a change in voltage, current,
a change in current, volume, a change in volume, pressure,
a change in pressure, breathing rate, a change in breathing
rate, breath, gait, a change in gait, cadence, a change in
cadence, ground reaction time, a change in ground reaction
time, ground contact time, a change in ground contact time,
air time, a change in air time, hydration, a change in
hydration, sound, a change in sound, a composition of
matter, a change of composition of matter, biomarkers,
changes in biomarkers, physiological parameters, changes in
physiological parameters, an electromagnetic signal, a
change in an electromagnetic signal, time, a change in time
and combinations thereof.

6. The device of claim 1, wherein said parameter detecting
component is operable to detect the second parameter over
a period of time as the second time.

7. The device of claim 1, wherein said interface portion is
further operable to provide a prompt to the user to quantify
fatigue of the user.

8. A method comprising:

detecting, via a cardiac detecting component, a cardiac

parameter of a user at a first time;

generating, via the cardiac detecting component, cardiac

data based on the detected cardiac parameter;
detecting, via a parameter detecting component, a second
parameter at a second time;

generating, via the parameter detecting component,

fatigue data based on the detected second parameter;
receiving, via an interface portion, a fatigue input from
the user; and

generating, via a fatigue determining component a first

fatigue indicator of the user based on based on the
cardiac data, the fatigue data and the fatigue input.
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9. The method of claim 8, further comprising:

detecting, via the cardiac detecting component, the car-

diac parameter at a third time;

detecting, via the parameter detecting component, the

second parameter at a fourth time; and

generating, via the fatigue determining component, the

first fatigue indicator of the user additionally based the
detected cardiac parameter at the third time, the
detected parameter at the fourth time and the fatigue
input.

10. The method of claim 9, further comprising:

detecting, via the cardiac detecting component, the car-

diac parameter of the user at a fifth time;

detecting, via the parameter detecting component, the

second parameter at a sixth time; and

generating, via the fatigue determining component, a

second fatigue indicator of the user based on the
detected cardiac parameter at the fifth time, the detected
parameter at the sixth time and the first fatigue indica-
tor.

11. The method of claim 10,

wherein the first time comprises the second time,

wherein the third time comprises the fourth time, and

wherein the fifth time comprises the sixth time.

12. The method of claim 8, wherein said detecting, via a
parameter detecting component, a parameter at a second
time comprises detecting, as the second parameter, one of
the group selected from sound, a change in sound, proximity,
change in proximity, location, a change in location position,
velocity, acceleration, jerk, temperature, a change in tem-
perature, moisture, a change in moisture, impedance, a
change in impedance, resistance, a change in resistance,
capacitance, a change in capacitance, inductance, a change
in inductance, voltage, a change in voltage, current, a change
in current, volume, a change in volume, pressure, a change
in pressure, breathing rate, a change in breathing rate,
breath, gait, a change in gait, cadence, a change in cadence,
ground reaction time, a change in ground reaction time,
ground contact time, a change in ground contact time, air
time, a change in air time, hydration, a change in hydration,
sound, a change in sound, a composition of matter, a change
of composition of matter, biomarkers, changes in biomark-
ers, physiological parameters, changes in physiological
parameters, an electromagnetic signal, a change in an elec-
tromagnetic signal, time, a change in time and combinations
thereof.

13. The method of claim 8, wherein said detecting, via a
parameter detecting component, a parameter at a second
time comprises detecting the second parameter over a period
of time as the second time.

14. The method of claim 8, further comprising providing,
via interface portion, a prompt to the user to quantify fatigue
of the user.

15. A non-transitory, tangible, computer-readable media
having computer-readable instructions stored thereon, the
computer-readable instructions being capable of being read
by a computer and being capable of instructing the computer
to perform the method comprising:

detecting, via a cardiac detecting component, a cardiac

parameter of a user at a first time;

generating, via the cardiac detecting component, cardiac

data based on the detected cardiac parameter;
detecting, via a parameter detecting component, a second
parameter at a second time;
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generating, via the parameter detecting component,
fatigue data based on the detected second parameter;

receiving, via an interface portion, a fatigue input from
the user; and

generating, via a fatigue determining component a first

fatigue indicator of the user based on based on the
cardiac data, the fatigue data and the fatigue input.

16. The non-transitory, tangible, computer-readable
media of claim 15, the computer-readable instructions being
capable of being read by a computer and being capable of
instructing the computer to perform the method further
comptrising:

detecting, via the cardiac detecting component, the car-

diac parameter at a third time;

detecting, via the parameter detecting component, the

second parameter at a fourth time; and

generating, via the fatigue determining component, the

first fatigue indicator of the user additionally based the
detected cardiac parameter at the third time, the
detected parameter at the fourth time and the fatigue
input.

17. The non-transitory, tangible, computer-readable
media of claim 16, the computer-readable instructions being
capable of being read by a computer and being capable of
instructing the computer to perform the method further
comptrising:

detecting, via the cardiac detecting component, the car-

diac parameter of the user at a fifth time;

detecting, via the parameter detecting component, the

second parameter at a sixth time; and

generating, via the fatigue determining component, a

second fatigue indicator of the user based on the
detected cardiac parameter at the fifth time, the detected
parameter at the sixth time and the first fatigue indica-
tor.

18. The non-transitory, tangible, computer-readable
media of claim 17,
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wherein the first time comprises the second time,
wherein the third time comprises the fourth time, and
wherein the fifth time comprises the sixth time.

19. The non-transitory, tangible, computer-readable
media of claim 15, wherein the computer-readable instruc-
tions are capable of instructing the computer to perform the
method such that said detecting, via a parameter detecting
component, a parameter at a second time comprises detect-
ing, as the second parameter, one of the group selected from
sound, a change in sound, proximity, change in proximity,
location, a change in location position, velocity, accelera-
tion, jerk, temperature, a change in temperature, moisture, a
change in moisture, impedance, a change in impedance,
resistance, a change in resistance, capacitance, a change in
capacitance, inductance, a change in inductance, voltage, a
change in voltage, current, a change in current, volume, a
change in volume, pressure, a change in pressure, breathing
rate, a change in breathing rate, breath, gait, a change in gait,
cadence, a change in cadence, ground reaction time, a
change in ground reaction time, ground contact time, a
change in ground contact time, air time, a change in air time,
hydration, a change in hydration, sound, a change in sound,
a composition of matter, a change of composition of matter,
biomarkers, changes in biomarkers, physiological param-
eters, changes in physiological parameters, an electromag-
netic signal, a change in an electromagnetic signal, time, a
change in time and combinations thereof.

20. The non-transitory, tangible, computer-readable
media of claim 20, wherein the computer-readable instruc-
tions are capable of instructing the computer to perform the
method such that said detecting, via a parameter detecting
component, a parameter at a second time comprises detect-
ing the second parameter over a period of time as the second
time.
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