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METHOD AND DEVICE FOR REAL-TIME
MONITORING MAXIMAL OXYGEN
CONSUMPTION

FIELD OF THE INVENTION

[0001] The present invention relates generally to an exer-
cise monitoring method and device. More specifically, the
present invention relates to an exercise monitoring method
and device utilizing stamina of a user for monitoring a
real-time maximal oxygen consumption of a user and/or
predicting a result of future exercise of the user.

BACKGROUND OF THE INVENTION

[0002] Doing exercise has become more and more popular
in modern societies. Other than professional athletes, many
individuals not only doing exercise for health consider-
ations, but also seek to know how well do they perform
during the exercise. Traditionally, this could only be
achieved accurately by having fitness tests in a laboratory
with various testing equipment. Alternatively, individuals
can hire personal fitness coach to assist themselves under-
standing their own performance.

[0003] Recently, various types of exercise performance
evaluation have been rapidly developed and applied by
professional athletes, sports enthusiasts, fitness coach, or
even individuals. Among all sorts of exercise performance
evaluation, maximal oxygen consumption is widely used
and proven to be effective. However, the maximal oxygen
consumption of any individuals cannot be easily assessed
without spending an hour on a treadmill in a laboratory with
a mouthpiece which receives the individuals’ breathing in
order to monitor and analyze changes in breathing rate,
oxygen consumption, carbon dioxide production, etc. There-
fore, it is not convenient to obtain an individual’s exercise
performance while doing daily exercise practices or training.
[0004] In view of the above, what is needed is an exercise
monitoring device and method which reliably indicates a
maximal oxygen consumption of any user while doing
exercise anywhere under a real-time basis without wearing
a mouthpiece in the laboratory.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The accompanying drawings illustrate one or more
embodiments of the invention and together with the written
description, serve to explain the principles of the invention.
Wherever possible, the same reference numbers are used
throughout the drawings to refer to the same or like elements
of an embodiment, and wherein:

[0006] FIG. 1is a schematic block diagram of an exercise
monitoring device according to at least one embodiment of
the present invention.

[0007] FIG. 2 is schematic illustrations of the relationship
between lactic acid concentration and heart rate of a user
according to at least one embodiment of the present inven-
tion.

[0008] FIG. 3 is a schematic illustration of changes of
lactic acid concentration and stamina level on the same time
scale of a user during exercise according to at least one
embodiment of the present invention.

[0009] FIG. 4 is a schematic illustration of relationship
between stamina level and all-out exercise time of a user
during exercise according to at least one embodiment of the
present invention.
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[0010] FIG. 5A is a schematic illustration of relationship
between exercise capability and all-out exercise time of a
user according to at least one embodiment of the present
invention.

[0011] FIG. 5B is a schematic illustration of compositions
affecting the relationship between the exercise capability
and all-out exercise time in FIG. 5A according to at least one
embodiment of the present invention.

[0012] FIG. 6 is a flowchart of a method for estimating
maximal oxygen consumption according to at least one
embodiment of the present invention.

[0013] FIG. 7 is a flowchart of a method for estimating
future exercise time according to at least one embodiment of
the present invention.

[0014] FIG. 8 is a schematic illustration of the mapping
concept between stamina level and RPE according to at least
one embodiment of the present invention.

[0015] FIG. 9 is a flowchart of a method for estimating
maximal oxygen consumption according to at least one
embodiment of the present invention.

[0016] FIG. 10 is a flowchart of a method for estimating
future exercise time according to another embodiment of the
present invention.

[0017] FIG. 11 is a schematic block diagram of the exer-
cise monitoring device with a heart rate sensor and a GPS
according to at least one embodiment of the present inven-
tion.

[0018] FIG. 12 is a schematic block diagram of the exer-
cise monitoring device with an external sensor module and
an external user interface according to at least one embodi-
ment of the present invention.

[0019] FIG. 13 is a schematic example of the data array
generated in FIG. 10.

[0020] In accordance with common practice, the various
described features are not drawn to scale and are drawn to
emphasize features relevant to the present disclosure. Like
reference characters denote like elements throughout the
figures and text.

DETAILED DESCRIPTION OF THE
INVENTION

[0021] The present invention will now be described more
fully hereinafter with reference to the accompanying draw-
ings, in which exemplary embodiments of the invention are
shown. This invention can, however, be embodied in many
different forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments
are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the invention
to those skilled in the art. Like reference numerals refer to
like elements throughout.

[0022] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the invention. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises”
and/or “comprising,” or “includes” and/or “including” or
“has” and/or “having” when used herein, specify the pres-
ence of stated features, regions, integers, steps, operations,
elements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, regions,
integers, steps, operations, elements, components, and/or
groups thereof.



US 2017/0258367 Al

[0023] It will be understood that the term “and/or”
includes any and all combinations of one or more of the
associated listed items. It will also be understood that,
although the terms first, second, third etc. can be used herein
to describe various elements, components, regions, parts
and/or sections, these elements, components, regions, parts
and/or sections should not be limited by these terms. These
terms are only used to distinguish one element, component,
region, part or section from another element, component,
region, layer or section. Thus, a first element, component,
region, part or section discussed below could be termed a
second element, component, region, layer or section without
departing from the teachings of the present invention.
[0024] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this invention belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and the present disclosure, and will not be
interpreted in an idealized or overly formal sense unless
expressly so defined herein.

[0025] The description will be made as to the embodi-
ments of the present invention in conjunction with the
accompanying drawings in FIGS. 1-18. Reference will be
made to the drawing figures to describe the present invention
in detail, wherein depicted elements are not necessarily
shown to scale and wherein like or similar elements are
designated by same or similar reference numeral through the
several views and same or similar terminology.

[0026] FIG. 1is a schematic block diagram of an exercise
monitoring device according to at least one embodiment of
the present invention.

[0027] The exercise monitoring device 100 comprises a
sensor module 101, a processing module 102, a user inter-
face 103, and a storage module 104.

[0028] In one embodiment of the present invention, the
sensor module 101 can comprise at least one physiological
sensor for sensing and measuring physiological signals of a
user. For example, the physiological signal comprises at
least one of the following: EKG signal, pulse, heart rate,
breathing pattern, glycogen concentration, oxygen concen-
tration (SpO2) from pulse oximeter, oxygen concentration
(St02) from tissue oximeter, and oxygen concentration
measured from front lobe of a person. The tissue oximeter
can be Near Infra-Red Spectroscopy tissue oximeter, etc.
The oxygen concentration at front lobe is correlated to RPE
of a person.

[0029] In another embodiment of the present invention,
the sensor module 101 can comprise a plurality of sensors
for sensing and measuring both physiological signals of a
user like mentioned before and non-physiological signals. In
terms of non-physiological signals, the sensor module 101
can comprise various types of non-physiological sensors
such as pedometer, speedometer, accelerometer, gyroscope,
G-sensor, etc.

[0030] In at least one embodiment of the present inven-
tion, the processing module 102 is a hardware such as a
processor, a microcontroller or a microprocessor with aux-
iliary circuits that carries out instructions of a computer
program by performing the basic arithmetical, logical, and
input/output operations of the exercise monitoring device.
Many different products on the market can be used as the
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processing module 102 such as for example but not limited
to nRF52832 from Nordic Semiconductor, STM32L476
from STMicroelectronics.

[0031] In one embodiment of the present invention, the
user interface 103 comprises at least one output unit (not
shown) and/or at least one input unit (not shown), or any
combination thereof. The output can be a display, a vibrating
component or a speaker, or any combination thereof for
stating the user’s physiological status during the exercise or
after the exercise, wherein the physiological status can
comprise at least one of the following: measurement of
physiological signal, stamina level, kinetic energy consump-
tion, maximal oxygen consumption, etc. The input can be
any human-machine interface such as a touch-panel, a voice
receiver or a button that is capable of receiving biological
information from the user, such as height, weight, age,
gender and so forth. In addition, the user interface 103 can
be adapted to send information directly to the sensor module
101, the processing module 102 or the storage module 104.
The inputted information can be processed by the processing
module 102 and sent to the output for the user to know the
user’s current body condition. For example, BMI value, etc.
[0032] In one embodiment of the present invention, the
storage module 104 can be any type of volatile or non-
volatile memory for storing instructions of a computer
program to be carried out by the processing module 102,
biological information inputted by the user using the user
interface 103, and exercise information from the sensor
module 101 and/or the processing module 102.

[0033] It should be noticed that the term, stamina, refers to
the ability of a user to exert himself’herself and remain
active for a period of time. The less the stamina of a person,
the less time the person can continue exercising providing
the same exercise intensity without rest.

[0034] FIG. 2 is schematic illustrations of the relationship
between lactic acid concentration and heart rate of a user
according to at least one embodiment of the present inven-
tion.

[0035] Referring to FIG. 2, the average heart rate of the
user is positively correlated to the lactic acid concentration,
which can be approximated with a linear regression model,
a non-linear regression model, a piecewise function, other
mathematical models or any combination thereof. Thus, the
lactic acid concentration associated with the lactic acid
accumulated in the blood stream is able to be estimated base
on the heart rate of the user.

[0036] FIG. 3 is a schematic illustration of changes of
lactic acid concentration and stamina level on the same time
scale of a user during exercise according to at least one
embodiment of the present invention.

[0037] It is well known in the art that a lactic acid
concentration of 4 mmol per liter is considered as a threshold
between aerobic exercise and anaerobic exercise. With aero-
bic exercise, oxygen is carried through the user’s breath to
the muscles giving muscles the energy needed to sustain the
effort. With anaerobic exercise, the exercise intensity is high
enough to trigger lactic acid formation, which causes dis-
comfort and fatigue at sustained levels.

[0038] Referring to FIG. 3, the stamina level of a user is
set to 100% when the lactic acid concentration is at a range
of 2~6 mmol per liter. As the user continues with the
exercise, the lactic acid concentration increases while the
stamina level decreases. Once the lactic acid concentration
reaches a threshold, 1.e. lactic acid increases to L1 at t1 time,
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the user’s stamina level reaches substantially 0%, the user
can be suggested by the exercise monitoring device 100 to
choose to decrease the exercise intensity to metabolize the
accumulated lactic acid and thus the stamina level recovers
from 0% to 100% during t1 to t2 time frame. It should be
noticed that the recovery from 0% to 100% is not necessary,
but a recovery from 0% to a certain percentage is better for
a user to improve his/her performance during the exercise or
competition. It should be noticed that, the time for different
user to fully recovered, for example from 0% to 100%
stamina level, is similar, for example, approximately 8 to 12
minutes. Therefore, the lactic acid concentration of a person
is inverse correlative to the person’s stamina level.

[0039] It should be noticed that although the aforemen-
tioned heart rate is disclosed for mapping and normalizing
with the stamina level in FIG. 1-3, other physiological signal
can also be implemented, such as EKG signal, pulse, heart
rate, breathing pattern, glycogen concentration, oxygen con-
centration (SpO2) from pulse oximeter, oxygen concentra-
tion (StO2) from tissue oximeter, and oxygen concentration
measured from front lobe of a person. The tissue oximeter
can be Near Infra-Red Spectroscopy (NIRS) tissue oximeter,
etc. Also, this concept is applicable to any embodiments of
the present invention.

[0040] FIG. 4 is a schematic illustration of relationship
between stamina level and all-out exercise time of a user
during exercise according to at least one embodiment of the
present invention. In FIG. 4, the stamina level is 100% at T1,
70% at T2, 50% at T3. Obviously, the stamina level will
keep decrease until the user is physically not able to continue
doing exercise. In other words, the stamina level should
reach 0% when the user doing exercise until an all-out
physical condition, wherein the all-out physical condition is
given a timing “all-out exercise time”. As the stamina level
is constantly monitored by the exercise monitoring device
100, the all-out exercise time can be estimated accordingly.
For example, the all-out exercise time in FIG. 4 can be
estimated by a linear regression model, a non-linear regres-
sion model, a piecewise function, other mathematical mod-
els or any combination thereof.

[0041] FIG. 5A is a schematic illustration of relationship
between exercise capability and all-out exercise time of a
user according to at least one embodiment of the present
invention.

[0042] In FIG. 5A, the graph shows a user’s FVO, drops
as the all-out exercise time increases. The exercise capability
which is used later on is defined as FVO, (Fraction of
maximal oxygen consumption). In other words, the exercise
capability is a user’s average oxygen consumption compare
to his’her maximal oxygen consumption during an all-out
exercise. Alternatively, the exercise capability can also be
used to describe the user’s exercise efficiency. This concept
should be well explained as following, ie. it can take 15
seconds for a person to sprint a 100 m, but takes 1 hour for
the same person to run 5000 m which is 72 seconds for every
100 m in average. Therefore, the shorter the all-out exercise
time, the higher the exercise efliciency is achieved. Refer-
ring back to FVO,, the user uses very short time to exercise
till all-out (100 m sprinting), the FVO2 should be relative
high in comparison to a marathon (42 km running). In view
of the above, the longer the all-out exercise time of the user,
the lower the exercise capability of the user. Thus, the
exercise capability is non-linearly inverse correlative to the
all-out exercise time. This is particularly useful for anyone
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who would like to manage his/her exercise intensity to
complete a specific exercise to achieve his/her best perfor-
mance, wherein exercise intensity is directly related to a
person’s oxygen consumption, the higher the exercise inten-
sity, the more oxygen is taken into the person’s breathe in
order to meet the person’s need, but the shorter the all-out
exercise time is.

[0043] FIG. 5B is a schematic illustration of compositions
affecting the relationship between the exercise capability
and all-out exercise time in FIG. 5A according to at least one
embodiment of the present invention.

[0044] In FIG. 5B, the graph shows three major compo-
nents that will affect the curve of FVO, (exercise capability)
over time. The three components are anaerobic capacity,
max aerobic power, and aerobic endurance. The area Al
under the curve represents the anaerobic capacity, wherein
the larger the area Al is the more anaerobic energy can be
exerted by a person. The area A2 under the curve represents
aerobic energy, and the max aerobic power is 1.0 of FVO,
at T1, wherein T1 is the time that a person stops using
anaerobic energy. Even though, the max aerobic power is
normalized to 1.0 of FVO, in FIG. 5B, the time T1 actually
varies from person to person. Tn represents all out exercise
time at any point after T1, wherein the slope (steepness) of
the curve between T1 and Tn is the aerobic endurance. In
other words, aerobic endurance is a person’s ability to keep
the FVO, as close as 1.0 while being active, so the steeper
the curve is, the lower the aerobic endurance becomes. It
should be noticed that, different people can have different
anaerobic capacity, max aerobic power, and aerobic endur-
ance because of their physical conditions such as age,
gender, etc. Thus, the relationship between the exercise
capability and the all-out exercise varies from person to
person. For example, FVO2=f (T, MaxAerobicPower,
AnaerobicCapacity, AerobicEndurance), wherein T is the
all-out exercise time. In practice, an average value of anaero-
bic capacity, max aerobic power, and aerobic endurance can
be obtained by big data analysis of athletes” performance. In
addition, the average value of anaerobic capacity, max
aerobic power, and aerobic endurance can be further con-
figured using a person’s biological information mentioned in
FIG. 1.

[0045] FIG. 6 is a flowchart of a method for estimating
maximal oxygen consumption using the exercise monitoring
device 100 in FIG. 1 according to at least one embodiment
of the present invention.

[0046] Referring to FIG. 6, the following steps can be
carried out to estimate maximal oxygen consumption of a
user base on a physiological data of the user and an exercise
data:

[0047] S101: Receiving a physiological data of the user
from a physiological sensor of the sensor module 101;
[0048] S102: Estimating a rate of stamina consumption of
the user base on the physiological data by the processing
module 102;

[0049] S103: Calculating an all-out exercise time of the
user base on the rate of stamina consumption by the pro-
cessing module 102;

[0050] S104: Estimating an exercise capability of the user
base on the all-out exercise time by the processing module
102;

[0051] S105: Receiving an exercise data from a non-
physiological sensor of the sensor module 101;
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[0052] S106: Calculating a kinetic energy exertion of the
user base on the exercise data by the processing module 102;
[0053] S107: Estimating an average oxygen consumption
of the user base on the kinetic energy exertion by the
processing module 102;

[0054] S108: Estimating a maximal oxygen consumption
of the user base on the average oxygen consumption and the
exercise capability by the processing module 102

[0055] S109: Sending the maximal oxygen consumption
by the processing module 102 to the user interface 103 for
display.

[0056] S110: Displaying the maximal oxygen consump-

tion by the user interface 103.

[0057] In one embodiment of the present invention, the
storage module 104 can comprise a plurality of linear
regression models, non-linear regression models, piecewise
functions, other mathematical models or any combination
thereof, corresponding to FIG. 2-5 for the processing mod-
ule 102 to execute in order to perform the steps S102-S104
and S106-S107.

[0058] In one embodiment of the present invention, it
should also be noticed that the steps S101-3104 can be
carried out after S105-S107.

[0059] In one embodiment of the present invention, the
sensor module 101 can comprise at least one physiological
sensor for sensing and measuring physiological signals of a
user. For example, the physiological signal comprises at
least one of the following: EKG signal, pulse, heart rate,
breathing pattern, glycogen concentration, oxygen concen-
tration (SpO2) from pulse oximeter, oxygen concentration
(St02) from tissue oximeter, and oxygen concentration
measured from front lobe of a person. The tissue oximeter
can be Near Infra-Red Spectroscopy tissue oximeter, etc.
The body composition can comprise percentages of fat,
bone, water and muscle in human bodies.

[0060] In at least one embodiment of the present inven-
tion, the non-physiological sensor which can obtain the
exercise data that can comprise various types of exercise
parameters, such as displacement of exercise, time used for
exercise, speed of running, cycling power, altitude of climb-
ing, etc. The displacement of exercise can be a running
distance, a climbing altitude, a cycling distance, etc. For
example, the exercise monitoring device 100 can comprise
a motion sensor, cycling power meter, pedometer, or any
other speed or speed related sensors as the non-physiological
sensor in the sensor module 101 to record the exercise data
accordingly. Alternatively, a user can connect an external
motion sensor, cycling power meter, pedometet, or any other
speed or speed related sensors to the sensor module 101 of
the exercise monitoring device 100 in order to record the
exercise data and send to the processing module 102. The
motion sensor comprises at least one of an accelerometer, a
gyroscope, and a magnetometer.

[0061] In at least one embodiment of the present inven-
tion, the kinetic energy exertion is estimated by converting
the exercise data such as running speed to kinetic energy in
term of power (Joules). For example, Power(t)=f(Speed(t),
t). Therefore, the kinetic energy exertion is a function of
speed, wherein the kinetic energy exertion is positively
correlated to the speed of exercise. Moreover, consuming
0Xygen gives energy, so one’s average oxygen consumption
(VO,) can be estimated by kinetic energy exertion. For
example, VO,=f (Power(t), t). Namely, average oxygen
consumption (VO,) needed by the user to exert the kinetic
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energy is estimated in step S106 during exercise. Although
speed is used in the example, other exercise parameters can
be used, such as altitude of climbing, cycling power, etc.
[0062] In one embodiment of the present invention, the
physiological sensor can be a combination of sensors which
detects various physiological parameters, such as heart rate
from optical heart rate sensor, oxygen concentration from
NIRS, etc. The same concept is applicable in any embodi-
ments of the present invention. Thus, the non-physiological
sensors can also be a combination of sensors which detects
various non-physiological parameters, such as acceleration
from motion sensor, location from GPS, ambient tempera-
ture from thermometer, angular acceleration from gyro-
scope, etc.

[0063] FIG. 7 is a flowchart of a method for estimating
future exercise time according to at least one embodiment of
the present invention.

[0064] Referring to FIG. 7, the following steps can be
carried out to estimate future total exercise time of a user
base on a physiological data of the user, an exercise data and
a default displacement:

[0065] S301: Receiving a physiological data of the user
from a physiological sensor of the sensor module 101;
[0066] S302: Estimating a rate of stamina consumption of
the user base on the physiological data by the processing
module 102;

[0067] S303: Calculating an all-out exercise time of the
user base on the rate of stamina consumption by the pro-
cessing module 102;

[0068] S304: Estimating an exercise capability of the user
base on the all-out exercise time by the processing module
102;

[0069] S305: Receiving an exercise data from a non-
physiological sensor of the sensor module 101;

[0070] S306: Calculating a kinetic energy exertion of the
user base on the exercise data by the processing module 102
[0071] S307: Estimating an average oxygen consumption
of the user base on the kinetic energy exertion by the
processing module 102;

[0072] S308: Estimating a maximal oxygen consumption
of the user base on the average oxygen consumption and the
exercise capability by the processing module 102

[0073] S309: Estimating a future total exercise time base
on the maximal oxygen consumption and a default displace-
ment by the processing module 102;

[0074] S310: Sending the future total exercise time by the
processing module 102 to the user interface 103 for display;
[0075] S311: Displaying the future total exercise time by
the user interface 103.

[0076] In one embodiment of the present invention, the
storage module 104 can comprise a plurality of linear
regression models, non-linear regression models, piecewise
functions, other mathematical models or any combination
thereof, corresponding to FIG. 2-5 for the processing mod-
ule 102 to execute in order to perform the steps S302-S304
and S306-S307.

[0077] It should be noticed that the steps S301-S304 can
be carried out after S305-S307.

[0078] In one embodiment of the present invention, the
future total exercise time is an estimation of the user’s
performance of an all-out exercise base on the user’s maxi-
mal oxygen consumption while the user not doing the all-out
exercise for real. For example, the user can complete a 5 km
running with the exercise monitoring device 100 and know
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his/her best performance to complete a 10 km running
without actually completing a 10 km running whether or not
the 5 km running is completed with his/her best effort.
Namely, the user can complete an exercise in ease but still
being able to understand his/her performance of an all-out
exercise which has not happened yet. Thus, estimation of
future total exercise time is particularly useful to anyone
wants to know his/her best performance without getting
exhausted to complete an all-out exercise.

[0079] In one embodiment of the present invention, the
default displacement can be a distance or a set of distances
saved in the storage module 104 of the exercise monitoring
device 100, wherein the distance or the set of distances can
be chosen from 3 km, 5 km, 10 km, 21 km, 42 km, etc.
Alternatively, it can be defined by the user of the exercise
monitoring device 100 using the input unit of the user
interface 103. It should be noticed that, the default displace-
ment can be displacement of exercise such as a running
distance, a climbing altitude, a cycling distance, etc.

[0080] FIG. 8 is a schematic illustration of the mapping
concept between stamina level and RPE according to at least
one embodiment of the present invention.

[0081] Referring to FIG. 8, a mapping between the
stamina level and rating of perceived exertion (RPE) is
disclosed, wherein the type of RPE can be Borg Rating of
Perceived Exertion Scale. The stamina level recovers when
RPE value, blood lactic acid concentration (the lactic acid
concentration in the blood stream) or real-time exercise
loading decreases. On the other hand, the stamina level
decreases when fatigue level, blood lactic acid concentration
(the lactic acid concentration in the blood stream) or real-
time exercise loading increases.

[0082] Continues with FIG. 8, the stamina level can be
presented within a certain range, such as 100% to 0%. In
addition, the stamina level is at least partially related to the
RPE scale linearly or non-linearly. For example, a RPE
around 12 suggests that exercise intensity is being per-
formed at a moderate level by the user of the exercise
monitoring device 100. That is to say, the user can experi-
ence “light” muscle fatigue or breathing slightly heavier
than not doing any exercise, and thus a RPE around 12 can
correspond to a 100% stamina level.

[0083] On the other hand, a RPE between 15 and 17
suggests that exercise intensity is being performed at a much
higher level by the user of the exercise monitoring device
100. That is to say, the user can experience “hard/heavy”
muscle fatigue or breathing much heavier than not doing any
exercise, and thus a RPE between 15 and 17 can correspond
to a 0% stamina level.

[0084] In another embodiment of the present invention, in
a perspective that takes heart signal as input of the exercise
monitoring device 100 as an example, the RPE scale is
linearly or nonlinearly correlative to the heart rate, and thus
the stamina level is also linearly or nonlinearly correlative to
the heart rate. In another example, the stamina level of each
user is normalized to a fixed range according to the maxi-
mum and minimum heart rate.

[0085] It should be noticed that the stamina level can be a
negative value as shown in FIG. 8, wherein the stamina level
being negative can trigger the exercise monitoring device
100 automatic adjusting the estimation of the stamina level
according to the user’s exercise intensity and thus calibrat-
ing the stamina level accordingly.

Sep. 14,2017

[0086] FIG. 9 is a flowchart of a method for estimating
maximal oxygen consumption according to at least one
embodiment of the present invention.

[0087] Referring to FIG. 9, the following steps can be
carried out to estimate maximal oxygen consumption of a
user base on a RPE value of the user and an exercise data:
[0088] S501: Receiving a RPE value of the user from an
input unit of the user interface 103;

[0089] S502: Estimating a rate of stamina consumption
base on the RPE value by the processing module 102;
[0090] S503: Calculating an all-out exercise time base on
the rate of stamina consumption by the processing module
102;

[0091] S504: Estimating an exercise capability base on the
all-out exercise time by the processing module 102;
[0092] S505: Receiving an exercise data from a non-
physiological sensor of the sensor module 101;

[0093] S506: Calculating a kinetic energy exertion of the
user base on the exercise data by the processing module 102
[0094] S507: Estimating an average oxygen consumption
of the user base on the kinetic energy exertion by the
processing module 102;

[0095] S508: Estimating a maximal oxygen consumption
base on the average oxygen consumption and the exercise
capability by the processing module 102

[0096] S509: Sending the maximal oxygen consumption
by the processing module 102 to the user interface 103 for
display.

[0097] S510: Displaying the maximal oxygen consump-
tion by the user interface 103.

[0098] In one embodiment of the present invention, the
storage module 104 can comprise a plurality of linear
regression models, non-linear regression models, piecewise
functions, other mathematical models or any combination
thereof, corresponding to FIG. 2-5 for the processing mod-
ule 102 to execute in order to perform the steps S502-S504
and S506-S507.

[0099] It should be noticed that the steps S501-S504 can
be carried out after S505-S507.

[0100] In one embodiment of the present invention, esti-
mation of maximal oxygen consumption in the step S108 in
FIG. 6, step S308 in FIG. 7, and Step S508 in FIG. 9 can be
performed by a function of the exercise capability and the
average oxygen consumption, wherein the exercise capabil-
ity is negatively correlated to the maximal oxygen consump-
tion, and the average oxygen consumption is positively
correlated to the maximal oxygen consumption. For
example, VO,Max=f (VO,, FVO,). The same concept of
estimation of maximal oxygen consumption can be applied
in any other embodiments of the present invention.

[0101] FIG. 10 is a flowchart of a method for estimating
future exercise time according to another embodiment of the
present invention.

[0102] Referring to FIG. 10, the following steps can be
carried out to estimate a maximal oxygen consumption of a
user base on a physiological data of the user and an exercise
data:

[0103] S701: Receiving a historical exercise model from a
terminal device, wherein the historical exercise model com-
prises a plurality of heart rate and a plurality of displacement
corresponding to the heart rate;

[0104] S702: Calculating a plurality of heart rate percent-
age based on the plurality of heart rate;
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[0105] S703: Calculating a plurality of speed based on the
plurality of displacement;

[0106] S704: Estimating a maximal oxygen consumption
based on the plurality of heart rate percentage and the
plurality of speed, wherein the maximal oxygen consump-
tion is negative correlated to the plurality of heart rate
percentage and is positive correlated to the plurality of
speed,;

[0107] S705: Estimating a future total exercise time based
on a default displacement and the maximal oxygen con-
sumption, wherein the future total exercise time is positive
correlated to the default displacement, and wherein the
future total exercise time is negative correlated to the
maximal oxygen consumption;

[0108] S706: Receiving an environmental condition from
the terminal device;

[0109] S707: Calibrating the future total exercise time by
the environmental condition to generate an environment
specific total exercise time;

[0110] S708: Generating a data array comprising the maxi-
mal oxygen consumption, the future total exercise time, and
the environmental specific total exercise time;

[0111] S709: Sending the data array to the terminal device.
[0112] In one embodiment of the present invention, the
order of step S702 and S703 are interchangeable.

[0113] In one embodiment of the present invention, the
environmental condition can affect a person’s exercise pet-
formance, wherein the environmental condition can be
steepness, altitude, atmosphere pressure, wind speed, ambi-
ent temperature, etc. These environmental conditions can be
obtained by various non-physiological sensors such as ambi-
ent temperature sensor, anemometer, GPS sensor, level
sensor, atmosphere pressure sensor, etc. For example, a
person’s running speed can be greatly reduced while the
person is running upwardly on a slope. It should be noticed
that, the calibration of future total exercise time in step S707
can also be applied to the methods in FIG. 6, FIG. 7 and FIG.
9.

[0114] In one embodiment of the present invention, the
heart rate percentage is calculated by taking the highest heart
rate from the plurality of heart rate as denominator and each
of the heart rate as numerator.

[0115] In one embodiment of the present invention, the
heart rate percentage of a person while doing exercise
should be around 60% or above. If any heart rate percentage
calculated in step S702 is below 60%, the person may be
considered not exercising, so the particular heart rate per-
centage below 60% may be omitted from the estimation of
maximal oxygen consumption in step S704. It should be
understood that the 60% was used as an example, the heart
rate percentage of a person considered to be exercising may
be different from one to another. Therefore, the heart rate
percentage considering exercising may be customizable in
the exercise monitoring device 100.

[0116] In one embodiment of the present invention, the
data array can comprise the maximal oxygen consumption
estimated in step S704, the future total exercise time esti-
mated in S705, the environmental specific total exercise
time calibrated in step S707. Furthermore, the data array can
comprise at set of default displacements such as 3 km, 5 km,
10 km, 21 km, 42 km, etc. And, each of the default
displacement may be corresponding to a future total exercise
time estimated in step S705 and an environmental specific
total exercise time calibrated in step S707. In additional, the
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data array can also comprise a suggestion of warm up
maximal oxygen consumption, wherein the suggested warm
up maximal oxygen consumption can be used to determine
whether warm up before exercise is enough or not. For
example, a user can know the suggested warm up maximal
oxygen consumption by the method in FIG. 10. And the user
wearing the exercise monitoring device 100 can read the
user’s maximal oxygen consumption in real-time from the
user interface 103 while doing warm up. Therefore, as the
warm up going on, the user can know whether the user is
ready for exercise by the real-time maximal oxygen con-
sumption reaches the suggested warm up maximal oxygen
consumption.

[0117] In one embodiment of the present invention, the
terminal device can be the exercise monitoring device 100.
Therefore, the heart rate is collected from the physiological
sensor of the exercise monitoring device 100 and the dis-
placement is collected from the non-physiological sensor of
the exercise monitoring device 100. Alternatively, the ter-
minal device can be any other monitoring device with both
physiological sensor and non-physiological sensor. For
example, a portable device with a heart rate sensor and a
GPS sensor. Furthermore, the exercise monitoring device
100 can comprise an output socket (not shown), wherein the
output socket enable the exercise monitoring device 100 to
send the historical exercise data in step S701 or receive the
data array in step S709 via a wire. Alternatively, the exercise
monitoring device 100 can also comprise a wireless com-
munication module (not shown), wherein the wireless com-
munication module enables the exercise monitoring device
100 to send the historical exercise data in step S701 or
receive the data array in step S709 wirelessly.

[0118] In another embodiment of the present invention,
the terminal device can be a computing device with user
input function, so the heart rate and the displacement are
inputted by a user into the terminal device. Alternatively, the
heart rate and the displacement can be transmitted from any
other monitoring device into the computing device either
wirelessly or with wire. The computing device can be such
as personal computer, laptop, tablet pc, mobile device, etc.

[0119] In one embodiment of the present invention, vari-
ous physiological parameters can be additional factors in the
estimation of maximal oxygen consumption, such as heart
rate variability, body temperature, body composition, blood
glucose, blood pressure, etc. The body composition can
comprise percentages of fat, bone, water and muscle in
human bodies. Therefore, the estimation of maximal oxygen
consumption can be personalized by the user of exercise
monitoring device 100.

[0120] It should be noticed that, the aforementioned posi-
tive correlation or negative correlation cannot always be true
when any other additional exercising factors comes into the
estimation, for example a person with excellent running
skill, which is an additional exercising factor, can increase
displacement while maintaining the same maximal oxygen
consumption.

[0121] FIG. 11 is a schematic block diagram of the exer-
cise monitoring device with a heart rate sensor and a GPS
according to at least one embodiment of the present inven-
tion.

[0122] The exercise monitoring device 100 comprises a
sensor module 101, a processing module 102, a user inter-
face 103, and a storage module 104, wherein the sensor
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module 101 further comprises a heart rate sensor 201 and a
GPS 202 in comparison to FIG. 1.

[0123] In one embodiment of the present invention, the
heart rate sensor 201 can be used to record heart rate of a
person and send it to the processing module 102 as physi-
ological data. The GPS 202 can record a person’s coordi-
nation in order to obtain the person’s displacement and thus
speed. and the GPS can send the speed as exercise data to the
processing module. The processing module 102 can carry
out at least one of the methods which is stored in the storage
module 104 as shown previously, for example the method in
FIG. 6.

[0124] In one embodiment of the present invention, the
heart rate sensor 201 comprises at least two electrodes (not
shown), wherein the at least two electrodes is electrically
connected with the user’s skin to detect the user’s heart rate.
[0125] In one embodiment of the present invention, the
exercise monitoring device 100 can further comprise an
analog front-end (not shown), as known as AFE, wherein the
heart rate sensor 201 can send analog signals to the pro-
cessing module 102 via the analog front-end, and wherein
the analog front-end can be for example but not limited to
ADR232 from Analog Devices, ADS1191 from Texas Instru-
ments.

[0126] In one embodiment of the present invention, the
heart rate sensor 201 comprises at least a light source (not
shown), wherein the heart rate sensor 201 is an optical heart
rate sensor that detects the user’s heart rate.

[0127] In one embodiment of the present invention, the
GPS 202 can be for example but not limited to SiRFstarV 5E
from CSR, EVA-M8M from U-Blox.

[0128] FIG. 12 is a schematic block diagram of the exer-
cise monitoring device with 100 an external sensor module
101 and an external user interface 103 according to at least
one embodiment of the present invention.

[0129] Referring to FIG. 12 according to one embodiment
of the present invention, the exercise monitoring device 100
can only comprise the processing module 102 and the
storage module 104. In this case, the sensor module 101 can
be a wearable device which can communicate with the
exercise monitoring device 100 wirelessly, therefore sending
the physiological data (heart rate) and the exercise data
(speed) to the processing module 102 via wireless commu-
nication. The same concept can be applied to the user
interface 103 as well, wherein the user interface 103 can be
realized by a mobile device or portable device. For example,
user of the exercise monitoring device 100 can estimate the
maximal oxygen consumption based on the heart rate and
speed received wirelessly from the sensor module 101 and
send the maximal oxygen consumption in real-time to a
mobile phone of the user, wherein the mobile phone can
display the maximal oxygen consumption.

[0130] FIG. 13 is a schematic example of the data array
generated in FIG. 10.

[0131] Referring to FIG. 13, the data array for example as
shown in FIG. 13 comprising to the maximal oxygen con-
sumption, the future total exercise time, the environmental
specific total exercise time. Furthermore, the data array can
comprise but not limited to a set of default displacements
such as 3 km, 5 km, 10 km, 21 km, 42 km, etc. And, each
of the default displacement may be corresponding to a future
total exercise time and an environmental specific total
exercise time. In additional, the data array can also comprise
a suggestion of warm up maximal oxygen consumption.
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[0132] Previous descriptions are only embodiments of the
present invention and are not intended to limit the scope of
the present invention. Many variations and modifications
according to the claims and specification of the disclosure
are still within the scope of the claimed invention. In
addition, each of the embodiments and claims does not have
to achieve all the advantages or characteristics disclosed.
Moreover, the abstract and the title only serve to facilitate
searching patent documents and are not intended in any way
to limit the scope of the claimed invention.

What is claimed is:

1. A maximal oxygen consumption estimation method,
comprising:

receiving a physiological data from a first sensor;

estimating a rate of stamina consumption base on the

physiological data by a processing module;
calculating an all-out exercise time base on the rate of
stamina consumption by the processing module;
estimating an exercise capability base on the all-out
exercise time by the processing module;

receiving an exercise data from a second sensor;

calculating a kinetic energy exertion base on the exercise

data by the processing module;
estimating an average oxygen consumption base on the
kinetic energy exertion by the processing module;

estimating a maximal oxygen consumption base on the
average oxygen consumption and the exercise capabil-
ity by the processing module;

sending the maximal oxygen consumption to a user

interface;

displaying the maximal oxygen consumption by the user

interface.

2. The maximal oxygen consumption estimation method
according to claim 1, wherein the first sensor is a heart rate
sensor, and the physiological data is heart rate.

3. The maximal oxygen consumption estimation method
according to claim 1, wherein the first sensor comprises at
least two electrodes.

4. The maximal oxygen consumption estimation method
according to claim 1, wherein the first sensor comprises an
optical heart rate sensor.

5. The maximal oxygen consumption estimation method
according to claim 1, wherein the first sensor comprises an
optical oxygen concentration sensor.

6. The maximal oxygen consumption estimation method
according to claim 1, wherein the second sensor comprises
a GPS sensor, and the exercise data is speed.

7. The maximal oxygen consumption estimation method
according to claim 1, wherein the second sensor comprises
a cycling power sensor.

8. The maximal oxygen consumption estimation method
according to claim 1, wherein the second sensor comprises
a motion sensor.

9. The maximal oxygen consumption estimation method
according to claim 8, wherein the second sensor further
comprises a gyroscope.

10. A future total exercise time estimation method, com-
prising:

receiving a physiological data from a first sensor;

estimating a rate of stamina consumption base on the

physiological data by a processing module;
calculating an all-out exercise time base on the rate of
stamina consumption by the processing module;
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estimating an exercise capability base on the all-out

exercise time by the processing module;

receiving an exercise data from a second sensor;

calculating a kinetic energy exertion base on the exercise

data by the processing module;
estimating an average oxygen consumption base on the
kinetic energy exertion by the processing module;

estimating a maximal oxygen consumption base on the
average oxygen consumption and the exercise capabil-
ity by the processing module;

estimating a future total exercise time base on the maxi-

mal oxygen consumption and a default displacement;
sending the future total exercise time to a user interface;
displaying the future total exercise time by the user
interface.

11. The maximal oxygen consumption estimation method
according to claim 10, wherein the first sensor is a heart rate
sensor, and the physiological data is heart rate.

12. The maximal oxygen consumption estimation method
according to claim 10, wherein the first sensor comprises at
least two electrodes.

13. The maximal oxygen consumption estimation method
according to claim 10, wherein the first sensor comprises an
optical heart rate sensor.

14. The maximal oxygen consumption estimation method
according to claim 10, wherein the first sensor comprises an
optical oxygen concentration sensor.

15. The maximal oxygen consumption estimation method
according to claim 10, wherein the second sensor comprises
a GPS sensor, and the exercise data is speed.

16. The maximal oxygen consumption estimation method
according to claim 10, wherein the second sensor comprises
a cycling power sensor.

17. The maximal oxygen consumption estimation method
according to claim 10, wherein the second sensor comprises
a motion sensor.

18. The maximal oxygen consumption estimation method
according to claim 17, wherein the second sensor further
comprises a gyroscope.

19. A future total exercise time estimation method, com-
prising:

receiving a historical exercise model from a terminal

device, wherein the historical exercise model com-
prises a plurality of heart rate and a plurality of dis-
placement corresponding to the heart rate;

calculating a plurality of heart rate percentage based on

the plurality of heart rate;

calculating a plurality of speed based on the plurality of

displacement;

estimating a maximal oxygen consumption based on the

plurality of heart rate percentage and the plurality of
speed, wherein the maximal oxygen consumption is
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negative correlated to the plurality of heart rate per-
centage and positive correlated to the plurality of
speed,;

estimating a future total exercise time based on a default

displacement and the maximal oxygen consumption,
wherein the future total exercise time is positive cor-
related to the default displacement, and wherein the
future total exercise time is negative correlated to the
maximal oxygen consumption;

generating a data array comprising the maximal oxygen

consumption and the future total exercise time;
sending the data array to the terminal device.

20. The future total exercise time estimation method
according to claim 19, further comprising:

receiving an environmental condition from the terminal

device;

calibrating the future total exercise time by the environ-

mental condition to generate an environmental specific
total exercise time;

wherein, the data array further comprising the environ-

mental specific total exercise time.

21. The future total exercise time estimation method
according to claim 20, wherein the environmental condition
is obtained by a GPS.

22. The future total exercise time estimation method
according to claim 20, wherein the environmental condition
is ambient temperature.

23. The future total exercise time estimation method
according to claim 19, wherein the heart rate is collected
from a physiological sensor.

24. The future total exercise time estimation method
according to claim 23, wherein the physiological sensor is a
heart rate sensor comprising at least two electrodes.

25. The future total exercise time estimation method
according to claim 23, wherein the physiological sensor is an
optical heart rate sensor.

26. The future total exercise time estimation method
according to claim 19, wherein the displacement is collected
from a non-physiological sensor.

27. The future total exercise time estimation method
according to claim 26, wherein the non-physiological sensor
is a GPS.

28. The future total exercise time estimation method
according to claim 26, wherein the non-physiological sensor
is a motion sensor.

29. The future total exercise time estimation method
according to claim 19, wherein receiving a historical exer-
cise model from the terminal device by wireless communi-
cation.

30. The future total exercise time estimation method
according to claim 19, wherein receiving a historical exer-
cise model from the terminal device by a wire.
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