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estimator configured to estimate an anaerobic threshold of the
user based on a change in the detected heart rate.
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APPARATUS AND METHOD FOR
ESTIMATING ANAEROBIC THRESHOLD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit under 35 USC
119(a) of Korean Patent Application No. 10-2012-0130562
filed on Nov. 16, 2012, in the Korean Intellectual Property
Office, the disclosure of which is incorporated herein by
reference in its entirety for all purposes.

BACKGROUND

[0002] 1.Field

[0003] The following description relates to an apparatus
and method for estimating an anaerobic threshold based on a
change in a condition of a user during exercise.

[0004] 2. Description of Related Art

[0005] An exercise capacity test measures a level of physi-
cal exertion an individual is able to achieve before reaching a
maximum heart rate. In some instances, an exercise capacity
test may be hard on the individual’s body. Also, it has been
reported that results produced by an exercise capacity test
may be overestimated.

[0006] As an alternative approach, an exercise capacity
may be measured based on an anaerobic threshold. The
anaerobic threshold is determined by testing a blood sample.
However, drawing blood incurs displeasure, pain, and reluc-
tance on the part of an individual. In addition, a blood testing
device is expensive, and it is uncommon for an ordinary
person to use one to determine an anaerobic threshold.

SUMMARY

[0007] Inonegeneralaspect, an apparatus for estimating an
anaerobic threshold includes a heart rate detector configured
to detect a heart rate from a signal sensed from a user; and an
anaerobic threshold estimator configured to estimate an
anaerobic threshold of the user based on a change in the heart
rate.

[0008] The anaerobic threshold estimator may be further
configured to estimate the anaerobic threshold based on a
deflection point of the heart rate corresponding to the change
in the heart rate.

[0009] The anaerobic threshold estimator may be further
configured to estimate the anaerobic threshold based on a
time it takes for the heart rate to reach a steady state at a
predetermined exercise intensity of exercise being performed
by the user, and the heart rate in the steady state.

[0010] In another general aspect, an apparatus for estimat-
ing an anaerobic threshold includes a kinetic energy calcula-
tor configured to calculate a kinetic energy of a physical
motion sensed from a user; and an anaerobic threshold esti-
mator configured to estimate an anaerobic threshold of the
user based on a change in a heart rate of the user and the
calculated kinetic energy.

[0011] The kinetic energy calculator may be further con-
figured to monitor whether an exercise intensity of exercise
being performed by the user is gradually increasing based on
an amount of activity performed by the user measured based
on the calculated kinetic energy.

[0012] The anaerobic threshold estimator may be further
configured to estimate the anaerobic threshold based on a
deflection point of the heart rate occurring while the exercise
intensity is gradually increasing.
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[0013] The anaerobic threshold estimator may be further
configured to estimate the anaerobic threshold based on a
deflection point of the heart rate corresponding to the change
in the heart rate.

[0014] The anaerobic threshold estimator may be further
configured to estimate the anaerobic threshold based on a
time it takes for the heart rate to reach a steady state at a
predetermined exercise intensity of exercise being performed
by the user, and a heart rate in the steady state.

[0015] Inanother general aspect, an exercise guide appara-
tus includes an anaerobic threshold receiver configured to
receive an anaerobic threshold of a user estimated based on a
heart rate of the user from an anaerobic threshold estimating
apparatus; and an exercise program provider configured to
provide an exercise program to meet an exercise goal associ-
ated with personal information of the user based on the
anaerobic threshold.

[0016] The exercise program provider may be further con-
figured to adjust an exercise intensity of the exercise program
based on the exercise goal associated with the personal infor-
mation of the user and the anaerobic threshold.

[0017] Inanother general aspect, a method of estimating an
anaerobic threshold includes detecting a heart rate from a
signal sensed from a user; and estimating an anaerobic thresh-
old of the user based on a change in the heart rate.

[0018] The estimating of the anaerobic threshold may
include estimating the anaerobic threshold based on a deflec-
tion point of the heart rate corresponding to the change in the
heart rate.

[0019] The estimating of the anaerobic threshold may
include estimating the anaerobic threshold based on a time 1t
takes for the heart rate to reach a steady state at a predeter-
mined exercise intensity of exercise being performed by the
user, and a heart rate in the steady state.

[0020] Inanother general aspect, a method of estimating an
anaerobic threshold includes calculating a kinetic energy
from a physical motion sensed from a user; and estimating an
anaerobic threshold of the user based on a change in a heart
rate of the user and the calculated kinetic energy.

[0021] The method may further include monitoring
whether an exercise intensity of exercise being performed by
the user is gradually increasing based on an amount of activity
performed by the user measured based on the calculated
amount of the kinetic energy.

[0022] The estimating of the anaerobic threshold may
include estimating the anaerobic threshold based on a deflec-
tion point of the heart rate occurring while the exercise inten-
sity is gradually increasing.

[0023] The estimating of the anaerobic threshold may
include estimating the anaerobic threshold based on a deflec-
tion point of the heart rate corresponding to the change in the
heart rate.

[0024] The estimating of the anaerobic threshold may
include estimating the anaerobic threshold based on a time 1t
takes for the heart rate to reach a steady state at a predeter-
mined exercise intensity of exercise being performed by the
user, and a heart rate in the steady state.

[0025] Inanother general aspect, an exercise guide method
includes receiving an anaerobic threshold of a user estimated
based on a heart rate of the user from an anaerobic threshold
estimating apparatus; and providing an exercise program to
meet an exercise goal associated with personal information of
the user based on the anaerobic threshold.



US 2014/0141937 Al

[0026] The exercise guide method may further include
adjusting an exercise intensity of the exercise program based
on the exercise goal associated with the personal information
of the user and the anaerobic threshold.

[0027] Inanother general aspect, an apparatus for estimat-
ing an anaerobic threshold includes a sensor configured to
sense a signal from a user; and an estimator configured to
detect whether an exercise intensity of exercise being per-
formed by a user has a predetermined pattern based on the
signal, and estimate an anaerobic threshold of the user in
response to the exercise intensity having the predetermined
pattern.

[0028] The predetermined pattern of exercise intensity may
be a gradually increasing exercise intensity.

[0029] The apparatus may further include a second sensor
configured to sense a second signal from the user; and the
estimator may be further configured to estimate an anaerobic
threshold of the user in response to the exercise intensity
having the predetermined pattern based on the second signal.
[0030] The signal may be a signal indicative of a physical
motion of the user; and the second signal may be a signal
indicative of a heart rate of the user.

[0031] In another general aspect, an apparatus for estimat-
ing an anaerobic threshold includes a detector configured to
detect a signal sensed from the user; and an estimator config-
ured to estimate an anaerobic threshold of the user based ona
change in the signal.

[0032] Theestimator may be further configured to estimate
the anaerobic threshold of the user based on a deflection point
of the signal corresponding to the change in the signal.
[0033] The apparatus may further include a detector con-
figured to detect a physical motion of the user; and the anaero-
bic threshold estimator may be further configured to estimate
the anaerobic threshold based on the signal and the physical
motion of the user.

[0034] Theestimator may be further configured to estimate
the anaerobic threshold based on the signal in response to the
physical motion corresponding to a predetermined pattern of
exercise intensity of exercise being performed by the user.
[0035] The predetermined pattern of exercise intensity may
be a gradually increasing exercise intensity.

[0036] Theestimator may be further configured to estimate
the anaerobic threshold based on a time it takes for the signal
to reach a steady state at a predetermined exercise intensity of
exercise being performed by the user, and a value of the signal
in the steady state.

[0037] Other features and aspects will be apparent from the
following detailed description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] FIG. 1isa block diagram illustrating an example of
an apparatus for estimating an anaerobic threshold.

[0039] FIGS. 2 and 3 are graphs illustrating examples of a
method of estimating an anaerobic threshold.

[0040] FIG. 4 is a block diagram illustrating another
example of an apparatus for estimating an anaerobic thresh-
old.

[0041] FIG. 5is a graph illustrating another example of a
method of estimating an anaerobic threshold.

[0042] FIG. 6 is a schematic block diagram illustrating an
exampleofa user terminal for estimating an anaerobic thresh-
old.
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[0043] FIG. 7 is a detailed block diagram illustrating a
detailed example of the user terminal of FIG. 6 for estimating
an anaerobic threshold.

[0044] FIG. 8 is a schematic block diagram illustrating
another example of a user terminal for estimating an anaero-
bic threshold.

[0045] FIG. 9 is a detailed block diagram illustrating a
detailed example of the user terminal of FIG. 8 for estimating
an anaerobic threshold.

[0046] FIG. 10 is ablock diagram illustrating an example of
an exercise guide apparatus.

DETAILED DESCRIPTION

[0047] The following detailed description is provided to
assist the reader in gaining a comprehensive understanding of
the methods, apparatuses, and/or systems described herein.
However, various changes, modifications, and equivalents of
the methods, apparatuses, and/or systems described herein
will be apparent to one of ordinary skill in the art. The
sequences of operations described herein are merely
examples, and are not limited to those set forth herein and
may be changed as will be apparent to one of ordinary skill in
the art, with the exception of operations necessarily occurring
in a certain order. Also, description of functions and construc-
tions that are well known to one of ordinary skill in the art may
be omitted for increased clarity and conciseness.

[0048] Throughout the drawings and the detailed descrip-
tion, the same reference numetrals refer to the same elements.
The drawings may not be to scale, and the relative size,
proportions, and depiction of elements in the drawings may
be exaggerated for clarity, illustration, and convenience.
[0049] FIG. 1isablock diagram illustrating an example of
an apparatus 101 for estimating an anaerobic threshold.
Referring to FIG. 1, the apparatus 101 for estimating an
anaerobic threshold includes a heart rate detecting unit 102
and an anaerobic threshold estimating unit 103.

[0050] Theheart rate detecting unit 102 may sense a poten-
tial signal from a user for use in detecting a change in a
condition of the user during exercise. The heart rate detecting
unit 102 may include a heart rate sensor, an electromyogram
(EMG) sensor, or any other sensor capable of sensing the
potential signal. The change in condition is a change in a
physical condition of the user produced by exercise compared
to a physical condition of the user at rest, for example, a
change in a pulse, a change in a heart rate, or a change in any
other physical condition. The potential signal may be a volt-
age signal. However, a current signal or any other type of
signal may be sensed from the user using an appropriate
Sensor.

[0051] The heart rate detecting unit 102 may amplify the
potential signal based on an intensity of the potential signal.
The heart rate detecting unit 102 may filter the potential signal
to extract a frequency band in which a heart rate may be
detected, and detect the heart rate in the extracted frequency
band. The heart rate detecting unit 102 may filter the potential
signal sensed by a heart rate sensor, an EMG sensor, or other
sensor to extract the frequency band in which the heart rate
may be detected.

[0052] Also, the heart rate detecting unit 102 may monitor
a change in the detected heart rate. By monitoring the change
in the detected heart rate, the apparatus 101 for estimating an
anaerobic threshold may calculate data for a change in a
condition of the user during a course of exercise being per-
formed by the user. Also, the apparatus 101 for estimating an
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anaerobic threshold may monitor a change in a heart rate to
measure an anaerobic threshold of the user.

[0053] The anaerobic threshold estimating unit 103 may
estimate an anaerobic threshold of the user based on the
change in the heart rate. The anaerobic threshold estimating
unit 103 may estimate the anaerobic threshold of the user
based on a heart rate at a predetermined exercise intensity.
[0054] The anaerobic threshold estimating unit 103 may
estimate the anaerobic threshold of the user based on a first
heart rate deflection point rather than a maximum heart rate
because an anaerobic threshold point may be approximated
by the first heart rate deflection point. Accordingly, the
anaerobic threshold estimating unit 103 may estimate the
anaerobic threshold of the user without needing to know a
maximum heart rate of the user. A further description of the
anaerobic threshold estimation is provided below with refer-
ence to FIGS. 2 and 3.

[0055] As described in the foregoing, the apparatus 101 for
estimating an anaerobic threshold may sense a potential sig-
nal from a user through a separate sensor, and estimate an
anaerobic threshold of the user. The apparatus 101 for esti-
mating an anaerobic threshold may operate with a minimum
influence of an external environment by sensing the potential
signal from the user through the sensor irrespective of a time
and a location. For example, the apparatus 101 for estimating
an anaerobic threshold may estimate the anaerobic threshold
of the user by sensing the potential signal from the user
irrespective of whether the user exercises indoors or outdoors.
[0056] Also, the apparatus 101 for estimating an anaerobic
threshold may receive an input ofan anaerobic threshold from
the user if the user already knows his anaerobic threshold.
[0057] The apparatus 101 for estimating an anaerobic
threshold may estimate the anaerobic threshold of the user
while the user is using a treadmill, an exercise bike, or other
exercise equipment enabling the user to perform exercise
with a gradually increasing exercise intensity.

[0058] FIGS. 2 and 3 are graphs illustrating examples of a
method of estimating an anaerobic threshold. Referring to
FIG. 2, the anaerobic threshold estimating unit may estimate
an anaerobic threshold based on a change in a heart rate 201
occurring during exercise having a gradually increasing exet-
cise intensity. The anaerobic threshold estimating unit may
estimate the anaerobic threshold based on a heart rate deflec-
tion point corresponding to the change in the heart rate 201.
The anaerobic threshold estimating unit may extract the heart
rate deflection point through differentiation of a regression
change and differentiation of an inclination change based on
data corresponding to the change in the heart rate 201. The
anaerobic threshold estimating unit may extract the heart rate
deflection point using various data extraction methods.
[0059] The reason for extracting the heart rate deflection
point is that an anaerobic threshold point may be approxi-
mated by the heart rate deflection point. Accordingly, the
anaerobic threshold estimating unit may estimate the anaero-
bic threshold by extracting the heart rate deflection point.
[0060] For example, the heart rate deflection point may
include a first heart rate deflection point 203 and a second
heart rate deflection point 204.

[0061] The first heart rate deflection point 203 is a first
deflection point of the heart rate 201 changing during a course
of exercise having a gradually increasing exercise intensity
being performed by the user. The first heart rate deflection
point 203 is a point at which a change in the heart rate 201
initially may occur after the user starts to exercise. The second
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heart rate deflection point 204 is a second deflection point of
the heart rate 201 changing during the course of the exercise
having a gradually increasing exercise intensity being per-
formed by the user. The second heart rate deflection point 204
is a point at which the heart rate 201 reaches a maximum level
due to continuous exercise performed by the user.

[0062] A lactate change 202 may occur in response to the
exercise having a gradually increasing exercise intensity
being performed by the user. The lactate change 202 may
occur at points corresponding approximately to the first heart
rate deflection point 203 and the second heart rate deflection
point 204. A first lactate change 205 may occur at a point
corresponding approximately to the first heart rate deflection
point 203, and a second lactate change 206 may occur at a
point corresponding approximately to the second heart rate
deflection point 204.

[0063] Basedonthe correspondence between the deflection
points of the heart rate 201 and the lactate change 202, the
anaerobic threshold estimating unit may estimate an anaero-
bic threshold corresponding to the first lactate change 205
based on the first heart rate deflection point 203. This elimi-
nates the need to detect the first lactate change 205 directly by
testing a blood sample from the user.

[0064] Because the second heart rate deflection point 204
corresponds to a point at which the heart rate 201 reaches a
maximum level during the exercise having a gradually
increasing exercise intensity performed by the user, a user’s
body may be stressed before reaching the second heart rate
deflection point 204. Accordingly, the anaerobic threshold
estimating unit may estimate the anaerobic threshold based
on the first heart rate deflection point 203 rather than the
second heart rate deflection point 204 to minimize the stress
on the user’s body.

[0065] Referringto FIG. 3, the anaerobic threshold estimat-
ing unit may estimate an anaerobic threshold based on a
predetermined exercise intensity. The predetermined exercise
intensity may be an exercise intensity defined at a predeter-
mined level for estimating the anaerobic threshold. The
anaerobic threshold estimating unit may measure a change in
a heart rate at the predetermined exercise intensity. The
anaerobic threshold estimating unit may estimate an anaero-
bic threshold based a steady state attained by the heart rate
being measured. The steady state is a state in which a physical
response, for example, a heart rate, is remains constant while
the user exercises. The anaerobic threshold estimating unit
may estimate the anaerobic threshold based on a time it takes
for a heart rate to reach a steady state, and the heart rate in the
steady state.

[0066] For example, the anaerobic threshold estimating
unit may measure a heart rate of a user A 301 and a heart rate
of a user B 302 in response to a predetermined exercise
intensity, for example, walking at 6 km/h. In FIG. 3, al 303
and b1 305 denote a time it takes for the heart rate to reach a
steady state, and a2 304 and b2 306 denote an average heart
rate in the steady state.

[0067] The heart rate of the user A 301 reaches a steady
state during a time al 303, and the heart rate of the user B 302
reaches a steady state during a time bl 305. The time al 303
is longer than the time b1 305.

[0068] As the anaerobic threshold increases, the time it
takes for the heart rate to reach the steady state in response to
a predetermined exercise intensity decreases as shown by the
interval al 303 and the interval bl 305, and the heart rate in
the steady state decreases as shown in the heart rate a2 304
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and the heart rate b2 306. That is, a higher anaerobic threshold
may be characterized by a shorter time for the heart rate to
reach a steady state and a lower heart rate in the steady state.
[0069] Accordingly, the user B 302 having the shorter time
for the heart rate to reach the steady state and the lower heart
rate in the steady state may be determined to have a higher
anaerobic threshold than the user A 301. The user B 302 may
be estimated to have a higher exercise capacity than the user
A 301 based on the higher anaerobic threshold of the user B
302.

[0070] For example, the anaerobic threshold estimating
unit may estimate the anaerobic threshold using Equation 1.

The anaerobic threshold=4*(the time it takes for the
heart rate to reach a steady state, i.e. al or b1 )+
B*(the average heart rate in the steady state, i.e.

a2 or B2+C [Equation 1]
[0071] In Equation 1, A, B, C denote constant.
[0072] The anaerobic threshold estimating unit may esti-

mate the anaerobic threshold based on personal information
associated with the exercise performed by the user. The per-
sonal information may include, for example, a body mass
index (BMI), an age, a gender, a rest period, and any other
personal information. For example, the anaerobic threshold
estimating unit may modify Equation 1 based on the BMI, the
age, the gender, the rest period and so on.

[0073] FIG. 4 is a block diagram illustrating another
example of an apparatus 401 for estimating an anaerobic
threshold. Referring to FI1G. 4, the apparatus 401 for estimat-
ing an anaerobic threshold may include a kinetic energy cal-
culating unit 402 and an anaerobic threshold estimating unit
403.

[0074] Thekinetic energy calculating unit 402 may sense a
physical motion of a user. The kinetic energy calculating unit
402 may sense the physical motion of the user from a sensor,
for example, an acceleration sensor. The physical motion may
include a motion vector magnitude (VM), a number of steps,
or any other physical motion. The kinetic energy calculating
unit 402 may calculate kinetic energy of the physical motion
based on the sensed physical motion. The kinetic energy
calculating unit 402 may calculate the kinetic energy by inte-
grating the sensed physical motion.

[0075] The kinetic energy calculating unit 402 may mea-
sure an amount of activity performed by the user based on the
calculated kinetic energy. The kinetic energy calculating unit
402 may monitor whether an exercise intensity is gradually
increasing based on the measured amount of activity.

[0076] The anaerobic threshold estimating unit 403 may
estimate an anaerobic threshold based on a heart rate deflec-
tion point and the amount of activity performed by the user.
The estimating of the anaerobic threshold based on the
amount of activity performed by the user is described in
further detail below with reference to FIG. 5.

[0077] The anaerobic threshold estimating unit 403 may
estimate the anaerobic threshold of the user based on a change
in a heart rate. The anaerobic threshold estimating unit 403
may estimate the anaerobic threshold of the user based on a
change in a heart rate at a predetermined exercise intensity.
[0078] The anaerobic threshold estimating unit 403 may
estimate the anaerobic threshold of the user based on a first
heart rate deflection point rather than a maximum heart rate
because an anaerobic threshold point may be approximated
by the first heart rate deflection point. Accordingly, the
anaerobic threshold estimating unit 403 may estimate the
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anaerobic threshold of the user without needing to know a
maximum heatrt rate of the user.

[0079] The anaerobic threshold estimating unit 403 may
estimate the anaerobic threshold based on a time it takes fora
heart rate to reach a steady state at a predetermined exercise
intensity, and the heart rate in the steady state.

[0080] Accordingly, the apparatus 401 for estimating an
anaerobic threshold may estimate the anaerobic threshold
based on a heart rate of the user at rest, a heart rate based on
an amount of activity performed by the user, and a heart rate
at a predetermined exercise intensity.

[0081] FIG. 5 is a graph illustrating another example of a
method of estimating an anaerobic threshold. Referring to
FIG. 5, the anaerobic threshold estimating unit may estimate
an anaerobic threshold based on a heart rate changing with a
change in an amount of activity performed by a user. The
amount of activity may increase rapidly when an exercise
intensity changes due to a change in motion. For example, the
amount of activity may increase rapidly when an exercise
intensity changes from walking to running. Also, a heart rate
may increase with a change in an amount of activity. How-
ever, a heart rate increasing rapidly with a change in an
amount of activity may be different from a heart rate suitable
for estimating an anaerobic threshold. Accordingly, the
anaerobic threshold estimating unit may estimate an anaero-
bic threshold based on a heart rate deflection point of a heart
rate gradually increasing with a gradual increase in an amount
of activity produced by a gradual increase in an exercise
intensity, rather than a heart rate increasing rapidly with a
change in an amount of activity.

[0082] Accordingly, the anaerobic threshold estimating
unit may estimate an anaerobic threshold based on a heart rate
deflection point occurring during a gradual increase in an
amount of activity.

[0083] FIG. 6 is a schematic block diagram illustrating an
example ofa user terminal for estimating an anaerobic thresh-
old. Referring to FIG. 6, a sensing device 601 may perform
exercise monitoring 602. The sensing device 601 may sense a
potential signal from a user for use in detecting a change in a
condition of the user during exercise. The sensing device 601
may transmit the sensed potential signal of the user to a user
terminal 603 capable of transmitting and receiving data. The
sensing device 601 may interoperate with or be connected to
the user terminal 603 via a wireless communication.

[0084] The user terminal 603 may perform anaerobic
threshold estimation 604. The user terminal 603 may estimate
an anaerobic threshold of the user based on the sensed poten-
tial signal. The user terminal 603 may estimate the anaerobic
threshold based on data corresponding to a change in a heart
rate of the user. In particular, the user terminal 603 may
estimate the anaerobic threshold based on a heart rate deflec-
tion point corresponding to the change in the heart rate of the
user. The user terminal 603 may set an exercise goal of the
user based on the estimated anaerobic threshold. The user
terminal 603 may provide the user with the exercise goal of
the user.

[0085] The user terminal 603 may may interoperate with a
server 605. The server 605 may receive data associated with
the anaerobic threshold of the user or the exercise goal of the
user from the user terminal 603. The server 603 may share the
received data with users of a social network.

[0086] Accordingly, the sensing device 601 may sense a
potential signal from a user, and may transmit the sensed
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potential signal to the user terminal 603. The user terminal
603 may estimate an anaerobic threshold of the user based on
the received potential signal.

[0087] FIG. 7 is a detailed block diagram illustrating a
detailed example of the user terminal of FIG. 6 for estimating
an anaerobic threshold. Referring to FIG. 7, a sensing device
701 may include a potential signal electrode unit 702, a dif-
ferential amplifying unit 703, a motion sensing unit 704, and
a transmitting unit 705.

[0088] The potential signal electrode unit 702 may sense a
potential signal from a user for use in detecting a change in a
condition of the user during exercise.

[0089] The differential amplifying unit 703 may differen-
tially amplify the potential signal of the user based on an
intensity of the potential signal. The differential amplifying
unit 703 may amplify the potential signal of the user based on
the intensity of the potential signal to extract the potential
signal.

[0090] The motion sensing unit 704 may sense a physical
motion of the user. The motion sensing unit 704 may sense the
physical motion from a sensor, for example, an acceleration
sensor, an angular velocity sensor, a motion sensor, or any
other sensor capable of sensing physical motion. The motion
sensing unit 704 may sense the physical motion ofthe user for
use in detecting a gradually increasing exercise intensity of
exercise performed by the user when the user is not using a
treadmill or an exercise bike capable of providing a gradually
increasing exercise intensity.

[0091] The transmitting unit 705 may transmit the sensed
potential signal and the sensed physical motion of the user to
a user terminal 706.

[0092] The user terminal 706 may include a receiving unit
707, a heart rate detecting unit 708, a kinetic energy calculat-
ing unit 709, a gradual increase in exercise intensity evaluat-
ing unit 710, a heart rate trend measuring unit 711, an anaero-
bic threshold estimating unit 712, an exercise goal setting unit
713, an exercise guide unit 714, a display unit 715, and a
communication unit 717. The user terminal 706 may further
include a speaker unit 716 depending on an environment in
which the user terminal 706 is to be used.

[0093] The receiving unmt 707 may receive the sensed
potential signal and the sensed physical motion of the user
from the sensing device 701.

[0094] The heart rate detecting unit 708 may filter the
sensed potential signal to extract a frequency band in which a
heart rate may be detected, and may detect the heart rate in the
extracted frequency band. The heart rate detecting unit 708
may detect the heart rate from a potential signal sensed from
any of various types of sensors capable of measuring a physi-
cal change of the user, such as a heart rate sensor, an EMG
sensor, or other sensor.

[0095] The kinetic energy calculating unit 709 may calcu-
late a kinetic energy based on the physical motion sensed by
the motion sensing unit 704. The physical motion may
include a motion VM, a number of steps, or any other physical
motion. The motion VM may be determined based on an
acceleration value from an acceleration sensor. The kinetic
energy calculating unit 709 may measure an amount of activ-
ity performed by the user based on the calculated kinetic
energy. The kinetic energy calculating unit 709 may calculate
the kinetic energy by performing integrating the sensed
physical motion.

[0096] Thegradual increase in exercise intensity evaluating
unit 710 may monitor an exercise intensity based on the
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measured amount of activity. The gradual increase in exercise
intensity evaluating unit 710 may monitor whether an exer-
cise intensity of exercise being performed by the user is
gradually increasing. If the exercise intensity is gradually
increasing, an anaerobic threshold may be estimated. If the
exercise intensity is not gradually increasing, for example, if
the exercise intensity is not changing, or is decreasing, or is
randomly fluctuating, or is abruptly or rapidly changing, an
anaerobic intensity may not be estimated. By monitoring an
exercise intensity based on the measured amount of activity,
the gradual increase in exercise intensity evaluating unit 710
may distinguish between different amounts of activity, for
example, when the user walks and when the user runs. The
gradual increase in exercise intensity evaluating unit 710 may
monitor the exercise intensity based on the motion VM. For
example, The gradual increase in exercise intensity evaluat-
ing unit 710 may determine that the exercise intensity is
gradually increasing when the motion VM is gradually
increasing.

[0097] Thegradual increase in exercise intensity evaluating
unit 710 may estimate an amount of activity based on the
heart rate detected by the heart rate detecting unit 708, and
may monitor an exercise intensity based on the estimated
amount of activity. The amount of activity and the heart rate
increase in proportion to an exercise intensity of exercise
being performed by the user.

[0098] The heart rate trend measuring unit 711 may moni-
tora change in a heart ratebased on the sensed potential signal
or the sensed physical motion signal. By monitoring the
change in the heart rate, the heart rate trend measuring unit
711 may calculate data for a change in a condition of the user
while the user is performing exercise.

[0099] The anaerobic threshold estimating unit 712 may
estimate an anaerobic threshold based on data associated with
the change in the heart rate if the gradual increase in exercise
intensity evaluating unit 710 determines that an exercise
intensity is gradually increasing. The anaerobic threshold
estimating unit 712 may estimate the anaerobic threshold
based on a heart rate deflection point. The anaerobic threshold
estimating unit 712 may extract the heart rate deflection point
using differentiation of a regression change and differentia-
tion of an inclination change based on data corresponding to
the change in the heart rate. The anaerobic threshold estimat-
ing unit 712 may estimate the anaerobic threshold based on a
first heart rate deflection point based on a characteristic that a
heart rate deflection point approximates an anaerobic thresh-
old point. The anaerobic threshold estimating unit 712 may
minimize a stress on a body of the user by estimating the
anaerobic threshold based on a heart rate at a low exercise
intensity corresponding to the first heart rate deflection point.

[0100] Alternatively, the anaerobic threshold estimating
unit 712 may estimate the anaerobic threshold based on a
predetermined exercise intensity. The anaerobic threshold
estimating unit 712 may measure a change in a heart rate at
the predetermined exercise intensity. The anaerobic threshold
estimating unit 712 may estimate the anaerobic threshold
based on a time it takes for the heart rate to reach a steady state
at the predetermined exercise intensity, and the heart rate in
the steady state.

[0101] The anaerobic threshold estimating unit 712 may
estimate the anaerobic threshold based on a characteristic that
as an anaerobic threshold increases, the time it takes for a
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heart rate to reach a steady state at a predetermined exercise
intensity decreases, and the heart rate in the steady state
decreases.

[0102] The exercise goal setting unit 713 may set an exer-
cise goal of the user based on the estimated anaerobic thresh-
old. The exercise goal setting unit 713 may set the exercise
goal corresponding to a purpose of the exercise based on the
anaerobic threshold and the heart rate of the user.

[0103] The exercise guide unit 714 may provide the user
with aguide to an exercise program suitable for the user based
on the exercise goal that has been set. The exercise guide unit
714 may provide the user with a guide to an individualized
exercise program to meet the purpose of exercise, for
example, weight loss, cardiovascular endurance improve-
ment, or any other purpose of exercise.

[0104] The display unit 715 may display the exercise pro-
gram on the user terminal 706. The display unit 715 may
display various user information, for example, an exercise
goal, exercise state data, or any other user information. The
display unit 715 may enable the user to adjust items to be
displayed to enable the display unit 715 to display personal-
ized user information.

[0105] The speaker unit 716 may provide exercise state
data of the user through a speaker. The speaker unit 716 may
provide the exercise data of the user through the speaker, for
example, a number of may set for exercise being performed,
aheart rate, an anaerobic threshold, or any other exercise data.
[0106] The communication unit 717 may interoperate with
a server 718. The server 718 may interoperate with the user
terminal 706. The server 718 may receive data of the user, for
example, an anaerobic threshold, from the user terminal 706,
and may stored the data. The server 718 may provide the
stored data to the user terminal 706 in response to a request
from the user terminal 706. The server 718 may share the
stored data with users of a social network, and may perform a
trend analysis on the stored data.

[0107] FIG. 8 is a schematic block diagram illustrating
another example of a user terminal for estimating an anaero-
bic threshold. Referring to FIG. 8, a sensing device 801 may
perform exercise monitoring 802 and anaerobic threshold
estimation 803. The sensing device 801 may sense a potential
signal from a user, and may estimate an anaerobic threshold
based on the potential signal of the user. The sensing device
801 may sense a potential signal or a physical motion from a
user. The sensing device 801 may estimate an anaerobic
threshold based on the potential signal or the physical motion
of the user.

[0108] The sensing device 801 may differentially amplify
the potential signal of the user based on an intensity of the
potential signal.

[0109] The sensing device 801 may estimate an anaerobic
threshold of the user based on the potential signal or the
physical motion of the user. The sensing device 801 may
monitor the potential signal and the physical motion of the
user. The sensing device 801 may monitor the potential signal
and the physical motion of the user based on a change in a
heart rate of the user, or an amount of activity performed by
the user measured based on a kinetic energy calculated from
the physical motion of the user. The sensing device 801 may
estimate an anaerobic threshold based on a time it takes for a
heart rate to reach a steady state at a predetermined exercise
intensity, and the heart rate in the steady state.

[0110] The sensing device 801 may set an exercise goal
suitable for the user based on the anaerobic threshold and the
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heart rate, and may provide the user a guide to an exercise
program corresponding to the exercise goal. The sensing
device 801 may interoperate with or connects to a user termi-
nal 804 via a wireless communication.

[0111] Theuserterminal 804 may receive asignal related to
the anaerobic threshold and the heart rate of the user, and may
provide the received signal to the user.

[0112] The user terminal 804 may interoperate with a
server 805. The server 805 may receive data of the user, for
example, an anaerobic threshold, from the user terminal 8§04,
and may store the data. The server 805 may share the stored
data with users of a social network, and may conduct a trend
analysis on the stored data. The server 805 may provide the
stored data to the user terminal 804 in response to a request
from the user terminal 804,

[0113] FIG. 9 is a detailed block diagram illustrating a
detailed example of the user terminal of FIG. 8 for estimating
an anaerobic threshold. Referring to FIG. 9, a sensing device
901 may include a potential signal electrode unit 902, a dif-
ferential amplifying unit 903, a heart rate detecting unit 904,
a motion sensing unit 905, a kinetic energy calculating unit
906, a gradual increase in exercise intensity evaluating unit
907, a heart rate trend measuring unit 908, an anaerobic
threshold estimating unit 909, an exercise goal setting unit
910, and an exercise guide unit 911.

[0114] The potential signal electrode unit 902 may sense a
potential signal from a user.

[0115] The differential amplifying unit 903 may differen-
tially amplify the potential signal of the user based on an
intensity of the potential signal.

[0116] The heart rate detecting unit 904 may filter the
sensed potential signal to extract a frequency band in which a
heart rate may be detected, and may detect a heart rate in the
extracted frequency band. The heart rate detecting unit 904
may detect the heart rate from a potential signal sensed from
any of various types of sensors capable of measuring a physi-
cal change of the user, such as a heart rate sensor, an EMG
sensor, or other sensor.

[0117] The motion sensing unit 905 may sense a physical
motion of the user from a sensor, for example, an acceleration
sensor, an angular velocity sensor, a motion sensor, or any
other sensor capable of sensing physical motion.

[0118] The kinetic energy calculating unit 906 may calcu-
late a kinetic energy based on the sensed physical motion, and
may measure an amount of activity based on the calculated
kinetic energy. The kinetic energy calculating unit 906 may
calculate the kinetic energy by integrating the physical
motion.

[0119] Thegradual increase in exercise intensity evaluating
unit 907 may monitor an exercise intensity based on the
amount of activity measured by the kinetic energy calculating
unit906. The gradual increase in exercise intensity evaluating
unit 907 may monitor whether an exercise intensity is gradu-
ally increasing to determine whether an anaerobic threshold
is to be estimated.

[0120] The heart rate trend measuring unit 908 may moni-
tora change in a heart rate based on the sensed potential signal
and the sensed physical motion. The heart rate trend measur-
ing unit 908 may calculate data for a change in a condition of
the user while the user is performing exercise by monitoring
the change in the heart rate.

[0121] The anaerobic threshold estimating unit 909 may
estimate an anaerobic threshold based on data associated with
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the change in the heart rate. The anaerobic threshold estimat-
ing unit 909 may estimate the anaerobic threshold based on a
heart rate deflection point.

[0122] The exercise goal setting unit 910 may set an exer-
cise goal of the user corresponding to a purpose of exercise
based on the anaerobic threshold and the heart rate of the user.
[0123] The exercise guide unit 911 may provide the user
with a guide to an individualized exercise program to meet the
purpose of exercise, for example, weight loss, cardiovascular
endurance improvement, or any other purpose of exercise.
[0124] A user terminal 912 may include a display unit 913
and a communication unit 915. The user terminal 912 may
further include a speaker unit 914 depending on an environ-
ment in which the user terminal 912 is to be used.

[0125] The display unit 913 displays the exercise program
on the user terminal 912. The display unit 913 may display
various user information, for example, an exercise goal, exer-
cise state data, and or any other user information. The display
unit 913 may enable the user to adjust items to be displayed to
enable the display unit 913 to display personalized user infor-
mation.

[0126] The speaker unit 914 may provide exercise state
data of the user through a speaker. The speaker unit 914 may
provide the exercise data of the user through the speaker, for
example, a number of may set for exercise currently being
performed, a heart rate, an anaerobic threshold, or any other
exercise data.

[0127] The communication unit 915 may interoperate with
a server 916. The server 916 may interoperate with the user
terminal 912. The server 916 may receive data of the user, for
example, an anaerobic threshold, from the user terminal 912,
and store the data. The server 916 may share the stored data
with users of a social network, and may conduct a trend
analysis on the stored data. The server 916 may provide the
stored data to the user terminal 912 in response to a request
from the user terminal 912.

[0128] The server 605 of FIG. 6, the server 718 of FIG. 7,
the server 805 of FIG. 8, and the server 916 of FIG. 9 may be
included or excluded.

[0129] FIG.10is ablock diagramillustrating an example of
an exercise guide apparatus 1002. Referring to FIG. 10, the
exercise guide apparatus 1002 may include an anaerobic
threshold receiving unit 1003 and an exercise program pro-
viding unit 1004.

[0130] The anaerobic threshold receiving unit 1003 may
receive an anaerobic threshold of a user estimated based on a
heart rate of the user from the anaerobic threshold estimating
apparatus 1001.

[0131] The exercise program providing unit 1004 may pro-
vide the user with a suitable exercise program for a purpose of
exercise associated with personal information based on the
anaerobic threshold. The personal information may include a
weight, a height, a human body fat, an exercise intensity, or
any other personal information.

[0132] The exercise program providing unit 1004 may pro-
vide the exercise program by adjusting an exercise intensity
based on the personal information associated with the pur-
pose of exercise. The exercise program providing unit 1004
may estimate an exercise capacity of the user based on the
anaerobic threshold. The exercise capacity is a level of physi-
cal exertion that the user is able to achieve during exercise.
The exercise capacity may be a maximum exercise intensity
of the user.
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[0133] Fora user determined to have a high exercise capac-
ity based on the anaerobic threshold, the exercise program
providing unit 1004 may provide an exercise program having
an exercise intensity exceeding the anaerobic threshold
designed to improve the exercise capacity and the cardiovas-
cular endurance of the user. For a user determined to have a
low exercise capacity based on the anaerobic threshold, the
exercise program providing unit 1004 may provide an exet-
cise program having an exercise intensity near the anaerobic
threshold but not exceeding the anaerobic threshold designed
to maintain a level of fitness of the user or to burn fat. The
exercise program providing unit 1004 may provide a user
with an individualized exercise program to meet an exercise
capacity of a user based on an anaerobic threshold. The exer-
cise guide apparatus 1002 may enable a user to maximize an
exercise effect within a given time period by providing the
user with an optimal exercise program for an exercise capac-
ity of the user.

[0134] The apparatus 101 for estimating an anaerobic
threshold, the heart rate detecting unit 102, and the anaerobic
threshold estimating unit 103 illustrated in FIG. 1; the appa-
ratus 401 for estimating an anaerobic threshold, the kinetic
energy calculating unit 402, and the anaerobic threshold esti-
mating unit 403 illustrated in FIG. 4; the sensing device 601,
the user terminal 603, and the server 605 illustrated in FIG. 6;
the sensing device 701, the potential signal electrode unit 702,
the differential amplifying unit 703, the motion sensing unit
704, the transmitting unit 705; the user terminal 706, the
receiving unit 707, the heart rate detecting unit 708, the
kinetic energy calculating unit 709, the gradual increase in
exercise intensity evaluating unit 710, the heart rate trend
measuring unit 711, the anaerobic threshold estimating unit
712, the exercise goal setting unit 713, the exercise guide unit
714, the display unit 715, the speaker unit 716, the commu-
nication unit 717, and the server 718 illustrated in FIG. 7; the
sensing device 801, the user terminal 804, and the server 805
illustrated in FIG. 8; the sensing device 901, the potential
signal electrode unit 902, the differential amplifying unit 903,
the heart rate detecting unit 904, the motion sensing unit 905,
thekinetic energy calculating unit 906, the gradual increase in
exercise intensity evaluating unit 907, the heart rate trend
measuring unit 908, the anaerobic threshold estimating unit
909, the exercise goal setting unit 910, the exercise guide unit
911, the user terminal 912, the display unit 913, the speaker
unit 914, the communication unit 915, and the server 916
illustrated in FIG. 9; and the anaerobic threshold estimating
apparatus 1001 and the exercise guide apparatus 1002 illus-
trated in FIG. 10 that perform the various operations illus-
trated in FIGS. 2, 3, and 5 may be implemented using one or
more hardware components, one or more software compo-
nents, or a combination of one or more hardware components
and one or more software components.

[0135] A hardware component may be, for example, a
physical device that physically performs one or more opera-
tions, but is not limited thereto. Examples of hardware com-
ponents include resistors, capacitors, inductors, power sup-
plies, frequency generators, operational amplifiers, power
amplifiers, low-pass filters, high-pass filters, band-pass fil-
ters, analog-to-digital converters, digital-to-analog convert-
ers, and processing devices.

[0136] A software component may be implemented, for
example, by a processing device controlled by software or
instructions to perform one or more operations, but is not
limited thereto. A computer, controller, or other control
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device may cause the processing device to run the software or
execute the instructions. One software component may be
implemented by one processing device, or two or more soft-
ware components may be implemented by one processing
device, or one software component may be implemented by
two or more processing devices, or two or more software
components may be implemented by two or more processing
devices.

[0137] A processing device may be implemented using one
or more general-purpose or special-purpose computers, such
as, for example, a processor, a controller and an arithmetic
logic unit, a digital signal processor, a microcomputer, a
field-programmable array, a programmable logic unit, a
microprocessor, or any other device capable of running soft-
ware or executing instructions. The processing device may
run an operating system (OS), and may run one or more
software applications that operate under the OS. The process-
ing device may access, store, manipulate, process, and create
data when running the software or executing the instructions.
For simplicity, the singular term “processing device” may be
used in the description, but one of ordinary skill in the art will
appreciate that a processing device may include multiple
processing elements and multiple types of processing ele-
ments. For example, a processing device may include one or
more processors, or one or more processors and one or more
controllers. In addition, different processing configurations
are possible, such as parallel processors or multi-core proces-
SOTS.

[0138] A processing device configured to implement a soft-
ware component to perform an operation A may include a
processor programmed to run software or execute instruc-
tions to control the processor to perform operation A. In
addition, a processing device configured to implement a soft-
ware component to perform an operation A, an operation B,
and an operation C may have various configurations, such as,
for exaniple, a processor configured to implement a software
component to perform operations A, B, and C; a first proces-
sor configured to implement a software component to per-
form operation A, and a second processor configured to
implement a software component to perform operations B
and C; a first processor configured to implement a software
component to perform operations A and B, and a second
processor configured to implement a software component to
perform operation C; a first processor configured to imple-
ment a software component to perform operation A, a second
processor configured to implement a software component to
perform operation B, and a third processor configured to
implement a software component to perform operation C; a
first processor configured to implement a software compo-
nent to perform operations A, B, and C, and a second proces-
sor configured to implement a software component to per-
form operations A, B, and C, or any other configuration of one
or more processors each implementing one or more of opera-
tions A, B, and C. Although these examples refer to three
operations A, B, C, the number of operations that may imple-
mented is not limited to three, but may be any number of
operations required to achieve a desired result or perform a
desired task.

[0139] Software orinstructions for controlling a processing
device to implement a software component may include a
computer program, a piece of code, an instruction, or some
combination thereof, for independently or collectively
instructing or configuring the processing device to perform
one or more desired operations. The software or instructions
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may include machine code that may be directly executed by
the processing device, such as machine code produced by a
compiler, and/or higher-level code that may be executed by
the processing device using an interpreter. The software or
instructions and any associated data, data files, and data struc-
tures may be embodied permanently or temporarily in any
type of machine, component, physical or virtual equipment,
computer storage medium or device, or a propagated signal
wave capable of providing instructions or data to or being
interpreted by the processing device. The software or instruc-
tions and any associated data, data files, and data structures
also may be distributed over network-coupled computer sys-
tems so that the software or instructions and any associated
data, data files, and data structures are stored and executed in
a distributed fashion.
[0140] For example, the software or instructions and any
associated data, data files, and data structures may be
recorded, stored, or fixed in one or more non-transitory com-
puter-readable storage media. A non-transitory computer-
readable storage medium may be any data storage device that
is capable of storing the software or instructions and any
associated data, data files, and data structures so that they can
be read by a computer system or processing device. Examples
of a non-transitory computer-readable storage medium
include read-only memory (ROM), random-access memory
(RAM), flash memory, CD-ROMs, CD-Rs, CD+Rs,
CD-RWs, CD+RWs, DVD-ROMs, DVD-Rs, DVD+Rs,
DVD-RWs, DVD+RWs, DVD-RAMs, BD-ROMs, BD-Rs,
BD-R LTHs, BD-REs, magnetic tapes, floppy disks, mag-
neto-optical data storage devices, optical data storage
devices, hard disks, solid-state disks, or any other non-tran-
sitory computer-readable storage medium known to one of
ordinary skill in the art.
[0141] Functional programs, codes, and code segments for
implementing the examples disclosed herein can be easily
constructed by a programmer skilled in the art to which the
examples pertain based on the drawings and their correspond-
ing descriptions as provided herein.
[0142] While this disclosure includes specific examples, it
will be apparent to one of ordinary skill in the art that various
changes in form and details may be made in these examples
without departing from the spirit and scope of the claims and
their equivalents. The examples described herein are to be
considered in a descriptive sense only, and not for purposes of
limitation. Descriptions of features or aspects in each
example are to be considered as being applicable to similar
features or aspects in other examples. Suitable results may be
achieved if the described techniques are performed in a dif-
ferent order, and/or if components in a described system,
architecture, device, or circuit are combined in a different
manner, and/or replaced or supplemented by other compo-
nents or their equivalents. Therefore, the scope of the disclo-
sure is defined not by the detailed description, but by the
claims and their equivalents, and all variations within the
scope of the claims and their equivalents are to be construed
as being included in the disclosure.
What is claimed is:
1. An apparatus for estimating an anaerobic threshold, the
apparatus comprising:
a heart rate detector configured to detect a heart rate from a
signal sensed from a user; and
an anaerobic threshold estimator configured to estimate an
anaerobic threshold of the user based on a change in the
heart rate.
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2. The apparatus of claim 1, wherein the anaerobic thresh-
old estimator is further configured to estimate the anaerobic
threshold based on a deflection point of the heart rate corre-
sponding to the change in the heart rate.

3. The apparatus of claim 1, wherein the anaerobic thresh-
old estimator is further configured to estimate the anaerobic
threshold based on a time it takes for the heart rate to reach a
steady state at a predetermined exercise intensity of exercise
being performed by the user, and the heart rate in the steady
state.

4. An apparatus for estimating an anaerobic threshold, the
apparatus comprising:

akinetic energy calculator configured to calculate a kinetic

energy of a physical motion sensed from a user; and
an anaerobic threshold estimator configured to estimate an

anaerobic threshold of the user based on a change in a

heart rate of the user and the calculated kinetic energy.

5. The apparatus of claim 4, wherein the kinetic energy
calculator is further configured to monitor whether an exer-
cise intensity of exercise being performed by the user is
gradually increasing based on an amount of activity per-
formed by the user measured based on the calculated kinetic
energy.

6. The apparatus of claim 5, wherein the anaerobic thresh-
old estimator is further configured to estimate the anaerobic
threshold based on a deflection point of the heart rate occur-
ring while the exercise intensity is gradually increasing.

7. The apparatus of claim 4, wherein the anaerobic thresh-
old estimator is further configured to estimate the anaerobic
threshold based on a deflection point of the heart rate corre-
sponding to the change in the heart rate.

8. The apparatus of claim 4, wherein the anaerobic thresh-
old estimator is further configured to estimate the anaerobic
threshold based on a time it takes for the heart rate to reach a
steady state at a predetermined exercise intensity of exercise
being performed by the user, and a heart rate in the steady
state.

9. An exercise guide apparatus comprising:

an anaerobic threshold receiver configured to receive an

anaerobic threshold of a user estimated based on a heart
rate of the user from an anaerobic threshold estimating
apparatus; and

an exercise program provider configured to provide an

exercise program to meet an exercise goal associated
with personal information of the user based on the
anaerobic threshold.

10. The exercise guide apparatus of claim 9, wherein the
exercise program provider is further configured to adjust an
exercise intensity of the exercise program based on the exer-
cise goal associated with the personal information of the user
and the anaerobic threshold.

11. An apparatus for estimating an anaerobic threshold, the
apparatus comprising:
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a sensor configured to sense a signal from a user; and

an estimator configured to detect whether an exercise
intensity of exercise being performed by a user has a
predetermined pattern based on the signal, and estimate
an anaerobic threshold of the user in response to the
exercise intensity having the predetermined pattern.

12. The apparatus of claim 11, wherein the predetermined
pattern of exercise intensity is a gradually increasing exercise
intensity.

13. The apparatus of claim 11, further comprising a second
sensor configured to sense a second signal from the user;

wherein the estimator is further configured to estimate an
anaerobic threshold of the user in response to the exet-
cise intensity having the predetermined pattern based on
the second signal.

14. The apparatus of claim 13, wherein the signal is a signal
indicative of a physical motion of the user; and

the second signal is a signal indicative of a heart rate of the
user.

15. An apparatus for estimating an anaerobic threshold, the
apparatus comprising:
a detector configured to detect a signal sensed from the
user; and

an estimator configured to estimate an anaerobic threshold
of the user based on a change in the signal.

16. The apparatus of claim 15, wherein the estimator is
further configured to estimate the anaerobic threshold of the
user based on a deflection point of the signal corresponding to
the change in the signal.

17. The apparatus of claim 15, further comprising a detec-
tor configured to detect a physical motion of the user;

wherein the estimator is further configured to estimate the
anaerobic threshold based on the signal and the physical
motion of the user.

18. The apparatus of claim 17, wherein the estimator is
further configured to estimate the anaerobic threshold based
on the signal in response to the physical motion correspond-
ing to a predetermined pattern of exercise intensity of exercise
being performed by the user.

19. The apparatus of claim 18, wherein the predetermined
pattern of exercise intensity is a gradually increasing exercise
intensity.

20. The apparatus of claim 15, wherein the estimator is
further configured to estimate the anaerobic threshold based
on a time it takes for the signal to reach a steady state at a
predetermined exercise intensity of exercise being performed
by the user, and a value of the signal in the steady state.
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