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(57) A method and apparatus for extracting an anaer-
obic threshold are provided. The apparatus may acquire
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ing to the anaerobic threshold as an anaerobic threshold
heart rate.



EP 3 009 068 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Field

[0001] The following description relates to a method and apparatus for extracting an anaerobic threshold.

Description of Related Art

[0002] With improvement in standards of living, there has been an increase in interest in health care for improving a
quality of life, and accordingly, medical services to manage health conditions are rapidly increasing. Due to rapid devel-
opment of IT technologies along with the increase in demand for medical services, an interest in health care combined
with medical technologies and IT technologies is rising. Accordingly, a large number of IT devices for providing a health
care function and for providing health information are being developed. For example, a device to count steps of a user,
or an amount of calories the user expends.
[0003] Research on technologies for providing health information suitable for a user by analyzing a health condition
of the user has been actively conducted.

SUMMARY

[0004] This Summary is provided to introduce a selection of concepts in a simplified form that are further described
below in the Detailed Description. This Summary is not intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used as an aid in determining the scope of the claimed subject matter.
[0005] In one general aspect, there is provided an anaerobic threshold extraction apparatus including an electromy-
ogram (EMG) signal acquirer configured to acquire an EMG signal, and an anaerobic threshold extractor configured to
extract an anaerobic threshold based on a change in the EMG signal, the anaerobic threshold indicating a time when
muscle fatigue occurs.
[0006] The EMG signal acquirer may be configured to acquire the EMG signal from at least one EMG sensor.
[0007] The anaerobic threshold extractor may be configured to extract the anaerobic threshold based on change in
the EMG signal.
[0008] The EMG signal may change in response to an exercise load of a user gradually increasing to a threshold
exercise load.
[0009] The the anaerobic threshold extractor may be further configured to transmit a control signal to an exercise
equipment used by the user to gradually increase the exercise load to the threshold exercise load.
[0010] The anaerobic threshold extractor may be further configured to inform a user to gradually increase an exercise
load to the threshold exercise load using any one or any combination of a visual interface, an acoustic interface, and a
haptic interface.
[0011] The anaerobic threshold extractor may be further configured to extract a frequency of the EMG signal at
predetermined time intervals, and to extract the anaerobic threshold based on a change in the frequency.
[0012] The anaerobic threshold extractor may be further configured to identify heart rates of the user from a heartbeat
sensor, and to extract a heart rate corresponding to the anaerobic threshold as an anaerobic threshold heart rate.
[0013] The frequency comprises may be a median frequency or a mean frequency of the EMG signal.
[0014] The anaerobic threshold extractor may be further configured to identify when the muscle fatigue occurs, in
response to the frequency being reduced by at least a set amount.
[0015] The anaerobic threshold extractor may be further configured to transform the EMG signal using a fast Fourier
transform (FFT) or a short-time Fourier transform (STFT), and to extract the frequency from the transformed EMG signal.
[0016] The anaerobic threshold extractor may be further configured to extract the anaerobic threshold, based on a
change in the EMG signal during a period of time or a change in the EMG signal until the exercise load reaches the
threshold exercise load.
[0017] The anaerobic threshold extractor may be further configured to extract the anaerobic threshold based on an
EMG signal corresponding to a largest reduction in a frequency of a plurality of EMG signals acquired from a plurality
of EMG sensors.
[0018] The anaerobic threshold extractor may be further configured to transmit at least one of the extracted anaerobic
threshold and the anaerobic threshold heart rate to an external apparatus via a communication interface.
[0019] In another general aspect, there is provided an exercise information providing apparatus, including an anaerobic
threshold heart rate acquirer configured to acquire an anaerobic threshold heart rate based on a change in an electro-
myogram (EMG) signal, and an information providing unit configured to provide information on an exercise load corre-
sponding to the anaerobic threshold heart rate.
[0020] The apparatus may including a heart rate identifier that may be configured to receive a heartbeat signal from
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a heartbeat sensor, and to identify heart rates based on the heartbeat signal.
[0021] The anaerobic threshold heart rate acquirer may be further configured to receive an anaerobic threshold from
an apparatus via a communication interface, and to extract a heart rate corresponding to the anaerobic threshold as the
anaerobic threshold heart rate.
[0022] The information providing unit may be further configured to inform a user on the exercise load using any one
or any combination of a visual interface, an acoustic interface, and a haptic interface.
[0023] The information providing unit may be further configured to provide information on an exercise load to bring a
heart rate within a threshold range of the anaerobic threshold heart rate, in response to the heart rate being outside the
threshold range.
[0024] The exercise information providing apparatus may include a storage configured to store an anaerobic threshold
heart rate of the user.
[0025] The information providing unit may be further configured to evaluate an exercise efficiency based on a ratio of
a heart rate to the anaerobic threshold heart rate, and to provide the exercise efficiency.
[0026] In another general aspect, there is provided an anaerobic threshold heart rate extraction apparatus, including
an electromyogram (EMG) sensor configured to sense an action potential of a muscle and to acquire an EMG signal, a
heartbeat sensor configured to sense a heart rate and to acquire a heartbeat signal, an anaerobic threshold extractor
configured to determine an anaerobic threshold based on a change in the EMG signal, the anaerobic threshold indicating
a time when muscle fatigue occurs, and an anaerobic threshold heart rate extractor configured to extract a heart rate
corresponding to the anaerobic threshold as an anaerobic threshold heart rate.
[0027] In another general aspect, there is provided a method for extracting anaerobic threshold, including acquiring
an electromyogram (EMG) signal from at least one EMG sensor, determining the median or mean frequency of the
acquired EMG signal, and extracting an anaerobic threshold based on the frequency corresponding to a change in the
EMG signal.
[0028] The method may include identifying heart rates from a heartbeat sensor, and extracting a heart rate corre-
sponding to the anaerobic threshold as an anaerobic threshold heart rate.
[0029] The determining of the median or mean frequency may include transforming the EMG signal using a fast Fourier
transform (FFT) or a short-time Fourier transform (STFT) and extracting the frequency from the transformed EMG signal.
[0030] In another general aspect, there is provided an anaerobic threshold heart rate extraction apparatus including
an EMG sensor configured to sense an action potential of a muscle and to acquire an EMG signal, a heartbeat sensor
configured to sense a heart rate and to acquire a heartbeat signal, an anaerobic threshold extractor configured to extract
a point in time at which muscle fatigue occurs as an anaerobic threshold, based on a change in the EMG signal, and
an anaerobic threshold heart rate extractor configured to extract a heart rate corresponding to the anaerobic threshold
as an anaerobic threshold heart rate, based on the heartbeat signal.
[0031] In another general aspect, there is provided an anaerobic threshold extraction method including acquiring an
EMG signal of a user, and extracting an anaerobic threshold of the user, based on a change in the EMG signal.
[0032] In another general aspect, there is provided an exercise information providing method including acquiring an
anaerobic threshold heart rate of a user extracted based on a change in an EMG signal of the user, and providing the
user with information on an exercise load corresponding to the anaerobic threshold heart rate.
[0033] In a general aspect, there is provided an exercise information providing method including acquiring an EMG
signal of a user, extracting an anaerobic threshold of the user, based on a change in the EMG signal, extracting a heart
rate of the user corresponding to the anaerobic threshold as an anaerobic threshold heart rate, and providing the user
with information on an exercise load corresponding to the anaerobic threshold heart rate.
[0034] Other features and aspects will be apparent from the following detailed description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035]

FIG. 1 is a diagram illustrating an example of an anaerobic threshold extraction apparatus.
FIG. 2 is a diagram illustrating an example of an exercise information providing apparatus.
FIG. 3 is a diagram illustrating an example of an anaerobic threshold extraction method.
FIG. 4 is a diagram illustrating an example of extraction of a frequency from an electromyogram (EMG) signal.
FIGS. 5 and 6 are diagrams illustrating an example of a comparison of an EMG signal corresponding to a contracted
muscle of a user and an EMG signal corresponding to an uncontracted muscle.
FIGS. 7 and 8 illustrate an example of a method of extracting an anaerobic threshold from a plurality of EMG signals.
FIG. 9 illustrates an example of providing a user with exercise information using a plurality of apparatuses.
FIG. 10 illustrates another example of providing a user with exercise information using a plurality of apparatuses.
FIG. 11 illustrates examples of providing feedback through an exercise information providing apparatus.
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FIG. 12 illustrates an example of an exercise history.
FIG. 13 is a block diagram illustrating another example of an exercise information providing apparatus.
FIG. 14 is a block diagram illustrating an example of an anaerobic threshold heart rate extraction apparatus.
FIG. 15 is a flowchart illustrating another example of an anaerobic threshold extraction method.
FIG. 16 is a flowchart illustrating an example of an exercise information providing method.
FIG. 17 is a flowchart illustrating another example of an exercise information providing method.

[0036] Throughout the drawings and the detailed description, unless otherwise described or provided, the same drawing
reference numerals will be understood to refer to the same elements, features, and structures. 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.

DETAILED DESCRIPTION

[0037] 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 equiva-
lents of the systems, apparatuses, and/or methods described herein will be apparent to one of ordinary skill in the art.
The progression of processing steps and/or operations described is an example; however, the sequence of and/or
operations is not limited to that set forth herein and may be changed as is known in the art, with the exception of steps
and/or operations necessarily occurring in a certain order. Also, descriptions of functions and constructions that are well
known to one of ordinary skill in the art may be omitted for increased clarity and conciseness.
[0038] The features described herein may be embodied in different forms, and are not to be construed as being limited
to the examples described herein. Rather, the examples described herein have been provided so that this disclosure
will be thorough and complete, and will convey the full scope of the disclosure to one of ordinary skill in the art.
[0039] 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 "include" and/or
"have," when used in this specification, specify the presence of stated features, integers, steps, operations, elements,
components or combinations thereof, but do not preclude the presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups thereof.
[0040] As a non-exhaustive illustration only, an apparatus described herein may refer to mobile devices such as, for
example, a cellular phone, a smart phone, a wearable smart device (such as, for example, a ring, a watch, a pair of
glasses, glasses-type device, a bracelet, an ankle bracket, a belt, a necklace, an earring, a headband, a helmet, a device
embedded in the cloths or the like), a personal computer (PC), a tablet personal computer (tablet), a phablet, a mobile
internet device (MID), a personal digital assistant (PDA), an enterprise digital assistant (EDA), a head mount display
(HMD) apparatus, a digital camera, a digital video camera, a portable game console, an MP3 player, a portable/personal
multimedia player (PMP), a handheld e-book, an ultra mobile personal computer (UMPC), a portable lab-top PC, a global
positioning system (GPS) navigation, a personal navigation device or portable navigation device (PND), a handheld
game console, an e-book, and devices such as a high definition television (HDTV), an optical disc player, a DVD player,
a Blue-ray player, a setup box, robot cleaners, or any other device capable of wireless communication or network
communication consistent with that disclosed herein.
[0041] The wearable device may be self-mountable on the body of the user, such as, for example, the glasses or the
bracelet. In another non-exhaustive example, the wearable device may be mounted on the body of the user through an
attaching device, such as, for example, attaching a smart phone or a tablet to the arm of a user using an armband, or
hanging the wearable device around the neck of a user using a lanyard.
[0042] FIG. 1 illustrates an example of an anaerobic threshold extraction apparatus 100. Referring to FIG. 1, the
anaerobic threshold extraction apparatus 100 includes an electromyogram (EMG) signal acquirer 110 and an anaerobic
threshold extractor 120.
[0043] The EMG signal acquirer 110 acquires an EMG signal of a user. The EMG signal acquirer 110 may receive an
EMG signal of a user in real time from at least one EMG sensor that senses an action potential of a muscle of the user.
When a plurality of EMG sensors exist, the EMG signal acquirer 110 may acquire an EMG signal from each of the EMG
sensors. The EMG signal acquirer 110 may include an analog-to-digital converter (ADC). The ADC may convert an EMG
signal received from an EMG sensor to a digital signal.
[0044] The anaerobic threshold extractor 120 extracts an anaerobic threshold of the user, based on a change in the
EMG signal. The anaerobic threshold may refer to a point when an aerobic exercise is switched to an anaerobic exercise.
In a human body, fats may be mainly consumed during the aerobic exercise, and carbohydrates may be mainly consumed
during the anaerobic exercise. Accordingly, when a user exercises while maintaining a heart rate at an anaerobic
threshold when the aerobic exercise is switched to the anaerobic exercise, a largest amount of fats may be consumed.
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[0045] The anaerobic threshold extractor 120 may extract an anaerobic threshold, based on a change in an EMG
signal when an exercise load of the user increases to a predetermined threshold exercise load. Because the anaerobic
threshold indicates a point when an aerobic exercise is switched to an anaerobic exercise, the anaerobic threshold
extractor 120 may extract the anaerobic threshold while the exercise load is gradually increased from a lower exercise
load to a higher exercise load.
[0046] In an example, the anaerobic threshold extractor 120 may control exercise equipment used by the user, to
extract the anaerobic threshold. For example, the anaerobic threshold extractor 120 may transmit a control signal to the
exercise equipment, using a communication interface. The control signal may gradually increase the exercise load of
the user to a threshold exercise load. The communication interface may be an interface to communicate with an external
apparatus. In description of FIGS. 1 through 17, the communication interface may include interfaces, such as, for example,
a wireless Internet interface, and a near field communication (NFC) interface. The wireless Internet interface may include,
for example, a wireless local area network (WLAN), a wireless fidelity (Wi-Fi), a Digital Living Network Alliance (DLNA),
a Wireless Broadband (WiBro), a World Interoperability for Microwave Access (WiMAX), a High Speed Downlink Packet
Access (HSDPA), and other interfaces known to one of ordinary skill in the art. The NFC interface may include, for
example, a Bluetooth™, a radio frequency identification (RFID), an Infrared Data Association (IrDA), a Ultra Wideband
(UWB), a ZigBee, an NFC, and other interfaces known to one of ordinary skill in the art. In addition, the communication
interface may include, for example, all interfaces capable of capable of communication with external apparatuses, such
as, for example, a wired interface.
[0047] For example, when the threshold exercise load is 12 kilometers per hour (km/h), the anaerobic threshold
extractor 120 may transmit a control signal to gradually increase an exercise intensity of a treadmill used by a user from
an exercise intensity of 1 km/h to an exercise intensity of 12 km/h during a period of time (for example, 20 minutes) to
the treadmill via a communication interface.
[0048] In another example, to extract the anaerobic threshold, the anaerobic threshold extractor 120 may provide a
user with information on an exercise load using at least one of a visual interface, such as, for example, a display, an
acoustic interface, such as, for example, a speaker, or an audio output terminal and a haptic interface, such as, for
example, a vibration motor. The user may gradually increase the exercise load may be to a threshold exercise load
using the information. When a user wears the anaerobic threshold extraction apparatus 100, the anaerobic threshold
extraction apparatus 100 may display, on a display of the anaerobic threshold extraction apparatus 100, an exercise
intensity of an exercise needing to be performed by the user to extract an anaerobic threshold, may output the exercise
intensity as voice commands through a speaker of the anaerobic threshold extraction apparatus 100, or may drive a
vibration motor of the anaerobic threshold extraction apparatus 100 so that a vibration strength of the vibration motor
may be increased based on the exercise load.
[0049] The anaerobic threshold extractor 120 may extract a frequency of the EMG signal at predetermined time
intervals, and may extract a point in time when muscle fatigue of the user occurs, based on a change in the frequency.
The anaerobic threshold extractor 120 may set the point in time when the muscle fatigue occurs as an anaerobic threshold.
The frequency may refer to either a median frequency or a mean frequency of the EMG signal. The anaerobic threshold
extractor 120 may perform a fast Fourier transform (FFT) or a short-time Fourier transform (STFT) on the EMG signal,
and may extract a frequency from the EMG signal on which the FFT or STFT is performed. For example, the anaerobic
threshold extractor 120 may perform the FFT on the EMG signal at predetermined time intervals (for example, 200
milliseconds (ms)) by applying a hamming window, and may extract a frequency from the EMG signal after FFT is
performed. Additionally, the anaerobic threshold extractor 120 may extract a point in time when the frequency is reduced
by an amount as the point in time when the muscle fatigue occurs. For example, the anaerobic threshold extractor 120
may extract a point in time when the frequency is reduced by at least 50 hertz (Hz) as the point in time when the muscle
fatigue occurs. The anaerobic threshold extractor 120 may extract the point in time when the muscle fatigue occurs.
[0050] Muscle fibers forming human muscles are classified into a type I fiber, that is, a slow oxidative fiber, and a type
II fiber, i.e., a fast oxidative fiber and a fast glycolytic fiber. The type I fiber may contract when a small amount of force
is generated, and the type II fiber may contract when a large amount of force is generated. When the type II fiber contracts,
glucose may be broken down into adenosine triphosphate (ATP) energy and lactic acid. For example, when the type I
fiber contracts, a muscle may not be fatigued. However, when the type II fiber contracts, a muscle may be fatigued due
to a release of lactic acid. A reduction in a frequency of an EMG signal by may be caused by a release of lactic acid
from the type II fiber. The anaerobic threshold extractor 120 may extract, as an anaerobic threshold the point at which
the muscle fatigue occurs. When the muscle fatigue occurs, the type II fiber produces lactic acid causing the frequency
of the EMG signal to be reduced. Thus, the anaerobic threshold extraction apparatus 100 may extract the anaerobic
threshold, based on the EMG signal, instead of using blood of the user.
[0051] For example, when a plurality of EMG sensors exist, the anaerobic threshold extractor 120 may extract the
anaerobic threshold, based on an EMG signal with a largest reduction in frequency of the EMG signals acquired from
the EMG sensors.
[0052] Additionally, the anaerobic threshold extractor 120 may extract an anaerobic threshold heart rate, i.e., a heart
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rate of the user corresponding to the anaerobic threshold. The anaerobic threshold extractor 120 may acquire a heartbeat
signal of the user from a heartbeat sensor, such as, for example, a photoplethysmography (PPG) sensor. The anaerobic
threshold extractor 120 may identify heart rates of the user at various time intervals. The anaerobic threshold extractor
120 may extract, as an anaerobic threshold heart rate, a heart rate corresponding to the anaerobic threshold from the
identified heart rates. For example, when the anaerobic threshold corresponds to 11 minutes from when the user starts
exercising, and a heart rate of the user at 11 minutes is "120," the anaerobic threshold extractor 120 may extract an
anaerobic threshold heart rate of "120."
[0053] Furthermore, the anaerobic threshold extractor 120 may transmit at least one of the extracted anaerobic thresh-
old and the extracted anaerobic threshold heart rate to an external apparatus via a communication interface. For example,
the anaerobic threshold extractor 120 may transmit at least one of the extracted anaerobic threshold and the extracted
anaerobic threshold heart rate to an exercise information providing apparatus 200 of FIG. 2 that will be described below.
Additionally, the anaerobic threshold extractor 120 may transmit at least one of the extracted anaerobic threshold and
the extracted anaerobic threshold heart rate to a wearable apparatus with an anaerobic threshold extraction apparatus,
or a server configured to communicate with a wearable apparatus.
[0054] FIG. 2 illustrates an example of the exercise information providing apparatus 200. Referring to FIG. 2, the
exercise information providing apparatus 200 includes an anaerobic threshold heart rate acquirer 210, and an information
providing unit 220. the exercise information providing apparatus 200 may further include a heart rate identifier (not
shown) to receive a heartbeat signal of a user from a heartbeat sensor, and to identify heart rates of the user based on
the heartbeat signal.
[0055] The anaerobic threshold heart rate acquirer 210 acquires an anaerobic threshold heart rate of a user based
on a change in an EMG signal of the user. The anaerobic threshold heart rate acquirer 210 may receive the anaerobic
threshold heart rate from an external apparatus via a communication interface. In an example, the anaerobic threshold
heart rate acquirer 210 may receive the anaerobic threshold heart rate from the anaerobic threshold extraction apparatus
100 of FIG. 1. In another example, the anaerobic threshold heart rate acquirer 210 may receive an anaerobic threshold
of the user from an external apparatus via a communication interface, and may extract the anaerobic threshold heart
rate, based on the anaerobic threshold. When the user extracts a heart rate threshold, the heart rate identifier may
acquire a heartbeat signal of the user, may identify heart rates of the user based on an exercise time, and may extract,
as an anaerobic threshold heart rate, a heart rate corresponding to an anaerobic threshold.
[0056] The information providing unit 220 provides the user with information on an exercise load corresponding to the
anaerobic threshold heart rate. The information providing unit 220 may interfaces, such as, for example, a visual interface,
an acoustic interface, and a haptic interface, to provide the user with the information on the exercise load. For example,
when an exercise load corresponding to the anaerobic threshold heart rate is set to 9 km/h, the information providing
unit 220 may display a message instructing the user to exercise at a speed of 9 km/h on a display of a wearable apparatus,
or may output the message as voice commands through a speaker of the wearable apparatus. In this example, the
information providing unit 220 may drive a vibration motor of the wearable apparatus to a rhythm corresponding to steps
during an exercise at the speed of 9 km/h. Accordingly, an exercise may be performed at a pace corresponding to the
anaerobic threshold heart rate and thus, the user may exercise at a maximum exercise efficiency.
[0057] When a heart rate of the user is beyond a threshold range of the anaerobic threshold heart rate, the information
providing unit 220 may provide the user with information on an exercise load so that the heart beat is within the threshold
range. For example, when an anaerobic threshold heart rate of a user is "110," a threshold range of the anaerobic
threshold heart rate may be set as a range of "105" to "115." In this example, when a heart rate of the user is "100"
during an exercise, the information providing unit 220 may provide the user with a message instructing the user to run
faster. The information providing unit 220 may use interfaces, such as, for example, a visual interface, an acoustic
interface, and a haptic interface to provide the information. In another example, when the heart rate of the user is "120"
during the exercise, the information providing unit 220 may provide the user with a message instructing the user to run
slower.
[0058] The information providing unit 220 may extract an exercise efficiency of the user by computing a ratio of a heart
rate of the user to the anaerobic threshold heart rate, and may provide the user with the extracted exercise efficiency.
For example, when the anaerobic threshold heart rate is set to "100" and when an average heart rate of "94" is measured
for one hour during which the user exercises, an exercise efficiency of about 94% may be obtained, and the user may
be provided with information indicating the exercise efficiency of about 94%.
[0059] The information providing unit 220 may include a storage unit (not shown) configured to store an anaerobic
threshold heart rate of a user. The information providing unit 220 may provide the user with information on a change in
the anaerobic threshold heart rate based on a time, using the anaerobic threshold heart rate stored in the storage unit.
For example, an anaerobic threshold heart rate of "102" is acquired at January, an anaerobic threshold heart rate of
"108" is acquired at February, an anaerobic threshold heart rate of "112" is acquired at March, and the anaerobic threshold
heart rates are stored in the storage unit. The information providing unit 220 may extract the stored anaerobic threshold
heart rates, and may provide the user with information on a change in the anaerobic threshold heart rates during a period
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of January to March.
[0060] FIG. 3 illustrates an example of an anaerobic threshold extraction method. The operations in FIG. 3 may be
performed in the sequence and manner as shown, although the order of some operations may be changed or some of
the operations omitted without departing from the spirit and scope of the illustrative examples described. Many of the
operations shown in FIG. 3 may be performed in parallel or concurrently. The above descriptions of FIGS. 1-2, is also
applicable to FIG. 3, and is incorporated herein by reference. Thus, the above description may not be repeated here.
[0061] Referring to FIG. 3, in operation 310, an anaerobic threshold extraction apparatus acquires an EMG signal of
a user. The anaerobic threshold extraction apparatus may receive an EMG signal of a user in real time from at least
one EMG sensor. For example, the anaerobic threshold extraction apparatus may acquire an EMG signal from each of
EMG sensors 711 through 715 of FIG. 7, which sense an action potential of a leg muscle of a user.
[0062] In operation 320, the anaerobic threshold extraction apparatus calculates a median frequency or a mean
frequency of the EMG signal. The anaerobic threshold extraction apparatus may perform an FFT or an STFT on an
EMG signal acquired in real time, and may convert the EMG signal from a time domain to a frequency domain. For
example, when an EMG signal is received from an EMG sensor every 200 ms, the anaerobic threshold extraction
apparatus may perform an FFT or an STFT on the EMG signal, and may calculate a median frequency or a mean
frequency at an interval of 50 ms.
[0063] In operation 330, the anaerobic threshold extraction apparatus stores the calculated median frequency or the
calculated mean frequency.
[0064] In operation 340, the anaerobic threshold extraction apparatus determines whether the EMG signal is acquired
prior to a point in time, or acquired at an exercise intensity equal to or less than an exercise load. In an example, when
the EMG signal is acquired prior to the point in time or acquired at the exercise intensity equal to or less than an exercise
load, the anaerobic threshold extraction apparatus may repeatedly perform operations 310 through 340. In another
example, when the EMG signal is not acquired prior to the point in time or acquired at the exercise intensity at an exercise
intensity equal to or less than an exercise load, in operation 350, the anaerobic threshold extraction apparatus may
calculate an anaerobic threshold, based on the stored median frequency or the stored mean frequency.
[0065] In operation 350, the anaerobic threshold extraction apparatus extracts a point in time when the median fre-
quency or the mean frequency is reduced by at least a predetermined amount as a point in time when muscle fatigue
occurs, and sets the point in time when the muscle fatigue occurs as an anaerobic threshold. For example, when the
anaerobic threshold extraction apparatus is set to extract an anaerobic threshold based on an EMG signal during 15
minutes, the anaerobic threshold extraction apparatus may determine whether the EMG signal is acquired during 15
minutes from a point in time when the user starts exercising. In this example, when the EMG signal is determined to be
acquired after 10 minutes from the point in time when the user starts exercising, the anaerobic threshold extraction
apparatus may repeatedly perform operations 310 through 340. When the EMG signal is determined to be acquired
after 15 minutes from the point in time when the user starts exercising, the anaerobic threshold extraction apparatus
may calculate an anaerobic threshold based on a median frequency or a mean frequency of the EMG signal.
[0066] FIG. 4 illustrates an example of extraction of a frequency from an EMG signal. In FIG. 4, a graph 410 shows
an EMG signal of a user. In the graph 410, a horizontal axis represents a time, and a vertical axis represents a magnitude
(mV) of the EMG signal. In the graph 410, Tav 411 represents a single period of the EMG signal.
[0067] An anaerobic threshold extraction apparatus may convert a time domain of the EMG signal to a frequency
domain, and may extract a median frequency or a mean frequency from the EMG signal. For example, the anaerobic
threshold extraction apparatus may perform an STFT on the EMG signal during the period Tav 411, and may extract a
frequency. In this example, the anaerobic threshold extraction apparatus may perform the STFT on the EMG signal,
using Equation 1 shown below. 

[0068] In Equation 1, t denotes a time parameter, u denotes a frequency parameter, f(t) denotes an EMG signal, and
W(t-t’) denotes a window, such as, for example, a hamming window. For example, the anaerobic threshold extraction
apparatus may set a sampling rate to 1000 Hz, set a length of the window to 70 ms corresponding to 10% of the period
Tav 411, may set an overlap length of the window to 63 ms corresponding to 90% of the length of the window, and may
perform the STFT on the EMG signal.
[0069] The anaerobic threshold extraction apparatus may calculate a median frequency or a mean frequency of the
EMG signal converted to the frequency domain, and may extract the anaerobic threshold, based on the calculated
median frequency or the calculated mean frequency.
[0070] FIGS. 5 and 6 illustrate examples of a comparison of an EMG signal corresponding to a contracted muscle of
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a user and an EMG signal corresponding to an uncontracted muscle.
[0071] Referring to FIG. 5, in an entire EMG signal 510, an EMG signal 511 is measured when a muscle does not
contract. Graph 520 shows the EMG signal 511 where a horizontal axis represents time, and a vertical axis represents
magnitude (mV) of the EMG signal 511. Graph 530 showing the EMG signal 511 on which an FFT is performed, a
horizontal axis represents frequency, and a vertical axis represents magnitude of the EMG signal 511.
[0072] Referring to FIG. 6, in an entire EMG signal 610, an EMG signal 611 is measured when a muscle contracts.
Graph 620 shows the EMG signal 611 where a horizontal axis represents time, and a vertical axis represents magnitude
(mV) of the EMG signal 611. Graph 630 showing the EMG signal 611 on which an FFT is performed, a horizontal axis
represents frequency, and a vertical axis represents magnitude of the EMG signal 611.
[0073] In comparison between the graphs 520 and 620, in a time domain, the EMG signal 511 has a relatively small
magnitude, that is, about 60.05 mV, whereas the EMG signal 611 has a relatively large magnitude, that is, about 62
mV. In comparison between the graphs 530 and 630, in a frequency domain, the EMG signal 511 has a relatively small
magnitude, that is, about 0.02 mV, whereas the EMG signal 611 has a relatively large magnitude, that is, about 0. 4 mV.
In addition, the EMG signal 511 has a frequency band of 0 Hz to 100 Hz, and the EMG signal 611 has a frequency band
of 60 Hz to 200 Hz.
[0074] As described above, the EMG signals 510 and 610 differ from each other in magnitude and frequency band.
Accordingly, the anaerobic threshold extraction apparatus may identify the EMG signal 610, and may extract an anaerobic
threshold based on the EMG signal 610.
[0075] FIGS. 7 and 8 illustrate an example of a method of extracting an anaerobic threshold from a plurality of EMG
signals. Referring to FIG. 7, to extract an anaerobic threshold, a plurality of EMG sensors, for example, the EMG sensors
711 through 715, may be attached to leg muscles of a user. The EMG sensors 711 through 715 may sense an action
potential of each of muscles to which the EMG sensors 711 through 715 are attached, may generate an EMG signal,
and may transmit the generated EMG signal to an anaerobic threshold extraction apparatus.
[0076] Referring to FIG. 8, graphs 810 through 850 show EMG signals that are measured for 20 minutes from when
a user starts exercising and that are received from the EMG sensors 711 through 715, respectively. In each of the graphs
810 through 850, a horizontal axis represents time, and a vertical axis represents magnitude of a median frequency.
[0077] An anaerobic threshold extraction apparatus may extract an anaerobic threshold, based on an EMG signal
acquired from one of the EMG sensors 711 through 715. For example, the anaerobic threshold extraction apparatus
may extract an anaerobic threshold, based on an EMG signal corresponding to a largest amount of a frequency to be
reduced among EMG signals acquired from the EMG sensors 711 through 715. The graph 840 shows a largest amount
of reduction in a median frequency of an EMG signal acquired from the EMG sensor 714. Accordingly, the anaerobic
threshold extraction apparatus may extract an anaerobic threshold of a user, based on the EMG signal acquired from
the EMG sensor 714.
[0078] FIG. 9 illustrates an example of providing a user with exercise information using a plurality of apparatuses.
Referring to FIG. 9, a first apparatus 910 includes an EMG sensor 911, an ADC 912, a processor 913, and a communication
interface 914. A second apparatus 920 includes a communication interface 921, a processor 922, a feedback unit 923,
an ADC 924, and a heartbeat sensor 925.
[0079] The EMG sensor 911 may be attached to a muscle of the user, to sense an action potential of the muscle, to
generate an EMG signal, and to transmit the generated EMG signal to the ADC 912. The ADC 912 may convert the
EMG signal received from the EMG sensor 911 to a digital signal. The processor 913 may extract an anaerobic threshold
of the user, based on a change in the EMG signal.
[0080] The processor 913 may perform an FFT or an STFT on the EMG signal based on an exercise load of the user
that is gradually increased to a threshold exercise load. The processor 913 may extract a frequency at predetermined
time intervals, and may extract the anaerobic threshold based on a change in the frequency. The anaerobic threshold
is a point in time when muscle fatigue of the user occurs. The frequency may be, for example, a median frequency or
a standard frequency. The processor 913 may extract, as an anaerobic threshold, a point in time when a median frequency
or a standard frequency is reduced by at least a predetermined amount.
[0081] The first apparatus 910 may extract an anaerobic threshold heart rate, i.e., a heart rate of the user corresponding
to the anaerobic threshold. For example, to estimate the anaerobic threshold heart rate, the heartbeat sensor 925 may
sense a heartbeat of the user from a point in time when the user starts exercising, and may generate a heartbeat signal.
The processor 922 may transmit the heartbeat signal to the first apparatus 910 via the communication interface 921.
The processor 913 may identify heart rates of the user based on an exercise time, using the heartbeat signal received
from the second apparatus 920. The processor 913 may extract, as the anaerobic threshold heart rate, a heart rate
corresponding to the anaerobic threshold from the identified heart rates.
[0082] The processor 913 may transmit at least one of the EMG signal, the anaerobic threshold, and the anaerobic
threshold heart rate to the second apparatus 920, using the communication interface 914.
[0083] The heartbeat sensor 925 may sense a heartbeat of the user, and may generate a heartbeat signal. The ADC
924 may convert the heartbeat signal from an analog to a digital form. The processor 922 may identify heart rates of the
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user, using the heartbeat signal.
[0084] Additional, the processor 922 may receive at least one of the EMG signal, the anaerobic threshold and the
anaerobic threshold heart rate via the communication interface 921 from the first apparatus 910.
[0085] When the EMG signal is received from the first apparatus 910, the processor 922 may extract the anaerobic
threshold, based on the EMG signal. For example, the processor 913 in the first apparatus 910 may transmit the EMG
signal converted to the digital form by the ADC 912 to the second apparatus 920, using the communication interface
914. The processor 922 in the second apparatus 920 may extract the anaerobic threshold, based on a change in the
EMG signal received from the first apparatus 910.
[0086] When the anaerobic threshold is extracted, or received from the first apparatus 910, the processor 922 may
extract the anaerobic threshold heart rate. For example, the heartbeat sensor 925 may sense a heartbeat of the user
from a point in time when the user starts exercising, and may generate a heartbeat signal, to estimate the anaerobic
threshold heart rate. The processor 922 may identify heart rates of the user based on an exercise time, using the
heartbeat signal, and may extract, as the anaerobic threshold heart rate, a heart rate corresponding to the anaerobic
threshold among the identified heart rates.
[0087] The feedback unit 923 may include an interface, such as, for example, a visual interface, an acoustic interface,
and a haptic interface to communicate with the user. For example, the visual interface may be a display of the second
apparatus 920, the acoustic interface may be a speaker or an audio output terminal of the second apparatus 920, and
the haptic interface may be a vibration motor of the second apparatus 920.
[0088] The processor 922 may provide the user with information on an exercise load corresponding to the anaerobic
threshold heart rate, through the feedback unit 923. For example, the processor 922 may receive a heartbeat signal
from the heartbeat sensor 925 when the user is exercising, and may identify heart rates of the user during an exercise
time, based on the received heartbeat signal. When a heart rate is beyond a threshold range of the anaerobic threshold
heart rate, the processor 922 may provide the user with information on an exercise load to bring the heart rate within
the threshold range, through the feedback unit 923.
[0089] FIG. 10 illustrates another example of providing a user with exercise information using a plurality of apparatuses.
[0090] Referring to FIG. 10, a first apparatus 1010 includes an EMG sensor 1011, an ADC 1012, a processor 1013,
and a communication interface 1014. A second apparatus 1020 includes a communication interface 1021, a processor
1022, an ADC 1023, and a heartbeat sensor 1024. A third apparatus 1030 includes a communication interface 1031, a
processor 1032, and a feedback unit 1033.
[0091] The EMG sensor 1011 may be attached to a muscle of the user, to sense an action potential of the muscle, to
generate an EMG signal, and to transmit the generated EMG signal to the ADC 1012. The ADC 1012 may convert the
EMG signal received from the EMG sensor 1011 to a digital signal. The processor 1013 may transmit the EMG signal
to the second apparatus 1020 or the third apparatus 1030, via the communication interface 1014.
[0092] The heartbeat sensor 1024 may sense a heartbeat of the user, and may generate a heartbeat signal. The ADC
1023 may convert the heartbeat signal from an analog to a digital form. The heartbeat of the user may be sensed in
both an example in which a user exercises to extract an anaerobic threshold and an example in which a user exercises
regardless of extraction of an anaerobic threshold. The processor 1022 may identify heart rates of the user, using the
heartbeat signal. Additionally, the processor 1022 may transmit heart rates of the user or the heart signal to the first
apparatus 1010 or the third apparatus 1030 via the communication interface 1021.
[0093] The processor 1032 may receive the EMG signal from the first apparatus 1010, and may receive the heart
rates or the heart signal from the second apparatus 1020, through the communication interface 1031.
[0094] The processor 1032 may perform an FFT or an STFT on the EMG signal based on an exercise load of the user
that is gradually increased to a threshold exercise load. The processor 1032 may extract a frequency at predetermined
time intervals, and may extract the anaerobic threshold based on a change in the frequency. The anaerobic threshold
is a point in time when muscle fatigue of the user occurs. The frequency may be, for example, a median frequency or
a standard frequency. The processor 1032 may extract, as an anaerobic threshold, a point in time when a median
frequency or a standard frequency is reduced by at least a predetermined amount.
[0095] Additionally, the processor 1032 may extract an anaerobic threshold heart rate, i.e., a heart rate of the user
corresponding to the anaerobic threshold. For example, the processor 1032 may receive the heart rates from the second
apparatus 1020 via the communication interface 1031, may identify the heart rates based on the exercise time, and may
extract, as the anaerobic threshold heart rate, a heart rate corresponding to the anaerobic threshold.
[0096] The feedback unit 1033 may include an interface, such as, for example, a visual interface, an acoustic interface,
and a haptic interface. For example, the visual interface may be a display of the third apparatus 1030, the acoustic
interface may be a speaker or an audio output terminal of the third apparatus 1030, and the haptic interface may be a
vibration motor of the third apparatus 1030.
[0097] The processor 1032 may provide the user with information on an exercise load corresponding to the anaerobic
threshold heart rate, through the feedback unit 1033. For example, while the user exercises, the processor 1032 may
receive a heart rate of a user from the second apparatus 1020 via the communication interface 1031, and may identify
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heart rates of the user during an exercise time. When a heart rate of the user is beyond a threshold range of the anaerobic
threshold heart rate, the processor 1032 may provide the user with information on an exercise load to bring the heart
rate within the threshold range, through the feedback unit 1033.
[0098] FIG. 11 illustrates examples of providing feedback through an exercise information providing apparatus. Re-
ferring to FIG. 11, a first exercise information providing apparatus 1110, a second exercise information providing apparatus
1120, and a third exercise information providing apparatus 1130 may provide a user with exercise information so that
the user may exercise based on an anaerobic threshold heart rate. For example, the first exercise information providing
apparatus 1110 may be an HMD apparatus, the second exercise information providing apparatus 1120 may be a wearable
apparatus, and the third exercise information providing apparatus 1130 may be a mobile terminal.
[0099] The user may switch an operating mode of one or more of the first exercise information providing apparatus
1110 through the third exercise information providing apparatus 1130 to an exercise mode. For example, when the user
switches an operating mode of the third exercise information providing apparatus 1130 to the exercise mode, the third
exercise information providing apparatus 1130 may transmit a control signal to each of the first exercise information
providing apparatus 1110 and the second exercise information providing apparatus 1120. The control signal may switch
an operating mode of each of the first exercise information providing apparatus 1110 and the second exercise information
providing apparatus 1120 to the exercise mode. At least one of the first exercise information providing apparatus 1110
through the third exercise information providing apparatus 1130 may store, in advance, an anaerobic threshold heart
rate of the user.
[0100] In the exercise mode, the second exercise information providing apparatus 1120 or the third exercise information
providing apparatus 1130 may identify heart rates of the user, using a heartbeat sensor 1121 or 1131. The heartbeat
sensors 1121 and 1131 may be disposed on a rear side of the second exercise information providing apparatus 1120
and a rear side of the third exercise information providing apparatus 1130, respectively.
[0101] The first exercise information providing apparatus 1110 through the third exercise information providing appa-
ratus 1130 may provide the user with information on an exercise load corresponding to the anaerobic threshold heart
rate. For example, when an exercise load corresponding to an anaerobic threshold heart rate is 8 km/h, the first exercise
information providing apparatus 1110 may display, on a display 1111, a current speed of the user and a speed corre-
sponding to the anaerobic threshold heart rate. The first exercise information providing apparatus 1110 may inform the
user of the current speed using a voice output terminal. In this example, the second exercise information providing
apparatus 1120 may display a heart rate of the user on a display 1122, and the third exercise information providing
apparatus 1130 may display, on a display 1132, information indicating that the third exercise information providing
apparatus 1130 is being in the exercise mode.
[0102] When a heart rate of the user is beyond a threshold range of the anaerobic threshold heart rate, the first exercise
information providing apparatus 1110 through the third exercise information providing apparatus 1130 may provide the
user with information on an exercise load to bring the heart rate within the threshold range. For example, when an
anaerobic threshold heart rate of the user is "120," a threshold range of the anaerobic threshold heart rate may be set
as a range of "115" to "125." In this example, when a heart rate of the user is "100" during an exercise, the first exercise
information providing apparatus 1110 may display a message instructing the user to run faster on the display 1111, and
the second exercise information providing apparatus 1120 may drive a vibration motor of the second exercise information
providing apparatus 1120 to a rhythm corresponding to the heart rate of "120." Additionally, the third exercise information
providing apparatus 1130 may output a message instructing the user to run faster through a speaker.
[0103] In another example, when the user switches an operating mode of the third exercise information providing
apparatus 1130 to the exercise mode, the third exercise information providing apparatus 1130 may transmit a control
signal to the first exercise information providing apparatus 1110 to switch an operating mode of the first exercise infor-
mation providing apparatus 1110 to the exercise mode.
[0104] In another example, when the user switches an operating mode of the third exercise information providing
apparatus 1130 to the exercise mode, the third exercise information providing apparatus 1130 may not transmit a control
signal to either the first exercise information providing apparatus 1110 or the second exercise information providing
apparatus 1120. Thus, the first exercise information providing apparatus 1110 and the second exercise information
providing apparatus 1120 may not be switched to an the exercise mode.
[0105] FIG. 12 illustrates an example of an exercise history. Referring to FIG. 12, an exercise information providing
apparatus may store an anaerobic threshold heart rate of a user, and a heart rate of the user, which are measured when
the user exercises. The exercise information providing apparatus may compute a ratio of the heart rate to the anaerobic
threshold heart rate to derive an exercise efficiency of the user, and may provide the user with the extracted exercise
efficiency. For example, when the anaerobic threshold heart rate is "126" and an average heart rate for one hour during
which the user exercises is "125," an exercise efficiency may be about 99%. In the example of FIG. 12, the exercise
information providing apparatus may daily or monthly provide the user with the user’s exercise efficiency. Additionally,
the exercise information providing apparatus may store the anaerobic threshold heart rate, and an exercise history
recorded when the user exercises, and may construct a database for the user, based on the stored anaerobic threshold
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heart rate and the stored exercise history. The exercise history may include, for example, an exercise time, or an exercise
efficiency and a heart rate of the user measured when the user exercises.
[0106] FIG. 13 illustrates another example of an exercise information providing apparatus 1300. Referring to FIG. 13,
the exercise information providing apparatus 1300 includes an EMG signal acquirer 1310, an anaerobic threshold ex-
tractor 1320, an anaerobic threshold heart rate extractor 1330, and an information providing unit 1340.
[0107] The EMG signal acquirer 1310 acquires an EMG signal of a user. The anaerobic threshold extractor 1320
extracts an anaerobic threshold of the user, based on a change in the EMG signal. The anaerobic threshold heart rate
extractor 1330 extracts a heart rate of the user corresponding to the anaerobic threshold as an anaerobic threshold
heart rate. The information providing unit 1340 provides the user with information on an exercise load corresponding to
the anaerobic threshold heart rate.
[0108] The above description of FIGS. 1 through 12 is also applicable to the exercise information providing apparatus
1300 of FIG. 13, and is incorporated herein by reference. Thus, the above description may not be repeated here.
[0109] FIG. 14 illustrates an example of an anaerobic threshold heart rate extraction apparatus 1400. Referring to
FIG. 14, the anaerobic threshold heart rate extraction apparatus 1400 includes an EMG sensor 1410, a heartbeat sensor
1420, an anaerobic threshold extractor 1430, and an anaerobic threshold heart rate extractor 1440.
[0110] The EMG sensor 1410 senses an action potential of a muscle of a user, and acquires an EMG signal.
[0111] The heartbeat sensor 1420 senses a heart rate of the user, and acquires a heartbeat signal. The anaerobic
threshold extractor 1430 extracts, as an anaerobic threshold of the user, a point in time when muscle fatigue of the user
occurs, based on a change in the EMG signal. The anaerobic threshold heart rate extractor 1440 extracts a heart rate
corresponding to the anaerobic threshold as an anaerobic threshold heart rate.
[0112] The above description of FIGS. 1 through 13 is also applicable to the anaerobic threshold heart rate extraction
apparatus 1400 of FIG. 14, and is incorporated herein by reference. Thus, the above description may not be repeated here.
[0113] FIG. 15 illustrates another example of an anaerobic threshold extraction method. The operations in FIG. 15
may be performed in the sequence and manner as shown, although the order of some operations may be changed or
some of the operations omitted without departing from the scope of the illustrative examples described. Many of the
operations shown in FIG. 15 may be performed in parallel or concurrently. The above descriptions of FIGS. 1-14, is also
applicable to FIG. 15. Thus, the above description may not be repeated here.
[0114] Referring to FIG. 15, in operation 1510, an anaerobic threshold extraction apparatus acquires an EMG signal
of a user. In operation 1520, the anaerobic threshold extraction apparatus extracts an anaerobic threshold of the user,
based on a change in the EMG signal.
[0115] FIG. 16 illustrates an example of an exercise information providing method. The operations in FIG. 16 may be
performed in the sequence and manner as shown, although the order of some operations may be changed or some of
the operations omitted without departing from the scope of the illustrative examples described. Many of the operations
shown in FIG. 16 may be performed in parallel or concurrently. The above descriptions of FIGS. 1-15, is also applicable
to FIG. 16. Thus, the above description may not be repeated here.
[0116] Referring to FIG. 16, in operation 1610, an exercise information providing apparatus acquires an anaerobic
threshold heart rate of a user based on a change in an EMG signal of the user. In operation 1620, the exercise information
providing apparatus provides the user with information on an exercise load corresponding to the anaerobic threshold
heart rate.
[0117] FIG. 17 illustrates another example of an exercise information providing method. The operations in FIG. 17
may be performed in the sequence and manner as shown, although the order of some operations may be changed or
some of the operations omitted without departing from the scope of the illustrative examples described. Many of the
operations shown in FIG. 17 may be performed in parallel or concurrently. The above descriptions of FIGS. 1-16, is also
applicable to FIG. 17. Thus, the above description may not be repeated here.
[0118] Referring to FIG. 17, in operation 1710, an exercise information providing apparatus acquires an EMG signal
of a user. In operation 1720, the exercise information providing apparatus extracts an anaerobic threshold of the user,
based on a change in the EMG signal. In operation 1730, the exercise information providing apparatus extracts a heart
rate of the user corresponding to the anaerobic threshold as an anaerobic threshold heart rate. In operation 1740, the
exercise information providing apparatus provides the user with information on an exercise load corresponding to the
anaerobic threshold heart rate.
[0119] The apparatuses and units described herein may be implemented using hardware components. The hardware
components may include, for example, controllers, sensors, processors, generators, drivers, and other equivalent elec-
tronic components. The hardware components 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 responding to and executing instructions in a defined manner. The hardware components may run an operating system
(OS) and one or more software applications that run on the OS. The hardware components also may access, store,
manipulate, process, and create data in response to execution of the software. For purpose of simplicity, the description
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of a processing device is used as singular; however, one skilled in the art will appreciated that a processing device may
include multiple processing elements and multiple types of processing elements. For example, a hardware component
may include multiple processors or a processor and a controller. In addition, different processing configurations are
possible, such a parallel processors or multi-core processors.
[0120] A hardware component may be, for example, a physical device that physically performs one or more operations,
but is not limited thereto. Examples of hardware components include resistors, capacitors, inductors, power supplies,
frequency generators, operational amplifiers, power amplifiers, low-pass filters, high-pass filters, band-pass filters, an-
alog-to-digital converters, digital-to-analog converters, and processing devices. 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 software 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
processing 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 elements. 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 processors.
[0121] The processes, functions, and methods described above can be written as a computer program, a piece of
code, an instruction, or some combination thereof, for independently or collectively instructing or configuring the process-
ing device to operate as desired. Software and data may be embodied permanently or temporarily in any type of machine,
component, physical or virtual equipment, computer storage medium or device that is capable of providing instructions
or data to or being interpreted by the processing device. The software also may be distributed over network coupled
computer systems so that the software is stored and executed in a distributed fashion. In particular, the software and
data may be stored by one or more non-transitory computer readable recording mediums. The non-transitory computer
readable recording medium may include any data storage device that can store data that can be thereafter read by a
computer system or processing device. Examples of the non-transitory computer readable recording medium include
read-only memory (ROM), random-access memory (RAM), Compact Disc Read-only Memory (CD-ROMs), magnetic
tapes, USBs, floppy disks, hard disks, optical recording media (e.g., CD-ROMs, or DVDs), and PC interfaces (e.g., PCI,
PCI-express, Wi-Fi, etc.). In addition, functional programs, codes, and code segments for accomplishing the example
disclosed herein can be construed by programmers skilled in the art based on the flow diagrams and block diagrams of
the figures and their corresponding descriptions as provided herein.
[0122] 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 scope of the claims. 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 different 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 components or their equivalents. Therefore, the scope of the disclosure is defined not by the
detailed description, but by the claims.

Claims

1. An anaerobic threshold extraction apparatus, comprising:

an electromyogram, EMG, signal acquirer configured to acquire an EMG signal; and
an anaerobic threshold extractor configured to extract an anaerobic threshold based on a change in the EMG
signal, the anaerobic threshold indicating a time when muscle fatigue occurs.

2. The apparatus of claim 1, wherein the EMG signal acquirer is configured to acquire the EMG signal from at least
one EMG sensor.

3. The apparatus of claim 1 or 2, wherein the anaerobic threshold extractor is configured to extract the anaerobic
threshold based on change in the EMG signal.

4. The apparatus of claim 3, wherein the EMG signal changes in response to an exercise load of a user gradually
increasing to a threshold exercise load,
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wherein the anaerobic threshold extractor is further configured to extract the anaerobic threshold, based on a change
in the EMG signal during a period of time or a change in the EMG signal until the exercise load reaches the threshold
exercise load.

5. The apparatus of claim 3, wherein the anaerobic threshold extractor is further configured to perform one of transmitting
a control signal to an exercise equipment used by the user to gradually increase the exercise load to the threshold
exercise load; informing a user to gradually increase an exercise load to the threshold exercise load using any one
or any combination of a visual interface, an acoustic interface, and a haptic interface; extracting a frequency of the
EMG signal at predetermined time intervals, and extracting the anaerobic threshold based on a change in the
frequency.

6. The apparatus of claim 5, wherein the anaerobic threshold extractor is further configured to identify heart rates of
the user from a heartbeat sensor, and to extract a heart rate corresponding to the anaerobic threshold as an anaerobic
threshold heart rate, and/or
wherein the anaerobic threshold extractor is further configured to transmit at least one of the extracted anaerobic
threshold and the anaerobic threshold heart rate to an external apparatus via a communication interface.

7. The apparatus of claim 5, wherein the extracted frequency comprises a median frequency or a mean frequency of
the EMG signal.

8. The apparatus of claim 5, wherein the anaerobic threshold extractor is further configured to perform one of identifying
when the muscle fatigue occurs, in response to the frequency being reduced by at least a set amount, and transforming
the EMG signal using either a fast Fourier transform, FFT, or a short-time Fourier transform, STFT, and is further
configured to extract the frequency from the transformed EMG signal.

9. The apparatus of claim 5, wherein the anaerobic threshold extractor is further configured to extract the anaerobic
threshold based on an EMG signal corresponding to a largest reduction in a frequency of a plurality of EMG signals
acquired from a plurality of EMG sensors.

10. The apparatus of claim 1 adapted for extracting an anaerobic threshold heart rate, further comprising:

a heartbeat sensor configured to sense a heart rate and to acquire a heartbeat signal; and
an anaerobic threshold heart rate extractor configured to extract a heart rate corresponding to the anaerobic
threshold as an anaerobic threshold heart rate,
wherein the EMG signal acquirer is an EMG sensor configured to sense an action potential of a muscle and to
acquire the EMG signal.

11. A method of providing exercise information, comprising the step of:

acquiring, by an anaerobic threshold heart rate acquirer, an anaerobic threshold heart rate based on a change
in an electromyogram, EMG, signal; and
providing, by an information providing unit, information on an exercise load corresponding to the anaerobic
threshold heart rate.

12. The method of claim 11, further comprising:

receiving, by a heart rate identifier, a heartbeat signal from a heartbeat sensor, and identifying heart rates based
on the heartbeat signal; and/ or
wherein the step of acquiring further comprises receiving an anaerobic threshold from an apparatus via a
communication interface, and extracting a heart rate corresponding to the anaerobic threshold as the anaerobic
threshold heart rate; and/or
wherein the step of providing information comprises evaluating an exercise efficiency based on a ratio of a heart
rate to the anaerobic threshold heart rate, and providing the exercise efficiency.

13. The method of claim 11 or 12, wherein the step of providing information comprises informing a user on the exercise
load using any one or any combination of a visual interface, an acoustic interface, and a haptic interface; and/or
wherein the step of providing information further comprises providing information on an exercise load to bring a
heart rate within a threshold range of the anaerobic threshold heart rate, in response to the heart rate being outside
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the threshold range.

14. A computer-readable medium having instructions that, when performed by a processor, cause the processor to
perform the steps of:

acquiring an electromyogram, EMG, signal from at least one EMG sensor;
determining the median or mean frequency of the acquired EMG signal; and
extracting an anaerobic threshold based on the frequency corresponding to a change in the EMG signal.

15. The computer-readable medium of claim 14, further comprising:

identifying heart rates from a heartbeat sensor; and
extracting a heart rate corresponding to the anaerobic threshold as an anaerobic threshold heart rate, and/ or
wherein the determining of the median or mean frequency comprises transforming the EMG signal using a fast
Fourier transform, FFT, or a short-time Fourier transform, STFT, and extracting the frequency from the trans-
formed EMG signal.
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摘要(译)

提供了一种用于提取无氧阈的方法和装置。该装置可以获取肌电图
（EMG）信号，并且可以基于EMG信号的变化提取无氧阈。该装置可以
将与无氧阈值相对应的心率提取为无氧阈值心率。
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