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(57) ABSTRACT

The present invention relates to a fitness tracking method for
workouts, including: a calibration step of setting local axes,
based on the sensed data from a body sensor and an arm
sensor; a workout readiness posture detection step of deter-
mining whether a workout readiness posture is taken, based
on a first designated axis value for workout readiness
posture detection; a workout parameter data derivation step
of deriving workout parameter data, based on a second
designated axis value for detecting the number of motions or
whether a workout posture is maintained; and a workout end

(51) Int. CL detection step of detecting the end of a workout, based on a
A63B 24/00 (2006.01) third designated axis value for determining whether the
GOIP 15/18 (2006.01) corresponding workout is ended.
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FIG. 4

Push=up, 10 push-ups, For 21 587 seconds
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FIG. 6
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FIG. 10

Lunge,
10 lunges ,For 10.398 seconds
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FIG. 11
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FIG. 12

Jump rope,
11 jump rope workouts, For 10.398 seconds
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FIG. 13
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FIG. 14

Stair climbing,
10 stair climbing workouts, For 11 585 seconds
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AN APPARATUS AND METHOD FOR
FITNESS-TRACKING

CROSS REFERENCE TO RELATED
APPLICATION OF THE INVENTION

[0001] The present application claims the benefit of
Korean Patent Application No. 10-2022-0100670 filed in the
Korean Intellectual Property Office on Aug. 11, 2022, the
entire contents of which are incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to a fitness tracking
device and method, and more specifically, to a measurement/
analysis device and method for deriving workout parameters
of motions of a variety of workouts from acceleration and
angular velocity information sensed from a user’s head and
wrist.

Background of the Related Art

[0003] Wearable devices become a big topic in a digital
device market and are expected to provide many changes in
people’s daily lives. Among the wearable devices, fitness
trackers have been prevailed so that they initially function to
provide only the amount of activity of a user by means of an
accelerometer sensor and are recently developed to collect
the user’s biological information by means of a variety of
sensors. They are further improved so that they provide the
user’s desired information by using the data according to the
characteristics of workouts. In this case, wearable fitness
trackers having the form of being attached to the user’s wrist
become the center of the wearable device market because
they are conveniently worn on the user.

[0004] However, the fitness trackers worn on the user’s
wrist are hard to sense various workout motions because
degrees of freedom in the motions of the wrist are big. In
specific, most of muscle-strengthening workouts are done to
cause the movements of the user’s body and arms, and in this
case, it is difficult to accurately sense the movements only by
using the sensor attached to his or her wrist. Therefore, there
is a definite need to develop a new fitness tracker capable of
being conveniently worn on the user and accurately sensing
the movements occurring on his or her muscle-strengthening
workouts. In this case, various workout motions can be
measured and analyzed from the movements of the user’s
head and wrist because the movements of his or her body
and arm are similar to the movements of his or her head and
wrist, and further, the acceleration and angular velocity of
the head and wrist can be measured by using wireless
earphones and a smart watch that are popularized recently,
so that they become very accessible workout information.

SUMMARY OF THE INVENTION

[0005] Accordingly, the present invention has been made
in view of the above-mentioned problems occurring in the
related art, and it is an object of the present invention to
provide a fitness tracking device and method that is capable
of deriving the workout parameters of various workouts
from the acceleration and angular velocity information of a
user’s head and wrist, thereby providing significant workout
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analysis information to people who do workouts and pro-
viding high accessibility thereto.

[0006] To accomplish the above-mentioned objects,
according to the present invention, there is provided a fitness
tracking method for workouts, including: a calibration step
of setting local axes, based on the sensed data from a body
sensor and an arm sensor; a workout readiness posture
detection step of determining whether a workout readiness
posture is taken, based on a first designated axis value for
workout readiness posture detection; a workout parameter
data derivation step of deriving workout parameter data,
based on a second designated axis value for detecting the
number of motions or whether a workout posture is main-
tained; and a workout end detection step of detecting the end
of a workout, based on a third designated axis value for
determining whether the corresponding workout is ended.
[0007] According to the present invention, desirably, the
first to third designated axis values may include axis type
information and value type information, the axis type infor-
mation including information of local axes or global axes,
information of any one of acceleration, angular velocity, and
angle, and information of any one of X, y, z, roll, pitch, and
yaw axes, and the value type information including infor-
mation of any one of a sensed value, an average value, a
previous sensed value, an angle value, a magnitude value,
and an integrated value of any one of the sensed value, the
average value, the previous sensed value, the angle value,
and the magnitude value.

[0008] According to the present invention, desirably, the
fitness tracking method may further include the step of
selecting any one of the body sensor and the arm sensor and
selecting the first to third designated axis values.

[0009] According to the present invention, desirably, the
local axes may include x, y, and z axes of the body sensor
produced based on looking ahead and behind data and
looking up and down data which are produced when a guide
screen appears on a display unit and on left and right
direction data produced by externalizing the looking ahead
and behind data and the looking up and down data.

[0010] According to the present invention, desirably, the
local axes may further include x, y, and z axes of the arm
sensor produced based on left and right data of the back of
the hand and up and down data of the back of the hand which
are produced when a guide screen appears on the display
unit and on forward and backward data of the back of the
hand produced by externalizing the left and right data of the
back of the hand and the up and down data of the back of the
hand.

[0011] According to the present invention, desirably, the
data determining whether the workout posture is maintained
may include workout velocity, information on whether cor-
rect postures are maintained, and information on whether the
ranges of the motions are appropriate, which are determined
according to the second designated axis value.

[0012] Other exemplary embodiments of the present
invention are suggested in the description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The above and other objects, features and advan-
tages of the present invention will be apparent from the
following detailed description of the embodiments of the
invention in conjunction with the accompanying drawings,
in which:
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[0014] FIG. 1 is a schematic block diagram showing a
configuration of a fitness tracking device according to the
present invention;

[0015] FIG. 2 is an exemplary view showing a state where
a body sensor and an arm sensor of the fitness tracking
device according to the present invention are worn on a
user’s body and arm;

[0016] FIG. 3 is a flowchart showing a workout posture
analysis method according to the present invention;

[0017] FIGS. 4 and 5 are exemplary views showing push-
up workout analysis according to the present invention;
[0018] FIGS. 6 and 7 are exemplary views showing sit-up
workout analysis according to the present invention;
[0019] FIGS. 8 and 9 are exemplary views showing squat
workout analysis according to the present invention;
[0020] FIGS. 10 and 11 are exemplary views showing
lunge workout analysis according to the present invention;
[0021] FIGS. 12 and 13 are exemplary views showing
jump rope workout analysis according to the present inven-
tion;

[0022] FIGS. 14 and 15 are exemplary views showing
stair climbing workout analysis according to the present
invention; and

[0023] FIG. 16 is an exemplary view showing plank
workout analysis according to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0024] The description as will be discussed below just
suggests the principle of the present invention. It should be
appreciated that various devices having the principle of the
present invention and within the concept and range of the
present invention may be invented by those skilled in the art
even though they are not explained or shown in detail.
Further, all of conditional terms and embodiments described
in the present invention are obviously intended to allow the
concept of the present invention to be understood.

[0025] It shall be understood that, although the terms
“first,” “second,” “third,” etc. may be used herein to describe
various information, the information should not be limited to
have main/sub or master/slave order by these terms.
[0026] Objects, characteristics and advantages of the pres-
ent invention will be more clearly understood from the
detailed description as will be described below and the
attached drawings, and those skilled in the art will easily
embody the technical scope of the present invention.
[0027] The features of various embodiments of the present
invention may be partially or entirely combined with one
another and technically operate cooperatively with one
another, which will be appreciated by those skilled in the art.
Further, the embodiments of the present invention may be
embodied independently of one another or combinedly with
one another.

[0028] Now, an explanation of embodiments of the present
invention will be given in detail with reference to the
attached drawings. Referring first to FIG. 1, a fitness track-
ing device according to the present invention will be
described.

[0029] As shown in FIG. 1, a fitness tracking device
according to the present invention includes a body sensor
100, an arm sensor 200, and a controller 300. According to
the present invention, in this case, the body sensor 100 and
the arm sensor 200 include accelerometer sensors built in
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earphones or smart watches, and of course, they may include
ZYro sensors or gravity sensors.

[0030] Referring to FIG. 2, the body sensor 100 is desir-
ably an accelerometer sensor built in the earphones. How-
ever, the body sensor 100 may be attached to a user’s body
by means of a band or other devices worn on the user’s ears
or head, without being limited to the earphones. For
example, the body sensor 100 may be attached to a breast
band 100-2 or a waist band 100-3. The body sensor 100 may
be attached to all of regions where the movements of the
body occur representatively. Further, the body sensor 100 is
accommodated in a separate housing from the controller
300, and otherwise, it may be accommodated in the same
housing as the controller 300.

[0031] The arm sensor 200 is desirably an accelerometer
sensor built in a smart watch 200-1 worn on the user’s wrist.
However, the arm sensor 200 may be attached to an arm
band 200-2 or other arm regions where the movements of the
arm occur representatively, without being limited thereto.
[0032] In the description, an example where the acceler-
ometer sensor built in the earphones 100-1 is used as the
body sensor 100 and the accelerometer sensor built in the
smart watch 200-1 as the arm sensor 200 will be given
below. According to the present invention, above all, the
earphones and the smart watch can be worn easily on the
user and their sensing positions can be appropriate, and
accordingly, they are most desirable sensors. Of course, it is
possible that the body sensor and the arm sensor may be
worn on different positions of the user, as shown in FIG. 2.
[0033] The controller 300 automatically detects workout
readiness or end and produces workout data, based on the
sensed data from the body sensor 100 and the arm sensor
200. In specific, the controller 300 includes a sensor cali-
bration unit 310 for calibrating the body sensor 100 and the
arm sensor 200, an axis operation unit 320, and a workout
parameter derivation unit 330. The controller 300 and the
respective components of the controller 300 are application
software, a software module, a hardware module, and a
combination of software and hardware, which operate in a
cellular phone, a tablet PC, a PC, and the like that wirelessly
communicate with the body sensor 100 and the arm sensor
200.

[0034] In the case where a guide screen is provided on a
display unit 340 of the controller 300 so that the user takes
an action correspondingly to the guided screen, the sensor
calibration unit 310 calibrates the workout direction of the
user, based on the sensed data from the body sensor 100 and
the arm sensor 200. A specific explanation of the calibration
will be given later with reference to FIG. 3. In this case, the
sensor calibration unit 310 includes a body sensor calibrator
313 and an arm sensor calibrator 315.

[0035] Further, the axis operation unit 320 operates local
axis data and global axis data from the collected data from
the sensors.

[0036] The workout parameter derivation unit 330 senses
workout readiness postures and workout end according to
types of workouts, sets and analyzes the section between
workout readiness and end time points as a workout section,
and derives workout parameter data. The workout parameter
derivation methods are different according to the types of
workouts, and they will be explained in detail with reference
to FIGS. 4 to 16. In this case, the workout parameter
derivation unit 330 provides an interface allowing the user
to input the types of workouts to the display unit 740.
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Further, the workout parameter derivation unit 330 auto-
matically discriminates the types of workouts according to
the data derived from a workout readiness detector 333.
[0037] Further, the controller 300 communicates with a
server 400, builds a database, and periodically updates the
reference of the workout parameter derivation by workout
according to the machine-learned contents of the database.
[0038] Now, an explanation of a fitness tracking method
according to the present invention will be given in detail
with reference to FIG. 3.

[0039] First, a fitness tracking method according to the
present invention is performed by calibrating the sensed data
with the local axis, based on the sensed data, at step S100.
Fitness tracking sensors may be different in worn positions
and directions because people have different physical shapes
or skeletons, and even though they do the same workouts,
deviations may be generated from measured workout infor-
mation.

[0040] To remove such deviations, calibration is needed,
and accordingly, if the guide screen is provided to the user
so that he or she looks ahead (behind) and up (down),
looking ahead and behind data and looking up and down
data are generated using the value of the body sensor 100
generated while he or she is looking. The arm sensor 200
generates up and down data of the back of the hand and left
and right data of the back of the hand with respect to the
direction seen of the back of the hand. In this case, the
looking ahead and behind data, the up and down data of the
back of the hand, the looking up and down data, and the left
and right data of the back of the hand are generated using
only one direction of available two directions (e.g., forward
and backward directions).

[0041] The looking ahead and behind data represent the
sensed data of the body sensor 100 when the user looks
ahead, and the looking up and down data represent the
accelerometer data measured when he or she bows his or her
head. The up and down data of the back of the hand
represent the accelerometer data measured when the back of
his or her hand looks up or down, and the left and right data
of the back of the hand represent the accelerometer data
measured when the back of his or her and looks left or right
sides with respect to he or she who looks ahead.

[0042] The looking ahead and behind data and the looking
up and down data are externalized to find the left and right
directions of the body sensor 100, and in this case, X, y, and
z axes of the body sensor 100 are set based on front and
back, up and down, and left and right directions. In the same
manner as above, X, v, and z axes of the arm sensor 200 are
set. The set x, y, and 7z axes are local axis data.

[0043] The local axis of the local axis data is obtained by
operating at least one of the directions (the body looking
ahead and behind, the body looking up and down, the back
of the hand looking up and down, and the back of the hand
looking left and right) as defined above as an axis. In
specific, the x, y, and z axes or roll, pitch, and yaw axes as
the reference of the local axis data are determined based on
the body looking ahead and behind, the body looking up and
down, the back of the hand looking up and down, and the
back of the hand looking left and right, and the axis
operation unit 320 calibrates the sensed data with respect to
the determined axes to produce the local axis data.

[0044] The global axis data represent data with respect to
fixed axis directions, like a definition where gravitational
acceleration is set with an up and down direction (as the z
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axis), a true north direction (or close to the front set on the
local axis data and vertical with respect to the up and down
direction) is set as the y axis, and a direction vertical with
respect to the two directions as mentioned above is set as the
x axis. In this case, any one axis of the global axis data
includes gravitational acceleration. The local axis data and
the global axis data are operated by the axis operation unit
320, based on the sensed data.

[0045] Further, the types of sensors and designated axis
values are selected according to the types of workouts at step
S200. However, the types of sensors and the designated axis
values are selected before or after the calibration step. For
example, if the types of workouts are automatically deter-
mined according to the axis directions upon the calibration,
the types of sensors and the designated axis values are
selected after the calibration, and contrarily, if the types of
workouts are designated by the user, the selection of the
types of sensors and the designated axis values are per-
formed before the calibration. An explanation of the desig-
nated axis values will be given in detail later.

[0046] The body sensor 100, the arm sensor 200, or the
combination of the two sensors is selected according to the
types of workouts. In this case, the sensed data received
from the selected sensor are calculated and produced as the
local axis data and the global axis data by means of the axis
operation unit 320. The workout parameter derivation unit
330 performs workout readiness detection, workout end
detection, and workout parameter data derivation, based on
the local axis data/global axis data produced from the axis
operation unit 320.

[0047] After the sensor calibration and the sensor selection
have been finished, further, the workout readiness detection
is performed at step S300. At the workout readiness detec-
tion step S300, if the designated axis values of the desig-
nated sensor according to the types of workouts are within
a first reference range for a given period of time, the workout
readiness detector 333 determines that the readiness posture
of the corresponding workout is taken. If necessary, addi-
tionally, if the designated axis values are within a second
reference range, the workout readiness detector 333 deter-
mines that the readiness posture of the corresponding work-
out is taken. That is, the workout readiness detector 333
accurately determines that the readiness posture of the
corresponding workout is taken by using the plurality of
designated axis values simultaneously.

[0048] In this case, the designated axis values include axis
type information, designated axis information, and value
type information. The axis type information includes infor-
mation of the local axes or the global axes, information of
any one of acceleration, angular velocity, and angle, and
information of any one of x, y, z, roll, pitch, and yaw axes.
The value type information includes information of any one
of'a sensed value, an average value, a previous sensed value,
an angle value, a magnitude value, and an integrated value
of any one of the sensed value, the average value, the
previous sensed value, the angle value, and the magnitude
value. The previous sensed value represents the sensed value
for a predetermined period of time before a detection time
point or calculation time point, the average value represents
the sensed value for the predetermined period of time, and
the sensed value on the value type information represents the
value derived at the detection time point or the calculation
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time point. Further, the magnitude value represents the
magnitude value of a vector when the x, y, and z axes are
defined.

[0049] In the description, further, the acceleration, veloc-
ity, and position are represented with units of g(9.81 m/s2),
£*s (9.81 m/s), and g*s2 (9.81 m), and they will be described
below with no units for the brevity of the description.
[0050] Forexample, the designated axis values may be the
sensed value for two seconds of local y axis acceleration and
the average value of global —x axis angular velocity.
[0051] If the workout readiness posture detection is fin-
ished, the workout parameter data is calculated by a workout
parameter data calculator 337 of the workout parameter
derivation unit 330 at step S400. The workout parameter
data include the number of motions determined, based on the
maximum value or minimum value of the designated axis
values. Further, the workout parameter data include infor-
mation on whether workout postures are maintained or not,
and the information on whether workout postures are main-
tained includes the workout velocity, information on
whether correct postures are maintained, and information on
whether the ranges of the motions are appropriate, which are
determined according to the designated axis values.

[0052] While the workout parameter data are calculated, a
workout end detector 335 of the workout parameter deriva-
tion unit 330 continuously performs monitoring, and if a
workout end motion is sensed, calculating the workout
parameter data is stopped. That is, the workout end detector
335 detects the workout end posture by monitoring the
sensed data for the designated axes at step S500. The
muscle-strengthening workouts may be stopped for a given
period of time, without being continuously done, and there-
fore, it is difficult to determine that the workouts are ended
just because they are not continuously done for the given
period of time. Further, the workout parameter data calcu-
lation may occur erroneously owing to the motions of the
user after the workouts are ended, and accordingly, it is
necessary to detect whether the workouts are ended or not.
[0053] The workout end detector 335 determines that the
corresponding workout is ended if the designated axis values
of the designated sensor according to the types of workouts
are within the first reference range for the given period of
time. If necessary, additionally, if the designated axis values
are within the second reference range, the workout end
detector 335 determines that the corresponding workout is
ended.

[0054] In this case, if the designated axis values related to
the number of motions, the workout velocity, the informa-
tion on whether correct postures are maintained, and the
ranges of motions are out of a third reference range, the
workout parameter derivation unit 330 transmits warning
through the display unit 340.

[0055] Hereinafter, embodiments of each individual work-
out will be explained with reference to FIGS. 4 to 16, based
on the tests performed by the applicant of the invention. The
reference ranges of the tests are determined based on the
values obtained by a number of persons who do workouts.
[0056] Push-Up

[0057] Referring to FIGS. 4 and 5, the workout readiness,
workout end, and workout parameter of the push-up are
defined as follows.

[0058] In the workout readiness of the push-up, the
selected sensor is the accelerometer sensor of the body
sensor 100, and the designated axis values are the sensed
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value for two seconds of local y axis acceleration and the
average value of the local y axis acceleration. Referring to
FIG. 4, in this case, the workout readiness detector 333
determines that the workout is ready at a time point 410
when the sensed value for two seconds of the local y axis
acceleration is between —1.4 and —0.6 and the average value
is between —-1.2 and -0.8.

[0059] Inspecific, the first reference range is between -1.4
and -0.6, and the second reference range is between -1.2
and -0.8. According to the present invention, the first
reference range and the second reference range are deter-
mined through the tests, but they may be updated through
machine learning. In the case of the machine learning, an
algorism such as support vector machine (SVM) is applied
to the workout values of the professional of the correspond-
ing workout to allow optimal designated axis value selection
and reference ranges to be learned and updated.

[0060] According to another embodiment of the present
invention, the selected sensor is the gyro sensor of the body
sensor 100, and the designated axis value is an angular value
for two seconds of the global —x axis acceleration. A time
point when the angular value for two seconds of the global
—X axis acceleration is maintained over 60° is determined as
the workout readiness time point.

[0061] Further, the workout parameter data calculator 337
calculates the number of push-ups, and referring to FIG. 5,
for example, the designated axis values in the workout
parameter data calculation are the magnitude values of the
local x, y, and z axis acceleration, and one push-up is sensed
at a time point 510 when the magnitude values have mini-
mum values less than 0.8 after having the maximum values
greater than 1.3. In FIG. 5, 10 push-ups are measured.
[0062] According to another embodiment of the present
invention, the designated axis value in the workout param-
eter data calculation is the sensed value of the local y axis
acceleration, and one push-up is sensed at a time point when
the sensed value has the maximum value greater than -0.8
after having the minimum value less than -1.3.

[0063] Otherwise, the designated axis value in the work-
out parameter data calculation is the sensed value of the
global 7z axis acceleration, and one push-up is sensed at a
time point when the sensed value has the minimum value
less than 0.8 after having the maximum value greater than
1.3.

[0064] Further, the designated axis value in the workout
parameter data calculation is the value obtained by subtract-
ing 1 from the sensed value of the global z axis acceleration,
the value type is an integrated value of the designated axis
value two times from the workout readiness time point, and
one push-up is sensed at a time point when the designated
axis value has the maximum value greater than —-0.01 after
having the minimum value less than -0.01.

[0065] Meanwhile, the designated axis value of the end of
the push-ups is the sensed value for three seconds of the
local z axis acceleration, and in this case, the workout end
detector 335 determines that the push-ups are ended at a time
point 420 when the sensed value for three seconds of the
local z axis acceleration is over 0.6. Further, the reference
range of the workout end time point is determined through
the machine learning, like the workout readiness time point.
[0066] According to another embodiment of the present
invention, the selected sensor is the gyro sensor of the body
sensor 100, and the designated axis value is an angular value
for three seconds of the global —x axis acceleration, and a
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time point when the angular value for three seconds of the
global —x axis acceleration is maintained at an angle less
than 30° is determined as the workout end time point.
[0067] In the case of the push-up, further, the workout
parameter data are data determining whether the body and
the head are maintained in a straight line. In this case, the
selected sensor for the workout parameter data is the gyro
sensor, and the designated axis values are the sensed value
of the local x axis and the sensed value (e.g., a front value
when the user stands) of the global y axis. In the case where
the sensed value of the local x axis and the sensed value of
the global y axis have values of 45°, the workout parameter
data determines that the body and the head are not main-
tained in a straight line. Otherwise, the selected sensor is the
body sensor 100, and in this case, the sensor detects whether
the sensed value of the local z axis acceleration is out of the
reference range between —0.4 and 0.8.

[0068] In the push-ups, further, the workout parameter
data are data determining whether excessive workout veloc-
ity is sensed. In this case, the selected sensor for the workout
parameter data is the body sensor 100, and the designated
axis value is the integrated value of the value obtained by
subtracting 1 from the sensed value of the global z axis one
time from the workout readiness time point. If the desig-
nated axis value is greater than 0.1, the workout parameter
data determines that the workout velocity is excessively fast.
[0069] In the push-ups, moreover, the workout parameter
data are data determining whether the ranges of motions are
small. In this case, the selected sensor for the workout
parameter data is the body sensor 100, and the designated
axis value is the sensed value for five seconds of the
integrated value of the value obtained by subtracting 1 from
the sensed value of the global z axis two times from the
workout readiness time point. If a difference between the
maximum value and the minimum value of the designated
axis value is less than 0.015, the workout parameter data
determines that the ranges of motions are small.

[0070] Sit-Up

[0071] Referring to FIGS. 6 and 7, the workout readiness,
workout end, and workout parameter of the sit-up are
defined as follows.

[0072] In the workout readiness of the sit-up, the selected
sensor is the body sensor 100, and the designated axis value
is the sensed value for two seconds of the local y axis
acceleration. Referring to FIG. 6, in this case, the workout
readiness detector 333 determines that the workout is ready
at a time point 610 when the sensed value for two seconds
of the local y axis acceleration is between 0.8 and 1.2.

[0073] In specific, the first reference range is between 0.8
and 1.2. According to the present invention, the first refer-
ence range is determined through the tests, but it may be
updated through machine learning, like the push-up.

[0074] According to another embodiment of the present
invention, the selected sensor is the gyro sensor of the body
sensor 100, and the designated axis value is an angular value
for two seconds of the global x axis acceleration. A time
point when the angular value for two seconds of the global
X axis acceleration is maintained over 60° is determined as
the workout readiness time point.

[0075] Further, the workout parameter data calculator 337
calculates the number of sit-ups (the number of motions),
and the designated axis value in the workout parameter data
calculation is the sensed value of the local y axis accelera-
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tion, and one sit-up is sensed at a time point when the sensed
value has the minimum value less than 0.

[0076] According to another embodiment of the present
invention, the designated axis value in the workout param-
eter data calculation is the sensed value of the global y axis
acceleration, and one sit-up is sensed at a time point when
the sensed value has the minimum value less than 0.
[0077] Otherwise, the selected sensor is the gyro sensor of
the body sensor 100, and the designated axis value is an
angular value of the global roll axis. One sit-up is sensed at
a time point 710 when the angular value is maintained over
70°. In FIG. 7, 10 sit-ups are measured.

[0078] Meanwhile, the designated axis values of the end
of the sit-ups are the magnitude values for three seconds of
the local x, y and z axis acceleration and the sensed value of
the local y axis acceleration, and in this case, the workout
end detector 335 determines that the sit-ups are ended at a
time point 620 when the magnitude values are between 0.8
and 1.2 and the sensed value is less than 0.6. Further, the
reference range of the workout end time point is determined
through the machine learning, like the workout readiness
time point.

[0079] According to another embodiment of the present
invention, the selected sensors are the accelerometer sensor
and the gyro sensor of the body sensor 100, and the
designated axis values are the magnitude values for three
seconds of the local x, y and z axis acceleration and the
angular value for three seconds of the global —x axis
acceleration. The workout end detector 335 determines that
the sit-ups are ended at a time point when the magnitude
values are between 0.8 and 1.2 and the angular value is less
than 30°.

[0080] Squat

[0081] Referring to FIGS. 8 and 9, the workout readiness,
workout end, and workout parameter of the squat are defined
as follows.

[0082] In the workout readiness of the squat, the selected
sensor is the body sensor 100, and the designated axis value
is the sensed value for two seconds of the local z axis
acceleration. Referring to FIG. 8, in this case, the workout
readiness detector 333 determines that the workout is ready
at a time point 810 when the sensed value for two seconds
of the local z axis acceleration is between 0.8 and 1.2.
[0083] In specific, the first reference range is between 0.8
and 1.2. According to the present invention, the first refer-
ence range is determined through the tests, but it may be
updated through machine learning.

[0084] Further, the workout parameter data calculator 337
calculates the number of squats, and referring to FIG. 9, for
example, the designated axis values in the workout param-
eter data calculation are the magnitude values of the local x,
y, and z axis acceleration, and one squat is sensed at a time
point 910 when the magnitude values have the minimum
values less than 0.8 after having the maximum values greater
than 1.2. In FIG. 9, 10 squats are measured.

[0085] According to another embodiment of the present
invention, the designated axis value in the workout param-
eter data calculation is the sensed value of the local z axis
acceleration, and one squat is sensed at a time point when the
sensed value has the minimum value less than 0.8 after
having the maximum value greater than 1.2.

[0086] Otherwise, the designated axis value in the work-
out parameter data calculation is the sensed value of the
global z axis acceleration, and one squat is sensed at a time
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point when the sensed value has the minimum value less
than 0.8 after having the maximum value greater than 1.2.
[0087] Further, the designated axis value in the workout
parameter data calculation is the value obtained by subtract-
ing 1 from the sensed value of the global z axis acceleration,
the value type is an integrated value of the designated axis
value two times from the workout readiness time point, and
one squat is sensed at a time point when the designated axis
value has the maximum value greater than -0.01 after
having the minimum value less than —0.02.

[0088] Meanwhile, the designated axis values of the end
of the squats are the magnitude values for three seconds of
the local x, y and z axis acceleration, and in this case, the
workout end detector 335 determines that the squats are
ended at a time point when the magnitude values are
between 0.8 and 1.2. Further, the reference range of the
workout end time point is determined through the machine
learning, like the workout readiness time point.

[0089] In the case of the squat, further, the workout
parameter data are data determining whether the body
correctly stands. In this case, the selected sensor for the
workout parameter data is the body sensor 100, and the
designated axis value is the sensed value of the local x axis
acceleration or the sensed value of the global z axis accel-
eration. In the case where the sensed value has a peak value
greater than 0.9 between the maximum values, the workout
parameter data determines that the body correctly stands.
Otherwise, the selected sensor is the body sensor 100, and
the designated axis value is the value before and after the
maximum value (between the neighboring maximum val-
ues) of the integrated value of the value obtained by sub-
tracting 1 from the sensed value of the global z axis
acceleration two times from the workout readiness time
point. In this case, if there is a period greater than two
seconds that satisfies the designated axis value greater than
-0.03, the workout parameter data determines that the body
correctly stands.

[0090] In the squats, further, the workout parameter data
are data determining whether the center of gravity moves in
forward and backward directions. In this case, the selected
sensor for the workout parameter data is the body sensor
100, and the designated axis value is the absolute value of
the integrated value of the sensed value of the global y axis
acceleration two times from the workout readiness time
point. If the absolute value is greater than 0.05, the workout
parameter data determines that the center of gravity moves
in forward and backward directions. Otherwise, the selected
sensor for the workout parameter data is the body sensor
100, and the designated axis value is the absolute value of
the integrated value of the sensed value of the global y axis
acceleration one time from the workout readiness time point.
In this case, if the absolute value is greater than 0.2, the
workout parameter data determines that the center of gravity
moves in forward and backward directions. Moreover, the
selected sensor for the workout parameter data is the body
sensor 100, and the designated axis value is the absolute
value of the sensed value of the global y axis acceleration.
In this case, if the absolute value is greater than 1, the
workout parameter data determines that the center of gravity
moves in forward and backward directions.

[0091] In the squats, moreover, the workout parameter
data are data determining whether the ranges of motions are
small. In this case, the selected sensor for the workout
parameter data is the body sensor 100, and the designated

Feb. 15, 2024

axis value is the sensed value for five seconds of the
integrated value of the value obtained by subtracting 1 from
the sensed value of the global z axis acceleration two times
from the workout readiness time point. If a difference
between the maximum value and the minimum value of the
designated axis value is less than Y% of the user’s body
height, the workout parameter data determines that the
ranges of motions are small.

[0092] Lunge

[0093] Referring to FIGS. 10 and 11, the workout readi-
ness, workout end, and workout parameter of the lunge are
defined as follows. However, the lunge workout utilizes the
data processed by a low pass filter.

[0094] In the workout readiness of the lunge, the selected
sensor is the body sensor 100, and the designated axis value
is the sensed value for two seconds of the local z axis
acceleration. Referring to FIG. 10, in this case, the workout
readiness detector 333 determines that the workout is ready
at a time point 1010 when the sensed value for two seconds
of the local z axis acceleration is between 0.8 and 1.2.
[0095] In specific, the first reference range is between 0.8
and 1.2. According to the present invention, the first refer-
ence range is determined through the tests, but it may be
updated through machine learning.

[0096] Further, the workout parameter data calculator 337
calculates the number of lunges, and referring to FIG. 11, for
example, the designated axis values in the workout param-
eter data calculation are the magnitude values of the local x,
y, and z axis acceleration, and one lunge is sensed at a time
point 1110 when the magnitude values have the minimum
values less than 1 after having the maximum values greater
than 1.1. In FIG. 11, 10 lunges are measured.

[0097] According to another embodiment of the present
invention, the designated axis value in the workout param-
eter data calculation is the sensed value of the local z axis
acceleration, and one lunge is sensed at a time point when
the sensed value has the minimum value less than 1 after
having the maximum value greater than 1.1.

[0098] Otherwise, the designated axis value in the work-
out parameter data calculation is the sensed value of the
global z axis acceleration, and one lunge is sensed at a time
point when the sensed value has the minimum value less
than 1 after having the maximum value greater than 1.1.
[0099] Further, the designated axis value in the workout
parameter data calculation is the value obtained by subtract-
ing 1 from the sensed value of the global z axis acceleration,
the value type is an integrated value of the designated axis
value two times from the workout readiness time point, and
one lunge is sensed at a time point when the designated axis
value has the maximum value greater than -0.01 after
having the minimum value less than -0.02.

[0100] Meanwhile, the designated axis values of the end
of the squats are the magnitude values for three seconds of
local x, y and z axis acceleration, and in this case, the
workout end detector 335 determines that the lunges are
ended at a time point when the magnitude values are
between 0.9 and 1.1. Further, the reference range of the
workout end time point is determined through the machine
learning, like the workout readiness time point.

[0101] In the case of the lunge, further, the workout
parameter data are data determining whether the center of
gravity moves in left and right directions. In this case, the
selected sensor for the workout parameter data is the body
sensor 100, and the designated axis value is the absolute
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value of the integrated value of the sensed value of the
global x axis acceleration two times from the workout
readiness time point. If the absolute value is greater than
0.05, the workout parameter data determines that the center
of gravity moves in left and right directions. Otherwise, the
selected sensor for the workout parameter data is the body
sensor 100, and the designated axis value is the absolute
value of the integrated value of the sensed value of the
global x axis acceleration two times from the workout
readiness time point. If the absolute value is greater than 0.2,
the workout parameter data determines that the center of
gravity moves in left and right directions. Moreover, if the
absolute value of the sensed value of the global x axis
acceleration is greater than 0.5, the workout parameter data
determines that the center of gravity moves in left and right
directions.

[0102] In the lunges, moreover, the workout parameter
data are data determining whether the ranges of motions are
small. In this case, the selected sensor for the workout
parameter data is the body sensor 100, and the designated
axis value is the sensed value for five seconds of the
integrated value of the value obtained by subtracting 1 from
the sensed value of the global z axis acceleration two times
from the workout readiness time point. If a difference
between the maximum value and the minimum value of the
designated axis value is less than Y% of the user’s body
height, the workout parameter data determines that the
ranges of motions are small.

[0103] Jump Rope

[0104] Referring to FIGS. 12 and 13, the workout readi-
ness, workout end, and workout parameter of the jump rope
are defined as follows.

[0105] In the workout readiness of the jump rope, the
selected sensor is the body sensor 100, and the designated
axis value is the sensed value for two seconds of the local z
axis acceleration. Referring to FIG. 12, in this case, the
workout readiness detector 333 determines that the workout
is ready at a time point 1210 when the sensed value for two
seconds of the local z axis acceleration is between 0.8 and
1.2.

[0106] In specific, the first reference range is between 0.8
and 1.2. According to the present invention, the first refer-
ence range is determined through the tests, but it may be
updated through machine learning.

[0107] Further, the workout parameter data calculator 337
calculates the number of jump rope workouts, and referring
to FIG. 13, for example, the designated axis values in the
workout parameter data calculation are the magnitude values
of the local x, y, and z axis acceleration, and one jump rope
is sensed at a time point 1310 when the magnitude values
have the minimum values less than 0.6 after having the
maximum values greater than 1.5. In FIG. 13, 10 jump rope
workouts are measured.

[0108] According to another embodiment of the present
invention, the designated axis value in the workout param-
eter data calculation is the sensed value of the local z axis
acceleration, and one jump rope workout is sensed at a time
point when the sensed value has the minimum value less
than 0.6 after having the maximum value greater than 1.5.

[0109] Otherwise, the designated axis value in the work-
out parameter data calculation is the sensed value of the
global z axis acceleration, and one jump rope workout is
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sensed at a time point when the sensed value has the
minimum value less than 0.6 after having the maximum
value greater than 1.5.

[0110] Further, the designated axis value in the workout
parameter data calculation is the value obtained by subtract-
ing 1 from the sensed value of the global z axis acceleration,
the value type is an integrated value of the designated axis
value two times from the workout readiness time point, and
one jump rope workout is sensed at a time point when the
designated axis value has the maximum value greater than
0.005.

[0111] Meanwhile, the designated axis values of the end of
the jump rope workouts are the magnitude values for three
seconds of local x, y and z axis acceleration, and in this case,
the workout end detector 335 determines that the jump rope
workouts are ended at a time point when the magnitude
values are between 0.8 and 1.2. Further, the reference range
of the workout end time point is determined through the
machine learning, like the workout readiness time point.
[0112] Stair Climbing

[0113] Referring to FIGS. 14 and 15, the workout readi-
ness, workout end, and workout parameter of the stair
climbing are defined as follows.

[0114] In the workout readiness of the stair climbing, the
selected sensor is the body sensor 100, and the designated
axis value is the sensed value for two seconds of the local z
axis acceleration. Referring to FIG. 14, in this case, the
workout readiness detector 333 determines that the workout
is ready at a time point 1410 when the sensed value for two
seconds of the local z axis acceleration is between 0.85 and
1.2.

[0115] In specific, the first reference range is between 0.85
and 1.2. According to the present invention, the first refer-
ence range is determined through the tests, but it may be
updated through machine learning.

[0116] Further, the workout parameter data calculator 337
calculates the number of stair climbing workouts, and refer-
ring to FIG. 15, for example, the designated axis values in
the workout parameter data calculation are the magnitude
values of the local x, y, and z axis acceleration, and one stair
climbing workout is sensed at a time point 1510 when the
magnitude values have the maximum values greater than
1.2. In FIG. 15, 10 stair climbing workouts are measured.
[0117] According to another embodiment of the present
invention, the designated axis value in the workout param-
eter data calculation is the sensed value of the local z axis
acceleration, and one stair climbing workout is sensed at a
time point when the sensed value has the maximum value
greater than 1.2.

[0118] Otherwise, the designated axis value in the workout
parameter data calculation is the sensed value of the global
7 axis acceleration, and one stair climbing workout is sensed
at a time point when the sensed value has the maximum
value greater than 1.2.

[0119] Meanwhile, the designated axis values of the end of
the stair climbing workouts are the magnitude values for
three seconds of the local x, y and z axis acceleration, and
in this case, the workout end detector 335 determines that
the stair climbing workouts are ended at a time point when
the magnitude values are between 0.85 and 1.2. Further, the
reference range of the workout end time point is determined
through the machine learning, like the workout readiness
time point.
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[0120] In the case of the stair climbing workouts, further,
the workout parameter data are data of increased heights. In
this case, the selected sensor for the workout parameter data
is the body sensor 100, and the designated axis value is the
integrated value of the sensed value of the global z axis
acceleration two times from the workout readiness time
point.

[0121] In the case of the stair climbing workouts, more-
over, the workout parameter data are data determining
whether the user’s head and body are inclined forward. In
this case, the selected sensor for the workout parameter data
is the gyro sensor of the body sensor 100, and the designated
axis value is the angle between the orthogonal projection
onto the global y and z axis plane as the sensed value of the
global z axis acceleration and the global z axis. If the angle
is greater than 45°, the workout parameter data determines
that the user’s head and body are inclined forward. Other-
wise, the designated axis value is the sensed value of the
local y axis acceleration, and if the sensed value is less than
-0.8, the workout parameter data determines that the user’s
head and body are inclined forward.

[0122] Plank

[0123] Referring to FIG. 16, the workout readiness, work-
out end, and workout parameter of the plank are defined as
follows.

[0124] In the workout readiness of the plank, the selected
sensor is the body sensor 100, and the designated axis values
are the average value for two seconds of the local y axis
acceleration and the magnitude values of the local axis
acceleration. Referring to FIG. 16, in this case, the workout
readiness detector 333 determines that the workout is ready
at a time point 1610 when the average value for two seconds
of the local y axis acceleration is less than -0.8 and the
magnitude values of the local axis acceleration are between
0.7 and 1.3.

[0125] In specific, the first reference range is less than
-0.8, and the second reference range is between 0.7 and 1.3.
According to the present invention, the first reference range
and the second reference range are determined through the
tests, but they may be updated through machine learning.
[0126] Further, the workout parameter data calculator 337
calculates a plank time, and the plank time is the time from
the time point when the plank starts to the time point when
the plank is ended.

[0127] The designated axis values of the end of the plank
workouts are the magnitude values of the local x, y and z
axis acceleration and the sensed value of the local y axis
acceleration, and in this case, the workout end detector 335
determines that the stair climbing workouts are ended at a
time point when the magnitude values are less than 0.5 or
greater than 1 or the sensed value of the local y axis
acceleration is greater than —0.2.

[0128] In the case of the plank workouts, further, the
workout parameter data are data determining whether
fatigue rises during the workout. In this case, the selected
sensor for the workout parameter data is the body sensor
100, and the designated axis value is the sensed value for
three seconds of the local axis acceleration. If the standard
deviation of each component is greater than a reference
deviation, it is determined that the fatigue rises.

[0129] In the case of the plank workouts, moreover, the
workout parameter data are data determining whether the
user’s head and body are maintained in a straight line. In this
case, the selected sensor for the workout parameter data is
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the gyro sensor of the body sensor 100, and the designated
axis value is the angle between the orthogonal projection
onto the global y and z axis plane as the sensed value of the
global z axis acceleration and the global z axis. If the angle
is greater than 45°, the workout parameter data determines
that the user’s head and body are not maintained in a straight
line. Otherwise, the designated axis value is the sensed value
of the local z axis acceleration, and if the sensed value is out
of the range of -0.4 and 0.8, the workout parameter data
determines that the user’s head and body are not maintained
in a straight line.

[0130] Dumbbell Curl (Biceps Workout)

[0131] Referring to FIG. 16, the workout readiness, work-
out end, and workout parameter of the dumbbell curl are
defined as follows.

[0132] In the workout readiness of the dumbbell curl, the
selected sensor is the arm sensor 200, and the designated
axis values are the sensed value of the local y axis accel-
eration and the magnitude values for two seconds of the
local axis acceleration. In this case, the workout readiness
detector 333 determines that the workout is ready at a time
point when the sensed value of the local y axis acceleration
is between —0.4 and 0.4 and the magnitude values for two
seconds of the local axis acceleration are between 0.8 and
1.2.

[0133] Further, the workout parameter data calculator 337
calculates the number of dumbbell curl workouts, and the
designated axis values in the workout parameter data cal-
culation are the magnitude values of the local x, y, and z axis
acceleration, and one dumbbell curl workout is sensed at a
time point when the magnitude values have the maximum
values greater than 0.5.

[0134] According to another embodiment of the present
invention, one dumbbell curl workout is sensed at a time
point when the integrated value of the value obtained by
subtracting 1 from the sensed value of the global z axis
acceleration two times from the workout readiness time
point has the maximum value greater than 0.01.

[0135] Otherwise, the selected sensor for the workout
parameter data is the gyro sensor of the arm sensor 200, and
the designated axis value in the workout parameter data
calculation is the absolute value of the angle value of the
local pitch (y) axis rotation. In this case, one dumbbell curl
workout is sensed at a time point when the absolute value is
greater than 80° in an absolute value increasing direction
from the workout readiness time point.

[0136] According to the present invention, the fitness
tracking device is configured to sense various workout
motions from the acceleration information measured
through the body sensor and the arm sensor, while being
conveniently worn on the user’s body and arm so that he or
she can focus on the workouts, without having uncomfort-
able feelings.

[0137] According to the present invention, further, the
fitness tracking device is configured to automatically sense
the readiness and end of the workouts that are hard to be
provided accurately by the existing arm sensor (smart watch
and the like).

[0138] According to the present invention, moreover, the
fitness tracking device is configured to automatically store
workout data, thereby accurately measuring the muscle-
strengthening workouts of the user.

[0139] The present invention may be modified in various
ways and may have several exemplary embodiments.
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Accordingly, it should be understood that the invention
covers all the modifications, equivalents, and replacements
within the idea and technical scope of the invention. There-
fore, the present invention is not to be restricted by the
embodiments as mentioned above. It is therefore intended
that the scope of the invention be limited not by this detailed
description, but rather by the claims appended hereto.

What is claimed is:

1. A fitness tracking method for workouts, comprising:

a calibration step of setting local axes, based on the sensed
data from a body sensor and an arm sensor;

a workout readiness posture detection step of determining
whether a workout readiness posture is taken, based on
a first designated axis value for workout readiness
posture detection;

a workout parameter data derivation step of deriving
workout parameter data, based on a second designated
axis value for detecting the number of motions or
whether a workout posture is maintained; and

a workout end detection step of detecting the end of a
workout, based on a third designated axis value for
determining whether the corresponding workout is
ended.

2. The fitness tracking method according to claim 1,
wherein the first to third designated axis values comprise
axis type information and value type information, the axis
type information comprising information of local axes or
global axes, information of any one of acceleration, angular
velocity, and angle, and information of any one of x, y, z,
roll, pitch, and yaw axes, and the value type information
comprising information of any one of a sensed value, an
average value, a previous sensed value, an angle value, a
magnitude value, and an integrated value of any one of the
sensed value, the average value, the previous sensed value,
the angle value, and the magnitude value.
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3. The fitness tracking method according to claim 1,
further comprising the step of selecting any one of the body
sensor and the arm sensor and selecting the first to third
designated axis values.

4. The fitness tracking method according to claim 1,
wherein the local axes comprise X, y, and z axes of the body
sensor produced based on looking ahead and behind data
and looking up and down data which are produced when a
guide screen appears on a display unit and on left and right
direction data produced by externalizing the looking ahead
and behind data and the looking up and down data.

5. The fitness tracking method according to claim 4,
wherein the local axes further comprise X, y, and z axes of
the arm sensor produced based on left and right data of the
back of the hand and up and down data of the back of the
hand which are produced when a guide screen appears on the
display unit and on forward and backward data of the back
of the hand produced by externalizing the left and right data
of'the back of the hand and the up and down data of the back
of the hand.

6. The fitness tracking method according to claim 1,
wherein the data determining whether the workout posture is
maintained comprises workout velocity, information on
whether correct postures are maintained, and information on
whether the ranges of the motions are appropriate, which are
determined according to the second designated axis value.

7. The fitness tracking method according to claim 1,
wherein if the first designated value includes the sensed
value for two seconds of the local y axis acceleration and the
average value of the local y axis acceleration, it is deter-
mined that a push-up workout is ready at a time point when
the sensed value for two seconds of the local y axis accel-
eration is between -1.4 and -0.6 and the average value of
the local y axis acceleration is between —1.2 and -0.8.
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