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FIG. 41
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FiG. 45
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METHOD AND SYSTEM FOR
DETERMINING A LENGTH OF AN OBJECT
USING AN ELECTRONIC DEVICE

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims priority from Korean Pat-
ent Application No. 10-2015-0119110, filed on Aug. 24,
2015, in the Korean Intellectual Property Office, and Korean
Patent Application No. 10-2015-0185173, filed on Dec. 23,
2015, in the Korean Intellectual Property Office, the disclo-
sures of which are incorporated herein in their entireties by
reference.

BACKGROUND

[0002] 1. Field

[0003] Methods, apparatuses, and systems consistent with
exemplary embodiments relate to determining a length of an
object using an electronic device, more particularly to, a
smart belt including at least one sensor and a waist size
management system using the smart belt.

[0004] 2. Description of the Related Art

[0005] As research on wearable devices is being actively
conducted, various types of wearable devices have been
available. Examples of wearable devices include glasses,
bands, watches, and shoes. Wearable devices are widely
applied to a health care field because of wearability on
human bodies. For example, a wearable band may be used
to check and record an exercise quantity, a sleeping time, a
sleeping quality, and the like of a user.

[0006] According to recent research, when a waist size
increases, a thickness of a cerebral cortex decreases, which
may increase the probability of developing dementia. Also,
it has been found that the risk of a man having a colon cancer
is 33% if a waist size of the man increases from 35 inches
by 3.3 inches. Thus, developing wearable devices capable of
accurately measuring a waist size is desirable.

SUMMARY

[0007] One or more exemplary embodiments provide
methods and systems for accurately measuring and manag-
ing a waist size of a user by using a smart belt including at
least one sensor.

[0008] One or more exemplary embodiments also provide
methods and systems for providing activity information of a
user by using a smart belt.

[0009] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of exemplary
embodiments.

[0010] According to an aspect of an exemplary embodi-
ment, a smart belt includes an inertia sensor configured to
acquire motion information of a user who wears the smart
belt; a waist size sensor configured to measure the waist size
of the user who wears the smart belt; a tension sensor
configured to acquire tension information of the smart belt;
and a controller configured to determine a motion state of the
user by using the motion information of the user, to control
the waist size sensor to measure the waist size of the user
according to the motion state of the user, and to correct the
waist size of the user measured by the waist size sensor,
based on the tension information of the smart belt.
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[0011] According to an aspect of another exemplary
embodiment, a waist size managing method of a smart belt
includes acquiring motion information of a user who wears
the smart belt; determining a motion state of the user by
using the motion information of the user; measuring the
waist size of the user according to the motion state of the
user; acquiring tension information of the smart belt; and
correcting the measured waist size of the user, based on the
tension information of the smart belt.

[0012] According to an aspect of still another exemplary
embodiment, a host terminal includes a communicator con-
figured to receive information about the waist size of a user
measured by a smart belt, motion information of the user,
and tension information of the smart belt from the smart belt;
a controller configured to determine a motion state of the
user by using the motion information of the user and to
correct the waist size of the user measured by the smart belt,
based on at least one of the motion state of the user and the
tension information of the smart belt; and an output interface
configured to output information about the corrected waist
size.

[0013] According to an aspect of still another exemplary
embodiment, a method of determining a length of an object
by using an electronic device includes obtaining, by the
electronic device, a length, of the electronic device, between
a first point and a second point on the electronic device;
obtaining, by the electronic device, a tension applied to a
third point on the electronic device, the third point being
located between the first point and the second point; and
correcting the obtained length by using the obtained tension
and prestored reference tension information, the prestored
reference tension information indicating a relationship of the
tension applied to the third point with respect to the length
of the object, and determining the corrected length as a final
length of the object.

[0014] According to an aspect of still another exemplary
embodiment, an electronic device for determining a length
of an object includes a sensor configured to obtain a length
between a first point and a second point on the electronic
device; a tension sensor configured to obtain a tension
applied to a third point on the electronic device, the third
point being located between the first point and the second
point; and a controller configured to correct the length
between the first and second points by using the tension
applied to the third point and prestored reference tension
information, which indicates a relationship of the tension
applied to the third point with respect to the length of the
object, and determine the corrected length as a final length
of the object.

[0015] According to an aspect of still another exemplary
embodiment, a method of providing defecation information
of a user who wears a smart belt includes sensing, by the
smart belt, whether the user is wears the smart belt; gener-
ating, by the smart belt, information about defecation of the
user, based on at least one of information about whether the
user takes off the smart belt and information about whether
the user unties the smart belt; and providing, by the smart
belt, the information about the defecation of the user to an
external apparatus connected to the electronic device.
[0016] According to an aspect of still another exemplary
embodiment, a wearable smart belt includes a magnetic
portion, including a magnet, disposed at a first portion of the
smart belt; a magnetic sensor disposed at a second portion of
the smart belt, the magnetic sensor configured to detect the
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magnet and output a sensing value based on a position of the
detect magnet; at least one of a motion sensor and a tension
sensor, the motion sensor configured to detect a motion of a
user who wears the smart belt and the tension sensor
configured to detect a tension applied to the smart belt; and
a controller configured to obtain a size of a waist of the user
based on the position of the detect magnet and at least one
of the detected motion and the detected tension.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The above and/or other aspects will be more appar-
ent by describing certain example embodiments with refer-
ence to the accompanying drawings in which:

[0018] FIG. 1 is a view for explaining a waist size man-
agement system according to an exemplary embodiment;
[0019] FIGS. 2A and 2B are respectively a perspective
view and an exploded view for explaining a smart belt
according to an exemplary embodiment;

[0020] FIG. 3Ais a block diagram of a structure of a smart
belt according to an exemplary embodiment;

[0021] FIG. 3B is a view for explaining an operation,
performed by a smart belt, of measuring a waist size of a
user by using a magnetic sensor;

[0022] FIG. 4 is a flowchart of a waist size measuring and
correcting method according to an exemplary embodiment;
[0023] FIG. 5 is a view for explaining operations of a
motion detection module and a posture detection module
according to an exemplary embodiment;

[0024] FIG. 6 is a view for explaining an operation of
measuring a waist size of a user according to a motion state
of a user;

[0025] FIG. 7A is a view for explaining a size correction
algorithm according to an exemplary embodiment;

[0026] FIG. 7B is a view for explaining a tension-based
standard table according to an exemplary embodiment;
[0027] FIG. 8 is a flowchart of a method of correcting a
tension value according to a posture of a user, according to
an exemplary embodiment;

[0028] FIG.91is a view for explaining a tension correction
algorithm according to an exemplary embodiment;

[0029] FIG. 10 is a flowchart of a method of determining
a waist size measurement time based on respiration infor-
mation of a user, according to an exemplary embodiment;
[0030] FIG. 11 is a view for explaining a respiration
detection module according to an exemplary embodiment;
[0031] FIG. 12 is a flowchart of a method of correcting a
waist size of a user based on a motion state of a user,
according to an exemplary embodiment;

[0032] FIG. 13 is a flowchart of a method in which a smart
belt transmits information about a corrected waist size to a
host terminal, according to an exemplary embodiment;
[0033] FIG. 14 is a view for explaining an operation,
performed by a host terminal, of outputting information
about abdominal obesity, according to an exemplary
embodiment;

[0034] FIG. 15 is a view for explaining an operation,
performed by a smart belt, of transmitting information about
a waist size to an external wearable device, according to an
exemplary embodiment;

[0035] FIG. 16 is a view for explaining an operation,
performed by a host terminal, of outputting information
about a metabolic syndrome, according to an exemplary
embodiment;
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[0036] FIG. 17 is a view for explaining an operation,
performed by a host terminal, of outputting a warning
message, according to an exemplary embodiment;

[0037] FIG. 18 is a view for explaining an operation,
performed by a host terminal, of recommending an exercise,
according to an exemplary embodiment;

[0038] FIG. 19 is a view for explaining an operation,
performed by a host terminal, of recommending food,
according to an exemplary embodiment;

[0039] FIG. 20 is a view for explaining an operation,
performed by a host terminal, of providing diet information
or recipe information, according to an exemplary embodi-
ment;

[0040] FIG. 21 is a flowchart of a method in which a host
terminal corrects a waist size of a user, according to an
exemplary embodiment;

[0041] FIG. 22 is a view for explaining a system for
detecting overeating of a user, according to an exemplary
embodiment;

[0042] FIG. 23 is a view for explaining a waist size
management system according to an exemplary embodi-
ment;

[0043] FIG. 24 is a flowchart of a waist size correcting
method performed by a server, according to an exemplary
embodiment;

[0044] FIG. 25 is a flowchart of a method of providing
activity information of a user, according to an exemplary
embodiment;

[0045] FIG. 26 is a flowchart of a method of providing
information about regular work or overtime work, according
to an exemplary embodiment;

[0046] FIG. 27 illustrates a screen image that provides
overtime work information in units of weeks, according to
an exemplary embodiment;

[0047] FIG. 28 illustrates a screen image that provides
overtime work information in units of months, according to
an exemplary embodiment;

[0048] FIG. 29 is a flowchart of a method of providing
bowel movement information of a user, according to an
exemplary embodiment;

[0049] FIG. 30 illustrates a screen image that provides
bowel movement information in units of days, according to
an exemplary embodiment;

[0050] FIG. 31 illustrates a screen image that provides
defecation information in units of weeks, according to an
exemplary embodiment;

[0051] FIG. 32 is a flowchart of a method of providing
smoking information of a user, according to an exemplary
embodiment;

[0052] FIG. 33 illustrates a smoking pattern according to
an exemplary embodiment;

[0053] FIG. 34 illustrates screen images that provide
smoking information of a user, according to an exemplary
embodiment;

[0054] FIG. 35 is a flowchart of a method of providing
laugh information of a user, according to an exemplary
embodiment;

[0055] FIG. 36 illustrates a laughing pattern according to
an exemplary embodiment;

[0056] FIG. 37 illustrates screen images that provide laugh
information of a user, according to an exemplary embodi-
ment;
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[0057] FIG. 38 is a flowchart of a method of providing
drinking information of a user, according to an exemplary
embodiment;

[0058] FIG. 39 illustrates a drinking pattern according to
an exemplary embodiment;

[0059] FIG. 40 illustrates screen images that provide
drinking information of a user, according to an exemplary
embodiment;

[0060] FIG. 41 is a flowchart of a method of transmitting
a notification message to a pre-designated device when a
user is in an emergent situation, according to an exemplary
embodiment;

[0061] FIG. 42 illustrates a seizure pattern according to an
exemplary embodiment;

[0062] FIG. 43 illustrates a fall pattern according to an
exemplary embodiment;

[0063] FIG. 44 is a view for explaining an operation of a
smart belt when a smart belt has sensed an emergent
situation of a user, according to an exemplary embodiment;
[0064] FIG. 45 is a flowchart of a method in which a host
terminal generates activity information of a user, according
to an exemplary embodiment;

[0065] FIG. 46 is a block diagram of a structure of a smart
belt according to an exemplary embodiment;

[0066] FIG. 47 is a block diagram of a structure of a host
terminal according to an exemplary embodiment; and
[0067] FIG. 48 is a block diagram of a structure of a server
according to an exemplary embodiment.

DETAILED DESCRIPTION

[0068] Reference will now be made in detail to certain
embodiments, examples of which are illustrated in the
accompanying drawings, wherein like reference numerals
refer to the like elements throughout. In this regard, the
exemplary embodiments may have different forms and
should not be construed as being limited to the descriptions
set forth herein. Accordingly, exemplary embodiments are
merely described below, by referring to the figures, to
explain aspects of the description. As used herein, the term
“and/or” includes any and all combinations of one or more
of the associated listed items. Expressions such as “at least
one of,” when preceding a list of elements, modify the entire
list of elements and do not modify the individual elements
of the list.

[0069] Hereinafter, the terms used in the specification will
be briefly described, and then the inventive concept will be
described in detail.

[0070] Although general terms widely used in the disclo-
sure are selected for describing the inventive concept in
consideration of the functions thereof, these general terms
may vary according to intentions of one of ordinary skill in
the art, case precedents, the advent of new technologies, and
the like. Terms arbitrarily selected by the applicant of the
inventive concept may also be used in a specific case. In this
case, their meanings need to be given in the detailed
description of the inventive concept. Hence, the terms must
be defined based on their meanings and the content of the
entire specification, not by simply stating the terms.
[0071] Herein, an electronic device may be a wearable
device including a sensor for measuring a length. For
example, an electronic device may be a string-type device
surrounding a waist, or a band- or watch-type device sur-
rounding an arm or a wrist. For convenience of explanation,
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a case where an electronic device is a smart belt will now be
illustrated and described, but the inventive concept is not
limited thereto.

[0072] The terms “comprises” and/or “comprising” or
“includes” and/or “including” when used in this specifica-
tion, specify the presence of stated elements, but do not
preclude the presence or addition of one or more other
elements. The terms ““. . . unit” and . . . module” when used
in this specification refers to a unit in which at least one
function or In operation is performed, and may be imple-
mented as hardware, software, or a combination of hardware
and software.

[0073] Embodiments of the inventive concept are
described in detail herein with reference to the accompany-
ing drawings so that this disclosure may be easily performed
by one of ordinary skill in the art to which the inventive
concept pertains. The inventive concept may, however, be
embodied in many different forms and should not be con-
strued as being limited to the embodiments set forth herein.
In the drawings, parts irrelevant to the description are
omitted for simplicity of explanation, and like numbers refer
to like elements throughout.

[0074] FIG. 1 is a view for explaining a waist size man-
agement system according to an exemplary embodiment.
[0075] Referring to FIG. 1, the waist size management
system according to an exemplary embodiment may include
a smart belt 100 and a host terminal 200. However, all of the
illustrated components may not be essential. The waist size
management system according to an exemplary embodiment
may be implemented by more or less components than those
illustrated in FIG. 1. For example, the waist size manage-
ment system according to an exemplary embodiment may be
implemented by including only the smart belt 100 or may be
implemented by further including a server in addition to the
smart belt 100 and the host terminal 200. An exemplary
embodiment in which a waist size management system
includes the smart belt 100, the host terminal 200, and a
server will be described later in detail with reference to FIG.
23

[0076] The smart belt 100 is a band that may be tied
around a waist part of a user. For example, the smart belt 100
may be tied along a waist part of a trouser or skirt to prevent
the trouser or skirt from slipping down. The smart belt 100
may be a device capable of automatically measuring the
waist size of a user. According to an exemplary embodiment,
the smart belt 100 may check the waist size of a user by
measuring a length between a first point and a second point
on the smart belt 100. In other words, the length between the
first point and the second point may correspond to the waist
size of the user. The smart belt 100 may have various shapes
and comprise various materials.

[0077] According to an exemplary embodiment, the smart
belt 100 may include at least one sensor. For example, the
smart belt 100 may include, but is not limited to, at least one
of a geomagnetic field sensor, an acceleration sensor, an
inclination sensor, a gyroscope sensor, an optical sensor, an
image sensor, a tension sensor, a proximity sensor, a mag-
netic sensor (hereinafter, also referred to a magnetic field
sensor), and a temperature sensor.

[0078] The smart belt 100 may sense whether a user wears
the smart belt 100, detect a motion of the user, measure the
waist size of the user, or measure a tension of the smart belt
100, by using the at least one sensor. A tension may denote
a force with which both arbitrary side portions of an object
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are pulled vertically. The smart belt 100 may correct a
measured waist size according to the tension of the smart
belt 100. Sensors included in the smart belt 100 will be
described in detail later with reference to FIGS. 3A and 3B.
[0079] According to an exemplary embodiment, the smart
belt 100 may automatically adjust the length of a portion of
the smart belt 100 that surrounds the waist of the user. For
example, the smart belt 100 may increase the length of the
portion of the smart belt 100 surrounding the waist when the
user 1s sitting down, and decrease the length of the portion
of the smart belt 100 surrounding the waist when the user
stands up. In this manner, the smart belt 100 may flexibly fit
a body of the user.

[0080] The smart belt 100 may communicate with an
external apparatus via a network. According to an exemplary
embodiment, the network may be realized by wireless
communication technology, such as wireless fidelity (Wi-
Fi), home radio frequency (RF), Bluetooth, high rate wire-
less personal area network (HR WPAN), ultra wideband
(UWB), low rate (LR) WPAN, or Institute of Electrical and
Electronics Engineering (IEEE) 1394, but the inventive
concept is not limited thereto.

[0081] For example. the smart belt 100 may transmit
information related to a waist size to the host terminal 200.
The smart belt 100 may also transmit information on a
tension of the smart belt 100, information on respiration of
the user, information on overeating of the user, information
on a motion of the user, and the like to the host terminal 200.
The smart belt 100 may transmit information on a commute,
work overtime, defecation, a total period of sitting, seizure
or falling, smoking, laugh, and the like of the user to the host
terminal 200.

[0082] The host terminal 200 may include a display
capable of outputting information. For example, the host
terminal 200 may output information related to the health of
the user (for example, information related to the waist size
of the user), a notification message, and a warning message.
[0083] The host terminal 200 according to an exemplary
embodiment may be realized in various types. Examples of
the host terminal 200 may include, but are not limited to, a
smartphone, a laptop computer, a tablet personal computer
(PC), an electronic-book terminal, a digital broadcasting
terminal, a personal digital assistant (PDA), a portable
multimedia player (PMP), a navigation, and an MP3 player.
The host terminal 200 described herein may be a wearable
device that may be worn by users. The wearable device may
include at least one of an accessory type device (for
example, a watch, a ring, a bracelet, an anklet, a necklace,
eyeglasses, or a contact lens), a head-mounted-device
(HMD), a fabric or clothing integrated device (for example,
electronic clothing), a body-attached device (for example, a
skin pad), or a bio-implant device (for example, an implant-
able circuit).

[0084] The user may check his or her health state by
checking information about a waist size (also referred to as
waist size information) displayed on the host terminal 200.
The waist size is an important factor used to determine a
metabolic syndrome, and may be given more weight than a
body mass index (BMI) to determine obesity. Thus, a system
that provides accurate waist size information to users and
manages the waist size information of the users is desirable.
[0085] FIGS. 2A and 2B are respectively a perspective
view and an exploded view for explaining a smart belt
according to an exemplary embodiment.
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[0086] Referring to FIGS. 2A and 2B, the smart belt 100
may have a structure 200-1 when assembled and have a
structure 200-2 when disassembled. The smart belt 100 may
include a buckle portion 10, a clip portion 20, and a belt
portion 30. The buckle portion 10 may include a device
capable of tightening and fixing the belt portion 30. The
buckle portion 10 may be implemented as various types, for
example but is not limited to, a cinch buckle, a ring buckle,
a plate buckle, a rectangular buckle, a clasp buckle, a frame
buckle, and a trench buckle.

[0087] The clip portion 20 connects the buckle portion 10
to the belt portion 30. According to an exemplary embodi-
ment, the clip portion 20 may include a ring capable of fixing
an end portion of the belt portion 30.

[0088] According to an exemplary embodiment, the clip
portion 20 may include at least one sensor and at least one
processor. For example, the clip portion 20 may include, but
is not limited to, at least one of a geomagnetic field sensor,
an acceleration sensor, an inclination sensor, a gyroscope
sensor, an optical sensor, an image sensor, a proximity
sensor, a temperature sensor, a magnetic sensor, at least one
processor, a communication interface, and a memory.
[0089] According to an exemplary embodiment, the belt
portion 30 may be implemented using any of various mate-
rials, such as leather or fabric. According to an exemplary
embodiment, the belt portion 30 may be marked with an
indication that represents an absolute location of the mark-
ing. For example, the belt portion 30 may be marked with a
two-dimensional (2D) code, a color code, an absolute
encoder code, or the like. Alternatively, the belt portion 30
may be marked with an indication that represents a relative
location of the marking. For example, the belt portion 30
may be marked with an indication at regular intervals.
[0090] According to an exemplary embodiment, a waist
size sensor (also referred to as a length measurement sensor)
of the smart belt 100 may measure the waist size of the user
by using an indication marked on the belt portion 30. The
waist size sensor that measures the waist size of the user will
be described in detail later with reference to FIGS. 3A and
3B.

[0091] According to an exemplary embodiment, a tension
sensor may be positioned between the clip portion 20 and the
belt portion 30. The tension sensor may measure, for
example, a tension applied to the smart belt 100 or a
variation of the applied tension. The tension sensor may
include, but is not limited to, a force sensing resistor (FSR)
sensor 102 and/or a strain gauge 106.

[0092] For example, the FSR sensor 102 may be located
within the clip portion 20, e.g., a portion 21 of the clip
portion 20. The FSR sensor 102 may measure a dynamic
force (for example, a tension) applied to the smart belt 100
by sensing a resistance change due to a force or pressure
applied to a surface of the FSR sensor 102. For example,
when the waist size of the user increases, the FSR sensor 102
may sense a resistance change due to a pressure applied to
the FSR sensor 102, and recognize that a tension of the smart
belt 100 increases.

[0093] According to an exemplary embodiment, the strain
gauge 106 may be attached to a connection surface 31 that
connects the clip portion 20 to the belt portion 30. The strain
gauge 106 may be a sensor that measures a change in a strain
occurring on a surface of the strain gauge 106.

[0094] The strain denotes a ratio of an increased or
decreased length of an object to an original length when a
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tensile force or a compression force is applied to the object.
The strain gauge 106 may measure a strain based on a
characteristic that an electrical resistance of an object
changes when the object is deformed.

[0095] A case where a sensor and a processor are provided
to the clip portion 20 is illustrated in FIGS. 2A and 2B, but
the inventive concept is not limited thereto. For example, the
buckle portion 10 may include a sensor and a processor.
[0096] FIG. 3A is a block diagram of a structure of the
smart belt 100 according to an exemplary embodiment.
[0097] Referring to FIG. 3A, the smart belt 100 may
include an inertia sensor (or an inertial measurement unit
(IMU) sensor) 111, a waist size sensor 112, a tension sensor
113, a controller 120, and a communicator 130. However, all
of the illustrated components may not be essential. The
smart belt 100 may be implemented by more or less com-
ponents than those illustrated in FIG. 3A.

[0098] The inertia sensor (or IMU sensor) 111 may include
an acceleration sensor that measures a gravitational force,
and a gyroscope sensor that measures an angular accelera-
tion. According to an exemplary embodiment, the inertia
sensor (or IMU sensor) 111 may include a geomagnetic field
sensor and a magnetic sensor.

[0099] According to an exemplary embodiment, the iner-
tia sensor (or IMU sensor) 111 may acquire motion infor-
mation of a user (or motion information of the smart belt
100). The motion information of a user may be information
about a motion of a user who wears the smart belt 100. For
example, the motion information of a user may include, but
is not limited to, at least one of a motion of the user, a
movement speed of the user, a movement direction of the
user, an inclination of the user, and a height of the user. The
motion information of a user may also include biometric
information (for example, body temperature information,
respiration information, and perspiration information) of the
user and location information (for example, global position-
ing system (GPS) coordinate value information, region
information, building information, or information about a
location variation during a predetermined period of time) of
the user. The biometric information of the user and the
location information of the user may be measured by a
sensor other than the inertia sensor 111.

[0100] When the inertia sensor 111 acquires the motion
information of the user (for example, a movement speed and
a movement direction), the inertia sensor 111 may transmit
the motion information of the user to the controller 120.
[0101] The waist size sensor 112 may measure the waist
size of the user who wears the smart belt 100. The waist size
sensor 112 may measure the waist size according to various
methods. The waist size sensor 112 may include, but is not
limited to, an optical sensor, an image sensor, and a magnetic
sensor.

[0102] According to an exemplary embodiment, the waist
size sensor 112 may measure the waist size by using an
optical sensor according to an incremental linear encoder
method.

[0103] For example, when a mark is attached to the belt
portion 30 at regular intervals, the optical sensor may
convert, into a pulse signal, a physical signal representing
light being transmitted or blocked when passing through the
marks. At this time, the controller 120 may count the pulse
signal to measure a linear displacement value, and may
calculate the waist size by using the linear displacement
value. For example, when an interval between marks is 1 cm
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and the optical sensor recognizes five marks that block light,
the waist size sensor 112 may calculate the waist size by
subtracting 5 cm (i.e., 1 cmx5) from an overall length of 90
cm of the belt portion 30. According to an exemplary
embodiment, physical protrusions instead of slip marks may
be used.

[0104] According to an exemplary embodiment, the waist
size sensor 112 may measure the waist size by using an
optical sensor according to an absolute linear encoder
method.

[0105] For example, when barcodes including absolute
location information and/or absolute length information are
marked on the belt portion 30, the waist size sensor 112 may
measure the waist size of the user by identifying a barcode
value by using the optical sensor. For example, when a first
barcode value recognized via the optical sensor represents
85 cm, the waist size sensor 112 may determine the waist
size of the user to be 85 cm.

[0106] According to an exemplary embodiment, when the
buckle portion 10 or the clip portion 20 includes a rotor, the
waist size sensor 112 may measure the waist size of the user
by using a rotary encoder. The rotary encoder may denote a
device that converts a rotation angle of a rotational shaft into
an electrical signal (or pulse) and outputs the electrical
signal (or pulse).

[0107] According to an exemplary embodiment, the waist
size sensor 112 may measure the waist size according to an
incremental rotary encoder method. In this case, the rotor
may have a black pattern.

[0108] Forexample, when a user wears the smart belt 100,
while the rotor having the black pattern is rotating, light
emitted from a light-emission device of the optical sensor
may be transmitted or blocked. The transmitted light may be
converted into a current by a light-receiving device of the
optical sensor, and an electrical signal corresponding to the
current may be output as a square wave pulse signal via a
waveform shaping circuit and an output circuit. The waist
size sensor 112 may calculate the waist size of the user by
counting output pulse signals.

[0109] According to an exemplary embodiment, when the
buckle portion 10 or the clip portion 20 includes a rotor, the
waist size sensor 112 may measure the waist size of the user
by using an absolute rotary encoder method.

[0110] The absolute rotary encoder method is a method of
detecting an absolute rotating angle. For example, the
method includes splitting 360° around a rotational shaft
from a 0° point at a certain ratio, designating a recognizable
electrical digital code (for example, a binary coded decimal
(BCD) code, a binary code, or a gray code) for each split
angle, and outputting the split angle based on the recognized
digital code according to a rotation location of the rotating
shaft.

[0111] According to an exemplary embodiment, the waist
size sensor 112 may measure the waist size of the user by
using an image sensor.

[0112] Forexample, the waist size sensor 112 may identify
a location of the buckle portion 10 or the clip portion 20 on
the belt portion 30 by comparing an image of the belt portion
30 acquired via the image sensor with a reference image.
[0113] According to an exemplary embodiment, when the
waist size sensor 112 measures the waist size of the user who
wears the smart belt 100, the waist size sensor 112 may
transmit information about the measured waist size to the
controller 120.
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[0114] According to an exemplary embodiment, the waist
size sensor 112 may measure the waist size of the user by
using a magnetic sensor. For example, referring to FIG. 3B,
when the smart belt 100 is a belt of which a length is
adjustable by using a plurality of holes 301, the waist size
sensor 112 may determine at least one of the plurality of
holes 301 that is currently being used to adjust the length of
the smart bel 100, by using a magnetic sensor 303.

[0115] For example, a magnetic portion 302 may be
formed on an end portion of the smart belt 100 at regular
intervals. In this case, magnets of the magnetic portion 302
may be located within the smart belt 100 such that the
magnets are not prominent. The interval between rows on
which magnets of the magnetic portion 302 are arranged
may be identical or similar to an interval between the holes
301. The magnetic sensor 303 capable of detecting the
magnets may be positioned at a certain distance from a ring
305 of the clip portion.

[0116] When a user wears the smart belt 100 by using a
first hole 3011 among the holes 301, the magnetic sensor 303
may recognize a magnet on a first row. Since the magnet on
the first row is positioned in the last column of the magnetic
portion 302, the magnetic sensor 303 may recognize a
magnet value as a binary code of ‘001°. Since the binary
code of ‘001° is converted into a decimal code of ‘1°, the
waist size sensor 112 may recognize that the user is using the
first hole 3011 that corresponds to the decimal code of ‘1°.
The waist size sensor 112 may determine a length of 85 cm
based on an overall length of the belt portion and a location
of the first hole 3011 as the waist size of the user.

[0117] When the user wears the smart belt 100 by using a
second hole 3013, the magnetic sensor 303 may recognize a
magnet on a second row. Since the magnet on the second
row is positioned in a middle column of the magnetic portion
302, the magnetic sensor 303 may recognize a magnet value
as a binary code of ‘010’. Since the binary code of ‘010 is
converted into a decimal code of ‘2°, the waist size sensor
112 may recognize that the user is using the second hole
3013 that corresponds to the decimal code of “2°. The waist
size sensor 112 may determine a length of 87 cm based on
the overall length of the belt portion and a location of the
second hole as the waist size of the user. In this case, an
interval between the first and second holes 3011 and 3013 is
2 cm.

[0118] According to an exemplary embodiment, the mag-
netic sensor 303 may operate as a sensor that detects an
attachment or detachment of the smart belt 100. For
example, when the user takes off the smart belt 100, the
magnetic sensor 303 no longer senses a magnet. When no
magnet is sensed, the magnetic sensor 303 may recognize a
magnet value as a binary code of ‘000’ and transmit the
binary code of ‘000’ to the controller 120. When the con-
troller 120 receives the binary code of ‘000° from the
magnetic sensor 303, the controller 120 may determine that
the user has taken off the smart belt 100.

[0119] The tension sensor 113 may measure, for example,
a tension applied to the smart belt 100 or a variation of the
applied tension. As described above with reference to FIGS.
2A and 2B, the tension sensor 113 may include, but is not
limited to, the FSR sensor 102 and/or the strain gauge 106.
[0120] The tension sensor 113 may measure the tension of
the smart belt 100 by measuring not only a resistance change
of the smart belt 100 but also a change in an electrostatic
capacity, a change in an intensity of magnetism, a change in
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a natural vibration frequency, a change in a restoration force,
and the like of the smart belt 100. The tension sensor 113 has
been described above with reference to FIGS. 2A and 2B,
and thus a repeated description thereof will be omitted.

[0121] According to an exemplary embodiment, when the
tension sensor 113 measures a tension of the smart belt 100
or a variation of the tension, the tension sensor 113 may
transmit tension information (for example, a tension value
and/or a variation of the tension) to the controller 120.

[0122] The controller 120 may drive an operating system
(OS) or an application program to control a plurality of
hardware and/or software components connected to the
controller 120, and may perform various data processing
and/or calculations.

[0123] For example, the controller 120 may control at
least one of the inertia sensor 111, the waist size sensor 112,
and the tension sensor 113 to acquire at least one of the
motion information of the user, the waist size information of
the user, and the tension information of the smart belt 100.
The controller 120 may also control the communicator 130
to receive or transmit data from or to the external host
terminal 200.

[0124] When the user who wears the smart belt 100 adopts
a certain posture, for example, sitting or lying or stretching
the user’s abdominal muscle during when the waist size
sensor 112 measures the waist size of the user, the measured
waist size may not be accurate. Thus, the controller 120 of
the smart belt 100 may control the waist size sensor 112 to
measure a waist size when the user stands upright without
recognizing that the waist size is being measured. The
controller 120 may correct the waist size of the user mea-
sured by the waist size sensor 112, based on the tension
information of the smart belt 100.

[0125] An operation, performed by the smart belt 100, of
measuring a waist size of a user in consideration of a motion
of the user and correcting the measured waist size by using
the tension information of the smart belt 100 will now be
described in detail with reference to FIG. 4.

[0126] FIG. 4 is a flowchart of a waist size measuring and
correcting method according to an exemplary embodiment.

[0127] In operation S410, the smart belt 100 may acquire
motion information of a user who wears the smart belt 100.

[0128] According to an exemplary embodiment, the smart
belt 100 may determine whether a user is wearing the smart
belt 100, by using at least one sensor. For example, the smart
belt 100 may determine whether the user has worn or taken
off the smart belt 100, by using the optical sensor, the
proximity sensor, the pressure sensor, the tension sensor 113,
an illuminance sensor, the magnetic sensor, or the like. For
example, when a tension value measured by the tension
sensor 113 is equal to or greater than a certain value, the
smart belt 100 may determine that the user is wearing the
smart belt 100.

[0129] According to an exemplary embodiment, the smart
belt 100 may more accurately determine whether the user
wears the smart belt 100, by combining pieces of informa-
tion obtained by using a plurality of sensors.

[0130] According to an exemplary embodiment, when it is
determined that the user is wearing the smart belt 100, the
smart belt 100 may sense a motion of the user by using the
inertia sensor 111. For example, the smart belt 100 may
acquire a motion of the user, movement speed information
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of the user, movement direction information of the user,
inclination information of the user, and height information
of the user.

[0131] The smart belt 100 may also acquire location
information (for example, GPS coordinate value informa-
tion, region information, building information, or informa-
tion about a location variation during a predetermined
period) of the user by using a position sensor, and may
acquire biometric information (for example, body tempera-
ture information, respiration information, and perspiration
information) of the user by using a biometric sensor.
[0132] According to an exemplary embodiment, the smart
belt 100 may acquire motion information of the user at
certain intervals. For example. the smart belt 100 may
acquire the motion information of the user at intervals of 10
minutes.

[0133] Alternatively, the smart belt 100 may acquire the
motion information of the user at a predefined time. For
example, the smart belt 100 may acquire the motion infor-
mation of the user between 7:00 A.M. and 8:00 A.M. during
which the user usually goes to work, between 12:00 P.M.
and 1:00 PM. during which the user usually has lunch, or
between 7 P.M. and 8:00 P.M. during which the user usually
gets off work. According to an exemplary embodiment, the
predefined time may be changed according to a user input or
user profile information of the user, which will be described
in detail later.

[0134] In operation S420, the smart belt 100 may deter-
mine a motion state of the user by using the motion
information of the user.

[0135] The motion state of the user may include, but is not
limited to, a walking state, a standing state (an upright-
standing state or an a slant-standing state), a stair-ascending
or descending state, a running state, a sleeping state, a
driving state, a commuting state, a speaking state (or a state
in conversation), a workout (for example, jogging, swim-
ming, tennis, baseball, and hiking) state, a drinking state, a
sitting state, and a lying state.

[0136] The smart belt 100 may determine whether the user
is in a stopped state, a walking state, or a running state, by
using at least one of an acceleration value, an inclination
value, a position value, and a pressure value. For example,
by using acceleration information measured by the accel-
eration sensor, the smart belt 100 may determine that the
user is in a stopped state, when the user has moved at an
average speed of 0.001 kmvh for a certain period of time,
may determine that the user is walking, when the user moves
at an average speed of 4 km/h for a certain period of time,
and may determine that the user is running, when the user
moves at an average speed of 15 km/h for a certain period
of time.

[0137] The smart belt 100 may also determine, by using
location variation information measured by the position
sensor, whether the user is in a stopped state (for example,
a location variation<a first threshold value), in a walking
state (for example, the first threshold valuesthe location
variation<a second threshold value), or in a running state
(for example, the second threshold valuesthe location varia-
tion).

[0138] According to an exemplary embodiment, the smart
belt 100 may determine the motion state of the user by using
the user profile information of the user. The user profile
information may be stored in a personal server of the user,
the host terminal 200, or the smart belt 100.
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[0139] Forexample, the smart belt 100 may determine the
motion state of the user by using schedule information or
lifestyle information of the user. If the user moves a certain
distance or greater from home to a specific location (for
example, the user’s workplace) at 8 A.M. on weekdays, the
smart belt 100 may manage information on a commute time
of the user, information on a commute distance of the user,
and information on a location of the user’s workplace as the
user profile information. For example, when a current time
is 8:20 A.M. on Monday and a current location is near a
subway station, the smart belt 100 may determine that the
user is on his or her way to work.

[0140] When an average moving speed of the user is
below a certain threshold (e.g., 0.0001 km/h) for a certain
period of time and the user is located in an office for a certain
period of time, the smart belt 100 may determine that the
user is working.

[0141] According to an exemplary embodiment, the smart
belt 100 may analyze the motion state of the user by using
biometric information measured by an external wearable
device. A wearable device according to an exemplary
embodiment may be, but is not limited to, a ring, a necklace,
a band, a watch, shoes, an ear ring, a hair band, clothing,
gloves, or a thimble.

[0142] For example, the smart belt 100 may receive pulse
rate information, blood pressure information, heart rate
information, body temperature information, and the like
measured by the external wearable device. At this time, the
smart belt 100 may receive the biometric information from
the external wearable device via the host terminal 200, or
receive the biometric information directly from the external
wearable device. When an average pulse rate of the user is
equal to or greater than a certain frequency for a certain
period of time, the smart belt 100 may determine that the
user is exercising.

[0143] According to an exemplary embodiment, the smart
belt 100 may determine whether the user is in a stopped
state, a walking state, a running state, a hiking state, or the
like, by using acceleration information, pressure informa-
tion, height information, or the like measured by a sneaker
or a shoe insert. For example, when a moving speed of the
user is equal to or greater than a certain value and a pressure
pattern of a sole measured by a pressure sensor attached to
a sneaker is similar to a pattern corresponding to hiking, the
smart belt 100 may determine that the user is hiking.
[0144] The smart belt 100 may identify a state when a user
stands up from a sitting position or a state when a user sits
down from a standing position, by using tension informa-
tion. For example, when a tension of the smart belt 100
increases, the smart belt 100 may determine that the user sits
down from a standing position. When a tension of the smart
belt 100 decreases, the smart belt 100 may determine that the
user stands up from a sitting position.

[0145] In operation S430, the smart belt 100 may measure
the waist size of the user according to the motion state of the
user. For example, when a measurement value of at least one
of the acceleration sensor, the tension sensor, the respiration
sensor, and the gyroscope sensor corresponds to a certain
range, the smart belt 100 may measure the waist size of the
user by measuring the length between first and second points
of the smart belt 100.

[0146] According to an exemplary embodiment, the smart
belt 100 may determine a time to measure the waist size of
the user (or waist size measurement time), based on the



US 2017/0055881 A1l

motion state of the user. For example, since a waist size is
generally measured when a user is stably standing, the smart
belt 100 may determine, as the waist size measurement time,
a time point when the moving speed of the user is less than
a certain speed (for example, 0.1 km/h). Alternatively, the
smart belt 100 may determine, as the waist size measure-
ment time, a time point when it is determined that the user
is at an upright-standing posture (or in an upright-standing
quiver state).

[0147] According to an exemplary embodiment, when
arrival of the time to measure the waist size of the user is
determined, the smart belt 100 may activate the waist size
sensor 112 to measure the waist size of the user.

[0148] On the other hand, when the moving speed of the
user is equal to or greater than the certain speed or it is
determined that the user is in a sitting state, the smart belt
100 may determine not to measure the waist size. The smart
belt 100 may maintain the waist size sensor 112 in a
non-active state.

[0149] The waist size sensor 112 of the smart belt 100 may
measure the waist size of the user who wears the smart belt
100. For example, the waist size sensor 112 of the smart belt
100 may measure the waist size of a user by using the optical
sensor, according to an incremental linear encoder method,
an absolute linear encoder method, an incremental rotary
encoder method, or an absolute rotary encoder method. The
waist size sensor 112 of the smart belt 100 may measure the
waist size of the user by using the image sensor or the
magnetic field sensor. A method in which the waist size
sensor 112 of the smart belt 100 measures the waist size of
the user has been described above with reference to FIGS.
3A and 3B, and thus a detailed description thereof will be
omitted.

[0150] According to an exemplary embodiment, the smart
belt 100 may acquire a first waist size value corresponding
to a first motion state of the user by measuring a waist size
of the user in the first motion state. When the first motion
state is not a predefined reference state for measuring the
waist size, the smart belt 100 may convert the first waist size
value corresponding to the first motion state into a second
waist size value corresponding to the predefined reference
state. The predefined reference state may be, but is not
limited to, an upright-standing quiver state.

[0151] For example, when the smart belt 100 acquires the
first waist size value of the user by measuring a waist size
of the user in a slantingly-standing state, the first waist size
value may be different from an actual waist size of the user.
Accordingly, the smart belt 100 may convert the first waist
size value into a second waist size value corresponding to
the upright-standing quiver state, by using human body
modeling information of the user.

[0152] The human body modeling information of the user
may be information representing a result of analyzing a
relationship between the posture and the waist size of the
user by using a machine learning technique. For example,
the human body modeling information of the user may
include, but is not limited to, a difference between waist
sizes 1n a sitting state and in a standing state, a difference
between waist sizes in an upright-standing state and in a
slantingly-standing state, a difference between waist sizes in
a standing state and in a walking state, and a difference
between waist sizes before and after eating. In operation
S440, the smart belt 100 may acquire the tension informa-
tion of the smart belt 100 by using the tension sensor 113.
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[0153] For example, the smart belt 100 may measure the
tension of the smart belt 100 by using the FSR sensor 102
or the strain gauge 106, but the inventive concept is not
limited thereto. A method in which the smart belt 100
measures a tension has been described above with reference
to FIGS. 2A and 2B, and thus a repeated description thereof
will be omitted.

[0154] According to an exemplary embodiment, the smart
belt 100 may periodically acquire the tension information of
the smart belt 100 by using the tension sensor 113. For
example, the smart belt 100 may acquire the tension infor-
mation at intervals of 10 minutes.

[0155] The smart belt 100 may acquire the tension infor-
mation at a predefined time. For example, the smart belt 100
may acquire the tension information of the smart belt 100
between 7 A.M. and 8 A.M. during which the user goes to
work, between 12:00 PM. and 1:00 P.M. during which the
user has lunch, or between 7:00 P.M. and 8:00 P.M. during
which the user has dinner. The predefined time may be
changed according to a user input or user profile information
of the user.

[0156] According to an exemplary embodiment, the smart
belt 100 may acquire the tension information when a specific
event occurs. For example, when an event in which the waist
size sensor 112 measures the waist size of the user occurs,
the smart belt 100 may activate the tension sensor 113 to
measure a tension value of the smart belt 100.

[0157] According to an exemplary embodiment, the smart
belt 100 may correct the tension value measured by the
tension sensor 113, according to the motion state of the user.
For example, when the first tension value is measured when
the user is standing slantingly, the smart belt 100 may
correct the measured first tension value to a tension value
when the user is in an upright-standing quiver state. An
operation, performed by the smart belt 100, of correcting a
tension value will be described in detail later with reference
to FIG. 8.

[0158] In operation S450, the smart belt 100 may correct
the measured waist size of the user, based on the tension
information. For example, the smart belt 100 may correct the
measured waist size (or length) by using the measured
tension and stored reference tension information. The ref-
erence tension information may include a tension-based
standard table.

[0159] In the tension-based standard table, a tension is
matched with a waist size correction value. According to an
exemplary embodiment, the waist size correction value
included in the tension-based standard table may be calcu-
lated by taking into account body information (for example,
a gender, an age, a height, and a weight) of the user.
[0160] For example, according to the tension-based stan-
dard table, when a tension is 100 g, a waist size correction
value is ‘0, and, as the tension increases from 100 g, the
waist size correction value may increase. For example, when
the tension is 400 g, the waist size correction value may be
‘+2 cm’, and, when the tension is 700 g, the waist size
correction value may be ‘+4 cm’.

[0161] An increase in a tension denotes an increase in a
waist tightening force of the smart belt 100, and thus an
increased tension causes a measured waist size to be smaller
than the actual waist size.

[0162] Forexample, when the length of the smart belt 100
is not adjusted although the belly of the user further pro-
trudes due to overeating than before eating, the waist size of
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the user measured by the smart belt 100 may remain the
same before and after eating. However, in reality, the waist
size after eating may be greater than the waist size before
eating. Accordingly, the smart belt 100 may accurately
predict a current waist size of the user by adding a waist size
correction value corresponding to an increased tension value
to an actually-measured waist size value, by using the
tension-based standard table.

[0163] According to an exemplary embodiment, some of
operations S410-S450 may be omitted, some of additional
operations may be further included, or the order of some of
operations S410-S450 may be changed.

[0164] An operation, performed by the smart belt 100, of
providing accurate waist size information to a user by taking
into account a tension of the smart belt 100 will now be
described in more detail with reference to FIGS. 5, 6, 7A and
7B.

[0165] FIG. 5 is a view for explaining operations of a
motion detection module 510 and a posture detection mod-
ule 520 according to an exemplary embodiment.

[0166] Referring to FIG. 5, the controller 120 of the smart
belt 100 may determine a waist size measurement time by
using the motion detection module 510 and the posture
detection module 520.

[0167] For example, when an acceleration variation
between a current acceleration value Al and a previous
acceleration value A0 (i.e., a difference (A1-A0) between
the acceleration variations Al and A0) is no less than 0 and
no more than a threshold value, the motion detection module
510 may determine that the user is in a non-moving state
(e.g., substantial number of steps==0). The motion detection
module 510 may transmit to the controller 120 information
representing that the user is in a non-moving state. Since the
user is in a not-moving state, the controller 120 may control
the waist size sensor 112 to measure the waist size of the
user. On the other hand, when the motion detection module
510 determines that the user is moving (e.g., substantial
number of steps=1), the controller 120 may deactivate the
waist size sensor 112 not to measure the waist size of the
user.

[0168] The posture detection module 520 may determine
the posture of the user by using, for example, an acceleration
variation measured by the acceleration sensor and/or a
tension sensor value measured by the tension sensor 113. For
example, when the acceleration variation is greater than a
minimum threshold value and the tension sensor value is
less than a tension threshold value, the posture detection
module 520 may determine that the user is at a standing
posture.

[0169] When it is determined that the user is at a standing
posture, the posture detection module 520 may determine
whether it is appropriate to currently measure the waist size
of the user, by using a gyroscope sensor value measured by
the gyroscope sensor. For example, when the user is in a
standing state and the gyroscope sensor value is within a
threshold range (Th0=G<Th1), the posture detection module
520 may determine that the current state of the user allows
accurate measurement of the waist size. A state of a user that
allows accurate measurement of the waist size of the user
will now be described in more detail with reference to FIG.
6.

[0170] FIG. 6 is a view for explaining an operation of
measuring the waist size of a user according to a motion
state of the user.
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[0171] According to an exemplary embodiment, the smart
belt 100 may determine the motion state of the user, based
on information acquired by the inertia sensor 111 or the
tension sensor 113. For example, the smart belt 100 may
determine whether the user is in a sitting state 610, a walking
state 620, or a standing state 630, by using acceleration
information, inclination information, tension information, or
the like.

[0172] According to an exemplary embodiment, when the
smart belt 100 determines that the user is in the sitting state
610 or the walking state 620, the smart belt 100 may
determine that the current state of the user is inadequate to
measure the waist size of the user, and may not measure the
waist size of the user.

[0173] In general, the waist size of a user increases when
the user is sitting, compared with when the user is standing.
Thus, it is difficult to accurately measure the waist size of the
user when the user is in the sitting state 610. When a user is
moving, the waist size of the user continuously changes.
Thus, it is difficult to accurately measure the waist size of the
user when the user is in the walking state 620.

[0174] On the other hand, when the smart belt 100 deter-
mines that the user is in the stably-standing state 630 without
substantial movement, the smart belt 100 may measure the
waist size of the user by using the waist size sensor 112.
[0175] FIG. 7A is a diagram for explaining a size correc-
tion algorithm 700 according to an exemplary embodiment.
[0176] Referring to FIG. 7A, the smart belt 100 may
correct a waist size value measured by the waist size sensor
112, by using the size correction algorithm 700. The size
correction algorithm 700 may correct an error of an actually
measured waist size, based on a tension-based standard table
or body modeling information. In an exemplary embodi-
ment, according to the tension-based standard table, when a
tension is 100 g, a waist size correction value is ‘0’, and, as
the tension increases from 100 g, the waist size correction
value may also increase.

[0177] For example, when the waist size value measured
by the waist size sensor 112 is 81.5 cm and a tension value
measured by the tension sensor 113 is 720 g, the smart belt
100 may correct the measured waist size of 81.5 cmto 85 cm
by using the tension-based standard table. The corrected
waist size of 85 cm may more accurately represent the actual
waist size of the user.

[0178] The tension-based standard table will now be
described in more detail with reference to FIG. 7B. F1G. 7B
illustrates experimental data representing a result of analyz-
ing a correlation between a waist size and a tension. Refer-
ring to a waist size-tension graph 710, a tension increase rate
(or a rate at which tension of a belt increases) when the belt
is tightened to decrease the length of a belt by 1 cm was
tested on 20 Korean men having an average height of 175
cm, an average weight of 83 kg, and an average age of 36.
As a result, it was found that a tension increases by an
average of 280.2 g when the length of the belt decreases by
1 cm.

[0179] A tension-based standard table 720 may be gener-
ated using the experimental data (or the waist size-tension
graph 710), as shown in FIG. 7B. According to the tension-
based standard table 720, when a tension is 315.6 g, a waist
size correction value may be ‘0’. When the tension is 606.2
g, the waist size correction value may be ‘+2 cm’. When the
tension is 1154.6 g, the waist size correction value may be
+37
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[0180] Since the waist size-tension graph 710 and the
tension-based standard table 720 of FIG. 7B are experimen-
tal data obtained under a specific condition, when a body
condition, an age, and the like of a test object are changed,
the waist size-tension graph 710 and the tension-based
standard table 720 may also be changed. According to an
exemplary embodiment, a plurality of tension-based stan-
dard tables 720 may be generated based on experimental
data respectively obtained according to different conditions,
and a tension-based standard table 720, among the plurality
of tension-based standard tables 720, corresponding to a
user’s condition may be used.

[0181] According to an exemplary embodiment, the smart
belt 100 may correct the waist size measured by the waist
size sensor 112, by using human body modeling informa-
tion. For example, the smart belt 100 may correct the waist
size measured by the waist size sensor 112, by further taking
into account at least one of body information (for example,
a height and a weight), gender information (for example, a
male), and age information (for example, an age of 46) of the
user.

[0182] According to an exemplary embodiment, the
human body modeling information may include information
representing a result of analyzing a relationship between at
least one of the body information, gender, and age of the user
and the waist size of the user by using a machine learning
technique. For example, the human body modeling infor-
mation may include, but is not limited to, a waist size
correction value according to the body information, a waist
size correction value according to the age, a waist size
correction value according to the gender, a waist size cor-
rection value according to the body information and a
tension, a waist size correction value according to the age
and the tension, and a waist size correction value according
to the gender and the tension.

[0183] The smart belt 100 may correct the tension value
measured by the tension sensor 113 by using the human
body modeling information, and may correct the waist size
measured by the waist size sensor 112 by using the corrected
tension value. An operation, performed by the smart belt
100, of correcting a tension value according to the human
body modeling information will now be described in more
detail with reference to FIG. 8.

[0184] FIG. 8 is a flowchart of a method of correcting a
tension value according to the posture of a user, according
to an exemplary embodiment.

[0185] In operation S810, the smart belt 100 may deter-
mine a posture of the user as a first posture by using motion
information of the user.

[0186] The posture of the user may include, but is not
limited to, a walking posture, a standing posture (e.g., an
upright-standing posture or an a slant-standing posture), a
stair-ascending or descending posture, a running posture, a
driving posture, a speaking posture, a workout (for example,
jogging, swimming, tennis, baseball, and hiking) posture, a
sitting posture, and a lying posture.

[0187] The smart belt 100 may determine whether the user
is standing, walking, or running, by using at least one of an
acceleration value, an inclination value, a position value,
and a pressure value. For example, by using acceleration
information measured by the acceleration sensor, the smart
belt 100 may determine that the user is in a standing state
when the user has moved at an average speed of 0.001 km/h
for a certain period of time, may determine that the user is
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walking when the user moves at an average speed of 4 km/h
for a certain petiod of time, and may determine that the user
is running when the user moves at an average speed of 15
km/h for a certain period of time.

[0188] When the smart belt 100 determines that the user is
standing, the smart belt 100 may also determine whether the
user is standing at an angle or upright, by using the gyro-
SCOpe Sensor.

[0189] In operation S820, the smart belt 100 may measure
a first tension value corresponding to the first posture, by
using the tension sensor.

[0190] For example, the smart belt 100 may measure the
first tension value of the smart belt 100 at the first posture,
by using the FSR sensor 102 or the strain gauge 106. A
method in which the smart belt 100 measures a tension has
been described above with reference to FIGS. 2A and 2B,
and thus a repeated description thereof will be omitted.
[0191] In operation S830, the smart belt 100 may deter-
mine whether the first posture is a reference posture. The
reference posture is a posture that is pre-defined to be
adequate to measure a waist size, and may be, for example,
a standing-upright posture (e.g., a standing-upright quiver
posture).

[0192] For example, when the first posture is a slantingly-
standing posture, the smart belt 100 may determine that the
first posture is not the reference posture. On the other hand,
when the first posture is a standing-upright posture, the
smart belt 100 may determine that the first posture is the
reference posture.

[0193] In operation S840, when the first posture is the
reference posture, the smart belt 100 may correct a measured
waist size, based on the first tension value corresponding to
the first posture.

[0194] For example, when the first posture is a standing-
upright posture, the first tension value measured at the first
posture may be a tension value adequate to be used to correct
a waist size. Accordingly, the smart belt 100 may correct the
waist size measured by the waist size sensor 112, by using
the first tension value measured at the first posture.

[0195] In operation S850, when it is determined that the
first posture is not the reference posture, the smart belt 100
may estimate a second tension value corresponding to the
reference posture, by using the human body modeling infor-
mation.

[0196] For example, when the first posture is a slantingly-
standing posture, the first tension value measured at the first
posture may not be an accurate tension value that may be
used to correct the waist size. Accordingly, the smart belt
100 may convert the first tension value into the second
tension value corresponding to the reference posture (e.g.,
standing-upright quiver posture). At this time, the smart belt
100 may convert the first tension value into the second
tension value according to the human body modeling infor-
mation.

[0197] The human body modeling information may
include tension correction values according to postures of
the user. For example, according to the human body mod-
eling information, a tension correction value corresponding
to the sitting posture may be ‘-100 g’, and a tension
correction value corresponding to the slantingly-standing
posture may be ‘-10 g’.

[0198] In operation S860, the smart belt 100 may correct
the measured waist size of the user, based on the second
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tension value. Since operation S860 corresponds to opera-
tion S450 of FIG. 4, a repeated description thereof will be
omitted.

[0199] An operation, performed by the smart belt 100, of
correcting a tension value according to postures of a user
will now be described in more detail with reference to FIG.
9.

[0200] FIG.9is a view for explaining a tension correction
algorithm 900 according to an exemplary embodiment.
[0201] Referring to FIG. 9, the smart belt 100 may correct
the tension value measured by the tension sensor 113, by
using the tension correction algorithm 900. The tension
correction algorithm 900 may correct an error of a tension
value according to postures of a user.

[0202] Forexample, when atension value of the smart belt
100 measured in a state 901 where the user is standing
slantingly is 730 g, the smart belt 100 may convert the
measured tension value of 730 g into an estimated tension
value of 720 g) corresponding to a standing-upright state
902 by using the human body modeling information.
[0203] The smart belt 100 may correct a waist size value
measured in the state 901 where the user is standing slant-
ingly, based on the corrected tension value (for example, 720
2). For example, when the waist size value measured by the
waist size sensor 112 is 81.5 cm and the corrected tension
value is 720 g, the smart belt 100 may correct the measured
waist size of 81.5 cm to 85 cm by using the tension-based
standard table. The corrected waist size value of 85 cm may
be the same or similar to an actual waist size of the user
measured in the standing-upright state 902.

[0204] According to an exemplary embodiment, the smart
belt 100 may measure the waist size of the user, based on
respiration information of the user. A method in which the
smart belt 100 determines a waist size measurement time
based on respiration information of a user will now be
described with reference to FIG. 10.

[0205] FIG. 10 is a flowchart of a method of determining
a waist size measurement time based on the respiration
information of a user, according to an exemplary embodi-
ment.

[0206] In operation S1010, the smart belt 100 may acquire
the respiration information of the user, based on tension
information. For example, the smart belt 100 may sense a
variation of a tension value, a change cycle of the tension
value, a maximum tension value, a minimum tension value,
and the like, by using the tension sensor 113.

[0207] The smart belt 100 may determine a breathing rate
of the user per minute, based on, for example, the variation
of the tension value and/or the change cycle of the tension
value.

[0208] Referring to FIG. 11, a respiration detection mod-
ule 1100 of the smart belt 100 may detect a breathing cycle,
based on the variation of the tension value. The respiration
detection module 1100 of the smart belt 100 may determine
whether the detected breathing cycle is a stable breathing
cycle. For example, when the breathing cycle is 3 to 5
seconds and the breathing rate per minute is 12 to 20 times,
the smart belt 100 may determine that breathing of the user
is stable.

[0209] On the other hand, when the breathing cycle is less
than 3 seconds and the breathing rate per minute exceeds 20
times, the smart belt 100 may determine that breathing of the
user is unstable.
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[0210] Referring back to FIG. 10, in operation S1020, the
smart belt 100 may determine a time to measure the waist
size of the user, based on the motion state of the user and the
respiration information of the user. In operation S1030, the
smart belt 100 may measure the waist size of the user at the
determined time.

[0211] According to an exemplary embodiment, the smart
belt 100 may determine, as the waist size measuring time, a
time point when the user is standing upright and respiration
of the user is determined to be stable. Accordingly, when the
user is standing upright and respiration of the user is
determined to be stable, the smart belt 100 may activate the
waist size sensor 112 to measure the waist size of the user.
[0212] On the other hand, when respiration of the user is
determined to be unstable because the user is in a running
state, the smart belt 100 may determine to measure the waist
size of the user at a later time, and may not measure the waist
size of the user at a current time point. Immediately after the
user stopped running, the smart belt 100 may determine that
respiration of the user is unstable even when the user is in
a standing state, and may determine to measure the waist
size of the user at a later time.

[0213] Exemplary embodiments of determining the waist
size measuring time according to the motion state of the user
and measuring the waist size at the determined waist size
measuring time have been described above with reference to
FIGS. 4-11. An exemplary embodiment of measuring the
waist size of the user and correcting the measured waist size
according to the motion state of the user will now be
described with reference to FIG. 12.

[0214] FIG. 12 is a flowchart of a method of correcting a
waist size of a user based on a motion state of the user,
according to an exemplary embodiment.

[0215] In operation S1210, the smart belt 100 may mea-
sure the waist size of the user.

[0216] According to an exemplary embodiment, the smart
belt 100 may measure the waist size of a user who wears the
smart belt 100, by using the waist size sensor 112. For
example, the smart belt 100 may measure the waist size by
using an optical sensor, according to at least one of an
incremental linear encoder method, an absolute linear
encoder method, an incremental rotary encoder method, and
an absolute rotary encoder method. The smart belt 100 may
measure the waist size of the user by using the image sensor
or the magnetic field sensor. A method in which the waist
size sensor 112 of the smart belt 100 measures the waist size
of the user has been described above with reference to FIGS.
3A and 3B, and thus a detailed description thereof will be
omitted.

[0217] In operation S1220, the smart belt 100 may acquire
motion information of the user who wears the smart belt
100. For example, the smart belt 100 may acquire the motion
information of the user at a time point when the waist size
of the user is measured.

[0218] According to an exemplary embodiment, the smart
belt 100 may sense a motion of the user by using the inertia
sensor 111. For example, the smart belt 100 may acquire a
motion of the user, movement speed information of the user,
movement direction information of the user, inclination
information of the user, and height information of the user.
[0219] The smart belt 100 may also acquire location
information (for example, GPS coordinate value informa-
tion, region information, building information, or informa-
tion about a location variation during a predetermined
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period) of the user by using a position sensor, and may
acquire biometric information (for example, body tempera-
ture information, respiration information, and perspiration
information) of the user by using a biometric sensor. The
smart belt 100 may acquire the tension information of the
smart belt 100 by using the tension sensor 113.

[0220] In operation S1230, the smart belt 100 may deter-
mine a motion state of the user by using the motion
information of the user.

[0221] According to an exemplary embodiment, the smart
belt 100 may determine whether the user is in a stopped
state, a walking state, or a running state, by using at least one
of an acceleration value, an inclination value, a position
value, and a pressure value. For example, by using accel-
eration information measured by the acceleration sensor, the
smart belt 100 may determine that the user is in a stopped
state when the user has moved at an average speed of 0.001
km/h for a certain period of time, may determine that the
user is walking when the user moves at an average speed of
4 km/h for a certain period of time, and may determine that
the user is running when the user moves at an average speed
of 15 km/h for a certain period of time. Even when the smart
belt 100 determines that the user is standing, the smart belt
100 may also determine whether the user is standing at an
angle or upright, by using the gyroscope sensor.

[0222] According to an exemplary embodiment, the smart
belt 100 may determine whether the user is sitting, standing,
or lying, by using the tension information acquired by the
tension sensor 113. A tension value may be greater when the
user 1is sitting than when the user is standing, and a respi-
ration signal may be more smoothly detected when the user
is sitting than when the user is standing.

[0223] In operation S1240, the smart belt 100 may correct
the measured waist size of the user, based on the motion
state of the user. For example, when the motion state of the
user at a time of measuring the waist size is not a predefined
reference state, the smart belt 100 may correct the measured
waist size. The predefined reference state may be, but is not
limited to, an upright-standing quiver state.

[0224] According to an exemplary embodiment, the smart
belt 100 may acquire a first waist size value corresponding
to a first motion state of the user by measuring a waist size
of the user in the first motion state, and may convert the first
waist size value corresponding to the first motion state into
a second waist size value corresponding to the predefined
reference state.

[0225] For example, when a waist size in a sitting state is
measured, the smart belt 100 may convert the waist size
measured in the sitting state into a waist size in the reference
state, by using the human body modeling information. The
human body modeling information may include information
representing a result of analyzing waist size values respec-
tively corresponding to motion states of the user. If the waist
size value measured in a sitting state is 82 cm, the smart belt
100 may convert the measured waist size value of 82 cm into
a waist size value 77 cm corresponding to the reference state
by using the human body modeling information.

[0226] FIG. 13 is a flowchart of a method in which a smart
belt transmits information about a corrected waist size to a
host terminal, according to an exemplary embodiment.
[0227] Inoperation S1310, the smart belt 100 and the host
terminal 200 may establish a communication link.

[0228] For example, the smart belt 100 may establish a
local area communication link and/or may establish a mobile
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communication link (for example, third generation (3G),
fourth generation (4G), or fifth generation (5G) with the host
terminal 200. Examples of the local area communication
may include, but is not limited to, Bluetooth, Bluetooth Low
Energy (BLE), Wi-Fi Direct, ultra wideband (UWB), Zig-
bee, Near Field Communication (NFC), and Ant+.

[0229] In operation S1320, the smart belt 100 may mea-
sure the waist size of a user, and correct the measured waist
size, based on tension information. Since operation S1320
corresponds to operations S410-S450 of FIG. 4, a repeated
description thereof will be omitted.

[0230] In operation S1330, the smart belt 100 may trans-
mit information about a corrected waist size to the host
terminal 200. The information about the corrected waist size
may include, but is not limited to, a waist size value and a
waist size variation.

[0231] According to an exemplary embodiment, the smart
belt 100 may periodically transmit the information about the
corrected waist size to the host terminal 200. For example,
the smart belt 100 may transmit the information about the
corrected waist size to the host terminal 200 once an hour.
[0232] According to an exemplary embodiment, when the
smart belt 100 receives a request from the host terminal 200,
the smart belt 100 may periodically transmit the information
about the corrected waist size to the host terminal 200. For
example, when the host terminal 200 receives from the user
an input of executing a health care application, the host
terminal 200 may request the smart belt 100 to transmit the
information about the waist size. In this case, the smart belt
100 may transmit the information about the corrected waist
size to the host terminal 200.

[0233] According to an exemplary embodiment, the smart
belt 100 may transmit the information about the corrected
waist size to the host terminal 200 when a preset event
occurs. For example, every time an event where the waist
size of the user increases by 1 cm occurs, the smart belt 100
may transmit the information about the waist size to the host
terminal 200. Alternatively, when an event where the user
arrives at home occurs, the smart belt 100 may transmit the
information about the waist size to the host terminal 200. At
this time, the smart belt 100 may transmit most-recently
acquired information about a waist size to the host terminal
200, or may transmit, to the host terminal 200, information
about a waist size that has been acquired for a predetermined
period of time.

[0234] According to an exemplary embodiment, the smart
belt 100 may determine whether a user who wears the smart
belt 100 has an abdominal obesity, based on the information
about the corrected waist size. When it is determined that the
user who wears the smart belt 100 has abdominal obesity,
the smart belt 100 may transmit information about the
abdominal obesity to the host terminal 200.

[0235] The abdominal obesity is a body state in which
excessive fat is accumulated in the abdomen, and a case
where a Korean men' waist size is 90 cm (or 35.4 inches) or
greater and a Korean women' waist size is 85 cm (or 33.5
inches) or greater may indicate the abdominal obesity.
[0236] In operation S1340, the host terminal 200 may
output the information about the corrected waist size.
[0237] According to an exemplary embodiment, the host
terminal 200 may output the information about the corrected
waist size in the form of a voice, a text, a still image, or a
moving picture, but the inventive concept is not limited
thereto.
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[0238] According to an exemplary embodiment, the host
terminal 200 may output the information about the corrected
waist size every time the information about the corrected
waist size is received from the smart belt 100. Alternatively,
when the host terminal 200 receives from the user an input
of requesting a health care application to be executed, the
host terminal 200 may output the information about the
corrected waist size via an execution window of the health
care application.

[0239] According to an exemplary embodiment, the host
terminal 200 may display information about a current waist
size and further display a waist size variation during a
predetermined period of time, a target waist size, and the
like. The host terminal 200 may also output the information
about the abdominal obesity.

[0240] An operation, performed by the host terminal 200,
of outputting the information about the abdominal obesity
will now be described in more detail with reference to FIG.
14.

[0241] FIG. 14 is a view for explaining an operation,
performed by a host terminal, of outputting information
about abdominal obesity, according to an exemplary
embodiment.

[0242] Referring to FIG. 14, the host terminal 200 may
receive from the smart belt 100 information about the waist
size of a user who wears the smart belt 100. For example, the
host terminal 200 may receive information indicating that
the waist size of the user who wears the smart belt 100 is ‘41
inches’.

[0243] At this time, the host terminal 200 may determine
that the user has abdominal obesity, based on the informa-
tion about the waist size (for example, 41 inches) received
from the smart belt 100. The host terminal 200 may output
to the screen thereof a warning message indicating the
information about the waist size of the user (for example, 41
inches) and abdominal obesity. In this case, the user may
check his or her current waist size and/or whether the user
has abdominal obesity, via the host terminal 200.

[0244] Although FIG. 14 illustrates a case where the host
terminal 200 determines whether a user has abdominal
obesity, the inventive concept is not limited thereto. For
example, the smart belt 100 may determine whether a user
has abdominal obesity, and transmit information about
abdominal obesity to the host terminal 200.

[0245] FIG. 15 is a view for explaining an operation,
performed by a smart belt, of transmitting information about
a waist size to an external wearable device, according to an
exemplary embodiment.

[0246] Referring to FIG. 15, the smart belt 100 may
transmit information about a waist size to an external
wearable device connected to the smart belt 100. For
example, the smart belt 100 may transmit the information
about the waist size to a smart watch 1510. At this time, the
smart watch 1510 may output to the screen thereof a warning
message indicating the information about the waist size of
the user (for example, 41 inches) and/or abdominal obesity.
[0247] The smart belt 100 may also transmit the informa-
tion about the waist size to wearable glasses 1520 worn by
the user. At this time, the wearable glasses 1520 may output
a warning message indicating the information about the
waist size of the user (for example, 41 inches) and/or
abdominal obesity, within a viewing angle of the user.
[0248] According to an exemplary embodiment, the smart
belt 100 may transmit the information about the waist size
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directly to the external wearable devices 1510 and 1520, or
may transmit the information about the waist size to the
external wearable devices 1510 and 1520 via the host
terminal 200 or a server.

[0249] FIG. 16 is a view for explaining an operation,
performed by a host terminal, of outputting information
about a metabolic syndrome, according to an exemplary
embodiment.

[0250] The host terminal 200 may receive information
about a waist size (for example, 41 inches) from the smart
belt 100. The host terminal 200 may also receive at least one
of blood pressure information, blood sugar information,
cholesterol information, and neutral fat information from at
least one external apparatus, for example, external appara-
tuses 1601 and 1602. At this time, the host terminal 200 may
receive at least one of the blood pressure information, the
blood sugar information, the cholesterol information, and
the neutral fat information via a server connected to the
external apparatuses 1601 and 1602. According to an exem-
plary embodiment, the host terminal 200 may receive the
blood sugar information, the cholesterol information, the
blood pressure information, and the neutral fat information
of the user from the user.

[0251] The host terminal 200 may diagnose a metabolic
syndrome, based on the information about the waist size and
at least one of the blood sugar information, the cholesterol
information, the blood pressure information, and the neutral
fat information of the user. In an exemplary embodiment of
FIG. 16, when the waist size of a user who wears the smart
belt 100 is 41 inches, the blood pressure thereof is 150/90,
and the blood sugar thereof is 200 mg/dL, the host terminal
200 may determine that the user has a metabolic syndrome.
[0252] The host terminal 200 may output to the screen
thereof a warning message indicating the information about
the waist size of the user (for example, 41 inches) and/or a
metabolic syndrome. In this case, the user may check his or
her current waist size and/or whether the user has a meta-
bolic syndrome, via the host terminal 200. Also, the host
terminal 200 may output information 1610 indicating rec-
ommended waist size and recommended conditions for at
least two of the blood sugar information, the cholesterol
information, the blood pressure information, and the neutral
fat information of the user.

[0253] Although FIG. 16 illustrates a case where the host
terminal 200 determines whether a user has a metabolic
syndrome, the inventive concept is not limited thereto. For
example, the smart belt 100 may diagnose a metabolic
syndrome, and transmit information about a metabolic syn-
drome to the host terminal 200.

[0254] FIG. 17 is a view for explaining an operation,
performed by a host terminal, of outputting a notification
message, according to an exemplary embodiment.

[0255] Referring to an example screen 1710 of FIG. 17,
the host terminal 200 may output a warning message 1701
informing about a health risk, based on information about a
waist size received from the smart belt 100. For example,
when the waist size of the user has increased by 5 inches
over three months and reaches 42 inches, the host terminal
200 may output a warning message (for example, ‘Warning!
Chronic disease risk group’) together with information about
a waist size variation (for example, ‘three-month waist size
variation: +5 in”). According to an exemplary embodiment,
the host terminal 200 may display the information about the
waist size variation as an image.
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[0256] Referring to an example screen 1720 of FIG. 17,
the host terminal 200 may output a message 1702 encour-
aging a health care, based on the information about the waist
size received from the smart belt 100. For example, when a
target waist size of a user is 38 inches and a waist size
measured by the smart belt 100 is 39 inches, the host
terminal 200 may output a message that the user’s waist size
is approaching the target size (for example, “Your waist size
is approaching a target size ! Go for it!”) via a text or a voice.
[0257] According to an exemplary embodiment, the host
terminal 200 may display a change in the waist size as a
graph or as an icon image.

[0258] Referring to an example screen 1730 of FIG. 17,
the host terminal 200 may output a message 1703 indicating
that the target waist size has been achieved, based on
information about the waist size received from the smart belt
100. For example, when the target waist size of the user is
38 inches, the host terminal 200 may output a congratulation
message (for example, ‘Congratulation, Target is
achieved!!!”) at the moment when the waist size measured
by the smart belt 100 reaches 38 inches.

[0259] According to an exemplary embodiment, when the
waist size of the user has reached the target waist size, the
host terminal 200 may provide a reward 1705 to the user.
The reward may be provided to the user in various forms,
e.g., a point that can be cashed at a certain store or an
application.

[0260] According to an exemplary embodiment, the host
terminal 200 may provide information related to a health
care to the user. An exemplary operation, performed by the
host terminal 200, of providing information related to a
health care will be described with reference to FIGS. 18-20.
[0261] FIG. 18 is a view for explaining an operation,
performed by a host terminal, of recommending an exercise,
according to an exemplary embodiment.

[0262] Referring to an example screen 1810 of FIG. 18,
the host terminal 200 may receive from a user an input of
requesting an exercise recommendation. For example, the
host terminal 200 may receive an input of selecting an
exercise recommendation item 1800 displayed on a touch
screen. For example, the input of selecting the exercise
recommendation item 1800 may be a touch input such as, for
example, a single tap, a double tap, a drag, etc.

[0263] Referring to a diagram 1820 of FIG. 18, the host
terminal 200 may provide information about an exercise
method capable of reducing a waist size, in response to the
input of selecting the exercise recommendation item 1800.
For example, the host terminal 200 may output a text, a
voice, an image, or a moving picture that describes a wine
opener exercise.

[0264] FIG. 19 is a view for explaining an operation,
performed by a host terminal, of recommending food,
according to an exemplary embodiment.

[0265] Referring to 1910 of FIG. 19, the host terminal 200
may receive from a user an input of requesting a food
recommendation. For example, the host terminal 200 may
receive a touch input of selecting a food recommendation
item 1900 displayed on a touch screen.

[0266] Referring to an example screen 1910 of FIG. 19,
the host terminal 200 may recommend a food that may
contribute in reducing a waist size, in response to the input
of selecting the food recommendation item 1900. For
example, the host terminal 200 may output information 1920
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in a form of, for example, a text, an image, a voice, or a
moving picture that recommends a mate tea that is effective
to reduce a waist size.

[0267] FIG. 20 is a view for explaining an operation,
performed by a host terminal, of providing diet information
or recipe information, according to an exemplary embodi-
ment.

[0268] Referring to 2010 of FIG. 20, the host terminal 200
may receive from a user an input of requesting a diet
recommendation. For example, the host terminal 200 may
receive an input of selecting a diet recommendation item
2001 displayed on a touch screen.

[0269] Referring to 2020 of FIG. 20, the host terminal 200
may provide diet information, in response to the input of
selecting the diet recommendation item 2001. The host
terminal 200 may provide a diet corresponding to a time
when the user selects the diet recommendation item 2001.
For example, when the user selects the diet recommendation
item 2001 at 7 A.M., the host terminal 200 may provide
information about a breakfast menu, for example, 30 g of
cereal, 200 ml of low-fat milk, and 7 cherry tomatoes.
[0270] Referring to 2030 of FIG. 20, the host terminal 200
may provide recipe information of a food that may contrib-
ute in reducing a waist size, in response to an input of
selecting a recipe item 2002. For example, the host terminal
200 may provide information, for example, ‘raspberry lime
carbonated water and perilla tofu chips’ in a text, still image,
moving picture, or uniform resource locator (URL) form.
[0271] Exemplary embodiments in which the smart belt
100 corrects a waist size have been described above. An
exemplary embodiment in which the host terminal 200
corrects a waist size based on tension information will now
be described with reference to FIG. 21.

[0272] FIG. 21 is a flowchart of a method in which a host
terminal corrects a waist size of a user, according to an
exemplary embodiment.

[0273] In operation S2110, the smart belt 100 and the host
terminal 200 may establish a communication link therebe-
tween.

[0274] For example, the smart belt 100 may establish a
local area communication link and/or may establish a mobile
communication link (for example, 3G, 4G, or 5G) with the
host terminal 200. Examples of the local area communica-
tion may include, but is not limited to, Bluetooth, Bluetooth
Low Energy (BLE), Wi-Fi Direct, ultra wideband (UWB),
Zigbee, Near Field Communication (NFC), and Ant+.
[0275] 1Inoperation 2120, the smart belt 100 may acquire
motion information of a user, information about a waist size
of the user, and tension information of the smart belt 100.

[0276] According to an exemplary embodiment, the smart
belt 100 may sense a motion of the user by using the inertia
sensor 111. For example, the smart belt 100 may acquire a
motion of the user, movement speed information of the user,
movement direction information of the user, inclination
information of the user, and height information of the user.
[0277] The smart belt 100 may also acquire location
information (for example, GPS coordinate value informa-
tion, region information, building information, or informa-
tion about a location variation during a predetermined
period) of the user by using a position sensor, and may
acquire biometric information (for example, body tempera-
ture information, respiration information, and perspiration
information) of the user by using a biometric sensor.
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[0278] According to an exemplary embodiment, the smart
belt 100 may measure the waist size of a user who wears the
smart belt 100, by using the waist size sensor 112. For
example, the smart belt 100 may measure the waist size by
using an optical sensor, according to at least one of an
incremental linear encoder method, an absolute linear
encoder method, an incremental rotary encoder method, and
an absolute rotary encoder method. The smart belt 100 may
measure the waist size of the user by using the image sensor
or the magnetic field sensor. A method in which the waist
size sensor 112 of the smart belt 100 measures the waist size
of the user has been described above with reference to FIGS.
3A and 3B, and thus a detailed description thereof will be
omitted.

[0279] According to an exemplary embodiment, the smart
belt 100 may acquire the tension information of the smart
belt 100 by using the tension sensor 113. For example, the
smart belt 100 may measure a tension of the smart belt 100
by using the FSR sensor 102 or the strain gauge 106, but the
inventive concept is not limited thereto. A method in which
the smart belt 100 measures a tension has been described
above with reference to FIG. 2, and thus a repeated descrip-
tion thereof will be omitted.

[0280] According to an exemplary embodiment, the smart
belt 100 may periodically acquire the tension information of
the smart belt 100 by using the tension sensor 113. For
example, the smart belt 100 may acquire the tension infor-
mation at intervals of 10 minutes.

[0281] The smart belt 100 may acquire the tension infor-
mation at a predefined time. For example, the smart belt 100
may acquire the tension information of the smart belt 100
between 7:00 A.M. and 8:00 A.M during which the user goes
to work, between 12:00 PM. and 1:00 P.M. during which the
user has lunch, or between 7:00 PM. and 8:00 PM. during
which the user has dinner. The predefined time may be
changed according to a user input or user profile information
of the user.

[0282] According to an exemplary embodiment, the smart
belt 100 may acquire the tension information when a specific
event occurs. For example, when an event in which the waist
size sensor 112 measures the waist size of the user occurs,
the smart belt 100 may activate the tension sensor 113 to
measure a tension value of the smart belt 100.

[0283] In operation S2130, the smart belt 100 may trans-
mit the motion information of the user, the information about
the waist size of the user, and the tension information of the
smart belt 100 to the host terminal 200.

[0284] According to an exemplary embodiment, the smart
belt 100 may periodically transmit the motion information of
the user, the information about the waist size of the user, and
the tension information of the smart belt 100 to the host
terminal 200. For example, the smart belt 100 may transmit
the motion information of the user, the information about the
waist size of the user, and the tension information of the
smart belt 100 to the host terminal 200 once an hour.
[0285] According to an exemplary embodiment, when the
smart belt 100 receives a request from the host terminal 200,
the smart belt 100 may transmit at least one of the motion
information of the user, the information about the waist size
of the user, and the tension information of the smart belt 100
to the host terminal 200. For example, when the host
terminal 200 receives from the user an input of executing a
health care application, the host terminal 200 may request
the smart belt 100 for at least one of the motion information
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of the user, the information about the waist size of the user,
and the tension information of the smart belt 100. In this
case, the smart belt 100 may transmit at least one of the
motion information of the user, the information about the
waist size of the user, and the tension information of the
smart belt 100 to the host terminal 200.

[0286] According to an exemplary embodiment, the smart
belt 100 may transmit the motion information of the user, the
information about the waist size of the user, and the tension
information of the smart belt 100 to the host terminal 200
when a preset event occurs. For example, when an event
where the waist size of the user increases 1 cm occurs, the
smart belt 100 may transmit at least one of the motion
information of the user, the information about the waist size
of the user, and the tension information of the smart belt 100
to the host terminal 200. Alternatively, when an event where
the user arrives at home occurs, the smart belt 100 may
transmit the motion information of the user, the information
about the waist size of the user, and the tension information
of the smart belt 100 to the host terminal 200.

[0287] According to an exemplary embodiment, the smart
belt 100 may transmit at least one of the motion information
of the user, the information about the waist size of the user,
and the tension information of the smart belt 100 to the host
terminal 200. For example, the smart belt 100 may transmit
two or more of the above information altogether or sepa-
rately.

[0288] In operation S2140, the host terminal 200 may
determine a motion state of the user by using the motion
information of the user. For example, the host terminal 200
may determine a motion state of the user during a waist size
measurement, by using the motion information of the user.

[0289] According to an exemplary embodiment, the smart
belt 200 may determine whether the user is in a stopped
state, a walking state, or a running state, by using at least one
of an acceleration value, an inclination value, a position
value, and a pressure value included in the motion informa-
tion of the user. For example, by using acceleration infor-
mation measured by an acceleration sensor, the host terminal
200 may determine that a user is in a stopped state when the
user has moved at an average speed of 0.001 km/h for a
certain period of time, may determine that the user is
walking when the user moves at an average speed of 4 km/h
for a certain period of time, and may determine that the user
is running when the user moves at an average speed of 15
km/h for a certain period of time. When the host terminal
200 determines that the user is standing, the host terminal
200 may also determine whether the user is standing at an
angle or upright, by using a gyroscope sensor.

[0290] According to an exemplary embodiment, the host
terminal 200 may also determine whether the user is sitting,
standing, or lying, by using the tension information acquired
by the tension sensor 113.

[0291] In operation S2150, the host terminal 200 may
correct a waist size of the user measured by the smart belt
100, based on at least one of the motion state of the user and
the tension information.

[0292] According to an exemplary embodiment, the host
terminal 200 may correct the measured waist size of the user,
based on the motion state of the user. For example, when the
motion state of the user at a time of measuring the waist size
is not a predefined reference state, the host terminal 200 may
correct the measured waist size. The predefined reference
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state may be, but is not limited to, a standing-upright state
or a standing-upright quiver state.

[0293] Thehost terminal 200 may convert a first waist size
value measured in a first motion state into a second waist
size value corresponding to the predefined reference state.
For example, when a waist size is measured in a sitting state,
the host terminal 200 may convert the waist size measured
in the sitting state into a waist size corresponding to the
reference state, by using the human body modeling infor-
mation. The human body modeling information may include
information representing a result of analyzing waist size
values respectively corresponding to motion states of the
user. If the waist size value measured in a sitting state is 82
cm, the host terminal 200 may convert the measured waist
size value of 82 cm into a waist size value 77 cm corre-
sponding to the reference state by using the human body
modeling information.

[0294] According to an exemplary embodiment, the host
terminal 200 may correct the waist size measured by the
smart belt 100, based on the tension information. According
to an exemplary embodiment, the host terminal 200 may
correct the waist size measured by the smart belt 100, by
using a tension-based standard table. In the tension-based
standard table, a tension is matched with a waist size
correction value. According to an exemplary embodiment,
the waist size correction value included in the tension-based
standard table may be calculated by taking into account
body information (for example, a gender, an age, a height,
and a weight) of a user.

[0295] For example, according to the tension-based stan-
dard table, when a tension is 100 g, a waist size correction
value is ‘0°, and, as the tension increases from 100 g, the
waist size correction value may increase. For example, when
the tension is 400 g, the waist size correction value may be
‘42 cm’, and, when the tension is 700 g, the waist size
correction value may be ‘+4 cm’.

[0296] An increase in a tension denotes an increase in a
waist tightening force of the smart belt 100, and thus a
measured waist size becomes smaller than the actual waist
size.

[0297] For example, when the length of the smart belt 100
is not adjusted although the belly of the user further pro-
trudes due to overeating than before eating, the waist size of
the user measured by the smart belt 100 may remain the
same. However, in reality, the waist size after eating may be
greater than the waist size before eating. Accordingly, the
host terminal 200 may accurately predict a current waist size
of the user by adding a waist size correction value corre-
sponding to the increased tension value to the measured
waist size value, by using the tension-based standard table.
[0298] According to an exemplary embodiment, the host
terminal 200 may correct the waist size measured by the
smart belt 100 by taking into account the motion state of the
user and the tension information of the smart belt 100.
[0299] For example, the host terminal 200 may primarily
correct the first waist size value measured by the smart belt
100 into the second waist size value corresponding to the
reference state, and then may secondarily correct the second
waist size value into a third waist size value by taking into
account the tension information of the smart belt 100.
[0300] In operation S2160, the host terminal 200 may
output the information about the corrected waist size.
[0301] According to an exemplary embodiment, the host
terminal 200 may output the information about the corrected
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waist size in the form of a voice, a text, a still image, or a
moving picture, but the inventive concept is not limited
thereto.

[0302] According to an exemplary embodiment, the host
terminal 200 may display information about a current cor-
rected waist size and further display a waist size variation
during a predetermined period of time, a target waist size,
and the like. The host terminal 200 may output the infor-
mation about abdominal obesity and/or a metabolic syn-
drome.

[0303] The host terminal 200 may provide information
about an overeating behavior of the user, based on the waist
size information received from the smart belt 100. An
operation, performed by the host terminal 200, of managing
the overeating behavior of the user will now be described in
more detail with reference to FIG. 22.

[0304] FIG. 22 is a view for explaining a system for
detecting overeating of a user, according to an exemplary
embodiment.

[0305] Referring to FIG. 22, when the user overeats food
as shown in 2210, a waist size of the user measured by the
smart belt 100 may increase as shown in 2220. For example,
when the user overeats, the user may increase the length of
a portion of the smart belt 100 that surrounds the waist of the
user, and thus the waist size of the user measured by the
waist size sensor 112 may increase. Even when the user does
not adjust the length of the portion of the smart belt 100 that
surrounds the waist of the user, when the belly of the user
protrudes due to overeating and thus a tension of the smart
belt 100 increases, the smart belt 100 may sense an increase
in an actual waist size of the user by correcting the waist size
measured by the waist size sensor 112 according to the
tension applied to the smart belt 100.

[0306] The smart belt 100 may periodically transmit infor-
mation related to a measured waist size to the host terminal
200 as shown in 2230. For example, the smart belt 100 may
transmit information about a waist size to the host terminal
200, by using a local area communication (e.g., Bluetooth).
[0307] When the waist size of the user sharply increases
within a predetermined period of time, the host terminal 200
may determine that the user has overeaten, as shown in
2240. For example, when the waist size of the user was 38
inches at 1:00 PM. on May 18 and became 40 inches at 8:00
P.M. on May 18, the host terminal 200 may determine that
the user has overeaten in the evening.

[0308] The host terminal 200 may check an overeating
cycle of the user. For example, the host terminal 200 may
check the number of times the user overeats per month. The
host terminal 200 may mark the day on which the user has
overeaten, on the calendar. The host terminal 200 may check
and display the workout quantity (e.g., workout duration or
workout intensity) of the user.

[0309] The user may execute a health care application of
the host terminal 200 and check overeating or non-overeat-
ing, an overeating cycle, an overeating frequency, and a
workout quantity, and the like.

[0310] FIG. 23 is a view for explaining a waist size
management system according to an exemplary embodi-
ment.

[0311] Referring to FIG. 23, the waist size management
system may include a smart belt 100, a host terminal 200,
and a server 300. However, all of the illustrated components
may not be essential. Since the smart belt 100 and the host
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terminal 200 have been described above with reference to
FIG. 1, the server 300 will now be described.

[0312] The server 300 is included to transmit or receive
data to or from the smart belt 100 and the host terminal 200.
For example, the server 300 may be a cloud server, a
personal server, a medical institution server, or a health
information storage server. Examples of the health informa-
tion storage server may include, but are not limited to, an
electronic medical record (EMR) server, an electronic health
record (HER) server, and a personal health record (PHR)
server.

[0313] According to an exemplary embodiment, the server
300 may include an intelligence engine, and the server 300
may analyze waist size information, motion information of
a user, and tension information obtained by the smart belt
100 via the intelligence engine. For example, the server 300
may correct a waist size based on the tension information of
the smart belt 100, or may determine an abdominal obesity
risk and/or a metabolic syndrome of the user based on
corrected waist size information.

[0314] A method in which the server 300 analyzes waist
size information collected from the smart belt 100 will now
be described with reference to FIG. 24.

[0315] FIG. 24 is a flowchart of a waist size correcting
method performed by a server, according to an exemplary
embodiment.

[0316] In operation S2400, the smart belt 100 and the
server 300 may establish a communication link therebe-
tween. In operation S2402, the host terminal 200 may also
establish a communication link with the server 300.

[0317] Inoperation S2410, the smart belt 100 may acquire
at least one of motion information of a user, information
about a waist size of the user, and tension information of the
smart belt 100.

[0318] According to an exemplary embodiment, the smart
belt 100 may sense a motion of the user by using the inertia
sensor 111. For example, the smart belt 100 may acquire at
least one of a motion of the user, movement speed infor-
mation of the user, movement direction information of the
user, inclination information of the user, and height infor-
mation of the user.

[0319] The smart belt 100 may also acquire location
information (for example, GPS coordinate value informa-
tion, region information, building information, or informa-
tion about a location variation during a predetermined
period) of the user by using a position sensor, and may
acquire biometric information (for example, body tempera-
ture information, respiration information, and perspiration
information) of the user by using a biometric sensor.

[0320] According to an exemplary embodiment, the smart
belt 100 may measure the waist size of a user who wears the
smart belt 100, by using the waist size sensor 112. For
example, the smart belt 100 may measure the waist size by
using an optical sensor, according to at least one of an
incremental linear encoder method, an absolute linear
encoder method, an incremental rotary encoder method, and
an absolute rotary encoder method. The smart belt 100 may
measure the waist size of the user by using the image sensor
or the magnetic field sensor.

[0321] According to an exemplary embodiment, the smart
belt 100 may acquire the tension information of the smart
belt 100 by using the tension sensor 113. For example, the
smart belt 100 may measure a tension of the smart belt 100
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by using the FSR sensor 102 or the strain gauge 106, but the
inventive concept is not limited thereto.

[0322] According to an exemplary embodiment, the smart
belt 100 may periodically acquire the tension information of
the smart belt 100 by using the tension sensor 113. Alter-
natively, the smart belt 100 may acquire the tension infor-
mation of the smart belt 100 at a predefined time. According
to an exemplary embodiment, the smart belt 100 may
acquire the tension information when a specific event
occurs. For example, when an event in which the waist size
sensor 112 measures the waist size of the user occurs, the
smart belt 100 may activate the tension sensor 113 to
measure a tension value of the smart belt 100.

[0323] In operation S2420, the smart belt 100 may trans-
mit the motion information of the user, the information about
the waist size of the user, and the tension information of the
smart belt 100 to the server 300.

[0324] According to an exemplary embodiment, the smart
belt 100 may periodically transmit the motion information of
the user, the information about the waist size of the user, and
the tension information of the smart belt 100 to the server
300. For example, the smart belt 100 may transmit the
motion information of the user, the information about the
waist size of the user, and the tension information of the
smart belt 100 to the server 300 once an hour.

[0325] According to an exemplary embodiment, when the
smart belt 100 receives a request from the server 300, the
smart belt 100 may transmit the motion information of the
user, the information about the waist size of the user, and the
tension information of the smart belt 100 to the server 300.
[0326] According to an exemplary embodiment, the smart
belt 100 may transmit at least one of the motion information
of the user, the information about the waist size of the user,
and the tension information of the smart belt 100 to the
server 300 when a preset event occurs. For example, when
an event where the waist size of the user increases by 1 cm
occurs, the smart belt 100 may transmit at least one of the
motion information of the user, the information about the
waist size of the user, and the tension information of the
smart belt 100 to the server 300. Alternatively, when an
event where the user arrives at home occurs, the smart belt
100 may transmit at least one of the motion information of
the user, the information about the waist size of the user, and
the tension information of the smart belt 100 to the server
300.

[0327] According to an exemplary embodiment, the smart
belt 100 may transmit the motion information of the user, the
information about the waist size of the user, and the tension
information of the smart belt 100 to the server 300. For
example, the smart belt 100 may transmit two or more of the
above information altogether or separately.

[0328] In operation S2430, the server 300 may determine
a motion state of the user by using the motion information
of the user. For example, the server 300 may determine a
motion state of the user during a waist size measurement, by
using the motion information of the user.

[0329] According to an exemplary embodiment, the server
300 may determine whether the user is in a stopped state, a
walking state, or a running state, by using at least one of an
acceleration value, an inclination value, a position value,
and a pressure value included in the motion information of
the user. For example, by using acceleration information
measured by the acceleration sensor, the server 300 may
determine that the user is in a stopped state when the user has
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moved at an average speed of 0.001 km/h for a certain period
of time, may determine that the user is walking when the
user moves at an average speed of 4 km/h for a certain period
of time, and may determine that the user is running when the
user moves at an average speed of 15 km/h for a certain
period of time. When the server 300 determines that the user
is standing, the smart belt 100 may also determine whether
the user is standing at an angle or upright, by using the
ZYroscope sensor.

[0330] According to an exemplary embodiment, the server
300 may also determine whether the user is sitting, standing,
or lying, by using the tension information acquired by the
tension sensor 113.

[0331] In operation S2440, the server 300 may correct a
waist size of the user measured by the smart belt 100, based
on at least one of the motion state of the user and the tension
information.

[0332] According to an exemplary embodiment, the server
300 may correct the measured waist size of the user, based
on the motion state of the user. For example, when the
motion state of the user when the waist size is measured is
not a predefined reference state, the server 300 may correct
the measured waist size. The predefined reference state may
be, but is not limited to, a standing-upright state or a
standing-upright quiver state.

[0333] The server 300 may convert a first waist size value
measured in a first motion state into a second waist size
value corresponding to the predefined reference state. For
example, when a waist size in a sitting state is measured, the
server 300 may convert the waist size measured in the sitting
state into a waist size in the reference state, by using the
human body modeling information. The human body mod-
eling information may include information representing a
result of analyzing waist size values respectively corre-
sponding to motion states of the user. If the waist size value
measured in a sitting state is 82 cm, the server 300 may
convert the measured waist size value of 82 cm into a waist
size value 77 ¢cm corresponding to the reference state by
using the human body modeling information.

[0334] According to an exemplary embodiment, the server
300 may correct the waist size measured by the smart belt
100, based on the tension information. According to an
exemplary embodiment, the server 300 may correct the
waist size measured by the smart belt 100, by using a
tension-based standard table. In the tension-based standard
table, a tension is matched with a waist size correction value.
According to an exemplary embodiment, the waist size
correction value included in the tension-based standard table
may be calculated by taking into account body information
(for example, a gender, an age, a height, and a weight) of a
user.

[0335] For example, according to the tension-based stan-
dard table, when a tension is 100 g, a waist size correction
value is ‘0°, and, as the tension increases from 100 g, the
waist size correction value may increase. For example, when
the tension is 400 g, the waist size correction value may be
‘42 cm’, and, when the tension is 700 g, the waist size
correction value may be ‘+4 cm’.

[0336] An increase in a tension denotes an increase in a
waist tightening force of the smart belt 100, and thus a
measured waist size becomes smaller than the actual waist
size.

[0337] For example, when the length of the smart belt 100
is not adjusted although the belly of the user further pro-
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trudes due to overeating than before eating, the waist size of
the user measured by the smart belt 100 may remain the
same. However, in reality, the waist size after eating may be
greater than the waist size before eating. Accordingly, the
server 300 may accurately predict a current waist size of the
user by adding a waist size correction value corresponding
to the increased tension value to the measured waist size
value, by using the tension-based standard table.

[0338] According to an exemplary embodiment, the server
300 may correct the waist size measured by the smart belt
100 by taking into account both the motion state of the user
and the tension information of the smart belt 100.

[0339] For example, the server 300 may primarily correct
the first waist size value measured by the smart belt 100 into
the second waist size value corresponding to the reference
state, and then may secondarily correct the second waist size
value into a third waist size value by taking into account the
tension information of the smart belr 100.

[0340] In operation S2450, the server 300 may transmit
information about a waist size to the host terminal 200.
[0341] For example, the server 300 may transmit infor-
mation about a corrected waist size to the host terminal 200
via the communication link.

[0342] According to an exemplary embodiment, the server
300 may periodically transmit the information about the
corrected waist size to the host terminal 200, or may transmit
the information about the corrected waist size in response to
a request from the host terminal 200.

[0343] For example, when the host terminal 200 receives
from the user an input of executing a health care application,
the host terminal 200 may request the server 300 to transmit
the information about the waist size of the user. In this case,
the server 300 may transmit the information about the
corrected waist size to the host terminal 200.

[0344] In operation S2460, the host terminal 200 may
output the information about the waist size.

[0345] According to an exemplary embodiment, the host
terminal 200 may output the information about the corrected
waist size in the form of a voice, a text, a still image, or a
moving picture, but the inventive concept is not limited
thereto.

[0346] According to an exemplary embodiment, the host
terminal 200 may display information about a current cor-
rected waist size and further display a waist size variation
during a predetermined period of time, a target waist size,
and the like.

[0347] 1In operation S2470, the server 300 may determine
an abdominal obesity risk or a metabolic syndrome.
[0348] According to an exemplary embodiment, the server
300 may determine whether a user who wears the smart belt
100 has abdominal obesity, based on the information about
the corrected waist size. The abdominal obesity is a body
state in which excessive fat is accumulated in the abdomen,
and a case where a Korean men' waist size is 90 cm (35.4
inches) or greater and a Korean women' waist size is 85 cm
(33.5 inches) or greater may correspond to the abdominal
obesity.

[0349] The server 300 may also receive blood pressure
information, blood sugar information, cholesterol informa-
tion, and neutral fat information from at least one external
apparatus (for example, a blood pressure machine and a
blood sugar machine). According to an exemplary embodi-
ment, the server 300 may receive, from the host terminal
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200, blood sugar information, cholesterol information, blood
pressure information, and neutral fat information of the user
input by the user.

[0350] The server 300 may diagnose a metabolic syn-
drome, based on the information about the corrected waist
size and at least two of the blood sugar information, the
cholesterol information, the blood pressure information, and
the neutral fat information of the user. For example, when
the waist size of a user is 41 inches, the neutral fat thereof
1s 160 mg/dL, and the blood sugar thereof is 200 mg/dL., the
server 300 may determine that a user who wears the smart
belt 100 has a metabolic syndrome.

[0351] In operation S2480, the server 300 may transmit
information about an abdominal obesity risk or a metabolic
syndrome to the host terminal 200. For example, the server
300 may transmit the information about the abdominal
obesity risk or the metabolic syndrome to the host terminal
200 via the communication link.

[0352] In operation S2490, the host terminal 200 may
output the information about the abdominal obesity risk or
the metabolic syndrome. According to an exemplary
embodiment, the host terminal 200 may output the infor-
mation about the abdominal obesity risk or the metabolic
syndrome in the form of a voice, a text, a still image, or a
moving picture, but the inventive concept is not limited
thereto.

[0353] According to an exemplary embodiment, the smart
belt 100 may analyze an activity of the user by using at least
one sensor. A method in which the smart belt 100 provides
activity information of a user will now be described in detail
with reference to FIG. 25.

[0354] FIG. 25 is a flowchart of a method of providing
activity information of a user, according to an exemplary
embodiment.

[0355] In operation S2510, the smart belt 100 may acquire
information about whether the user is wearing the smart belt
100. The information about whether the user is wearing the
smart belt 100 may include, but is not limited to, wearing
start time information (for example, 8 A.M.) representing a
time when the user starts wearing the smart belt 100,
wearing end time information (for example, 10 PM.) rep-
resenting a time when the user takes off the smart belt 100,
wearing/taking-off’ frequency information (for example, 5
times) representing how often the user puts on and takes off
the smart belt 100 in one day, and information about whether
the user is currently wearing the smart belt 100.

[0356] According to an exemplary embodiment, the smart
belt 100 may determine whether the user is wearing the
smart belt 100, based on a signal received from at least one
of the inertia sensor 111, the waist size sensor 112, the
tension sensor 113, and the magnetic sensor.

[0357] In operation S2520, the smart belt 100 may acquire
motion information of the user who wears the smart belt
100, and tension information. For example, when it is
determined that the user is wearing the smart belt 100, the
smart belt 100 may acquire the motion information of the
user or tension information of the smart belt 100.

[0358] According to an exemplary embodiment, the smart
belt 100 may sense a motion of the user by using the inertia
sensor 111. For example, the smart belt 100 may acquire at
least one of a motion of the user, movement speed infor-
mation of the user, movement direction information of the
user, inclination information of the user, and height infor-
mation of the user.
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[0359] The smart belt 100 may also acquire location
information (for example, GPS coordinate value informa-
tion, region information, building information, or informa-
tion about a location variation during a predetermined
period) of the user by using a position sensor, and may
acquire biometric information (for example, body tempera-
ture information, respiration information, and perspiration
information) of the user by using a biometric sensor.
[0360] According to an exemplary embodiment, the smart
belt 100 may acquire the tension information of the smart
belt 100 by using the tension sensor 113. For example, the
smart belt 100 may measure a tension of the smart belt 100
by using the FSR sensor 102 or the strain gauge 106, but the
inventive concept is not limited thereto. A method in which
the smart belt 100 acquires the motion information of the
user and the tension information of the smart belt 100 has
been described above in detail, and thus a repeated descrip-
tion thereof will be omitted.

[0361] In operation S2530, the smart belt 100 may gen-
erate the activity information of the user, based on the
information about whether the user is wearing the smart belt
100, the motion information of the user, or the tension
information. The activity information of the user may denote
information about activities that are conducted by the user
between a wake-up time and a bed time. For example, the
activity information of the user may include, but is not
limited to, commuting time information, overtime work
information, defecation information, laugh information,
drinking information, smoking information, seizure infor-
mation, or falling information of the user. For example, the
activity information of the user may also include driving
time information, information about a period of time spent
by the user while sitting in a day, information about the time
when the user goes to school and comes home from school,
exercise time information, and overeating information.
[0362] According to an exemplary embodiment, the smart
belt 100 may acquire pattern information representing a
result of patterning a motion (for example, an acceleration
value, an angular speed value, and a tension value of the
smart belt 100) corresponding to an activity of the user, and
store the pattern information in a memory. The smart belt
100 may generate the activity information of the user by
comparing the pattern information stored in the memory
with a currently-measured motion of the user.

[0363] An operation, performed by the smart belt 100, of
collecting information about various activities of a user will
be described in detail later with reference to FIGS. 26-44.
[0364] Inoperation S2540, the smart belt 100 may provide
the activity information to the user. For example, the smart
belt 100 may transmit the activity information to the host
terminal 200 or the server 300. At this time, the host terminal
200 may display the activity information of the user. For
example, the user may check, via the host terminal 200, the
commuting time information, the overtime work informa-
tion, the defecation information, the laugh information, the
drinking information, the smoking information, the seizure
information, or the falling information. When the smart belt
100 includes a display, the smart belt 100 may display the
activity information of the user via the display.

[0365] An exemplary embodiment in which the smart belt
100 generates the activity information of the user and the
host terminal 200 displays the activity information of the
user will now be described in detail with reference to FIGS.
26-44.
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[0366] FIG. 26 is a flowchart of a method of providing
information about regular work or overtime work, according
to an exemplary embodiment.

[0367] In operation S2610, the smart belt 100 may acquire
information about whether a user is wearing the smart belt
100.

[0368] Forexample, the smart belt 100 may sense whether
the user starts or ends wearing the smart belt 100, by using
at least one of the magnetic sensor, the proximity sensor, the
waist size sensor 112, the inertia sensor 111 (e.g., an accel-
eration sensor), and the tension sensor 113.

[0369] For example, when a value sensed by the magnetic
sensor changes from ‘000° to ‘001°, the smart belt 100 may
determine that the user has started wearing the smart belt
100, and, when the value sensed by the magnetic sensor is
‘000* for a predetermined period of time or more (for
example, 30 minutes or more), the smart belt 100 may
determine that the user has ended wearing the smart belt 100
(see FIG. 7B).

[0370] When an acceleration value measured by the inertia
sensor 111 is within a first certain range, a tension value
measured by the tension sensor 113 is within a second
certain range, or a respiration signal value measured by the
respiration sensor is within a third certain range, the smart
belt 100 may determine that the user is wearing the smart
belt 100, but the inventive concept is not limited thereto. The
smart belt 100 may determine whether the user is wearing
the smart belt 100, by using various methods.

[0371] Inoperation S2620, the smart belt 100 may identify
an overall period of time during which the user is wearing
the smart belt 100, based on the information about whether
the user is wearing the smart belt 100.

[0372] For example, the smart belt 100 may acquire over-
all time information (for example, 14 hours) representing an
overall period of time during which the user is wearing the
smart belt 100, by using information about a time point (for
example, 8 A.M.) when the user has started wearing the
smart belt 100 and information about a time point (for
example, 10 PM.) when the user has ended wearing the
smart belt 100.

[0373] In operation S2630, the smart belt 100 may com-
pare the overall time information (for example, 14 hours),
representing the overall period of time during which the user
is wearing the smart belt 100, with a certain time period. The
certain time period may serve as a basis for distinguishing a
regular work hour from an overtime work hour. In this case,
the certain time period may be determined in consideration
of a commute time. For example, when a regular working
hour are from 9 A.M. to 6 PM. and an average round trip
commute time is one hour, the certain time period may be 10
hours. In this case, the certain time period may be a certain
time range (for example, 10 hours to 10.5 hours) in consid-
eration of a possible error.

[0374] The certain time period may be set by the user and
may be adjusted by the user. For example, when an overall
working hour of the user is adjusted from 9 hours to 5 hours,
the user may adjust the certain time period from 10.5 hours
to 6.5 hours.

[0375] In operation S2640, when the overall period of
time during which the user is wearing the smart belt 100 is
less than or equal to the certain time period, the smart belt
100 may determine that the user leaves work at a normal
time. For example, when the user wears the smart belt 100
at 8:30 A.M., arrives to work by 9 A.M., leaves work at 6
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P.M., and then arrives at home at 6:30 P.M., the smart belt
100 may sense that the overall period of time during which
the user is wearing the smart belt 100 is 10 hours. In this
case, since the overall period of time (e.g., 10 hours) during
which the user is wearing the smart belt 100 is less than the
certain time period (e.g. 10.5 hours), the smart belt 100 may
determine that the user leaves work at a normal time.

[0376] In operation S2650, when the overall period of
time during which the user is wearing the smart belt 100 is
greater than the certain time period, the smart belt 100 may
determine that the user works overtime. For example, when
the user wears the smart belt 100 at 8:30 A.M., arrives to
work by 9 A M., leaves work at 9 PM., and then arrives at
home at 9:30 P.M., the smart belt 100 may sense that the
overall period of time during which the user is wearing the
smart belt 100 is 13 hours. In this case, since the overall
period of time (e.g,, 13 hours) during which the user is
wearing the smart belt 100 is greater than the certain time
period (e.g. 10.5 hours), the smart belt 100 may determine
that the user works overtime.

[0377] In operation S2660, the smart belt 100 may gen-
erate information about overtime work hour or regular work
hour of the user (hereinafter, referred to as overtime work
information) and provide the overtime work information to
the user. For example, the smart belt 100 may generate
overtime work information of the user that includes an
overtime work date, an overtime work hour, an overtime
work frequency for a week, an average overtime work
frequency for a month, and the like. According to an
exemplary embodiment, the smart belt 100 may provide the
overtime work information to the host terminal 200 (e.g., a
mobile terminal of the user). At this time, the user may check
the overtime work information via the host terminal 200. For
example, the user may execute a specific application
installed on the mobile terminal and check the overtime
work information generated by the smart belt 100 via an
execution screen image of the specific application. An
exemplary screen image that provides overtime work infor-
mation will now be described with reference to FIGS. 27 and
28.

[0378] FIG. 27 illustrates a screen image that provides
overtime work information in units of weeks, according to
an exemplary embodiment.

[0379] Referring to FIG. 27, the smart belt 100 may
generate overtime work information of a user by comparing
overall time information, representing an overall period of
time during which the user is wearing the smart belt 100,
with a regular working hour. FIG. 27 illustrates a case where
the regular working hours are a total of 11 hours including
a round trip commuting time period (for example, 2 hours).

[0380] The host terminal 200 may display the overtime
work information received from the smart belt 100 on the
screen in response to a user input. For example, the host
terminal 200 may display information 2710 representing an
overtime work frequency this week, a graph 2720 showing
an overall working hour (or an overall time period during
which the user is wearing the smart belt 100) for each day
of the week, and information 2730 representing an overtime
work frequency last week, but the inventive concept is not
limited thereto.

[0381] FIG. 28 illustrates a screen image that provides
overtime work information in units of months, according to
an exemplary embodiment.
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[0382] Referring to FIG. 28, the host terminal 200 may
display an indicator 2810 indicating the day on which a user
worked overtime, on a calendar 2800. For example, the host
terminal 200 may display a crescent-shaped icon as the
indicator 2810 on the day when the user worked overtime,
but the inventive concept is not limited thereto.

[0383] According to an exemplary embodiment, the host
terminal 200 may display overtime working hours (for
example, 4 hours) together with the indicator 2810, on the
calendar 2800. In this case, the user may understand an
overtime working trend of the user for the current month at
a glance via the calendar 2800.

[0384] Although the smart belt 100 determines overtime
working or regular working based on the overall time period
during which the user is wearing the smart belt 100 in FIGS.
26-28, the inventive concept is not limited thereto. Accord-
ing to an exemplary embodiment, the smart belt 100 may
determine overtime working or regular working of the user,
based on a period of time obtained by subtracting a com-
muting time period from the overall time period during
which the user is wearing the smart belt 100. For example,
by using location information of the user (for example,
information representing a time period during which the user
stays in the workplace), the smart belt 100 may determine
that the user normally left work at a normal time, when the
user had stayed in the workplace for 9 hours while wearing
the smart belt 100, and may determine that the user worked
overtime, when the user had stayed in the workplace for 11
hours while wearing the smart belt 100.

[0385] FIG. 29 is a flowchart of a method of providing
defecation information of a user, according to an exemplary
embodiment.

[0386] In operation S2910, the smart belt 100 may acquire
information about whether the user is wearing the smart belt
100.

[0387] The information about whether the user is wearing
the smart belt 100 may include wearing start time informa-
tion (for example, 8 A.M.) representing a time when the user
starts wearing the smart belt 100, wearing end time infor-
mation (for example, 10 P.M.) representing a time when the
user takes off the smart belt 100, wearing/taking-off fre-
quency information (for example, 5 times) representing how
often the user puts on and takes off (or ties and unties) the
smart belt 100 in one day. The information about whether the
user is wearing the smart belt 100 may further include
information about a time period (for example, 7 minutes)
between a time when the user takes off (or unties) the smart
belt 100 and a time when the user wears (or ties) the smart
belt 100 again. Operation S2910 may correspond to opera-
tion 82610 of FIG. 26, a repeated description of which will
be omitted.

[0388] In operation S2920, the smart belt 100 may acquire
defecation information of the user, based on the information
about whether the user is wearing the smart belt 100 (or
whether the smart belt 100 is tied or untied). The defecation
information of the user may include, but is not limited to, a
defecation frequency for a day (for example, 1 time/1 day),
a defecation time period (for example, 5 minutes), an
average defecation time period (for example, 10 minutes),
and information about a defecation state (for example,
normal, diarrhea, constipation).

[0389] According to an exemplary embodiment, the smart
belt 100 may determine whether the time period taken to
take off the smart belt 100 and then wear the smart belt 100
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again (or the time period taken to untie the smart belt 100
and then tie the smart belt 100 again) is within a certain time
period. For example, when the time period for the user to
take off (or untie) the smart belt 100 and then wear (or tie)
the smart belt 100 again is within 30 minutes, the smart belt
100 may determine that the user has defecated. On the other
hand, when the time period for the user to take off (or untie)
the smart belt 100 and then wear (or tie) the smart belt 100
again exceeds 30 minutes, the smart belt 100 may determine
that the user has not defecated. For example, when the user
takes off (or untie) the smart belt 100 and then re-wears (or
re-ties) the smart belt 100 one hour after doing exercise, this
may not affect a defecating frequency counted by the smart
belt 100.

[0390] According to an exemplary embodiment, when the
user defecates four or more times a day, the smart belt 100
may determine that the user had diarrhea, and, when the user
defecates less than three times a week, the smart belt 100
may determine that the user was constipated.

[0391] Inoperation S2930, the smart belt 100 may provide
the defecation information of the user. For example, when
the smart belt 100 includes a display, the smart belt 100 may
display the defecation information of the user on the display.
[0392] The smart belt 100 may provide the defecation
information via the host terminal 200 (e.g., a mobile termi-
nal of the user). At this time, the user may check the
defecation information via the host terminal 200. For
example, the user may execute a specific application
installed on the host terminal 200 and check the defecation
information generated by the smart belt 100 via an execution
screen image of the specific application. The defecation
information provided by the host terminal 200 will now be
described in more detail with reference to FIGS. 30 and 31.
[0393] FIG. 30 illustrates a screen image that provides
defecation information in units of days, according to an
exemplary embodiment.

[0394] Referring to FIG. 30, the smart belt 100 may
transmit to the host terminal 200 defecation information of
a user generated based on information about whether the
user is wearing the smart belt 100. FIG. 30 illustrates a case
where a recommended defecation time is within 10 minutes
for one time.

[0395] According to an exemplary embodiment, the host
terminal 200 may display the defecation information
received from the smart belt 100 on the screen in response
to a user input. For example, the host terminal 200 may
briefly display today’s defecation information 3010 (for
example, a defecation frequency for today of 5, an average
defecation time period of 10 mins, and a frequency of 2 at
which a defecation time period exceeds a recommended
defecation time period).

[0396] The host terminal 200 may also provide detailed
information 3020 about defecation of the user. For example,
the host terminal 200 may display, as the detailed informa-
tion 3020, an indicator 3021 indicating whether each def-
ecation time exceeds the recommended defecation duration,
information 3022 about a time point when each defecation
occurred, and a defecation duration 3023.

[0397] The user may check the defecation information via
the host terminal 200 and delete wrongly collected defeca-
tion information. For example, when defecation did not
occur between 5:30 P.M. and 5:33 P.M., the user may delete
defecation information corresponding to 5:30 P.M. to 5:33
P.M. from the screen image.
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[0398] FIG. 31 illustrates a screen image that provides
defecation information in units of weeks, according to an
exemplary embodiment.

[0399] Referring to FIG. 31, the host terminal 200 may
provide the defecation information in units of weeks. For
example, the host terminal 200 may provide information
3100 about a defecation frequency for each day of the week
in a bar graph form, but the inventive concept is not limited
thereto.

[0400] According to an exemplary embodiment, when the
user swipes horizontally while touching an area of the screen
image on which bar graphs are displayed, the host terminal
200 may provide defecation information for last week.
[0401] Although not shown in FIG. 31, the host terminal
200 may provide the defecation information in units of
months. For example, the host terminal 200 may display
defecation frequency information on a calendar.

[0402] FIG. 32 is a flowchart of a method of providing
smoking information of a user, according to an exemplary
embodiment.

[0403] In operation S3210, the smart belt 100 may acquire
tension information of the smart belt 100. For example, the
smart belt 100 may measure a tension at a third point
between the first and second points on the smart belt 100. A
method in which the tension sensor 113 measures a tension
has been described above, and thus a repeated description
thereof will be omitted.

[0404] In operation S3220, the smart belt 100 may deter-
mine a respiration pattern of the user by analyzing the
tension information of the smart belt 100.

[0405] For example, when the user breaths in a general
state, a tension value may not greatly change. On the other
hand, when the user breathes (e.g., inhales) deeply, the
tension value may abruptly increase. Thus, when the tension
value abruptly increases, the smart belt 100 may determine
that the user is breathing deeply.

[0406] The smart belt 100 may determine the respiration
pattern of the user by further taking into account accelera-
tion information measured by the acceleration sensor. For
example, when the user breaths in deeply and then breaths
out, an acceleration value of the smart belt 100 may abruptly
increase. Thus, when the acceleration value and the tension
value greatly change, the smart belt 100 may determine that
the user breathes in deeply and then breathes out.

[0407] In operation S3230, the smart belt 100 may gen-
erate smoking information of the user by comparing the
determined respiration pattern with a pre-stored respiration
pattern during smoking (hereinafter, referred to as a smoking
pattern).

[0408] The smoking pattern will now be described with
reference to FIG. 33. When a user smokes, the user repeats
breathing deeply in and then breathing out, and thus the
abdomen expands more than usual. With the expansion of
the abdomen, the tension value (or a tension variation)
sensed by the smart belt 100 may increase. When a user
smokes, the acceleration value (or an acceleration variation)
measured by the acceleration sensor may also increase.
Thus, referring to FIG. 33, the smart belt 100 may store, as
a smoking pattern 3300, a change in a tension value and/or
acceleration value when the user smokes.

[0409] According to an exemplary embodiment, when the
respiration pattern of the user becomes similar to the smok-
ing pattern 3300 while the smart belt 100 monitors the
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respiration pattern of the user, the smart belt 100 may
determine that the user is smoking.

[0410] According to an exemplary embodiment, by com-
paring the respiration pattern of the user with the smoking
pattern 3300, the smart belt 100 may generate smoking
information including, but is not limited to, a smoking
frequency for one day, smoking time points, an average
smoking frequency for one week, and an average smoking
time period. For example, the smoking information may
further include information representing whether the smok-
ing frequency for one day exceeds a reference smoking
frequency (for example, 10 times a day). The reference
smoking frequency may be determined by the user.

[0411] Inoperation S3240, the smart belt 100 may provide
the smoking information of the user. For example, when the
smart belt 100 includes a display, the smart belt 100 may
display the smoking information of the user on the display.

[0412] The smart belt 100 may provide the smoking
information via the host terminal 200 (e.g., a mobile termi-
nal ofthe user). At this time, the user may check the smoking
information via the host terminal 200. For example, the user
may execute a specific application installed on the host
terminal 200 and check the smoking information generated
by the smart belt 100 via an execution screen image of the
specific application. The smoking information provided by
the host terminal 200 will now be described in more detail
with reference to FIG. 34.

[0413] FIG. 34 illustrates screen images that provide
smoking information of a user, according to an exemplary
embodiment. Referring to FIG. 34, the smart belt 100 may
generate the smoking information of the user, based on a
result of comparing a respiration pattern of the user with a
pre-stored smoking pattern. According to an exemplary
embodiment, the comparison between the respiration pattern
and the smoking pattern may include comparing a measured
tension value with a tension value included in the smoking
pattern.

[0414] According to an exemplary embodiment, the smart
belt 100 may transmit the generated smoking information to
the host terminal 200. In this case, the host terminal 200 may
display the smoking information on the screen thereof, as
shown in example screens 3400.

[0415] Referring to a screen image 3410, the host terminal
200 may provide smoking information in units of days. For
example, the host terminal 200 may display information
3411 about a smoking frequency for today (for example, 3).
The host terminal 200 may also provide a graph 3412
showing smoking time points and smoking levels, by using
a cigarette icon. A smoking level may correspond to a
smoking hour. For example, when a smoking hour is long,
the smart belt 100 may determine that the user smoked
several cigarettes. Thus, the smoking level may increase
with an increase in the smoking hour. The host terminal 200
may also provide information 3413 about a smoking fre-
quency for yesterday.

[0416] Referring to a screen image 3420, the host terminal
200 may provide the smoking information in units of weeks.
For example, the host terminal 200 may provide information
3421 about a smoking frequency for each day of the week
in a bar graph form, but the inventive concept is not limited
thereto. The host terminal 200 may display a warning icon
3422 on the day when the user smoked more times than the
reference smoking frequency (for example, 10 times).
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[0417] According to an exemplary embodiment, when the
user swipes horizontally while touching an area of the screen
image on which bar graphs are displayed, the host terminal
200 may provide smoking information for last week.

[0418] Although not shown in FIG. 34, the host terminal
200 may provide smoking information in units of months or
any other various temporal units. For example, the host
terminal 200 may display smoking frequency information on
a calendar.

[0419] FIG. 35 is a flowchart of a method of providing
laugh information of a user, according to an exemplary
embodiment.

[0420] In operation S3510, the smart belt 100 may acquire
tension information of the smart belt 100. For example, the
smart belt 100 may measure a tension at a third point
between the first and second points on the smart belt 100.

[0421] 1In operation S3520, the smart belt 100 may acquire
the respiration pattern of the user, based on the tension
information.

[0422] Since operations S3510 and S3520 correspond to
operations S3210 and S3220 of FIG. 31, a repeated descrip-
tion thereof will be omitted.

[0423] In operation S3530, the smart belt 100 may gen-
erate laugh information of the user by comparing the deter-
mined respiration pattern with a pre-stored respiration pat-
tern during laughing (hereinafter, referred to as a laughing
pattern).

[0424] The laughing pattern will now be described in
detail with reference to FIG. 36. When a user laughs, the
abdomen of the user is tensed, and thus a tension value (or
a tension variation value) measured by the smart belt 100
may abruptly increase. When a user laughs, an acceleration
value (or an acceleration variation) measured by the smart
belt 100 may also increase. Thus, referring to FIG. 36, the
smart belt 100 may store, as a laughing pattern 3600, a
change in a tension value and/or acceleration value when the
user laughs.

[0425] According to an exemplary embodiment, when the
respiration pattern of the user becomes similar to the laugh-
ing pattern 3600 while the smart belt 100 monitors the
respiration pattern of the user, the smart belt 100 may
determine that the user is laughing. Thus, by comparing the
respiration pattern of the user with the laughing pattern
3600, the smart belt 100 may generate laugh information
including, but is not limited to, a laughing frequency for one
day, laughing time points, and an average laughing fre-
quency for one week. For example, the laugh information
may include a laughing intensity (level). The smart belt 100
may determine the laughing intensity (or level), based on a
laughing duration or a variation of the tension value.

[0426] Inoperation S3540, the smart belt 100 may provide
the laugh information of the user.

[0427] For example, when the smart belt 100 includes a
display, the smart belt 100 may display the laugh informa-
tion of the user on the display.

[0428] The smart belt 100 may provide the laugh infor-
mation via the host terminal 200 (e.g., a mobile terminal of
the user). At this time, the user may check the laugh
information via the host terminal 200. For example, the user
may execute a specific application installed on the host
terminal 200 and check the laugh information generated by
the smart belt 100 via an execution screen image of the
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specific application. The laugh information provided by the
host terminal 200 will now be described in more detail with
reference to FIG. 37.

[0429] FIG. 37 illustrates screen images that provide laugh
information of a user, according to an exemplary embodi-
ment.

[0430] Referring to FIG. 37, the smart belt 100 may
generate the laugh information of the user, based on a result
of comparing a respiration pattern of the user with a pre-
stored laughing pattern. According to an exemplary embodi-
ment, the comparison between the respiration pattern and
the laughing pattern may include comparing a measured
tension value with a tension value included in the laughing
pattern.

[0431] According to an exemplary embodiment, the smart
belt 100 may transmit the generated laugh information to the
host terminal 200. In this case, the host terminal 200 may
display the laugh information on the screen thereof, as
shown in example screens 3700.

[0432] Referring to a screen image 3710, the host terminal
200 may provide laugh information in units of days. For
example, the host terminal 200 may display information
3711 about a laughing frequency for today (for example, 3).
The host terminal 200 may also provide a graph 3712
showing laughing time points and laughing levels, by using
a smile icon. A laughing level may correspond to the
laughing duration, the variation of the tension value, and the
like. The host terminal 200 may also provide information
3713 about a laughing frequency for yesterday.

[0433] Referring to a screen image 3720, the host terminal
200 may provide the laugh information in units of weeks.
For example, the host terminal 200 may provide information
3721 about a laughing frequency for each day of the week
in a bar graph form, but the inventive concept is not limited
thereto. The host terminal 200 may display a complementing
icon 3722 on the day when the user laughed more times than
the reference laughing frequency (for example, 5 times).
[0434] According to an exemplary embodiment, when the
user swipes horizontally while touching an area of the screen
image on which bar graphs are displayed, the host terminal
200 may provide laugh information for last week. Although
not shown in FIG. 37, the host terminal 200 may provide
laugh information in units of months. For example, the host
terminal 200 may display laughing frequency information
on a calendar.

[0435] FIG. 38 is a flowchart of a method of providing
drinking information of a user, according to an exemplary
embodiment.

[0436] In operation S3810, the smart belt 100 may acquire
motion information of a user who wears the smart belt 100.
[0437] According to an exemplary embodiment, the smart
belt 100 may sense a motion of the user by using the inertia
sensor 111 and the tension sensor 113. For example, the
smart belt 100 may acquire at least one of a motion of the
user, movement speed information of the user, movement
direction information of the user, inclination information of
the user, and height information of the user.

[0438] The smart belt 100 may also acquire location
information (for example, GPS coordinate value informa-
tion, region information, building information, or informa-
tion about a location variation during a predetermined
period) of the user by using a position sensor, and may
acquire biometric information (for example, body tempera-
ture information, respiration information, and perspiration
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information) of the user by using a biometric sensor. The
smart belt 100 may acquire the tension information of the
smart belt 100 by using the tension sensor 113.

[0439] In operation S3820, the smart belt 100 may acquire
a walking pattern of the user by analyzing the motion
information of the user.

[0440] According to an exemplary embodiment, the smart
belt 100 may determine whether the user is in a stopped
state, a walking state, or a running state, by using at least one
of an acceleration value, an inclination value, a position
value, and a pressure value. When the smart belt 100
determines that the user is walking, the smart belt 100 may
also determine whether the user walks in a staggering
manner or straight, by using the acceleration sensor or the
gyroscope sensor. Thus, the smart belt 100 may determine a
current walking pattern of the user, based on a sensor value
received from at least one sensor.

[0441] In operation S3830, the smart belt 100 may gen-
erate drinking information of the user by comparing the
determined walking pattern with a walking pattern after
drinking (hereinafter, referred to as a drinking pattern). The
drinking information may include, but is not limited to, a
drinking cycle, a drinking frequency, and information about
days of the week on which the user drank alcohol.

[0442] The drinking pattern will now be described in
detail with reference to FIG. 39. When a user is drunk, the
user may not walk in a normal manner. Thus, when the user
is in a drunken state, an acceleration value and a tension
value measured by the smart belt 100 may more greatly
fluctuate than when the user is in a normal state. Thus,
referring to FIG. 39, the smart belt 100 may store, as a
drinking pattern 3900, a change in a tension value and/or
acceleration value when the user is drunk.

[0443] According to an exemplary embodiment, when the
walking pattern of the user becomes similar to the drinking
pattern 3900 while the smart belt 100 monitors the walking
pattern of the user, the smart belt 100 may determine that the
user drank alcohol. Thus, by comparing the walking pattern
of the user with the drinking pattern 3900, the smart belt 100
may generate drinking information including, but is not
limited to, a drinking frequency for one week and days of the
week on which the user drank alcohol. For example, the
drinking information may include a drinking intensity (or
level). The drinking intensity (or level) may correspond to a
degree to which the user is drunk. Since fluctuation of the
acceleration value may increase as the user becomes more
severely drunk, the smart belt 100 may determine the
drinking intensity (or level), based on an amount of change
of the acceleration value or tension value.

[0444] In operation S3840, the smart belt 100 may provide
the drinking information of the user. For example, when the
smart belt 100 includes a display, the smart belt 100 may
display the drinking information of the user on the display.

[0445] The smart belt 100 may provide the drinking
information via the host terminal 200 (e.g., a mobile termi-
nal of the user). At this time, the user may check the drinking
information via the host terminal 200. For example, the user
may execute a specific application installed on the host
terminal 200 and check the drinking information generated
by the smart belt 100 via an execution screen image of the
specific application. The drinking information provided by
the host terminal 200 will now be described in more detail
with reference to FIG. 40.
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[0446] FIG. 40 illustrates screen images that provide
drinking information of a user, according to an exemplary
embodiment.

[0447] Referring to FIG. 40, the smart belt 100 may
generate the drinking information of the user, based on a
result of comparing a walking pattern of the user with a
pre-stored drinking pattern. According to an exemplary
embodiment, the comparison between the walking pattern
and the drinking pattern may include comparing a measured
acceleration value with an acceleration value included in the
drinking pattern.

[0448] According to an exemplary embodiment, the smart
belt 100 may transmit the generated drinking information to
the host terminal 200. In this case, the host terminal 200 may
display the drinking information on the screen thereof, as
shown in example screens 4100.

[0449] Referring to a screen image 4010, the host terminal
200 may provide drinking information in units of weeks. For
example, the host terminal 200 may display information
4011 about a drinking frequency for this week (for example,
3). The host terminal 200 may also provide a graph 4012
showing days of the week on which the user drank alcohol,
by using an icon representing to an image of drinking (e.g,,
an image of a bear glass). The host terminal 200 may display
information 4013 about a drinking frequency for last week
(for example, 2).

[0450] Referring to a screen image 4020, the host terminal
200 may provide the drinking information in units of
months. For example, the host terminal 200 may display an
indicator 4022 indicating the day on which the user drank
alcohol, on a calendar 4021. For example, the host terminal
200 may display a beer glass image icon on the day when the
user drank alcohol, but the inventive concept is not limited
thereto.

[0451] FIG. 41 is a flowchart of a method of transmitting
a notification message to a pre-designated device when a
user is in an emergent situation, according to an exemplary
embodiment.

[0452] In operation S4110, the smart belt 100 may acquire
motion information of a user who wears the smart belt 100.
[0453] According to an exemplary embodiment, the smart
belt 100 may sense a motion of the user by using the inertia
sensor 111 and the tension sensor 113. For example, the
smart belt 100 may acquire a motion of the user, movement
speed information of the user, movement direction informa-
tion of the user, inclination information of the user, and
height information of the user.

[0454] The smart belt 100 may also acquire location
information (for example, GPS coordinate value informa-
tion, region information, building information, or informa-
tion about a location variation during a predetermined
period) of the user by using a position sensor, and may
acquire biometric information (for example, body tempera-
ture information, respiration information, and perspiration
information) of the user by using a biometric sensor. The
smart belt 100 may acquire the tension information of the
smart belt 100 by using the tension sensor 113.

[0455] In operation S4120, the smart belt 100 may deter-
mine whether the user is in an emergent situation, by
analyzing the motion information of the user.

[0456] According to an exemplary embodiment, the smart
belt 100 may determine whether the user is in an emergent
situation, by comparing the motion information of the user
with emergent situation pattern information. The emergent
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situation pattern information may be data indicating a
motion pattern corresponding to at least one emergent situ-
ation. For example, the emergent situation pattern informa-
tion may include, but is not limited to, a motion pattern
appearing during a seizure (hereinafter, referred to as a
seizure pattern) and a motion pattern appearing during
falling (hereinafter, referred to as a falling pattern).

[0457] The seizure pattern will now be described in detail
with reference to FIG. 42. When a user has a seizure due to
epilepsy or the like, the user may generally lie down and
writhe uncontrollably. In this case, a value of one axis
among 3-axis acceleration values (for example, a z axis)
may not greatly change, and values of the other two axes (for
example, x and y axes) may abruptly change. Moreover,
since a force is applied to the smart belt 100 worn by the user
due to a seizure of the user, the tension value of the smart
belt 100 may abruptly change.

[0458] According to an exemplary embodiment, the smart
belt 100 may store, as a seizure pattern 4200, a change in a
tension value and/or acceleration value when the user has a
seizure. When the motion of the user becomes similar to the
seizure pattern 4200 while the smart belt 100 monitors the
motion of the user, the smart belt 100 may determine that the
user is having a seizure.

[0459] The falling pattern will now be described in detail
with reference to FIG. 43. When a user falls, an acceleration
value measured by the smart belt 100 may abruptly change.
When an acceleration sensor included in the smart belt 100
is a 3-axis acceleration sensor, the acceleration sensor may
sense that an acceleration value of an axis from three axes
greatly changes. Moreover, since a force is applied to the
smart belt 100 worn by the user due to a fall of the user, the
tension value of the smart belt 100 may also abruptly
change.

[0460] According to an exemplary embodiment, the smart
belt 100 may store, as a fall pattern 4300, a change in a
tension value and/or acceleration value when the user falls.
When the motion of the user becomes similar to the fall
pattern 4300 while the smart belt 100 monitors the motion
of the user, the smart belt 100 may determine that the user
has fallen.

[0461] According to an exemplary embodiment, when the
user had a seizure or fell, the smart belt 100 may determine
that the user is in an emergent situation.

[0462] In operation S4130, when the smart belt 100 deter-
mines that the user is not in an emergent situation, as a result
of the comparison between the motion information of the
user and the emergent situation pattern information, the
smart belt 100 may continue to monitor the motion of the
user. In operation S4140, when the smart belt 100 deter-
mines that the user is in an emergent situation, the smart belt
100 may transmit a notification to a pre-designated device.
For example, the smart belt 100 may transmit, to a device of
an emergency contact person or guardian of the user, a
notification indicating that the user is in an emergent situ-
ation. The smart belt 100 may also transmit the notification
to a medical institution server or an emergency server. An
operation, performed by the smart belt 100, of transmitting
a notification will now be described in more detail with
reference to FIG. 44.

[0463] FIG. 44 is a view for explaining an operation of the
smart belt 100 when the smart belt 100 has sensed an
emergent situation of a user, according to an exemplary
embodiment.
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[0464] Referring to FIG. 44, the smart belt 100 may sense
that the user had a seizure or fell, while monitoring a motion
of the user who wears the smart belt 100. At this time, the
smart belt 100 may provide seizure (or fall) occurrence
information to the host terminal 200 (e.g., a mobile terminal
of the user).

[0465] In response to the seizure (or fall) occurrence
information from the smart belt 100, the host terminal 200
may transmit a notification message to a device 4400 (for
example, a device of a pre-stored emergency contact person
or guardian). The host terminal 200 may output a message
(for example, ‘A motion suspected as being a seizure (fall)
was sensed and thus a designated guardian was notified.”)
via a popup window 4410.

[0466] The host terminal 200 may also transmit the noti-
fication to a medical institution server 4420. For example,
the host terminal 200 may transmit, to the medical institution
server 4420, a message requesting for an ambulance in
addition to state information (for example, occurrence of a
seizure or fall) and current location information.

[0467] According to an exemplary embodiment, the smart
belt 100 may transmit the notification message directly to
the device 4400 (for example, a device of a pre-stored
emergency contact person or guardian) or transmit a noti-
fication to the medical institution server 4420. When the user
is in an emergent situation, the smart belt 100 may output an
alarm signal 4430 (for example, an audio signal or a
vibration signal).

[0468] FIGS. 25-44 illustrate a case where the smart belt
100 generates activity information of a user, but the inven-
tive concept is not limited thereto. For example, the host
terminal 200 may generate the activity information of the
user.

[0469] A case where the host terminal 200 generates
activity information of a user will now be described in detail
with reference to FIG. 45.

[0470] FIG. 45 is a flowchart of a method in which a host
terminal generates activity information of a user, according
to an exemplary embodiment.

[0471] In operation S4510, the smart belt 100 and the host
terminal 200 may establish a communication link therebe-
tween.

[0472] For example, the smart belt 100 may establish a
local area communication link with the host terminal 200
and/or may establish a mobile communication link (for
example, 3G, 4G, or 5G) with the host terminal 200.
Examples of the local area communication may include, but
is not limited to, Bluetooth, Bluetooth Low Energy (BLE),
Wi-Fi Direct, ultra wideband (UWB), Zigbee, Near Field
Communication (NFC), and Ant+.

[0473] 1Inoperation S4520, the smart belt 100 may acquire
information about whether the user is wearing the smart belt
100. The information about whether the user is wearing the
smart belt 100 may include, but is not limited to, wearing
start time information (for example, 8 A.M.) representing a
time when the user starts wearing the smart belt 100,
wearing end time information (for example, 10 PM.) rep-
resenting a time when the user takes off the smart belt 100,
wearing/taking-off’ frequency information (for example, 5
times) representing how often the user puts on and takes off
the smart belt 100 in one day, and information about whether
the user is currently wearing the smart belt 100.

[0474] According to an exemplary embodiment, the smart
belt 100 may determine whether the user is wearing the
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smart belt 100, based on a signal received from at least one
of the inertia sensor 111, the waist size sensor 112, the
tension sensor 113, and the magnetic sensor.

[0475] In operation S4530, the smart belt 100 may acquire
motion information of the user who wears the smart belt
100, and tension information. For example, when it is
determined that the user is wearing the smart belt 100, the
smart belt 100 may acquire the motion information of the
user or tension information of the smart belt 100.

[0476] According to an exemplary embodiment, the smart
belt 100 may sense a motion of the user by using the inertia
sensor 111. For example, the smart belt 100 may acquire at
least one of a motion of the user, movement speed infor-
mation of the user, movement direction information of the
user, inclination information of the user, and height infor-
mation of the user.

[0477] The smart belt 100 may also acquire location
information (for example, GPS coordinate value informa-
tion, region information, building information, or informa-
tion about a location variation during a predetermined
period) of the user by using a position sensor, and may
acquire biometric information (for example, body tempera-
ture information, respiration information, and perspiration
information) of the user by using a biometric sensor.

[0478] According to an exemplary embodiment, the smart
belt 100 may acquire the tension information of the smart
belt 100 by using the tension sensor 113. For example, the
smart belt 100 may measure a tension of the smart belt 100
by using the FSR sensor 102 or the strain gauge 106, but the
inventive concept is not limited thereto. A method in which
the smart belt 100 acquires the motion information of the
user and the tension information of the smart belt 100 has
been described above in detail, and thus a repeated descrip-
tion thereof will be omitted.

[0479] In operation S4540, the smart belt 100 may trans-
mit the information about whether the user is wearing the
smart belt 100, the motion information of the user, and/or the
tension information of the smart belt 100 to the host terminal
200.

[0480] According to an exemplary embodiment, the smart
belt 100 may periodically transmit the information about
whether the user is wearing the smart belt 100, the motion
information of the user, and/or the tension information of the
smart belt 100 to the host terminal 200. For example, the
smart belt 100 may transmit the information about whether
the user is wearing the smart belt 100, the motion informa-
tion of the user, and/or the tension information of the smart
belt 100 to the host terminal 200 once an hour.

[0481] According to an exemplary embodiment, when the
smart belt 100 receives a request from the host terminal 200,
the smart belt 100 may transmit the information about
whether the user is wearing the smart belt 100, the motion
information of the user, and/or the tension information of the
smart belt 100 to the host terminal 200. For example, when
the host terminal 200 receives from the user an input of
executing a diary application, the host terminal 200 may
request the smart belt 100 for the information about whether
the user is wearing the smart belt 100, the motion informa-
tion of the user, and/or the tension information of the smart
belt 100. In this case, the smart belt 100 may transmit the
information about whether the user is wearing the smart belt
100, the motion information of the user, and/or the tension
information of the smart belt 100 to the host terminal 200.
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[0482] 1In operation S4550, the host terminal 200 may
generate the activity information of the user by analyzing the
information received from the smart belt 100.

[0483] For example, the host terminal 200 may generate
the activity information of the user, based on the information
about whether the user is wearing the smart belt 100, the
motion information of the user, or the tension information.
The activity information of the user may denote information
about activities that are conducted by the user between a
wake-up time and a bed time. For example, the activity
information of the user may include, but is not limited to,
commuting time information, overtime work information,
bowel movement information, laugh information, drinking
information, smoking information, seizure information, or
falling information of the user.

[0484] According to an exemplary embodiment, the host
terminal 200 may acquire pattern information representing a
result of patterning a motion (for example, an acceleration
value, an angular speed value, and a tension value of the
smart belt 100) corresponding to an activity of the user, and
store the pattern information in a memory. The host terminal
200 may generate the activity information of the user by
comparing the pattern information stored in the memory
with a currently-measured motion of the user.

[0485] In operation S4560, the smart belt 200 may display
the activity information of the user. For example, the host
terminal 200 may execute a specific application according to
a user input and may provide the commuting time informa-
tion, the overtime work information, the defecation infor-
mation, the laugh information, the drinking information, the
smoking information, the seizure information, or the falling
information of the user via an application-executed screen
image.

[0486] According to an exemplary embodiment, the smart
belt 100 may transmit the information about whether the
user is wearing the smart belt 100, the motion information
of the user, and/or the tension information of the smart belt
100 to the server 300, and the server 300 may generate the
activity information of the user, based on the information
about whether the user is wearing the smart belt 100, the
motion information of the user, and/or the tension informa-
tion of the smart belt 100.

[0487] FIG. 46 is a block diagram of a structure of the
smart belt 100 according to an exemplary embodiment.

[0488] Referring to FIG. 46, the smart belt 100 may
include a sensor 110, a controller 120, a communicator 130,
a memory 140, and a power supplier 150. However, all of
the illustrated components may not be essential. The smart
belt 100 may be implemented by more or less components
than those illustrated in FIG. 46. For example, the smart belt
100 may further include an input/output interface 160.

[0489] The sensor 110 may include at least one sensor for
sensing the state of the smart belt 100 or the state of a user
who wears the smart belt 100. For example, the sensor 110
may include an inertia sensor 111, a waist size sensor 112,
and a tension sensor 113.

[0490] The inertia sensor 111 is included to sense a motion
of the user who wears the smart belt 100, and may include,
but is not limited to, a geomagnetic field sensor, an accel-
eration sensor, a gyroscope sensor (gyro sensor), and an
inclination sensor.

[0491] The inertia sensor 111 may acquire, for example,
movement or non-movement of the user, movement speed
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information of the user, movement direction information of
the user, inclination information of the user, and height
information of the user.

[0492] The waist size sensor 112 (or length measurement
sensor) is included to sense a waist size of the user who
wears the smart belt 100, and may include, but is not limited
to, an optical sensor, an image sensor, and a magnetic sensor.
For example, the waist size sensor 112 may measure the
waist size by using an optical sensor, according to at least
one of an incremental linear encoder method, an absolute
linear encoder method, an incremental rotary encoder
method, and an absolute rotary encoder method. The smart
belt 100 may measure the waist size of the user by using the
image sensor or the magnetic field sensor.

[0493] According to an exemplary embodiment, the waist
size sensor 112 may calculate the waist size of the user by
measuring the length between first and second points on the
smart belt 100.

[0494] The tension sensor 113 may measure, for example,
a tension applied to the smart belt 100 or a variation of the
applied tension. The tension sensor 113 may include, but is
not limited to, the FSR sensor 102 or the strain gauge 106.
According to an exemplary embodiment, the tension sensor
113 may be positioned between the clip portion 20 and the
belt portion 30.

[0495] According to an exemplary embodiment, the ten-
sion sensor 113 may measure the tension at the third point
between the first and second points on the smart belt 100.

[0496] The sensor 110 may further include a proximity
sensor 114 and a temperature sensor 115. Functions of the
above described sensors may be understood by one of
ordinary skill in the art and thus detailed descriptions thereof
will be omitted herein.

[0497] The controller 120 controls overall operations of
the smart belt 100. For example, the controller 120 may
control the sensor 110, the communicator 130, and the
input/output interface 160 by executing programs stored in
the memory 140.

[0498] The controller 120 may drive an operating system
(OS) or an application program to control a plurality of
hardware or software components connected to the control-
ler 120, and may perform various data processing and/or
calculations. The controller 120 may be implemented using,
for example, a system on chip (SoC). For example, the
controller 120 may include at least one of a central process-
ing unit (CPU), an application processor (AP), or a com-
munication processor (CP).

[0499] According to an exemplary embodiment, the con-
troller 120 may determine whether the user is wearing the
smart belt 100, based on a signal received from at least one
of the inertia sensor 111, the waist size sensor 112, and the
tension sensor 113. For example, when an acceleration value
measured by the inertia sensor 111 exceeds a certain value,
the waist size sensor 112 identifies a barcode value marked
on the belt portion 30 by using the optical sensor, or a
tension value measured by the tension sensor 113 exceeds a
certain tension value, the controller 120 may determine that
the user is wearing the smart belt 100.

[0500] The controller 120 may determine a motion state of
the user by using the motion information of the user and may
control the waist size sensor 112 to measure the waist size
of the user according to the motion state of the user.
According to an exemplary embodiment, the controller 120
may determine a time to measure the waist size of the user,
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based on the motion state of the user, and may control the
waist size sensor 112 to measure the waist size of the user
at the determined time. For example, when the motion state
of the user is determined to be an upright-standing state, the
controller 120 may activate the waist size sensor 112 to
measure the waist size of the user.

[0501] The controller 120 may acquire respiration infor-
mation of the user, based on the tension information, and
may determine the time to measure the waist size of the user,
based on the respiration information of the user.

[0502] The controller 120 may correct the waist size of the
user measured by the waist size sensor 112, based on the
tension information. For example, the controller 120 may
determine a size correction value corresponding to the
tension information and apply the size correction value to
the measured waist size, thereby correcting the waist size of
the user measured by the waist size sensor 112.

[0503] According to an exemplary embodiment, the con-
troller 120 may correct the waist size of the user measured
by the waist size sensor 112, by taking into account at least
one of body information, gender information, and age infor-
mation of the user.

[0504] According to an exemplary embodiment, the con-
troller 120 may determine an abdominal obesity risk of the
user, based on information about the corrected waist size.
[0505] According to an exemplary embodiment, the con-
troller 120 may correct the length measured by the length
measurement sensor 112, by using a tension measured by the
tension sensor 113 and stored reference tension information.
For example, the controller 120 may extract a length cor-
rection value corresponding to the measured tension from
the reference tension information, and apply the length
correction value to the measured length. The controller 120
may convert the corrected length into a waist size of the user
who wears the smart belt 100.

[0506] According to an exemplary embodiment, when a
measurement value of at least one of the acceleration sensor,
the tension sensor 113, a respiration sensor, and the gyro-
scope sensor corresponds to a certain range, the controller
120 may control the length measurement sensor 112 to
measure the length between the first and second points on
the smart belt 100.

[0507] The controller 120 may further acquire information
about a length variation from a certain time point to a current
time point, based on the corrected length. The certain time
point may be a time point determined by the user or may be
a time point when the user starts using the smart belt 100, but
the inventive concept is not limited thereto.

[0508] The controller 120 may correct the measured ten-
sion, based on posture information of the user who wears the
smart belt 120 (see FIG. 9). The controller 120 may generate
activity information of the user by using at least one of the
information about whether the user is wearing the smart belt
100, the motion information of the user, and the tension
information of the smart belt 100. For example, the activity
information of the user may include, but is not limited to,
commuting time information, overtime work information,
bowel movement information, laugh information, drinking
information, smoking information, seizure information, or
falling information of the user.

[0509] The communicator 130 may include at least one
component that enables the smart belt 100 to perform data
communication with the host terminal 200 or the server 300.
For example, the communicator 130 may include a short-
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range wireless communication interface 131 and a mobile
communication interface 132.

[0510] The short-range wireless communication interface
131 may include, but is not limited to, a Bluetooth commu-
nicator, a Bluetooth Low Energy (BLE) communicator, a
near field communication (NFC) interface, a wireless local
area network (WLAN) (e.g., Wi-Fi) communicator, a Zig-
Bee communicator, an infrared Data Association (IrDA)
communicator, a Wi-Fi direct (WFD) communicator, an
ultra wideband (UWB) communicator, an Ant+ communi-
cator, and the like.

[0511] The mobile communication interface 132 may
exchange a wireless signal with at least one from among a
base station, an external terminal, and the server 300 on a
mobile communication network. The wireless signal may
include various types of data.

[0512] The communicator 130 may transmit at least one of
the information about the waist size measured by the smart
belt 100, the information about the corrected waist size
obtained by the smart belt 100, the motion information of the
user, and the tension information of the smart belt 100 to an
external apparatus. The external apparatus may include the
host terminal 200, an external wearable device (for example,
an HMD, a smart watch, or a band), and the server 300.
[0513] According to an exemplary embodiment, the com-
municator 130 may further transmit information about the
abdominal obesity risk to the external apparatus.

[0514] The memory 140 may store a program for process-
ing a control operation of the controller 120, and may also
store input/output data (for example, the waist size infor-
mation, the motion information of the user, the reference
tension information, the activity information of the user,
smoking pattern information, laughing pattern information,
drinking pattern information, seizure pattern information,
and fall pattern information).

[0515] The memory 140 may include, for example, an
embedded memory or external memory. The embedded
memory include at least one of, for example, a volatile
memory (e.g., dynamic random-access memory (DRAM),
static random-access memory (SRAM), or synchronous
dynamic random-access memory (SDRAM)), a non-volatile
memory (e.g., a one time programmable read only memory
(OTPROM), programmable read only memory (PROM),
erasable and programmable read only memory (EPROM),
electrically erasable and programmable read only memory
(EEPROM), mask read only memory (ROM), flash ROM),
a flash memory (e.g., NAND flash or NOR flash), a hard
drive, and a solid state drive (SSD).

[0516] The external memory may include a compact flash
(CF), a secure digital (SD), a micro-SD, a mini-SD, an
extreme digital (XD), a multi-media card (MMC), or a
memory stick. The external memory may be functionally
and/or physically connected to the smart belt 100 via various
interfaces. The smart belt 100 may operate a web storage on
the internet which performs a storage function of the
memory 140.

[0517] The programs stored in the memory 140 may be
classified into a plurality of modules according to their
functions, for example, a posture detection module 141, a
size detection/correction module 142, a respiration detection
module 143, a wearing or non-wearing detection module
144, and an obesity determination module 145.

[0518] The posture detection module 141 may determine
the posture of the user by using, for example, an acceleration
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variation measured by the acceleration sensor and a tension
sensor value measured by the tension sensor 113. For
example, when the acceleration variation is greater than a
minimum threshold value and the tension sensor value is
less than a tension threshold value, the posture detection
module 141 may determine that the user is at a standing
posture. Since the posture detection module 141 corresponds
to the posture detection module 520 of FIG. 5, a repeated
description thereof will be omitted.

[0519] The size detection/correction module 142 is to
calculate or correct the waist size of the user who wears the
smart belt 100. Thus, when the posture of the user is a
reference posture (for example, an upright-standing state),
the size detection/correction module 142 may control the
waist size sensor 112 to measure the waist size of the user
or may correct the measured waist size based on the tension
information of the smart belt 100.

[0520] The respiration detection module 143 may detect a
breathing cycle, based on a variation of the tension value.
The respiration detection module 143 may determine
whether the detected breathing cycle is a stable breathing
cycle. For example, when the breathing cycle is 3 to 5
seconds and the breathing rate per minute is 12 to 20 times,
the respiration detection module 143 may determine that
breathing of the user is stable. On the other hand, when the
breathing cycle is less than 3 seconds and the breathing rate
per minute exceeds 20 times, the respiration detection mod-
ule 143 may determine that breathing of the user is unstable.
The respiration detection module 143 may correspond to the
respiration detection module 1100 of FIG. 11.

[0521] The wearing or non-wearing detection module 144
may determine whether the user is wearing the smart belt
100, based on a signal received from at least one of the
inertia sensor 111, the waist size sensor 112, the magnetic
sensor, and the tension sensor 113.

[0522] The obesity determination module 145 may deter-
mine whether the user who wears the smart belt 100 has
abdominal obesity, based on the information about the waist
size measured by the waist size sensor 112 or the informa-
tion about the corrected waist size obtained based on the
tension information.

[0523] According to an exemplary embodiment, the
memory 140 may store information about the waist size. At
this time, the memory 140 may compress the information
about the waist size and store compressed information, or
may not compress the information about the waist size and
store uncompressed information. The memory 140 may
continuously store waist size information of the user in a
waist size database (DB) 146.

[0524] According to an exemplary embodiment, the
memory 140 may store a tension-based standard table 147 to
correct the waist size based on the tension of the smart belt
100.

[0525] The power supplier 150 may supply power to at
least one sensor disposed within the smart belt 100, in
response to a control by the controller 120. The power
supplier 150 may be positioned on the buckle portion 10 or
the clip portion 20, but the inventive concept is not limited
thereto.

[0526] As described above, the smart belt 100 may further
include the input/output interface 160. The input/output
interface 160 may include, but is not limited to, one or more
buttons, a touch screen, a microphone, a speaker, a vibration
motor, a connector, and an input pen. According to an
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exemplary embodiment, the input/output interface 160 may
be positioned on the buckle portion 10 or the clip portion 20,
but the inventive concept is not limited thereto.

[0527] For example, the input/output interface 160 may
output the information about the waist size of the user (for
example, a current waist size and a waist size variation
during a certain period of time), the abdominal obesity risk,
and the like. The input/output interface 160 may receive a
user input.

[0528] FIG. 47 is a block diagram of a structure of the host
terminal 200 according to an exemplary embodiment.
[0529] Referring to FIG. 47, the host terminal 200 may
include an output interface 210, a communicator 220, a user
input interface 230, a sensor 240, a memory 250, and a
controller 260. However, all of the illustrated components
may not be essential. The host terminal 200 may be imple-
mented by more or less components than those illustrated in
FIG. 47. For example, the host terminal 200 may further
include an audio/video (A/V) input interface (not shown).
[0530] The output interface 210 outputs an audio signal, a
video signal, or a vibration signal, and may include a display
211, an audio output interface 212, and a vibration motor
213.

[0531] The display 211 may display information that is
processed by the host terminal 200. For example, the display
211 may display information about the waist size of the user
who wears the smart belt 100.

[0532] When the display 211 forms a layer structure
together with a touch pad to provide a touch screen, the
display 211 may be used as an input device as well as an
output device. The display 211 may include at least one of
a liquid crystal display (LCD), a thin film transistor-liquid
crystal display (TFT-LCD), an organic light-emitting diode
(OLED), aflexible display, a three dimensional (3D) display,
and an electrophoretic display. According to embodiments
of the host terminal 200, the host terminal 200 may include
at least two displays 211. The at least two displays 211 may
be disposed to face each other by using a hinge.

[0533] The audio output interface 212 outputs audio data
that is received from the communicator 220 or stored in the
memory 250. The audio output interface 212 may also
output an audio signal (for example, a call signal receiving
sound, a message receiving sound, a notification sound)
related to a function of the host terminal 200. The audio
output interface 212 may include, for example, a speaker
and a buzzer.

[0534] The vibration motor 213 may output a vibration
signal. For example, the vibration motor 213 may output a
vibration signal corresponding to an output of audio data or
video data (for example, a call signal receiving sound or a
message receiving sound). The vibration motor 213 may
also output a vibration signal when waist size information is
received from the smart belt 100.

[0535] According to an exemplary embodiment, the out-
put interface 210 may output information about a corrected
waist size. For example, the output interface 210 may output
the information about the corrected waist size in the form of
a voice, a text, a still image, or a moving picture, but the
inventive concept is not limited thereto.

[0536] The output interface 210 may output the informa-
tion about the corrected waist size every time the informa-
tion about the corrected waist size is received from the smart
belt 100. Alternatively, when the output interface 210
receives from the user an input of requesting a health care
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application to be executed, the output interface 210 may
output the information about the corrected waist size via an
execution window of the health care application.

[0537] The output interface 210 may display information
about a current waist size and further display a waist size
variation during a predetermined period of time, a target
waist size, and the like. The output interface 210 may also
output information about an abdominal obesity and may
output a warning message representing a metabolic syn-
drome.

[0538] The output interface 210 may output, for example,
a warning message warning a health risk, an encouraging
message encouraging a heath care, and a message informing
that the target waist size has been achieved, based on the
information about the waist size received from the smart belt
100. The output interface 210 may display a change in the
waist size as a graph or as an icon image.

[0539] According to an exemplary embodiment, the out-
put interface 210 may provide information related to a health
care to the user. For example, the output interface 210 may
output information about an exercise that may contribute in
reducing the waist size, information about a food that may
contribute in reducing the waist size, diet information, and
information about a recipe that may contribute in reducing
the waist size.

[0540] The communicator 220 may include at least one
component that enables the host terminal 200 to perform
data communication with the smart belt 100 or the server
300. For example, the communicator 220 may include a
short-range wireless communication interface 221, a mobile
communication interface 222, and a broadcasting receiver
223.

[0541] The short-range wireless communication interface
221 may include, but is not limited to, a Bluetooth commu-
nicator, a Bluetooth Low Energy (BLE) communicator, a
near field communication (NFC) interface, a wireless local
area network (WLAN) (e.g., Wi-Fi) communicator, a Zig-
Bee communicator, an infrared Data Association (IrDA)
communicator, a Wi-Fi direct (WFD) communicator, an
ultra wideband (UWB) communicator, an Ant+ communi-
cator, and the like.

[0542] The mobile communication interface 222 may
exchange a wireless signal with at least one from among a
base station, an external terminal, and the server 300 on a
mobile communication network. Examples of the wireless
signal may include a voice call signal, a video call signal,
and various types of data generated during a short message
service (SMS)/multimedia messaging service (MMS).
[0543] The broadcasting receiver 223 receives a broad-
casting signal and/or broadcasting-related information from
an external source via a broadcasting channel. The broad-
casting channel may be a satellite channel, a ground wave
channel, or the like. According to embodiments, the host
terminal 200 may not include the broadcasting receiver 223.
[0544] The communicator 220 may receive the informa-
tion about the waist size of the user measured by the smart
belt 100, the motion information of the user, and the tension
information of the smart belt 100 from the smart belt 100.
[0545] According to an exemplary embodiment, the com-
municator 220 may further receive the information about the
abdominal obesity risk from the smart belt 100. The com-
municator 220 may receive the information about the
abdominal obesity risk and the information about the meta-
bolic syndrome from the server 300.
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[0546] The communicator 220 may receive at least two of
blood sugar information, cholesterol information, blood
pressure information, and neutral fat information from exter-
nal apparatuses (for example, a blood pressure machine and
a blood sugar machine).

[0547] The user input interface 230 denotes a unit via
which a user inputs data for controlling the host terminal
200. For example, the user input interface 230 may be, but
is not limited to, a key pad, a dome switch, a touch pad (e.g.,
a capacitive overlay type, a resistive overlay type, an infra-
red beam type, an integral strain gauge type, a surface
acoustic wave type, a piezo electric type, or the like), a jog
wheel, or a jog switch.

[0548] The sensor 240 may sense a state of the host
terminal 200 or a state of the surrounding of the host
terminal 200 and may transmit information corresponding to
the sensed state to the controller 260.

[0549] The sensor 240 may include, but is not limited to,
at least one from among a magnetic sensor 241, an accel-
eration sensor 242, an inclination sensor 243, an infrared
sensor 244, a gyroscope sensor 245, a position sensor 246,
an image sensor 247, a proximity sensor 248, and an optical
sensor 249. Functions of the above sensors would be under-
stood by one of ordinary skill in the art and thus detailed
descriptions thereof will be omitted herein.

[0550] The memory 250 may store a program for process-
ing a control operation of the controller 260, and may also
store input/output data (for example, the waist size infor-
mation, the motion information of the user, and the tension
information).

[0551] The memory 250 may include, for example, an
embedded memory or external memory. The embedded
memory include at least one of, for example, a volatile
memory (e.g., DRAM, SRAM, or SDRAM), a non-volatile
memory (e.g., OTPROM, PROM, EPROM, EEPROM,
mask ROM, flash ROM), a flash memory (e.g., NAND flash
or NOR flash), a hard drive, and an SSD.

[0552] The external memory may include a CF, an SD, a
micro-SD, a mini-SD, an XD, an MMC, or a memory stick.
The external memory may be functionally and/or physically
connected to the host terminal 200 via various interfaces.
The host terminal 200 may operate a web storage on the
internet which performs a storage function of the memory
250.

[0553] The programs stored in the memory 250 may be
classified into a plurality of modules according to their
functions, for example, a posture detection module 251, a
size correction module 252, a respiration detection module
253, an obesity determination module 254, a metabolic
syndrome determination module 255, and an activity infor-
mation generation module (not shown), but the inventive
concept is not limited thereto.

[0554] The posture detection module 251 may determine
the posture of the user by using, for example, the motion
information of the user received from the smart belt 100
(e.g., an acceleration variation measured by an acceleration
sensor) and the tension sensor value measured by the tension
sensor 113. For example, when the acceleration variation is
greater than a minimum threshold value and the tension
sensor value is less than a tension threshold value, the
posture detection module 251 may determine that the user is
at a standing posture.

[0555] The size correction module 252 may correct the
waist size measured by the waist size sensor 112 of the smart

Mar. 2, 2017

belt 100. For example, the size correction module 252 may
correct the measured waist size, based on the tension infor-
mation of the smart belt 100.

[0556] The respiration detection module 253 may detect a
breathing cycle, based on a variation of the tension value.
The respiration detection module 253 may determine
whether the detected breathing cycle is a stable breathing
cycle. For example, when the breathing cycle is 3 to 5
seconds and the breathing rate per minute is 12 to 20 times,
the respiration detection module 253 may determine that
breathing of the user is stable. On the other hand, when the
breathing cycle is less than 3 seconds and the breathing rate
per minute exceeds 20 times, the respiration detection mod-
ule 253 may determine that breathing of the user is unstable.
[0557] The obesity determination module 254 may deter-
mine whether the user who wears the smart belt 100 has
abdominal obesity, based on the information about the waist
size of the user who wears the smart belt 100. The metabolic
syndrome determination module 255 may diagnose a meta-
bolic syndrome, based on the information about the waist
size received from the smart belt 100 and at least two of the
blood sugar information, the cholesterol information, the
blood pressure information, and the neutral fat information
of the user.

[0558] According to an exemplary embodiment, the
memory 250 may store information about the waist size of
the user. At this time, the memory 250 may compress
information about the waist size and store the compressed
information, or may not compress the information about the
waist size and store the uncompressed information. Accord-
ing to an exemplary embodiment, the memory 250 may
continuously store waist size information of the user in a
waist size DB 256. According to an exemplary embodiment,
the memory 250 may store a tension-based standard table
257 to correct the waist size based on the tension of the smart
belt 100.

[0559] The controller 260 controls overall operations of
the host terminal 200. For example, the controller 260 may
control the output interface 210, the communicator 220, the
user input interface 230, and the sensor 240 by executing the
programs stored in the memory 250.

[0560] The controller 260 may determine a motion state of
the user by using the motion information of the user, and
may correct the waist size of the user measured by the smart
belt 100, based on at least one of the motion state of the user
and the tension information of the smart belt 100.

[0561] The controller 260 may determine an abdominal
obesity risk of the user, based on information about the
corrected waist size. The controller 260 may diagnose a
metabolic syndrome, based on the information about the
waist size and at least two of the blood sugar information,
the cholesterol information, the blood pressure information,
and the neutral fat information of the user.

[0562] FIG. 48 is a block diagram of a structure of the
server 300 according to an exemplary embodiment.

[0563] Referring to FIG. 48, the server 300 may include a
communicator 310, a controller 320, and a storage 330.
However, all of the illustrated components may not be
essential. The server 300 may be implemented by more or
less components than those illustrated in FIG. 48.

[0564] The communicator 310 may include at least one
component that enables communication between the server
300 and the smart belt 100 or between the server 300 and the
host terminal 200.
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[0565] Forexample, the communicator 310 may receive at
least one of the motion information of the user, the infor-
mation about the waist size of the user, the tension infor-
mation of the smart belt 100, and the information about the
corrected waist size obtained based on the tension informa-
tion from the smart belt 100.

[0566] The communicator 310 may transmit the informa-
tion about the corrected waist size to the host terminal 200.
The communicator 310 may transmit information about an
abdominal obesity risk and/or a metabolic syndrome to the
host terminal 200.

[0567] The controller 320 controls operations of the server
300. For example, the controller 320 may determine a
motion state of the user by using the motion information of
the user, and may correct the waist size of the user measured
by the smart belt 100, based on at least one of the motion
state of the user and the tension information of the smart belt
100.

[0568] The controller 320 may determine an abdominal
obesity risk of the user, based on information about the
corrected waist size. The controller 320 may diagnose a
metabolic syndrome, based on the information about the
waist size and at least two of the blood sugar information,
the cholesterol information, the blood pressure information,
and the neutral fat information of the user.

[0569] The storage 330 may store a program that is used
by the controller 320 to perform processing, or may store
input/output data. For example, the storage 330 may store a
posture detection module, a size correction module, a res-
piration detection module, an obesity determination module,
and a metabolic syndrome determination module. The stor-
age 330 may systematically establish a waist size DB to
manage waist size information of the user. The storage 330
may also store a tension-based standard table, human body
modeling information, and the like.

[0570] According to an exemplary embodiment, since the
smart belt 100 determines whether to measure the waist size
of the user, according to the motion state of the user, the
smart belt 100 may measure the waist size at a posture
adequate to measure the waist size. Since the smart belt 100
corrects the measured waist size according to the tension
information of the smart belt 100, the smart belt 100 may
provide accurate waist size information to the user.

[0571] A method according to an exemplary embodiment
may be embodied as program commands executable by
various computers and may be recorded on a non-transitory
computer-readable recording medium. The non-transitory
computer-readable recording medium may include program
commands, data files, data structures, and the like separately
or in combinations. The program commands to be recorded
on the non-transitory computer-readable recording medium
may be specially designed and configured for embodiments
of the inventive concept or may be well-known to and be
usable by one of ordinary skill in the art of computer
software. Examples of the non-transitory computer-readable
recording medium include a magnetic medium such as a
hard disk, a floppy disk, or a magnetic tape, an optical
medium such as a compact disk-read-only memory (CD-
ROM) or a digital versatile disk (DVD), a magneto-optical
medium such as an optical disk, and a hardware device
specially configured to store and execute program com-
mands such as a ROM, a random-access memory (RAM), or
a flash memory. Examples of the program commands are
advanced language codes that can be executed by a com-

Mar. 2, 2017

puter by using an interpreter or the like as well as machine
language codes made by a compiler.

[0572] At least one of the components, elements, modules
or units represented by a block as illustrated in the drawings
may be embodied as various numbers of hardware, software
and/or firmware structures that execute respective functions
described above, according to an exemplary embodiment.
For example, at least one of these components, elements or
units may use a direct circuit structure, such as a memory, a
processor, a logic circuit, a look-up table, etc. that may
execute the respective functions through controls of one or
more microprocessors or other control apparatuses. Also, at
least one of these components, elements or units may be
specifically embodied by a module, a program, or a part of
code, which contains one or more executable instructions for
performing specified logic functions, and executed by one or
more microprocessors or other control apparatuses. Also, at
least one of these components, elements or units may further
include or implemented by a processor such as a central
processing unit (CPU) that performs the respective func-
tions, a microprocessor, or the like. Two or more of these
components, elements or units may be combined into one
single component, element or unit which performs all opera-
tions or functions of the combined two or more components,
elements of units. Also, at least part of functions of at least
one of these components, elements or units may be per-
formed by another of these components, element or units.
Further, although a bus is not illustrated in the above block
diagrams, communication between the components, ele-
ments or units may be performed through the bus. Func-
tional aspects of the above exemplary embodiments may be
implemented in algorithms that execute on one or more
processors. Furthermore, the components, elements or units
represented by a block or processing steps may employ any
number of related art techniques for electronics configura-
tion, signal processing and/or control, data processing and
the like

[0573] Although a few embodiments have been shown and
described, it would be appreciated by those skilled in the art
that changes may be made in exemplary embodiments
without departing from the principles and spirit of the
disclosure, the scope of which is defined in the claims and
their equivalents.

What is claimed is:

1. A method of determining a length of an object by using
an electronic device, the method comprising:
obtaining a length, of the electronic device, between a first
point and a second point on the electronic device;

obtaining a tension applied to a third point on the elec-
tronic device, the third point being located between the
first point and the second point; and

correcting the obtained length by using the obtained

tension and prestored reference tension information,
the prestored reference tension information indicating a
relationship of the tension applied to the third point
with respect to the length of the object, and determining
the corrected length as a final length of the object.

2. The method of claim 1, wherein the electronic device
comprises at least one sensor from among an acceleration
sensor, a tension sensor, a respiration sensor, and a gyro-
scope sensor, and

the obtaining the length comprises obtaining the length, of
the electronic device, between the first and second
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points in response to a sensor value of the at least one
sensor that is within a certain range.

3. The method of claim 1, wherein the correcting com-
prises:

extracting, from the reference tension information, a

length correction value corresponding to the tension
applied to the third point; and

applying the length correction value to the obtained

length.

4. The method of claim 1, wherein the electronic device
comprises a wearable device in a form of a belt, and the final
length of the object corresponds to a size of a waist of a user
who wears the wearable device.

5. The method of claim 1, further comprising acquiring
information about a variation in the length of the object
during a certain time period, based on the determined final
length of the object.

6. The method of claim 1, wherein the electronic device
comprises at least one sensor from among an acceleration
sensor, a tension sensor, a respiration sensor, a gyroscope
sensor, and a magnetic sensor, and

the obtaining the length comprises determining whether a

user wears the electronic device, based on information
obtained by the at least one sensor.

7. The method of claim 6, wherein the obtaining the
tension comprises correcting the obtained tension, based on
information on a posture of the user who wears the elec-
tronic device.

8. The method of claim 6, further comprising acquiring
information about an overall time period during which the
user wears the electronic device.

9. The method of claim 1, further comprising transmitting
information about the determined final length of the object
to an external apparatus connected to the electronic device.

10. The method of claim 4, further comprising:

determining an abdominal obesity risk of the user, based

on the determined final length of the object; and
transmitting information about the abdominal obesity risk
to an external apparatus.

11. A non-transitory computer-readable recording
medium having recorded thereon a program which, when
executed by a computer, causes the computer to execute the
method of claim 1.

12. An electronic device for determining a length of an
object, the electronic device comprising:

a sensor configured to obtain a length, of the electronic

device, between a first point and a second point on the
electronic device;
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a tension sensor configured to obtain a tension applied to
a third point on the electronic device, the third point
being located between the first point and the second
point; and

a controller configured to correct the obtained length by

using the obtained tension and prestored reference
tension information, which indicates a relationship of
the tension applied to the third point with respect to the
length of the object, and determine the corrected length
as a final length of the object.

13. The electronic device of claim 12, wherein the sensor
comprises at least one sensor from among an acceleration
sensor, a tension sensor, a respiration sensor, and a gyro-
scope sensor, and

the controller is configured to control the sensor to obtain

the length, of the electronic device, between the first
and second points in response to a sensor value of the
at least one sensor that is within a certain range.

14. The electronic device of claim 12, wherein the con-
troller is configured to extract, from the reference tension
information, a length correction value corresponding to the
tension applied to the third point and apply the length
correction value to the obtained length.

15. The electronic device of claim 12, wherein the tension
sensor comprises at least one of a strain gauge and a force
sensing resistor (FSR) sensor.

16. The electronic device of claim 12, wherein the elec-
tronic device comprises a wearable device in a form of a
belt, and the length of the object corresponds to a size of a
waist of a user who wears the wearable device.

17. The electronic device of claim 12, wherein the con-
troller is configured to acquire information about a variation
in the length of the object during a certain time period, based
on the determined final length of the object.

18. The electronic device of claim 12, wherein the sensor
comprises at least one sensor from among an acceleration
sensor, a tension sensor, a respiration sensor, and a gyro-
scope sensor, an optical sensor, and a magnetic sensor, and

the controller is configured to determine whether a user
wears the electronic device, based on information
obtained by the at least one sensor.

19. The electronic device of claim 18, wherein the con-
troller is configured to correct the tension applied to the third
point, based on information on a posture of the user who
wears the electronic device.

20. The electronic device of claim 12, further comprising
a communicator configured to transmit information about
the determined final length of the object to an external
apparatus.
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