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HUMAN BODY WEARABLE DEVICE AND
OPERATION METHOD THEREOF

TECHNICAL FIELD

[0001] Embodiments relate to a human body wearable
device and an operation method thereof.

BACKGROUND ART

[0002] Typically, portable terminals are following a trend
of high sensitivity, miniaturization and light weight of
electronic parts, bar type mobile phones have become uni-
versalized as a first generation of mobile terminals, flip type
mobile phones have become popularized as a second gen-
eration, currently, and a trend of flip type and third genera-
tion folder type mobile phones are coexisting and becoming
a universalized trend

[0003] In addition, a wearable device worn on a part of a
human body or clothing such as a watch type mobile phone
worn on a user’s wrist has been developed.

[0004] Meanwhile, as the living standard has improved
and a medical technology has developed, a trend of aging
has become prominent worldwide. In addition, prevalence of
chronic diseases is increasing with the population aging. As
another problem of aged society, an increasing number of
elderly living alone and dying alone caused by declining
family support ability due to nuclear family are emerging as
an important social issue.

[0005] Patients with chronic diseases such as hyperten-
sion, diabetes, cerebrovascular disease, heart disease, or the
like are continuously increasing. The cause is, in particular,
an occurrence of diseases caused by the health behavior of
individuals or groups such as diet, exercise, or the like
related to health and accounts for almost half or more.
Therefore, it is difficult to solve the chronic diseases only by
a bio-medical model approach of modern medicine, and a
new disease management method, that is, a health promotion
approach is required for elimination of health risk factors by
improving life habits.

[0006] Therefore, recently, pulse rate measuring methods
include a piezoelectric type using a piezoelectric element or
the like, a magnetic type using a magnetic junction tunnel
(MT]J) element, a pressing type using a pressure film sensor,
an impedance type using a bioelectrical impedance, an
optical type using a light sensor, and the like. Recently, a
human-wearable pulse measuring device that can be worn
on a wrist or a neck has been proposed.

[0007] FIG.1isa view illustrating a human body wearable
device according to the related art.

[0008] Referring to FIG. 1, a human body wearable device
includes a substrate 10, a light emitting element 20, a light
receiving element 30, a structure 40, a partition wall 50, and
an optical window 60.

[0009] The substrate 10 is a base substrate for mounting
components constituting the human body wearable device.
[0010] The light emitting element 20 generates light of a
specific wavelength band depending on a light emitting
control signal.

[0011] The light receiving element 30 receives light inci-
dent depending on light generated via the light emitting
element 20.

[0012] The structure 40 is a support structure for support-
ing the optical window 60.
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[0013] The partition wall 50 is disposed between the light
emitting element 20 and the light receiving element 30 and
prevents light generated via the light emitting element 20
from being directly incident on the light receiving element
30.

[0014] The optical window 60 is disposed on a light
emitting surface and a light receiving surface of the light
emitting element 20 and the light receiving element 30
respectively and protects the light emitting element 20 and
the light receiving element 30 from an outside.

[0015] The human body wearable device as described
above detects a human body signal depending on a light
voltage, that is, a light receiving voltage received via the
light receiving element 30. Here, the human body signal
may include heart rate, oxygen saturation, or the like.
[0016] Meanwhile, the human body wearable device as
described above is required to detect whether to be worn or
not on a human body, and the human body signal is detected
depending on a detection result.

[0017] In the related art, a method of detecting whether to
wear or not the above is as follows.

[0018] The light emitting element 20 generates light, and
the light receiving element 30 measures a magnitude of a
incident photo-current. At this point, when the human body
wearable device is worn on a human body, the measured
photo-current includes relatively low ambient light, and
when the human body wearable device is not worn on the
human body, the measured photo-current includes high
ambient light.

[0019] That is, in a state in which the human body
wearable device is worn by a human body, since a test object
and the human body wearable device are brought into close
contact with each other and an introduction path of ambient
light is substantially blocked, a weak photo-current is
detected. In contrast, in a state in which the human body
wearable device is not worn by a human body, as a sepa-
ration distance between the test object and the human body
wearable device increases, a large photo-current is detected
due to exposure to ambient light.

[0020] Therefore, the human body wearable device detects
whether the human body wearable device has been worn or
not by the human body depending on a magnitude of the
photo-current detected through the light receiving element
30.

[0021] FIG. 2is a graph illustrating a condition for detect-
ing whether to wear or not a human body wearable device
according to the related art.

[0022] Referring to FIG. 2, as a separation distance
between a human body wearable device and a test object
(preferably a human body) increases, a magnitude of the
light receiving voltage detected via the light receiving
element 30 increases.

[0023] Therefore, a human body wearable device deter-
mines a reference value (V TH) in a state in which the
human body wearable device is not worn, and when a
magnitude of the light receiving voltage is smaller than that
of the reference value, the human body wearable device
detects a state in which the human body wearable device is
worn on a human body. On the other hand, when a magni-
tude of the light receiving voltage is greater than that of the
reference value (V TH), the human body wearable device
detects a state in which the human body wearable device is
not worn on the human body.
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[0024] However, the method of detecting whether to wear
or not according to the related art as shown above has
problems as follows.

[0025] As a method of detecting whether to wear or not as
described above, it is possible to classify a wearing state of
the human body wearable device during daytime or in a
bright place due to lighting, but there is a problem in a night
time or dark place that a photo-current due to ambient light
is weak, so that an accurate wearing state is not detected.
[0026] In addition, since the photo-current due to the
ambient light is weak even in a state in which the human
body wearable device is in contact with a thing, not a human,
as a method of detecting whether or not to wear as described
above, even in a state in which the human body wearable
device is not substantially worn on the human body, there is
a problem in which a malfunction that the human body
wearable device is worn on the human body occurs.

DISCLOSURE

Technical Problem

[0027] In an embodiment, a human body wearable device
capable of detecting an accurate wearing state of a human
body wearable device without being affected by an external
environment and a method of operating the same are pro-
vided.

[0028] In addition, in an embodiment, a human body
wearable device capable of discriminating whether a human
body wearable device is worn on a human body or in contact
with a thing, and a method of operating the same are
provided.

[0029] Technical problems to be solved by the embodi-
ments proposed herein are not limited to those mentioned
above, and other unmentioned technical aspects should be
clearly understood by one of ordinary skill in the art to
which the embodiments proposed herein pertain from the
description below.

Technical Solution

[0030] According to an embodiment of the present disclo-
sure, there is provided a human body wearable device
including: a light emitting unit for generating light to
outside; a light receiving unit for receiving light incident
from outside; and a control unit for controlling an operation
of the light emitting unit and detecting an intensity of light
incident on the light receiving unit depending on the opera-
tion of the light emitting unit, and detecting a wearing state
of the human body wearable device based on an intensity of
detected light, wherein the control unit detects the wearing
state using a difference value between an intensity of light
incident on the light receiving unit in an ON section of the
light emitting unit and that of light incident on the light
receiving unit in an OFF section of the light emitting unit.
[0031] In addition, if the difference value is zero, the
control unit detects a state of the human body wearable
device as a non-wearing state, and if the difference value is
greater than zero, the control unit detect the state of the
human body wearable device as the wearing state.

[0032] Further, if the difference value is greater than a
predetermined reference value, the control unit detects the
state of the human body wearable device as the wearing
state, and if the difference value is less than or equal to the

Apr. 12,2018

predetermined reference value, the control unit detect the
state of the human body wearable device as the non-weating
state.

[0033] Furthermore, the reference value is determined by
at least one of a direct light leakage amount from the light
emitting unit to the light receiving unit and a light reflection
amount by an external environment.

[0034] In addition, the light emitting unit includes a first
light emitting unit for generating light of a first wavelength
and a second light emitting unit for generating light of a
second wavelength different from the first wavelength. The
control unit detects the wearing state by using any one of the
light emitting units of the first light emitting unit and the
second light emitting unit and detects heart rate and blood
oxygen saturation by using both the first light emitting unit
and the second light emitting unit.

[0035] Further, the light emitting unit includes a first light
emitting unit for generating first light and a second light
emitting unit for generating second light. The light receiving
unit includes a first light receiving unit for receiving light
incident from outside depending on an operation of the first
light emitting unit, and a second light receiving unit for
receiving light incident from outside depending on an opera-
tion of the second light emitting unit.

[0036] Furthermore, the first light emitting unit and the
first light receiving unit operate at a predetermined cycle
depending on a control signal of the control unit to detect a
wearing state of the human body wearable device, and the
second light emitting unit and the second light receiving unit
detect a human body signal for a human body on which the
human body wearable device is worn depending on a control
signal of the control unit.

[0037] In addition, when the control unit detects the state
of the human body wearable device as the wearing state, the
control unit detects an object on which the human body
wearable device is worn based on an intensity of light
received through the light receiving unit in the ON section
of the light emitting unit.

[0038] Further, the control unit detects a raw signal wave-
form of a pulse wave by using an intensity of light received
through the light receiving unit in the ON section of the light
emitting unit, generates a waveform of a secondary differ-
ential signal by secondarily differentiating the detected raw
signal waveform of the pulse wave, generates a peak signal
waveform by detecting a peak signal from the generated
second-order differential signal waveform, and determines
an object on which the human body wearable device is worn
based on a heart rate (HR) of the peak signals included in the
generated peak signal waveform.

[0039] In addition, if the heart rate (HR) is within a range
of 30 to 240 bpm, the control unit determines the human
body wearable device which is worn on a human body, and
if the heart rate (HR) exceeds the range of 30 to 240 bpm,
the control unit determines the human body wearable device
which is worn on a thing.

[0040] Further, the control unit includes a display unit for
displaying at least one of wearing state information of the
human body wearable device and a human body detection
signal detected from a human body wearing the human body
wearable device depending on a control signal of the control
unit.

[0041] Meanwhile, a method of operating a human body
wearable device according to an embodiment includes out-
putting a pulse signal including ON and OFF sections;
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operating a light emitting unit depending on the pulse signal,
detecting an intensity of light incident on a light receiving
unit in the ON section and an intensity of light incident on
the light receiving unit in the OFF section; detecting a
difference value between an intensity of the light in the ON
section and an intensity of the light in the OFF section; and
determining whether or not the human body wearable device
is worn on an object based on the difference value.

[0042] In addition, the step of determining whether to be
worn or not on the object includes determining a state of the
human body wearable device as a non-wearing state if the
difference value is zero, and determining the state of the
human body wearable device as a wearing state if the
difference value is greater than zero.

[0043] In addition, the step of determining whether to be
worn or not on the object includes determining the state of
the human body wearable device as the wearing state if the
difference value is greater than a predetermined reference
value, and determining the state of the human body wearable
device as the non-wearing state if the difference value is
smaller or equal to the predetermined reference value.
[0044] Furthermore, the reference value is determined by
at least one of a direct light leakage amount from the light
emitting unit to the light receiving unit and a light reflection
amount by an external environment.

[0045] In addition, the light emitting unit includes a first
light emitting unit for generating light of a first wavelength
and a second light emitting unit for generating light of a
second wavelength different from the first wavelength. The
determination as to whether to wear the above is determined
by light emitting of any one of the first light emitting unit
and the second light emitting unit.

[0046] Further, the light emitting unit includes a first light
emitting unit for generating first light and a second light
emitting unit for generating second light. The light receiving
unit includes a first light receiving unit for receiving light
incident from outside depending on an operation of the first
light emitting unit, and a second light receiving unit for
receiving light incident from outside depending on an opera-
tion of the second light emitting unit. The determination as
to whether to wear the above is determined by operations of
the first light emitting unit and the first light receiving unit.
[0047] In addition, when the state of the human body
wearable device is detected as the wearing state, the method
of operating the human body wearable device further
includes: determining whether the object on which the
human body wearable device is worn is a human body based
on an intensity of light received through the light receiving
unit in the ON section.

[0048] Further, the step of determining whether the object
is a human body includes detecting a raw signal waveform
of a pulse wave by using an intensity of light received
through the light receiving unit in the ON section of the light
emitting unit, generating a waveform of a secondary differ-
ential signal by secondarily differentiating the detected raw
signal waveform of the pulse wave, generating a peak signal
waveform by detecting a peak signal from the generated
second-order differential signal waveform, and determining
whether the object on which the human body wearable
device is worn is a human body based on a heart rate (HR)
of the peak signals included in the generated peak signal
waveform.

[0049] In addition, the step of determining whether the
object is a human body includes determining the human
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body wearable device which is worn on a human body if the
heart rate (HR) is within a range of 30 to 240 bpm, and
determining the human body wearable device which is worn
on a thing if the heart rate (HR) exceeds the range of 30 to
240 bpm.

[0050] Further, the method of operating the human body
wearable device further includes displaying at least one of
wearing state information of the human body wearable
device and a human body detection signal detected from a
human body wearing the human body wearable device.

Advantageous Effects

[0051] According to an embodiment of the present disclo-
sure, it is possible to accurately detect whether the human
body wearable device is worn on a human body regardless
of daytime or a bright place due to lighting, and a night time
or a dark place.

[0052] In addition, according to an embodiment of the
present disclosure, it is possible to precisely distinguish
when the human body wearable device is in contact with a
thing other than the human body and to prevent various
malfunctions that may occur when the human body wearable
device is brought into contact with the thing.

DESCRIPTION OF DRAWINGS

[0053] FIG. 11sa view illustrating a human body wearable
device according to the related art.

[0054] FIG. 2is a graph illustrating a condition for detect-
ing whether or not to wearing a human body wearable device
according to the related art.

[0055] FIG. 3 is a schematic view illustrating a configu-
ration of a human body wearable device according to a first
embodiment of the present disclosure.

[0056] FIG. 41s a cross-sectional view illustrating a struc-
ture of a human body wearable device according to a first
embodiment of the present disclosure.

[0057] FIG. 51s a graph illustrating a condition for detect-
ing whether or not to wear a human body wearable device
according to an embodiment of the present disclosure.

[0058] FIG. 6 illustrates a state of a light emitting unit and
a light receiving unit in a state in which a human body
wearable device according to an embodiment is in complete
contact with a human body.

[0059] FIG. 7 illustrates a state of a light emitting unit and
a light receiving unit in a state in which a human body
wearable device according to an embodiment is separated
from a human body by a first distance.

[0060] FIG. 8 illustrates a state of a light emitting unit and
a light receiving unit in a state in which a human body
wearable device according to an embodiment is completely
separated from a human body.

[0061] FIG. 9 is a flowchart for explaining a step by step
operation method of a human body wearable device accord-
ing to a first embodiment of the present disclosure.

[0062] FIG. 10 is a graph illustrating changes in a light
receiving voltage with respect to light incident on a light
receiving unit in a state in which a human body wearable
device according to an embodiment is in contact with a
thing.

[0063] FIG. 11 illustrates a state of a light emitting unit
and a light receiving unit when a human body wearable
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device according to an embodiment is worn in a state in
which the human body wearable device is completely in
close contact with a thing.

[0064] FIG. 12 illustrates a state of a light emitting unit
and a light receiving unit when a human body wearable
device according to an embodiment is disposed at a position
separated from a thing by a first distance.

[0065] FIG. 13 illustrates a state of a light emitting unit
and a light receiving unit in a state in which a human body
wearable device according to an embodiment is completely
separated from a thing.

[0066] FIG. 14 is a diagram illustrating signals detected
according to an embodiment of the present disclosure.
[0067] FIG. 15 is a flowchart for describing a step by step
method for detecting an object on which a human body
wearable device according to an embodiment of the present
disclosure is worn.

[0068] FIG. 16 is a diagram illustrating a configuration of
a human body wearable device according to a second
embodiment of the present disclosure.

[0069] FIG. 17 is a flowchart for explaining a step by step
operation method of a human body wearable device accord-
ing to a second embodiment of the present disclosure.
[0070] FIG. 18 is a diagram illustrating a configuration of
a human body wearable device according to a third embodi-
ment of the present disclosure.

MODES OF THE INVENTION

[0071] Advantages, features, and methods of achieving
the same of the present disclosure will become clear upon
referring to embodiments described below in detail with
reference to the accompanying drawings. However, the
present disclosure is not limited to the embodiments dis-
closed below and may be implemented in various other
forms. The embodiments are merely provided to make the
disclosure of the present disclosure complete and completely
inform one of ordinary skill in the art to which the present
disclosure pertains of the scope of the present disclosure.
The present disclosure is defined only by the scope of the
claims below. Like reference numerals refer to like elements
throughout.

[0072] In describing embodiments of the present disclo-
sure, when detailed description of a known function or
configuration is deemed to unnecessarily blur the gist of the
present disclosure, the detailed description will be omitted.
Terms described below are terms defined in consideration of
functions in the embodiments of the present disclosure and
may vary depending on the intention of a user or operator or
a practice. Therefore, such terms should be defined on the
basis of the entire contents disclosed herein.

[0073] Combinations of blocks and steps of flowcharts in
the accompanying drawings can be performed by computer
program instructions. Such computer program instructions
can be embedded in a processor of a general-purpose
computer, a special-purpose computer, or other program-
mable data processing equipment. Therefore, the instruc-
tions performed by the processor of other programmable
data processing equipment generate means for performing
functions described in each of the blocks or each of the steps
in the flowcharts in the drawings. Because the computer
program instructions can also be saved in a computer-usable
or computer-readable memory capable of supporting a com-
puter or other programmable data processing equipment to
implement a function in a specific way, the instructions
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stored in the computer-usable or computer-readable memory
can also produce a manufacturing item which incorporates
an instruction means performing a function described in
each of the blocks or each of the steps of the flowcharts in
the drawings. Because the computer program instructions
can also be embedded in a computer or other programmable
data processing equipment, the instructions performed in a
computer or other programmable data processing equipment
by a process performed in a computer being generated by a
series of operation steps being performed in the computer or
other programmable data processing equipment can also
provide steps for executing functions described in each of
the blocks and each of the steps of the flowcharts in the
drawings.

[0074] Each of the blocks or each of the steps may
represent a module, a segment, or a part of a code including
one or more executable instructions for executing a specified
logical function(s). Also, it should be noted that functions
mentioned in the blocks or steps can also be performed in a
different order in a few alternative embodiments. For
example, two blocks or steps which are consecutively illus-
trated can substantially be performed simultaneously, or the
blocks or steps can also be performed in a reverse order
sometimes according to corresponding functions.

[0075] FIG. 3 is a schematic view illustrating a configu-
ration of a human body wearable device according to a first
embodiment of the present disclosure, and FIG. 4 is a
cross-sectional view illustrating a structure of the human
body wearable device according to the first embodiment of
the present disclosure.

[0076] Referring to FIG. 3, a human body wearable device
100 includes a light emitting unit 110, a light receiving unit
120 and a control unit 130.

[0077] The light emitting unit 110 generates light depend-
ing on a control signal of the control unit 130.

[0078] The light emitting unit 110 may be roughly divided
into a light emitting part for generating light and a driving
part for driving the light emitting part.

[0079] The driving part of the light emitting unit 110
includes: a digital-analog converter 111 for converting a
digital signal output via the control unit 130 into an analog
signal, a first amplifier 112 for primarily amplifying the
signal converted via the digital-analog converter 111, and a
second amplifier 113 for secondarily amplifying the signal
primarily amplified via the first amplifier 112.

[0080] Here, the digital-analog converter 111 converts the
digital signal into an analog signal in order to set a current
of a light emitting element 114.

[0081] Further, the first amplifier 112 and the second
amplifier 113 are signal amplifying units for supplying an
alternating current necessary for driving the light emitting
element 114 to the light emitting element 114.

[0082] Furthermore, the light emitting part of the light
emitting unit 110 includes a light emitting element 114 for
generating light depending on a signal amplified via the
second amplifier 113. The light emitting element 114 may be
implemented with a light emitting diode (LED).

[0083] In addition, the light emitting element 114 may
generate light having different wavelengths depending on a
human body signal to be detected. That is, the light emitting
element 114 may be a red light emitting diode, which
generates light having a wavelength of 660 nm when the
human body signal to be detected is a heart rate.
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[0084] The light receiving unit 120 receives incident light
including light reflected from a test object depending on a
light emitting operation of the light emitting unit 110.
[0085] The light receiving unit 120 includes a light receiv-
ing element 121 for receiving the incident light, a first
amplifier 122 for primarily amplifying an optical signal
incident via the light receiving element 121, a second
amplifier 123 for secondarily amplifying a signal primarily
amplified via the first amplifier 122, and an analog-digital
converter 124 for converting a signal secondarily amplified
via the second amplifier 123 into a digital signal.

[0086] The light receiving element 121 receives light
incident from outside. At this point, the light receiving
element 121 may be implemented with a photodiode (PD) or
a transistor (TR).

[0087] In addition, the first amplifier 122 converts a weak
photo-current detected by the light receiving element 121
into a voltage and amplifies the voltage, and the first
amplifier 122 may be a trans impedance amplifier (TIA).
[0088] Further, the second amplifier 123 amplifies a volt-
age amplified via the first amplifier 122 to a voltage of
sufficient magnitude to be processed by the analog-digital
converter 124.

[0089] Furthermore, the analog-digital converter 124 con-
verts an analog voltage to an equivalent digital voltage
according to a specified sampling rate.

[0090] The control unit 130 controls operations of the light
emitting unit 110 and the light receiving unit 120.

[0091] In addition, the control unit 130 detects a magni-
tude of an optical signal received via the light receiving unit
120 depending on operation modes of the light emitting unit
110 and the light receiving unit 120 and performs an
operation depending on an intensity of the detected optical
signal.

[0092] At this point, the operation mode includes a wear-
ing state detection mode and a human body signal detection
mode.

[0093] The wearing state detection mode is a mode for
detecting whether the human body wearable device 100 is
worn on a human body by using the light emitting unit 110
and the light receiving unit 120.

[0094] The human body signal detection mode is a mode
for detecting a human body signal with respect to a human
body on which the human body wearable device 100 is worn
by using the light emitting unit 110 and the light receiving
unit 120.

[0095] The human body signal detection mode is a mode
in which the human body wearable device 100 is performed
in a state in which the human body wearable device 100 is
worn on a human body.

[0096] In addition, the wearing state detection mode is a
mode performed at every predetermined cycle, and a mode
for detecting whether the human body wearable device 100
is worn on a human body or whether the human body
wearable device 100 previously worn is separated from the
human body.

[0097] The control unit 130 performs an operation corre-
sponding to a intensity of light received via the light
receiving unit 120 depending on the determined mode.
[0098] In particular, when a wearing state detection mode
is entered, the control unit 130 causes light to be generated
via the light emitting unit 110, and determines whether the
human body wearable device 100 is in a state in which the

Apr. 12,2018

human body wearable device 100 is worn on a test object
depending on an intensity of light received via the light
receiving unit 120.

[0099] Here, the state in which the human body wearable
device 100 is worn on the test object includes both the state
in which the human body wearable device 100 is worn on a
human body and the state in which the human body wearable
device 100 is in contact with a thing.

[0100] Accordingly, if the human body wearable device
100 is determined to be in a state in which the human body
wearable device 100 is worn on a test object, the control unit
130 determines whether or not the human body wearable
device 100 is worn on a human body or simply contacted
with a thing.

[0101] If the human body wearable device 100 is deter-
mined to be worn on a human body, the control unit 130
controls the light emitting unit 110 and the light receiving
unit 120 to operate in the human body signal detection mode
and to detect a human body signal corresponding to an
intensity of a received optical signal accordingly.

[0102] Meanwhile, referring to FIG. 4, a structure of the
human body wearable device 100 includes a substrate 140,
a light emitting element 114, a light receiving element 121,
a structure 150, a partition wall 160, and an optical window
170.

[0103] The substrate 140 is a base substrate for mounting
components constituting the human body wearable device.
[0104] The light emitting element 114 generates light of a
specific wavelength band depending on a light emitting
control signal.

[0105] The light receiving element 121 receives light
incident depending on light generated via the light emitting
element 114,

[0106] The structure 150 is a support structure for sup-
porting the optical window 170.

[0107] The partition wall 160 is disposed between the light
emitting element 114 and the light receiving element 121
and prevents light generated via the light emitting element
114 from being directly incident on the light receiving
element 121.

[0108] The optical window 170 is spaced apart from a
light emitting surface and a light receiving surface of the
light emitting element 114 and the light receiving element
121 and protects the light emitting element 114 and the light
receiving element 121 from outside.

[0109] In addition, the optical window 170 forms a light
path so that light generated through the light emitting
element 114 is supplied to outside. Further, the optical
window 170 allows light incident from the outside to be
supplied to the light receiving element 121.

[0110] At this point, the light receiving element 121
receives light incident from the outside, and the light is
largely composed of three lights.

[0111] In other words, the light received via the light
receiving unit 120 includes at least one of first light DCI,
second light DC2, and third light DC3.

[0112] The first light DCI refers to light incident on the
light receiving unit 120 depending on external ambient light
regardless of an operation of the light emitting unit 110.
[0113] The second light DC2 refers to light which is
generated by the light emitting unit 110, is reflected by a
surface of a test object, and is incident on the light receiving
unit 120 depending on light reflected from the surface.



US 2018/0098708 A1l

[0114] The third light DC3 refers to light which is gener-
ated by the light emitting unit 110, is reflected by a skin
tissue of a test object (a human body), and is incident on the
light receiving unit 120 depending on light reflected from
the skin tissue.

[0115] At this point, whether or not the first to third lights
are incident on the light receiving unit 120 is determined by
a separation distance between the human body wearable
device 100 and the test object.

[0116] The separation distance refers to a distance
between a surface of the human body wearable device 100,
that is, the optical window 170 and a surface of the test
object, and is determined by a wearing state of the human
body wearable device 100.

[0117] The wearing state of the human body wearable
device 100 includes first, second and third states.

[0118] The first state refers to a state in which the human
body wearable device 100 is in complete contact with the
test object.

[0119] The second state refers to a state in which the
human body wearable device 100 and the test object are
spaced apart from each other by a first distance.

[0120] The third state refers to a state in which the human
body wearable device 100 is completely separated from the
test object, that is, a state in which the human body wearable
device 100 is not worn on the test object.

[0121] That is, the third state refers to a state in which a
distance between the human body wearable device 100 and
the test object is separated by a second distance which is
greater than the first distance.

[0122] In other words, in general, when a user of the
human body wearable device 100 wears the human body
wearable device 100 on the user’s wrist, in order to mini-
mize inconvenience in use, the human body wearable device
100 is worn spaced apart from the wrist by a certain gap.
[0123] Therefore, in an embodiment, when the separation
distance is within the first distance, the human body wear-
able device 100 is determined to be in a state in which the
human body wearable device 100 is worn on the test object.
[0124] FIG. 5is a graph illustrating a condition for detect-
ing whether to wear or not a human body wearable device
according to an embodiment of the present disclosure.
[0125] Referring to FIG. 5, a light receiving unit 120
receives light from outside, and the light includes first light
DC1, second light DC2, and third light DC3, as described
above.

[0126] The first light DC1 refers to light incident on the
light receiving unit 120 by ambient light, as described
above.

[0127] As shown in FIG. 5. an intensity of the first light
DC1 has a minimum value zero in a state in which the
human body wearable device 100 is in complete contact
with the test object, that is, the separation distance is zero.
In addition, the intensity of the first light DC1 increases as
the separation distance increases.

[0128] Further, the second light DC2 refers to light which
is reflected by a surface of the test object and is incident on
the light receiving unit 120, as described above.

[0129] As shown in FIG. 5, an intensity of the second light
DC2 has a maximum value in a state in which the human
body wearable device 100 and the test object are spaced
apart by a specific gap, and the intensity of the second light
DC2 decreases as the separation distance decreases or
increases in a specific gap.
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[0130] Furthermore, the third light DC3 refers to light
which is reflected by a skin tissue of the test object and is
incident on the light receiving unit 120, as described above.
[0131] As shown in FIG. 5, an intensity of the third light
DC3 has a maximum value in a state in which the human
body wearable device 100 is completely in close contact
with the test object, and the intensity of the third light DC3
decreases as the separation distance increases. Then, the
intensity of the third light DC3 has a value zero from a
moment when the separation distance exceeds a certain
distance.

[0132] Accordingly, in a state in which the human body
wearable device 100 is worn (completely in close contact or
spaced apart by a predetermined distance), an intensity of
light detected by the light receiving unit 120 varies depend-
ing on ON and OFF operations of the light emitting unit 110,
but in a state in which the human body wearable device 100
is not worn, an intensity of light detected by the light
receiving unit 120 does not vary on the assumption that there
is no internal light leakage or external reflection other than
a test object.

[0133] FIGS. 6 to 8 are diagrams illustrating conditions of
a light emitting unit 110 and a light receiving unit 120
according to an embodiment of the present disclosure.
[0134] When the control unit 130 enters a wearing detec-
tion mode, the light emitting unit 110 outputs a pulse signal
for sequentially performing ON and OFF operations.
[0135] The light emitting unit 110 sequentially performs
the ON and OFF operations according to the pulse signal.
[0136] Inaddition, the control unit 130 detects an intensity
of light received through the light receiving unit 120
depending on an operation of the light emitting unit 110
performing the sequential ON and OFF operations.

[0137] FIG. 6 illustrates a state of the light emitting unit
110 and the light receiving unit 120 in a state in which the
human body wearable device 100 is completely in close
contact with a test object. Here, the test object actually refers
to a human body.

[0138] That is, FIG. 6 illustrates a state of the light
emitting unit 110 and the light receiving unit 120 in a state
in which the human body wearable device 100 is completely
in close contact with a human body.

[0139] FIG. 6 (a) illustrates a state of a light emitting unit
110 and a light receiving unit 120 in the condition where
ambient light is present, that is, during daytime or in a bright
place. FIG. 6 () illustrates a state of a light emitting unit 110
and a light receiving unit 120 in the condition where ambient
light is not present, that is, during night time or in a dark
place.

[0140] Meanwhile, in the following description, a light
emitting voltage refers to an intensity of light generated by
the light emitting operation of the light emitting unit 110,
and a light receiving voltage refers to an intensity of light
incident on the light receiving unit 120.

[0141] Referring to (a) of FIG. 6, the light emitting unit
110 generates light having a specific light emitting voltage
in a ON section depending on a pulse signal of the control
unit 130, and does not generate light in a OFF section.
[0142] At this point, the light receiving unit 120 receives
the light in the ON and OFF sections of the light emitting
unit 110, respectively.

[0143] Here, in a state in which the human body wearable
device 100 and the test object are completely in close contact
with each other, that is, when a separation distance between
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the human body wearable device 100 and the test object is
zero, the ambient light or light reflected on a surface of the
test object is not incident on the light receiving unit 120.
[0144] Accordingly, only the third light DC3 reflected
from a skin tissue of the test object is incident on the light
receiving unit 120 in the ON section of the light emitting
unit 110, and a light receiving voltage corresponding to the
incident third light DC3 is detected.

[0145] In addition, in the OFF section of the light emitting
unit 110, the light emitting unit 110 does not perform a light
emitting operation, so that the third light DC3 is not incident
on the light receiving unit 120, and thus a value is zero.
[0146] In other words, in a state in which the human body
wearable device 100 is completely in close contact with a
test object during daytime or a bright place where ambient
light is present, the light receiving unit 120 receives third
light having a specific light receiving voltage, and all of first
to third lights are not received in the OFF section of the light
emitting unit 110.

[0147] Accordingly, a difference is generated by the inten-
sity of the third light in an intensity of light received through
the light receiving unit 120 in the ON section of the light
emitting unit 110 and an intensity of light received through
the light receiving unit 120 in the OFF section of the light
emitting unit 110.

[0148] Referring to (b) of FIG. 6, the light emitting unit
110 generates light having a specific light emitting voltage
in a ON section depending on a pulse signal of the control
unit 130, and does not generate light in a OFF section.
[0149] At this point, the light receiving unit 120 receives
the light in the ON and OFF sections of the light emitting
unit 110, respectively.

[0150] Here, in a state in which the human body wearable
device 100 and the test object are completely in close contact
with each other, that is, when a separation distance between
the human body wearable device 100 and the test object is
zero, the ambient light or light reflected on a surface of the
test object is not incident on the light receiving unit 120.
[0151] Accordingly, only the third light DC3 reflected
from a skin tissue of the test object is incident on the light
receiving unit 120 in the ON section of the light emitting
unit 110, and a light receiving voltage corresponding to the
incident third light DC3 is detected.

[0152] In addition, in the OFF section of the light emitting
unit 110, the light emitting unit 110 does not perform a light
emitting operation, so that the third light DC3 is not incident
on the light receiving unit 120, and thus a value is zero.
[0153] Accordingly, even in a dark place, a difference is
generated by the intensity of the third light in an intensity of
light received through the light receiving unit 120 in the ON
section of the light emitting unit 110 and an intensity of the
light received through the light receiving unit 120 in the OFF
section of the light emitting unit 110.

[0154] FIG. 7 illustrates a state of a light emitting unit 110
and a light receiving unit 120 in a state in which a human
body wearable device 100 is slightly separated from a
human body (separated by a first distance).

[0155] That is, FIG. 7 illustrates a state of the light
emitting unit 110 and the light receiving unit 120 in a
condition where the human body wearable device 100 is
worn on a human body but is not completely in close contact
with the human body and is worn so as to be spaced apart
by the first distance.
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[0156] FIG. 7 (a) illustrates a state of a light emitting unit
110 and a light receiving unit 120 in the condition where
ambient light is present, that is, during daytime or in a bright
place. FIG. 7 () illustrates a state of a light emitting unit 110
and a light receiving unit 120 in the condition where ambient
light is not present, that is, during night time or in a dark
place.

[0157] Referring to (a) of FIG. 7, the light emitting unit
110 generates light having a specific light emitting voltage
in a ON section depending on a pulse signal of the control
unit 130, and does not generate light in a OFF section.
[0158] At this point, the light receiving unit 120 receives
the light in the ON and OFF sections of the light emitting
unit 110, respectively.

[0159] Here, in a state in which the human body wearable
device 100 and the test object are separated from each other
by the first distance, the ambient light, the light reflected
from a surface of the test object, and the light reflected from
the skin tissue are all incident on the light receiving unit 120.
[0160] Accordingly, in the ON section of the light emitting
unit 110, the first light DC1 by the ambient light, the second
light DC2 corresponding to light reflected from the skin
surface, and the third light DC3 reflected from the skin tissue
of the test object are all incident on the light receiving umt
120, and thus the light receiving voltages corresponding to
the incident first light DC1, second light DC2 and third light
DC3 are detected.

[0161] In addition, in the OFF section of the light emitting
unit 110, the light emitting unit 110 does not perform a light
emitting operation, and thus the second light DC2 and the
third light DC3 are not incident on the light receiving unit
120.

[0162] Accordingly, in the OFF section of the light emit-
ting unit 110, only the first light DC1 is incident on the light
receiving unit 120 by the ambient light, and the light
receiving voltage corresponding to the first light DC1 is
detected.

[0163] In other words, in a state in which the human body
wearable device 100 is separated from the test object by the
first distance during daytime or in a bright place where
ambient light is present, the light receiving unit 120 receives
all of the first light to the third light in the ON section of the
light emitting unit 110 and receives only the first light in the
OFF section of the light emitting unit 110.

[0164] Accordingly, a difference are generated by the
intensity sum of the second and third lights in an intensity of
light received through the light receiving unit 120 in the ON
section of the light emitting unit 110 and an intensity of light
received through the light receiving unit 120 in the OFF
section of the light emitting unit 110.

[0165] Referring to (b) of FIG. 7, the light emitting unit
110 generates light having a specific light emitting voltage
in a ON section depending on a pulse signal of the control
unit 130, and does not generate light in a OFF section.
[0166] At this point, the light receiving unit 120 receives
the light in the ON and OFF sections of the light emitting
unit 110, respectively.

[0167] Here, in a state in which the human body wearable
device 100 and the test object are separated from each other
by the first distance, the light reflected from a surface of the
test object, and the light reflected from the skin tissue are all
incident on the light receiving unit 120. That is, since the
above condition is a condition in which ambient light is not
present, the first light corresponding to the ambient light is
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not incident on the light receiving unit 120, and thus only the
second light and the third light are incident on the light
receiving unit 120.

[0168] Accordingly, in the ON section of the light emitting
unit 110, the second light DC2 corresponding to light
reflected from the skin surface, and the third light DC3
reflected from the skin tissue of the test object are incident
on the light receiving unit 120, and the light receiving
voltages corresponding to the incident second light DC2 and
third light DC3 are detected.

[0169] In addition, in the OFF section of the light emitting
unit 110, the light emitting unit 110 does not perform a light
emitting operation, and thus the second light DC2 and the
third light DC3 are not incident on the light receiving unit
120, either.

[0170] Accordingly, in the OFF section of the light emit-
ting unit 110, the light receiving unit 120 does not receive
any of the first to third lights, and thus the light receiving
voltage having a value zero is detected.

[0171] In other words, in a state in which the human body
wearable device 100 is separated from the test object by the
first distance during night time or in a dark place where
ambient light is not present, the light receiving unit 120
receives the second and third lights in the ON section of the
light emitting unit 110, and the first to third lights are not all
received in the OFF section of the light emitting unit 110.

[0172] Accordingly, even in dark surroundings, a differ-
ence are generated by the sum of intensities of the second
and third lights in an intensity of light received through the
light receiving unit 120 in the ON section of the light
emitting unit 110 and an intensity of light received through
the light receiving unit 120 in the OFF section of the light
emitting unit 110.

[0173] FIG. 8 illustrates a state of a light emitting unit 110
and a light receiving unit 120 in a state in which a human
body wearable device 100 is completely separated from a
human body (separated by a second distance greater than the
first distance).

[0174] That is, FIG. 8 illustrates a state of the light
emitting unit 110 and the light receiving unit 120 in a state
in which the human body wearable device 100 is not worn
on a human body.

[0175] FIG. 8 (a) illustrates a state of a light emitting unit
110 and a light receiving unit 120 in the condition where
ambient light is present, that is, during daytime or in a bright
place. FIG. 8 () illustrates a state of a light emitting unit 110
and a light receiving unit 120 in the condition where ambient
light is not present, that is, during night time or in a dark
place.

[0176] Referring to (a) of FIG. 8, the light emitting unit
110 generates light having a specific light emitting voltage
in a ON section depending on a pulse signal of the control
unit 130, and does not generate light in a OFF section.

[0177] At this point, the light receiving unit 120 receives
the light in the ON and OFF sections of the light emitting
unit 110, respectively.

[0178] Here, in a state in which the human body wearable
device 100 and the test object are separated by a second
distance, light generated through the light emitting unit 110
is not reflected by a surface of the human skin or the skin
tissue.
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[0179] Accordingly, only ambient light is incident on the
light receiving unit 120 in the state in which the human body
wearable device 100 and the test object are separated by the
second distance.

[0180] Accordingly, only the first light DC1 due to the
ambient light 1s incident on the light receiving unit 120 in the
ON section of the light emitting unit 110, and thus the light
receiving voltage corresponding to the incident first light
DC1 is detected.

[0181] In addition, in the OFF section of the light emitting
unit 110, the light emitting unit 110 does not perform a light
emitting operation, and thus only the first light DC1 due to
the ambient light is incident on the light receiving unit 120.
[0182] Accordingly, in the OFF section of the light emit-
ting unit 110, only the first light DC1 is incident on the light
receiving unit 120 by the ambient light, and the light
receiving voltage corresponding to the first light DC1 is
detected.

[0183] In other words, in a state in which the human body
wearable device 100 is separated from the test object by the
second distance during daytime or in a bright place where
ambient light is present, the light receiving unit 120 receives
only the first light in both the ON and OFF sections of the
light emitting unit 110.

[0184] Accordingly, the intensity values are the same in an
intensity of light received through the light receiving unit
120 in the ON section of the light emitting unit 110 and an
intensity of light received through the light receiving unit
120 in the OFF section of the light emitting unit 110.
[0185] Referring to (b) of FIG. 8, the light emitting unit
110 generates light having a specific light emitting voltage
in a ON section depending on a pulse signal of the control
unit 130, and does not generate light in a OFF section.
[0186] At this point, the light receiving unit 120 receives
the light in the ON and OFF sections of the light emitting
unit 110, respectively.

[0187] Here, in a state in which the human body wearable
device 100 and the test object are separated by the second
distance, light generated through the light emitting unit 110
is not reflected by the human skin surface or skin tissue. In
addition, (b) of FIG. 8 is a condition in which ambient light
is not present, and thus in the state in which the human body
wearable device 100 and the test object are separated by the
second distance, any light is not incident on the light
receiving unit 120.

[0188] Accordingly, in the ON and OFF sections of the
light emitting unit 110, light is not incident on the light
receiving unit 120, and a light receiving voltage having a
value zero corresponding thereto is detected.

[0189] Accordingly, under the condition, the intensity of
light has the same value of zero in an intensity of light
received through the light receiving unit 120 in the ON
section of the light emitting unit 110 and an intensity of light
received through the light receiving unit 120 in the OFF
section of the light emitting unit 110.

[0190] As shown in FIGS. 6 and 7, in a state in which the
human body wearable device 100 is worn on a human body,
a light receiving voltage of the light receiving unit 120 in the
ON section of the light emitting unit 110 and a light
receiving voltage of the light receiving unit 120 in the OFF
section of the light emitting unit 110 are not the same and
have different values of a certain magnitude.

[0191] Further, as shown in FIGS. 8, in a state in which the
human body wearable device 100 is not worn on a human
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body, light receiving voltages of light incident on the light
receiving unit 120 in the ON and OFF sections of the light
emitting unit 110 are the same.

[0192] Accordingly, the control unit 130 determines a
state whether the human body wearable device 100 is worn
on a human body or not based on a difference value
depending on an intensity of each light incident through the
light receiving unit 120 in the ON and OFF sections of the
light emitting unit 110.

[0193] That is, the control unit 130 determines a wearing
state of the human body wearable device 100 according to
the following equation.

V' ON-V OFF=0, a non-wearing state

V" ON-¥V OFF>0, a wearing state

[0194] Here, V ON represents an intensity of light incident
on the light receiving unit 120 in the ON section of the light
emitting unit 110, and V OFF represents an intensity of light
incident on the light receiving unit 120 in the OFF section
of the light emitting unit 110.

[Equation 1]

[0195] Meanwhile, the equation 1 is an equation in an
ideal condition.
[0196] However, in a state in which the human body

wearable device 100 is not actually worn, direct light
leakage from the light emitting element to a light receiving
element may occur depending on a mechanism condition,
and light reflection by an external environment may be
present.

[0197] Accordingly, even in a state in which the human
body wearable device 100 is not worn, the difference value
between V ON and V OFF may be a specific value other than
Zero.

[0198] Accordingly, in an embodiment, in a state in which
the human body wearable device 100 is not worn, a differ-
ence between V ON and V OFF is measured (that is, an
amount of direct light leakage from a light emitting element
to a light receiving element and an amount of light reflection
due to an external environment), and thus the following
equation 2 for detecting an accurate wearing state of the
human body wearable device 100 is determined.

V' ON-V OFF=V TH, a non-wearing state

VON-V OFF>V TH, a wearing state

[0199] Here, V ON represents an intensity of light incident
on the light receiving unit 120 in the ON section of the light
emitting unit 110, and V OFF represents an intensity of light
incident on the light receiving unit 120 in the OFF section
of the light emitting unit 110, and V TH is a threshold
voltage for determining an wearing state of the human body
wearable device 100.

[0200] Accordingly, although the control unit 130 may
detect a wearing state of the human body wearable device
100 via the equation 1, in order to detect the wearing state
more accurately, a threshold voltage is determined based on
an amount of light leakage and an amount of light reflection,
and when an intensity of the light incident on the light
receiving unit 120 in the ON section of the light emitting
unit 110 and an intensity of the light incident on the light
receiving unit 120 in the OFF section of the light emitting
unit 110 are greater than the threshold value, the human
body wearable device 100 is determined to be worn on the
human body.

[Equation 2]
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[0201] FIG. 9 is a flowchart for explaining a step by step
operation method of a human body wearable device 100
according to a first embodiment of the present disclosure.
[0202] Referring to FIG. 9, the control unit 130 determines
whether the human body wearable device 100 is in a wearing
detection mode, or a human body signal detection mode in
step S100.

[0203] As aresult of the determination in step S100, if the
mode of the human body wearable device 100 is the wearing
detection mode, the control unit 130 outputs a light emitting
control signal for controlling an operation of the light
emitting unit 110, and the light emitting unit 110 performs
a light emitting operation (sequentially performing ON and
OFF operations) depending on the light emitting control
signal in step S110.

[0204] The control unit 130 monitors an intensity of the
light incident on the light receiving unit 120 depending on
an light emitting operation of the light emitting unit 110 in
step S120.

[0205] Then, the control unit 130 checks a first light
receiving voltage V ON with respect to an intensity of light
incident on the light receiving unit 120 in the ON section of
the light emitting unit 110 and a second light receiving
voltage V OFF with respect to an intensity of light incident
on the light receiving unit 120 in the OFF section of the light
emitting unit 110.

[0206] Inaddition, the control unit 130 detects a difference
value between the first light receiving voltage and the
second light receiving voltage and determines whether the
difference value is greater than a predetermined threshold
value in step S140.

[0207] Then, if the above difference value is greater than
the predetermined threshold value, the control unit 130
detects a wearing state of the human body wearable device
100, and thus, the control unit 130 may enter the human
body signal detection mode in step S150.

[0208] Further, if the above difference value is not greater
than the predetermined threshold value (if less than or equal
t0), the control unit 130 detects the human body wearable
device 100 in a state in which the human body wearable
device 100 is not worn in step S160.

[0209] Meanwhile, as a result of the determination in step
S100, if the mode of the human body wearable device 100
is not the wearing detection mode, the control unit 130
determines whether the human body wearable device 100 is
in the human body signal detection mode in step S170, and
if the mode of the human body wearable device 100 is the
human body signal detection mode, the control unit 130
performs the human body signal detection operation in step
S180.

[0210] Meanwhile, although the human body wearable
device 100 may be detected to be in a state in which the
human body wearable device 100 is worn on a test object by
the above method, whether the test object is a human body
or a thing may not be accurately detected.

[0211] FIG. 10 is a graph illustrating changes in the light
receiving voltage with respect to light incident on a light
receiving unit in a state in which a human body wearable
device 100 is in contact with a thing.

[0212] When the human body wearable device 100 con-
tacts a thing, light corresponding to the first light DC1 and
the second light DC2 is incident on the light receiving unit
120. That is, since the thing does not have a skin tissue, the
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third light DC3 representing light reflected from the skin
tissue is not incident on the light receiving unit 120.
[0213] As shown in FIG. 10, an intensity of the first light
DC1 has a minimum value zero in a state in which the
human body wearable device 100 is in complete contact
with the test object, that is, a separation distance is zero. In
addition, an intensity of the first light DC1 increases as the
separation distance increases.

[0214] Further, the second light DC2 refers to light which
is reflected by a surface of the test object and is incident on
the light receiving unit 120, as described above.

[0215] As shown in FIG. 10, an intensity of the second
light DC2 has a maximum value in a state in which the
human body wearable device 100 and the test object are
spaced apart by a specific gap, and the intensity of the
second light DC2 decreases as the separation distance
decreases or increases in the specific gap.

[0216] FIGS. 11 to 13 are diagrams illustrating states of a
light emitting unit 110 and a light receiving unit 120
depending on conditions when the human body wearable
device 100 is not in contact with a human body but in contact
with a thing.

[0217] That is, FIG. 11 illustrates a state of the light
emitting unit 110 and the light receiving unit 120 in a state
in which the human body wearable device 100 is completely
in close contact with a thing.

[0218] FIG. 11 (a) illustrates a state of a light emitting unit
110 and a light receiving unit 120 in the condition where
ambient light is present, that is, during daytime or in a bright
place. FIG. 11 (b) illustrates a state of a light emitting unit
110 and a light receiving unit 120 in the condition where
ambient light is not present, that is, during night time or in
a dark place.

[0219] Here, in a state in which the human body wearable
device 100 is completely in close contact with a thing, that
is, when a separation distance between the human body
wearable device 100 and the test object is zero, the ambient
light or light reflected from a surface of the test object is not
incident on the light receiving unit 120.

[0220] Accordingly, specific light is not incident on the
light receiving unit 120 in the ON section of the light
emitting unit 110.

[0221] In addition, in the OFF section of the light emitting
unit 110, the light emitting unit 110 does not perform a light
emitting operation, and thus light is not incident on the light
receiving unit 120.

[0222] In other words, in a state in which the human body
wearable device 100 is completely in close contact with the
test object during daytime or in a bright place where ambient
light is present, the light receiving unit 120 does not receive
light in the ON and OFF sections of the light emitting unit
110.

[0223]  Accordingly, the intensity values of both lights are
the same in an intensity of light received through the light
receiving unit 120 in the ON section of the light emitting
unit 110 and an intensity of light received through the light
receiving unit 120 in the OFF section of the light emitting
unit 110.

[0224] 1In (b) of FIG. 11 similar to (a) of FIG. 6, accord-
ingly, light is not incident on the light receiving unit 120 in
the ON and OFF sections of the light emitting unit 110.
[0225] Accordingly, even in a dark place, the intensity
values of both lights are the same in an intensity of light
received through the light receiving unit 120 in the ON
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section of the light emitting unit 110 and an intensity of light
received through the light receiving unit 120 in the OFF
section of the light emitting unit 110.

[0226] Meanwhile, the conditions are the same as the
conditions in (a) and (b) of FIG. 8, values of light receiving
voltages in the ON and OFF sections are the same, and thus
it is possible to accurately detect the state in which the
human body wearable device 100 is not worn on a human
body in a state in which the human body wearable device
100 is completely in close contact with a thing as described
above.

[0227] FIG. 12 illustrates a state of a light emitting unit
110 and a light receiving unit 120 in a state in which a human
body wearable device 100 is slightly separated from a thing
(separated by a first distance).

[0228] That is, FIG. 12 illustrates a state of the light
emitting unit 110 and the light receiving unit 120 when the
human body wearable device 100 is placed in a position
separated by the first distance from a thing.

[0229] FIG. 12 (a) illustrates a state of a light emitting unit
110 and a light receiving unit 120 in the condition where
ambient light is present, that is, during daytime or in a bright
place. FIG. 12 (4) illustrates a state of a light emitting unit
110 and a light receiving unit 120 in the condition where
ambient light is not present, that is, during night time or in
a dark place.

[0230] Referring to (a) of FIG. 12, the light emitting unit
110 generates light having a specific light emitting voltage
in a ON section depending on a pulse signal of the control
unit 130, and does not generate light in a OFF section.
[0231] At this point, the light receiving unit 120 receives
the light in the ON and OFF sections of the light emitting
unit 110, respectively.

[0232] Here, in a state in which the human body wearable
device 100 and the test object are separated from each other
by the first distance, ambient light and light reflected from
a surface of the test object are all incident on the light
receiving unit 120.

[0233] Accordingly, in the ON section of the light emitting
unit 110, the first light DC1 by the ambient light and the
second light DC2 corresponding to light reflected from the
skin surface are all incident on the light receiving unit 120,
and thus the light receiving voltages corresponding to the
incident first light DC1, and second light DC2 are detected.
[0234] In addition, in the OFF section of the light emitting
unit 110, the light emitting unit 110 does not perform a light
emitting operation, and thus the second light DC2 is not
incident on the light receiving unit 120.

[0235] Accordingly, in the OFF section of the light emit-
ting unit 110, only the first light DC1 is incident on the light
receiving unit 120 by the ambient light, and the light
receiving voltage corresponding to the first light DC1 is
detected.

[0236] In other words, in a state in which the human body
wearable device 100 is separated from the test object (a
thing) by the first distance during daytime or in a bright
place where ambient light is present, the light receiving unit
120 receives the first light to the second light in the ON
section of the light emitting unit 110 and receives only the
first light in the OFF section of the light emitting unit 110.
[0237] Accordingly, a difference is generated by the inten-
sity of the second light in an intensity of light received
through the light receiving unit 120 in the ON section of the
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light emitting unit 110 and an intensity of light received
through the light receiving unit 120 in the OFF section of the
light emitting unit 110.

[0238] Referring to (b) of FIG. 12, the light emitting unit
110 generates light having a specific light emitting voltage
in a ON section depending on a pulse signal of the control
unit 130, and does not generate light in a OFF section.
[0239] At this point, the light receiving unit 120 receives
the light in the ON and OFF sections of the light emitting
unit 110, respectively.

[0240] Here, in a state in which the human body wearable
device 100 and the test object (a thing) are separated from
each other by the first distance, only light reflected from a
surface of the test object is incident on the light receiving
unit 120. That is, since the above condition is a condition in
which ambient light is not present, the first light correspond-
ing to the ambient light is not incident on the light receiving
unit 120, and thus only the second light is incident on the
light receiving unit 120.

[0241] Accordingly, in the ON section of the light emitting
unit 110, the light receiving unit 120 detects a light receiving
voltage corresponding to the second light DC2 according to
light reflected from a surface of the test object.

[0242] In addition, in the OFF section of the light emitting
unit 110, the light emitting unit 110 does not perform a light
emitting operation, and thus the second light DC2 is not
incident on the light receiving unit 120, either.

[0243] Accordingly, in the OFF section of the light emit-
ting unit 110, the light receiving unit 120 does not receive
any of the first and second lights, and thus the light receiving
voltage having a value zero is detected.

[0244] In other words, in a state in which the human body
wearable device 100 is separated from the test object by the
first distance during night time or in a dark place where
ambient light is not present, the light receiving unit 120
receives the second light in the ON section of the light
emitting unit 110, and both of the first and second lights are
not received in the OFF section of the light emitting unit 110.
[0245] Accordingly, even in a dark surrounding environ-
ment, a difference is generated by the intensity of the second
light in an intensity of light received through the light
receiving unit 120 in the ON section of the light emitting
unit 110 and an intensity of light received through the light
receiving unit 120 in the OFF section of the light emitting
unit 110.

[0246] Accordingly, in a state in which the human body
wearable device 100 is separated from a thing by the first
distance, a difference by an intensity of second light occurs
between a light receiving voltage in the ON section and a
light receiving voltage in the OFF section, and thus, even
with the equation 1 or 2, the human body wearable device
100 may not accurately detect a state whether the human
body wearable device 100 is worn on a human body, not a
thing.

[0247] FIG. 13 illustrates a state of a light emitting unit
110 and a light receiving unit 120 in a state in which a human
body wearable device 100 is completely separated from a
thing (separated by a second distance greater than the first
distance).

[0248] That is, FIG. 13 illustrates a state of the light
emitting unit 110 and the light receiving unit 120 in a state
in which the human body wearable device 100 is not in
contact with a thing.
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[0249] FIG. 13 (a) illustrates a state of a light emitting unit
110 and a light receiving unit 120 in the condition where
ambient light is present, that is, during daytime or in a bright
place. FIG. 13 (b) illustrates a state of a light emitting unit
110 and a light receiving unit 120 in the condition where
ambient light is not present, that is, during night time or in
a dark place.

[0250] Referring to (a) of FIG. 13, the light emitting unit
110 generates light having a specific light emitting voltage
in a ON section depending on a pulse signal of the control
unit 130, and does not generate light in a OFF section.
[0251] At this point, the light receiving unit 120 receives
the light in the ON and OFF sections of the light emitting
unit 110, respectively.

[0252] Here, in a state in which the human body wearable
device 100 and the test object are separated by the second
distance, light generated through the light emitting unit 110
is not reflected by a surface of the thing.

[0253] Accordingly, only ambient light is incident on the
light receiving unit 120 in a state in which the human body
wearable device 100 and the test object are separated by the
second distance.

[0254] Accordingly, only the first light DC1 is incident on
the light receiving unit 120 in the ON section of the light
emitting unit 110 due to the ambient light, and thus the light
receiving voltage corresponding to the incident first light
DC1 is detected.

[0255] 1In addition, in the OFF section of the light emitting
unit 110, the light emitting unit 110 does not perform a light
emitting operation, and thus only the first light DC1 due to
the ambient light is incident on the light receiving unit 120.
[0256] Accordingly, in the OFF section of the light emit-
ting unit 110, only the first light DC1 is incident on the light
receiving unit 120 by the ambient light, and the light
receiving voltage corresponding to the first light DCI1 is
detected.

[0257] In other words, in a state in which the human body
wearable device 100 is separated from the test object by the
second distance during daytime or in a bright place where
ambient light is present, the light receiving unit 120 receives
only the first light in both of the ON and OFF sections of the
light emitting unit 110.

[0258] Accordingly, the intensity values are the same in an
intensity of light received through the light receiving unit
120 in the ON section of the light emitting unit 110 and an
intensity of light received through the light receiving unit
120 in the OFF section of the light emitting unit 110.
[0259] Referring to (b) of FIG. 13, the light emitting unit
110 generates light having a specific light emitting voltage
in a ON section depending on a pulse signal of the control
unit 130, and does not generate light in a OFF section.
[0260] At this point, the light receiving unit 120 receives
the light in the ON and OFF sections of the light emitting
unit 110, respectively.

[0261] Here, in a state in which the human body wearable
device 100 and the test object are separated by the second
distance, light generated through the light emitting unit 110
1s not reflected by a surface of the thing. In addition, (b) of
FIG. 13 is a condition in which ambient light is not present,
and thus in a state in which the human body wearable device
100 and the test object are separated by the second distance,
any light is not incident on the light receiving unit 120.
[0262] Accordingly, in the ON and OFF sections of the
light emitting unit 110, light is not incident on the light
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receiving unit 120, and a light receiving voltage having a
value zero corresponding thereto is detected.

[0263] Accordingly, under the condition, the intensity of
light has the same value of zero in an intensity of light
received through the light receiving unit 120 in the ON
section of the light emitting unit 110 and an intensity of light
received through the light receiving unit 120 in the OFF
section of the light emitting unit 110.

[0264] As described above, when the human body weat-
able device 100 is separated from the thing by the first
distance, a difference between the first light receiving volt-
age in the ON section and the second light receiving voltage
in the OFF section occurs, and thus only the difference
between the first light receiving voltage and the second light
receiving voltage may not accurately detect whether the
human body wearable device 100 is worn on a human body
or not.

[0265] Therefore, in an embodiment, when the state of the
human body wearable device 100 is detected to be in a
wearing state, the human body wearable device 100 per-
forms a further determination process to detect whether the
object is a human body or a thing.

[0266] For this, the control unit 130 detects a signal
depending on operations of the light emitting unit 110 and
the light receiving unit 120 and analyzes the detected signal
to determine whether the object is a human body or a thing.
[0267] FIG. 14 is a diagram illustrating signals detected
according to an embodiment of the present disclosure.
[0268] As shown in FIG. 14, the control unit 130 detects
a photoplethysmography (PPG) raw signal waveform con-
necting only the light receiving voltage in the ON section
among the light receiving voltages received through the light
receiving unit 120.

[0269] In addition, the control unit 130 detects a second-
order differential signal waveform obtained by secondarily
differentiating the PPG raw signal waveform.

[0270] Then, the control unit 130 extracts only peak
signals included in the second-order differential signal
waveform to detect a peak waveform, and detects a heart
rate (HR) among the peak signals within the detected peak
waveform.

[0271] At this point, in the case of the state in which the
human body wearable device 100 is worn on a human body,
the HR is in a range of 30 to 240 bpm (beat per minute), and
thus the control unit 130 determines whether the HR is
within the range of 30 to 240 bpm.

[0272] In addition, if the heart rate (HR) is within the
range of 30 to 240 bpm, the control unit 130 determines the
human body wearable device 100 which is worn on a human
body, and if the heart rate (HR) exceeds the range of 30 to
240 bpm, the control unit 130 determines the human body
wearable device 100 wom on a thing.

[0273] As described above, according to an embodiment
of the present disclosure, it is possible to accurately detect
whether the human body wearable device is worn on a
human body regardless of daytime or a bright place due to
lighting, and a night time or a dark place.

[0274] In addition, according to an embodiment of the
present disclosure, it is possible to precisely distinguish
when the human body wearable device is in contact with a
thing other than a human body and to prevent various
malfunctions that may occur when the human body wearable
device is brought into contact with a thing.
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[0275] FIG. 15 is a flowchart for describing a step by step
method for detecting an object to be worn by a human body
wearable device 100 according to an embodiment of the
present disclosure.

[0276] Referring to FIG. 15, the control unit 130 detects a
PPG raw signal waveform by connecting only a light
receiving voltage corresponding to the ON section of the
light emitting unit 110 among the light receiving voltages of
the light receiving unit 120 in step S200.

[0277] Then, the control unit 130 secondarily differenti-
ates the detected PPG raw signal waveform to detect a
secondary differential signal in step 5210.

[0278] In addition, the control unit 130 detects only a peak
signal from the detected secondary differential signal in step
S220.

[0279] Further, the control unit 130 determines whether
the heart rate (HR) between the peak signals falls within a
range of 30 to 240 bpm based on the detected peak signal in
step S230.

[0280] Then, when the heart rate (HR) between the peak
signals falls within the range of 30 to 240 bpm, the control
unit 130 determines that the human body wearable device
100 is currently worn on a human body in step S240, and if
the heart rate (HR) exceeds the range of 30 to 240 bpm, the
control unit 130 determines that the human body wearable
device 100 is currently worn (or in contact with) on a thing
in step S250.

[0281] As described above, according to an embodiment
of the present disclosure, it is possible to accurately detect
whether the human body wearable device is worn on a
human body regardless of daytime or a bright place due to
lighting, and a night time or a dark place.

[0282] In addition, according to an embodiment of the
present disclosure, it is possible to precisely distinguish
when the human body wearable device 1s in contact with a
thing other than a human body and to prevent various
malfunctions that may occur when the human body wearable
device is brought into contact with a thing.

[0283] FIG. 16 is a diagram illustrating a configuration of
a human body wearable device 200 according to a second
embodiment of the present disclosure.

[0284] Referring to FIG. 16, the human body wearable
device 200 includes a light emitting unit 210, a light
receiving unit 220 and a control unit 230.

[0285] The light emitting unit 210 includes a first light
emitting unit and a second light emitting unit.

[0286] The first light emitting unit includes: a first digital-
analog converter 211 for converting a digital signal output
via the control unit 230 into an analog signal, a first amplifier
212 for primarily amplifying the signal converted via the
first digital-analog converter 211, a second amplifier 213 for
secondarily amplifying the signal primarily amplified via the
first amplifier 212, and a first light emitting element 214 for
generating light based on the secondarily amplified signal.
[0287] Here, the first digital-analog converter 211 converts
the digital signal into an analog signal in order to set a
current of a first light emitting element 214.

[0288] Further, the first amplifier 212 and the second
amplifier 213 are signal amplifying units for supplying an
alternating current necessary for driving the first light emit-
ting element 214 to the first light emitting element 214.
[0289] Furthermore, the first light emitting element 214
may be implemented with a light emitting diode (LED).
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[0290] The second light emitting unit includes the same
configuration as the first light emitting unit, and preferably
includes: a second digital-analog converter 215, a first
amplifier 216 for primarily amplifying the signal converted
via the second digital-analog converter 215, a second ampli-
fier 217 for secondarily amplifying the signal primarily
amplified via the first amplifier 216, and a second light
emitting element 218 for generating light based on the
secondarily amplified signal.

[0291] That is, when the human body wearable device 200
according to the second embodiment is compared with the
human body wearable device 100 according to the first
embodiment, the light emitting unit is configured with a
plurality of light emitting units, which is different.

[0292] In other words, the human body wearable device
100 according to the first embodiment includes only one
light emitting unit which generates light of a specific wave-
length band.

[0293] In addition, the human body wearable device 200
according to the second embodiment includes a first light
emitting unit for generating light of a first wavelength and a
second light emitting unit for generating light of a second
wavelength different from the first wavelength.

[0294] That is, the first light emitting element 214 consti-
tuting the first light emitting unit may be a red light emitting
diode which emits light having a wavelength of 660 nm, and
the second light emitting element 218 constituting the sec-
ond light emitting unit may be an infrared light emitting
diode which emits light having a wavelength of 940 nm.
[0295] 1In other words, the light corresponding to the
infrared wavelength and the red wavelength has different
absorption characteristics depending on whether the hemo-
globin in the blood contains oxygen or not.

[0296] Accordingly, the control unit 230 measures the
oxygen saturation of blood based on the light receiving
voltage of the light receiving unit 220 according to the
operation of the first light emitting unit, and the light
receiving voltage of the light receiving unit 220 according to
the operation of the second light emitting unit.

[0297] At this point, the light emitting operations of the
first light emitting unit and the second light emitting unit are
performed by a pulse signal output through the control unit
230.

[0298] The pulse signal includes a first section for turning
ON the second light emitting unit, a second section for
turning OFF both the first light emitting unit and the second
light emitting unit, a third section for turning ON the first
light emitting unit, a fourth section for turning OFF both the
first light emitting unit and the second light emitting unit,
which are repeated.

[0299] Accordingly, the control unit 230 uses one or more
of the light receiving voltage corresponding to the operation
of the first light emitting unit and the light receiving voltage
corresponding to the operation of the second light emitting
unit, and thus it is possible to perform an operation of
detecting a wearing state as described in the first embodi-
ment.

[0300] In addition, the light receiving unit 220 receives
incident light including light reflected from a test object
depending on a light emitting operation of the light emitting
unit 210.

[0301] The light receiving unit 220 includes a light receiv-
ing element 221 for receiving the incident light, a first
amplifier 222 for primarily amplifying an optical signal
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incident via the light receiving element 221, a second
amplifier 223 for secondarily amplifying a signal primarily
amplified via the first amplifier 222, and an analog-digital
converter 224 for converting a signal secondarily amplified
via the second amplifier 223 into a digital signal.

[0302] The light receiving element 221 receives light
incident from the outside. At this point, the light receiving
element 221 may be implemented with a photodiode (PD) or
a transistor (TR).

[0303] In addition, the first amplifier 222 converts a weak
photo-current detected by the light receiving element 221
into a voltage and amplifies the voltage, which may be a
transimpedance amplifier (TTA).

[0304] Further, the second amplifier 223 amplifies a volt-
age amplified via the first amplifier 222 to a voltage of
sufficient magnitude to be processed by the analog-digital
converter 224.

[0305] Furthermore, the analog-digital converter 224 con-
verts an analog voltage to an equivalent digital voltage
according to a specified sampling rate.

[0306] The control unit 230 controls operations of the light
emitting unit 210 and the light receiving unit 220.

[0307] For this, a detailed description will be omitted for
the parts overlapping with the first embodiment.

[0308] First, the control unit 230 operates the light emit-
ting unit of either the first light emitting umt or the second
light emitting unit in the case of entering the wearing state
detection mode, thereby detecting a wearing state as
described in the first embodiment.

[0309] In addition, in the case of detecting in a wearing
state, the control unit 230 performs an operation of deter-
mining whether or not the object on which the human body
wearable device 200 is worn is a human body or a thing, and
the operation is the same as described in the first embodi-
ment.

[0310] At this point, it is preferable that the light emitting
unit used for determining a wearing object is assigned to the
first light emitting unit for measuring the heart rate (HR).
[0311] Further, in the case of determining that the human
body wearable device 200 is worn on a human body, the
control unit 230 controls operations of the first light emitting
unit and the second light emitting unit and periodically
detects oxygen saturation of blood.

[0312] In addition, the control unit 230 displays state
information of a human body including the detected heart
rate and oxygen saturation of blood on a display unit 240.
[0313] FIG. 17 is a flowchart for explaining a step by step
operation method of a human body wearable device accord-
ing to a second embodiment of the present disclosure.
[0314] Referring to FIG. 17, the control unit 230 outputs
a pulse signal for sequentially emitting light of a plurality of
light emitting units in step S300.

[0315] Then, the control unit 230 checks a light receiving
voltage of a light receiving unit corresponding to light
generated by one or more light emitting units of the plurality
of light emitting units sequentially emitting light by the
pulse signal in step S310.

[0316] Then, the control unit 230 checks the checked light
receiving voltage with a first light receiving voltage in the
light in the ON section of the light emitting unit and a second
light receiving voltage in the OFF section of the light
emitting unit, respectively in step S320.

[0317] Inaddition, the control unit 230 checks a difference
between the first light receiving voltage and the second light
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receiving voltage and determines whether the checked dif-
ference value is greater than a predetermined threshold value
V TH in step S330.

[0318] Then, if the difference value is greater than the
predetermined threshold value, the control unit 230 deter-
mines the state of the human body wearable device which is
in a wearing state, and thus, the control unit 230 enters a
human body signal detection mode in step S340.

[0319] Further, if the above difference value is not greater
than the predetermined threshold value, the control unit 230
determines the state of the human body wearable device
which is in a non-wearing state in step S350.

[0320] FIG. 18 is a diagram illustrating a configuration of
a human body wearable device 300 according to a third
embodiment of the present disclosure.

[0321] Referring to FIG. 18, the human body wearable
device 300 includes a light emitting unit 310, a light
receiving unit 320 and a control unit 330.

[0322] Here, the human body wearable device 300 is the
same as the human body wearable device 100 according to
the first embodiment, except that a plurality of light emitting
units and a plurality of light receiving units are provided.
[0323] That is, the human body wearable device 100 in the
first embodiment detects a human body signal in a human
body signal detection mode by using one light emitting unit
and light receiving unit. In addition, the wearing state is
detected in the wearing state detection mode.

[0324] However, in the third embodiment, a light emitting
unit and a light receiving unit for detecting a human body
signal, and a light emitting unit and a light receiving unit for
detecting a wearing state are separately formed, respectively.
[0325] Accordingly, the human body wearable device 300
according to the third embodiment periodically detects a
human body signal and also detects a wearing state.
[0326] The first light emitting unit includes a first digital-
analog converter 311 for converting a digital signal output
via the control unit 330 into an analog signal, a first amplifier
312 for primarily amplifying the signal converted via the
first digital-analog converter 311, a second amplifier 313 for
secondarily amplifying the signal primarily amplified via the
first amplifier 312, and a first light emitting element 314 for
generating light based on the secondarily amplified signal.
[0327] Here, the first digital-analog converter 311 converts
the digital signal into an analog signal in order to set a
current of the first light emitting element 314.

[0328] Further, the first amplifier 312 and the second
amplifier 313 are signal amplifying units for supplying an
alternating current necessary for driving the light emitting
element 314 to the first light emitting element 314.

[0329] Furthermore, the first light emitting element 314
may be implemented with a light emitting diode (LED).
[0330] The second light emitting unit includes the same
configuration as the first light emitting unit, and preferably
includes a second digital-analog converter 315, a first ampli-
fier 316 for primarily amplifying the signal converted via the
second digital-analog converter 315, a second amplifier 317
for secondarily amplifying the signal primarily amplified via
the first amplifier 316, and a second light emitting element
318 for generating light based on the secondarily amplified
signal.

[0331] In addition, the first light emitting element 214 and
the second light emitting element 218 may generate light of
the same wavelength to each other, and can alternatively
generate light of a different wavelength.
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[0332] 1In addition, the light receiving unit 320 includes a
first light receiving unit for receiving light incident depend-
ing on an operation of the first light emitting unit, and a
second light receiving unit for receiving light incident
depending on an operation of the second light emitting unit.
[0333] The first light receiving unit includes a first light
receiving element 321 for receiving the incident light, a first
amplifier 322 for primarily amplifying an optical signal
incident via the first light receiving element 321, a second
amplifier 323 for secondarily amplifying a signal primarily
amplified via the first amplifier 322, and an analog-digital
converter 324 for converting a signal secondarily amplified
via the second amplifier 323 into a digital signal.

[0334] The first light receiving element 321 receives light
incident from the outside. At this point, the first light
receiving element 321 may be implemented with a photo-
diode (PD) or a transistor (TR).

[0335] In addition, the first amplifier 322 converts a weak
photo-current detected by the first light receiving element
321 into a voltage and amplifies the voltage, which may be
a trans impedance amplifier (TTA).

[0336] Further, the second amplifier 323 amplifies a volt-
age amplified via the first amplifier 322 to a voltage of
sufficient magnitude to be processed by the analog-digital
converter 324.

[0337] Furthermore, the analog-digital converter 324 con-
verts an analog voltage to an equivalent digital voltage
according to a specified sampling rate.

[0338] Inaddition, the second light receiving unit includes
a second light receiving element 325 for receiving the
incident light, a first amplifier 326 for primarily amplifying
an optical signal incident via the second light receiving
element 325, a second amplifier 327 for secondarily ampli-
fying a signal primarily amplified via the first amplifier 326,
and an analog-digital converter 328 for converting a signal
secondarily amplified via the second amplifier 327 into a
digital signal.

[0339] The control unit 330 performs substantially the
same operation as the control unit 130 according to the first
embodiment.

[0340] However, the control unit 330 detects the wearing
state in response to the operation of the first light emitting
unit and the first light receiving unit in a plurality of the light
emitting units and the light receiving units in the wearing
state detection mode.

[0341] In addition, in the human body signal detection
mode, the control unit 330 detects a state of the human body
(such as the heart rate) according to operations of the second
light emitting unit and the second light receiving unit.
[0342] The human body wearable device according to the
third embodiment may frequently detect the wearing state
regardless of the detection of the human body state by using
the first light emitting unit.

[0343] Further, although exemplary embodiments of the
present disclosure have been illustrated and described
above, the present disclosure is not limited to particular
embodiments described above. One of ordinary skill in the
art to which the present disclosure pertains should be able to
modify and embody the present disclosure in various ways
without departing from the gist of the present disclosure
defined in the claims below, and the modified embodiments
should not be understood as being separate from the tech-
nical spirit or prospect of the present disclosure.
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1. A human body wearable device, comprising:
a light emitting unit for emitting light to outside;

a light receiving unit for receiving light incident from
outside; and

a control unit for controlling an operation of the light
emitting unit and detecting an intensity of light incident
on the light receiving unit depending on the operation
of the light emitting unit, and determining whether the
human body wearable device is worn on a specific
object or not based on an intensity of detected light,

wherein the control unit determines whether the human
body wearable device is being worn or not using a
difference value between an intensity of light incident
on the light receiving unit in an ON section of the light
emitting unit and that of light incident on the light
receiving unit in an OFF section of the light emitting
unit.

2. The human body wearable device of claim 1, wherein
the control unit determines the human body wearable device
is not being worn if the difference value is zero, and
determines the human body wearable device is being worn
on a specific object if the difference value is greater than
Zero.

3. The human body wearable device of claim 1, wherein
the control unit determines the human body wearable device
is being worn on a specific object if the difference value is
greater than a predetermined reference value and determines
the human body wearable device is not being worn if the
difference value is less than or equal to the predetermined
reference value.

4. The human body wearable device of claim 3, wherein
the reference value is determined by at least one of a direct
light leakage amount from the light emitting unit to the light
receiving unit and a light reflection amount by an external
environment.

5. The human body wearable device of claim 1, wherein
the light emitting unit comprises a first light emitting unit for
generating light of a first wavelength and a second light
emitting unit for generating light of a second wavelength
different from the first wavelength, wherein the control unit
determines whether the human body wearable device is
being worn by using any one of the first light emitting unit
and the second light emitting unit and detects heart rate and
oxygen saturation of blood using both the first light emitting
unit and the second light emitting unit.

6. The human body wearable device of claim 1, wherein
the light emitting unit comprises a first light emitting unit for
generating first light and a second light emitting unit for
generating second light, wherein the light receiving unit
includes a first light receiving unit for receiving light inci-
dent from outside depending on an operation of the first light
emitting unit and a second light receiving unit for receiving
light incident from outside depending on an operation of the
second light emitting unit.

7. The human body wearable device of claim 6, wherein
the first light emitting unit and the first light receiving unit
operate at a predetermined cycle depending on a control
signal of the control unit and perform light emitting and
receiving operations for determining the wearing state of the
human body wearable device, and the second light emitting
unit and the second light receiving unit perform light emit-
ting and receiving operations for detecting a human body
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signal with respect to a human body on which the human
body wearable device is being worn depending on a control
signal of the control unit.

8. A human body wearable device of claim 2, wherein the
control unit determines whether the specific object is a
human body based on an intensity of light received through
the light receiving unit in the ON section of the light
emitting unit if the state of the human body wearable device
is determined to be worn on a specific object.

9. The human body wearable device of claim 8, wherein
the control unit detects a raw signal waveform of a pulse
wave by using an intensity of light received through the light
receiving unit in the ON section of the light emitting unit,
generates a waveform of a secondary differential signal by
secondarily differentiating the detected raw signal waveform
of the pulse wave, generates a peak signal waveform by
detecting a peak signal from the generated second-order
differential signal waveform, and determines whether the
specific object is a human body or not based on a heart rate
(HR) of the peak signals included in the generated peak
signal waveform.

10. The human body wearable device of claim 9, wherein
the control unit determines the human body wearable device
is being womn on a human body if the heart rate (HR) is
within a range of 30 to 240 bpm, and determines the human
body wearable device is being worn on a thing if the heart
rate (HR) exceeds the range of 30 to 240 bpm.

11. The human body wearable device of claim 10, wherein
the control unit includes a display unit for displaying at least
one of wearing state information of the human body wear-
able device and a human body detection signal detected
from a human body on which the human body wearable
device is being worn depending on a control signal of the
control unit.

12. A method of operating a human body wearable device,
comprising:

outputting a pulse signal including ON and OFF sections;

operating a light emitting unit depending on the pulse

signal;
detecting an intensity of light incident on a light receiving
unit in the ON section and an intensity of light incident
on the light receiving unit in the OFF section;

detecting a difference value between an intensity of the
light in the ON section and an intensity of the light in
the OFF section; and

determining whether the human body wearable device is

being worn on an object or not based on the difference
value.

13. The method of operating a human body wearable
device of claim 12, wherein the step of determining whether
the human body wearable device is being worn on a specific
object comprises determining the human body wearable
device is not being worn if the difference value is zero, and
determining the human body wearable device is being worn
on a specific object if the difference value is greater than
Zero.

14. The method of operating a human body wearable
device of claim 12, wherein the step of determining whether
the human body wearable device is being worn on a specific
object comprises determining the human body wearable
device is being worn on the specific object if the difference
value is greater than a predetermined reference value, and
determining the human body wearable device is not being
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worn if the difference value is less than or equal to the
predetermined reference value.

15. The method of operating a human body wearable
device of claim 14, wherein the reference value is deter-
mined by at least one of a direct light leakage amount from
the light emitting unit to the light receiving unit and a light
reflection amount by an external environment.

16. The method of operating a human body wearable
device of claim 12, wherein the light emitting unit includes
a first light emitting unit for generating light of a first
wavelength, and a second light emitting unit for generating
light of a second wavelength different from the first wave-
length, wherein the determination as to whether the device
is being worn is determined by light emission of any one of
the first light emitting unit and the second light emitting unit.

17. The method of operating a human body wearable
device of claim 12, wherein the light emitting unit includes
a first light emitting unit for generating first light and a
second light emitting unit for generating second light,
wherein the light receiving unit includes a first light receiv-
ing unit for receiving light incident from outside depending
on an operation of the first light emitting unit and a second
light receiving unit for receiving light incident from outside
depending on an operation of the second light emitting unit,
wherein the determination as to whether the device is being
worn is determined by operations of the first light emitting
unit and the first light receiving unit.
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18. The method of operating a human body wearable
device of claim 13, further comprising determining whether
the specific object on which the human body wearable
device is being wom is a human body or not based on an
intensity of light received through the light receiving unit in
the ON section if the state of the human body wearable
device is determined to be worn on a specific object.

19. The method of operating a human body wearable
device of claim 18, wherein the step of determining whether
the specific object is a human body or not comprises
detecting a raw signal waveform of a pulse wave by using
an intensity of light received through the light receiving unit
in the ON section of the light emitting unit, generating a
waveform of a secondary differential signal by secondarily
differentiating the detected raw signal waveform of the pulse
wave, generating a peak signal waveform by detecting a
peak signal from the generated second-order differential
signal waveform, and determining whether the specific
object is a human body or not based on a heart rate (HR) of
the peak signals included in the generated peak signal
waveform.

20. The method of operating a human body wearable
device of claim 19, wherein the step of determining whether
the specific object is a human body or not comprises
determining the human body wearable device is being worn
on a human body if the heart rate (HR) is within a range of
30 to 240 bpm, and determining the human body wearable
device which is being worn on a thing if the heart rate (HR)
exceeds the range of 30 to 240 bpm.
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