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Description
BACKGROUND
1. Field

[0001] Apparatuses and methods consistent with em-
bodiments relate to a bio-signal measuring apparatus
and an operating method thereof.

2. Description of the Related Art

[0002] With the increasing interest in health, various
bio-signal measuring techniques have been developed
recently. For example, even a wearable device worn by
a user has a sensor for measuring a bio-signal, so that
the user may measure their bio-signal by using the sensor
embedded in the wearable device. Depending on the
types of object to be analyzed, or the purpose of meas-
urement, the user may temporarily measure the bio-sig-
nal, or may continuously measure the bio-signal for a
predetermined period of time. The bio-signal obtained in
this manner may be used alone, or in combination with
other bio-signals, as an indicator of a user’s health.
[0003] A measurement position, a measurement con-
dition, and the like may be continuously changed accord-
ing to a user's movement and the like, such that the sen-
sor for measuring a bio-signal ensures accuracy and re-
producibility of measurement. In the case of measure-
ment using an optical sensor, an optical signal measured
by the optical sensor is prone to have noise depending
on a contact state between the optical sensor and the
object, such that the contact state may significantly affect
the accuracy or reproducibility of measurement.

SUMMARY

[0004] According to embodiments, there is provided a
bio-signal measuring apparatus, including an optical sen-
sor including a photodetector and a light source array
disposed around the photodetector, a first electrode dis-
posed between the photodetector and the light source
array, and a second electrode disposed on an outer pe-
riphery of the light source array. The bio-signal measur-
ing apparatus further includes an impedance measurer
configured to measure an impedance of an object, using
the first electrode and the second electrode, and a proc-
essor configured to determine a contact state between
the object and the optical sensor, based on the measured
impedance.

[0005] Each of the first electrode and the second elec-
trode may have a ring shape.

[0006] Each of the first electrode and the second elec-
trode may have a concentric ring shape.

[0007] The impedance measurer may be further con-
figured to apply a current to the object, through the first
electrode and the second electrode, measure a voltage
that is generated between the first electrode and the sec-
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ond electrode through which the current is applied to the
object, and obtain the impedance, based on the applied
current and the measured voltage.

[0008] The processor may be further configured to
compare the measured impedance with a predetermined
threshold value, and determine the contact state, based
on a result of the measured impedance being compared
with the predetermined threshold value.

[0009] The processor may be further configured to,
based on the measured impedance being compared to
be less than or equal to the predetermined threshold val-
ue, determine that the contact state is good.

[0010] The optical sensor may be configured to meas-
ure an optical signal, and the processor may be further
configured to, based on the contact state being deter-
mined to be good, estimate bio-information of the object,
using the measured optical signal.

[0011] The bio-information may include any one or any
combination of a blood pressure, a vascular age, a de-
gree of arteriosclerosis, a cardiac output, a vascular com-
pliance, a blood glucose, a triglyceride, a cholesterol, a
protein, an uric acid, and a peripheral vascular resist-
ance.

[0012] The processor may be further configured to,
based on the measured impedance being compared to
be greater than the predetermined threshold value, de-
termine that the contact state is poor.

[0013] The optical sensor may configured to measure
an optical signal, and the processor may be further con-
figured to, based on the contact state being determined
to be poor, perform any one or any combination of con-
trolling the optical sensor to stop measuring the optical
signal, ignoring the measured optical signal, correcting
the measured optical signal, and generating an alarm or
guide information for improving the contact state.
[0014] According to embodiments, there is provided a
bio-signal measuring apparatus, including an optical sen-
sor including a photodetector and a light source array
disposed around the photodetector, a first electrode dis-
posed between the photodetector and the light source
array, and a second electrode array disposed around the
light source array, wherein the second electrode array
includes a plurality of electrodes. The bio-signal meas-
uring apparatus further includes an impedance measurer
configured to measure an impedance of an object for
each ofthe plurality of electrodes, using the first electrode
and the second electrode array, and a processor config-
ured to determine a contact state between the object and
the optical sensor and a location of a contact failure be-
tween the object and the optical sensor, based on the
measured impedance for each of the plurality of elec-
trodes.

[0015] Each of the first electrode and the second elec-
trode array may have a ring shape.

[0016] Each of the first electrode and the second elec-
trode array may have a concentric ring shape.

[0017] The impedance measurer may be further con-
figured to apply a current to the object, through the first
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electrode and each of the plurality of electrodes, measure
a voltage that is generated between the first electrode
and each of the plurality of electrodes through which the
currentis applied to the object, and obtain the impedance
for each of the plurality of electrodes, based on the ap-
plied current and the measured voltage generated be-
tween the first electrode and each of the plurality of elec-
trodes.

[0018] The processor may be further configured to
compare the measured impedance for each of the plu-
rality of electrodes, with a predetermined threshold value,
and determine the contact state and the location of the
contact failure, based on a result of the measured im-
pedance for each of the plurality of electrodes being com-
pared with the predetermined threshold value.

[0019] The processor may be further configured to,
based on the measured impedance for each of the plu-
rality of electrodes being compared to be less than or
equal to the predetermined threshold value, determine
that the contact state is good.

[0020] The optical sensor may be configured to meas-
ure an optical signal, and the processor may be further
configured to, based on the contact state being deter-
mined to be good, estimate bio-information of the object,
using the measured optical signal.

[0021] The bio-information may include any one or any
combination of a blood pressure, a vascular age, a de-
gree of arteriosclerosis, a cardiac output, a vascular com-
pliance, a blood glucose, a triglyceride, a cholesterol, a
protein, an uric acid, and a peripheral vascular resist-
ance.

[0022] The processor may be further configured to,
based on the measured impedance for at least one of
the plurality of electrodes being compared to be greater
than the predetermined threshold value, determine that
the contact state is poor.

[0023] The processor may be further configured to de-
termine the location of the contact failure at the at least
one of the plurality of electrodes for which the measured
impedance is greater than the predetermined threshold
value.

[0024] The optical sensor may be configured to meas-
ure an optical signal, and the processor may be further
configured to, based on the contact state being deter-
mined to be poor, perform any one or any combination
of controlling the optical sensor to stop measuring the
optical signal, ignoring the measured optical signal, cor-
recting the measured optical signal, and generating an
alarm or guide information for improving the contact
state.

[0025] According to embodiments, there is provided
an operating method of a bio-signal measuring apparatus
that includes an optical sensor including a photodetector
and a light source array disposed around the photode-
tector, a first electrode disposed between the photode-
tector and the light source array, and a second electrode
disposed on an outer periphery of the light source array,
the method including measuring an impedance of an ob-

10

15

20

25

30

35

40

45

50

55

ject, using the first electrode and the second electrode,
and determining a contact state between the object and
the optical sensor, based on the measured impedance.
[0026] The measuring of the impedance may include
applying a current to the object, through the first electrode
and the second electrode, measuring a voltage that is
generated between the first electrode and the second
electrode through which the current is applied to the ob-
ject; and obtaining the impedance, based on the applied
current and the measured voltage.

[0027] The determining of the contact state may in-
clude comparing the measured impedance with a prede-
termined threshold value, and determining the contact
state, based on a result of the measured impedance be-
ing compared with the predetermined threshold value.
[0028] The determining ofthe contact state may further
include, based on the measured impedance being com-
pared to be less than or equal to the predetermined
threshold value, determining that the contact state is
good.

[0029] The method may further include measuring an
optical signal, and based on the contact state being de-
termined to be good, estimating bio-information of the
object, using the measured optical signal.

[0030] The bio-information may include any one or any
combination of a blood pressure, a vascular age, a de-
gree of arteriosclerosis, a cardiac output, a vascular com-
pliance, a blood glucose, a triglyceride, a cholesterol, a
protein, an uric acid, and a peripheral vascular resist-
ance.

[0031] The determining ofthe contact state may further
include, based on the measured impedance being com-
pared to be greater than the predetermined threshold
value, determining that the contact state is poor.

[0032] The method may further include measuring an
optical signal, and based on the contact state being de-
termined to be poor, performing any one or any combi-
nation of controlling the optical sensor to stop measuring
the optical signal, ignoring the measured optical signal,
correcting the measured optical signal, and generating
an alarm or guide information for improving the contact
state.

[0033] According to embodiments, there is provided
an operating method of a bio-signal measuring apparatus
that includes an optical sensor including a photodetector
and a light source array disposed around the photode-
tector, a first electrode disposed between the photode-
tector and the light source array, and a second electrode
array disposed around the light source array, the second
electrode array including a plurality of electrodes, and
the method including measuring an impedance of an ob-
ject for each of the plurality of electrodes, using the first
electrode and the second electrode array, and determin-
ing a contact state between the object and the optical
sensor and a location of a contact failure between the
object and the optical sensor, based on the measured
impedance for each of the plurality of electrodes.
[0034] According to embodiments, there is provided a
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bio-signal measuring apparatus, including a photodetec-
tor configured to measure an optical signal, a first elec-
trode having a ring shape, and disposed around the pho-
todetector, a light source array having the ring shape,
and disposed around the first electrode, and a second
electrode having the ring shape, and disposed around
the light source array. The bio-signal measuring appara-
tus further includes an impedance measurer configured
to measure, using the first electrode and the second elec-
trode, an impedance of an object on which the bio-signal
measuring apparatus is disposed, and a processor con-
figured to determine whether the measured impedance
is less than or equal to a predetermined threshold value,
and based on the measured impedance being deter-
mined to be less than or equal to the predetermined
threshold value, estimate bio-information of the object,
based on the measured optical signal.

[0035] Theimpedance measurer may include a power
source configured to apply a current to the object, through
the first electrode and the second electrode, and a volt-
meter configured to measure a voltage that is generated
between the first electrode and the second electrode
through which the current is applied to the object. The
impedance measurer may be further configured to obtain
the impedance, based on the applied current and the
measured voltage.

[0036] The processor may be further configured to,
based on the measured impedance being determined to
be greater than the predetermined threshold value, per-
form any one or any combination of controlling the pho-
todetector to stop measuring the optical signal, ignoring
the measured optical signal, correcting the measured op-
tical signal, and generating an alarm or guide information
for improving a contact between the object and the bio-
signal measuring apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS
[0037]

FIG. 1 is a diagram illustrating an example of an
equivalent circuit when skin and an electrode come
into contact with each other.

FIG. 2 is a block diagram illustrating an example of
a bio-signal measuring apparatus.

FIG. 3 is a diagram illustrating an example of an op-
tical sensor.

FIG. 4 is a diagram illustrating an example of an ar-
rangement of an optical sensor and an electrode
part.

FIG. 5 is a diagram schematically illustrating a struc-
ture of an optical sensor.

FIGS. 6A, 6B and 6C are diagrams explaining an
example of reconstructing a spectrum by a proces-
sor.

FIG. 7 isablock diagramillustrating another example
of a bio-signal measuring apparatus.

FIG. 8 is a diagram illustrating an example of an ar-
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rangement of an optical sensor and an electrode
part.

FIG. 9 is a diagram illustrating another example of
an arrangement of an optical sensor and an elec-
trode part.

FIG. 10 is a diagram illustrating yet another example
of an arrangement of an optical sensor and an elec-
trode part.

FIG. 11 is a diagram illustrating an example of an
impedance for each electrode.

FIG. 12 is a diagram illustrating an example of an
optical signal measured after being emitted from
each light source.

FIG. 13 is a flowchart illustrating an example of a
method of determining a contact state.

FIG. 14 is a flowchart illustrating an example of a
bio-signal measuring method.

FIG. 15is a flowchart illustrating another example of
a bio-signal measuring method.

FIG. 16is aflowchartillustrating yet another example
of a bio-signal measuring method.

FIG. 17 is a flowchart illustrating another example of
a method of determining a contact state.

FIG. 18is aflowchartillustrating yet another example
of a bio-signal measuring method.

FIG. 19 is a flowchart illustrating still another exam-
ple of a bio-signal measuring method.

FIG. 20 is a flowchart illustrating still another exam-
ple of a bio-signal measuring method.

FIG. 21 is a flowchart illustrating still another exam-
ple of a bio-signal measuring method.

FIG. 22 is a block diagram illustrating yet another
example of a bio-signal measuring apparatus.
FIG.23isadiagramillustrating a wrist-type wearable
device.

[0038] Throughout the drawings and the detailed de-
scription, unless otherwise described, the same drawing
reference numerals will be understood to refer to the
same elements, features, and structures. The relative
size and depiction of these elements may be exaggerat-
ed for clarity, illustration, and convenience.

DETAILED DESCRIPTION

[0039] Hereinafter, embodiments of the disclosure will
be described in detail with reference to the accompanying
drawings. In the drawings, the same reference symbols
refer to same parts although illustrated in other drawings.
In the following description, a detailed description of
known functions and configurations incorporated herein
will be omitted when it may obscure the subject matter
of the inventive concept.

[0040] Process steps described herein may be per-
formed differently from a specified order, unless a spec-
ified orderis clearly stated in the context of the disclosure.
That s, each step may be performed in a specified order,
at substantially the same time, or in a reverse order.
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[0041] Further, the terms used throughout this speci-
fication are defined in consideration of the functions ac-
cording to embodiments, and can be varied according to
a purpose of a user or manager, or precedent and so on.
Therefore, definitions of the terms may be made on the
basis of the overall context.

[0042] It will be understood that, although the terms
first, second, etc. may be used herein to describe various
elements, these elements may not be limited by these
terms. These terms are only used to distinguish one el-
ement from another. Any references to singular may in-
clude plural unless expressly stated otherwise. In the
present specification, the terms, such as ’including’ or
’having,’ etc., are intended to indicate the existence of
the features, numbers, steps, actions, components,
parts, or combinations thereof disclosed in the specifica-
tion, and are not intended to preclude the possibility that
one or more other features, numbers, steps, actions,
components, parts, or combinations thereof may exist or
may be added.

[0043] Further, components that will be described in
the specification are discriminated according to functions
mainly performed by the components. That is, two or
more components that will be described later can be in-
tegrated into a single component. Furthermore, a single
component that will be explained later can be separated
into two or more components. Moreover, each compo-
nent that will be described can additionally perform some
or all of a function executed by another component in
addition to the main function thereof. Some or all of the
main function of each component that will be explained
can be carried out by another component. Each compo-
nent may be implemented as hardware, software, or a
combination of both.

[0044] FIG. 1 is a diagram illustrating an example of
an equivalent circuit when skin and an electrode come
into contact with each other.

[0045] Referring to FIG. 1, when the electrode comes
into contact with skin, the equivalent circuit may be rep-
resented as a contact impedance 10, which occurs by
contact of the electrode with the skin, and a bio-imped-
ance 20 that is indicative of an impedance in the skin.
[0046] The contactimpedance 10 is a value that varies
according to a physical contact area of the electrode and
the skin. As the contact area of the electrode and the skin
is increased, the contactimpedance 10 is decreased, but
the bio-impedance 20 is changed by a physiological
change (e.g., perspiration, skin composition change,
etc.), rather than by a physical contact of the electrode
and the skin.

[0047] Inthe case in which an impedance is measured
by contacting two electrodes and the skin of an object,
the measured impedance of the object may be repre-
sented by a series connection of the contact impedance
10 andthe bio-impedance 20. Here, achange in the phys-
ical contact area of the electrode and the object may af-
fect the contact impedance 10, while having no effect on
the bio-impedance 20, thereby leading to a change in the
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impedance of the object.

[0048] Accordingly, in one embodiment, by monitoring
achange in the impedance of the object that is measured
by contacting the electrode and the skin of the object, a
contact state of the electrode with the skin of the object
may be determined.

[0049] FIG.2isablockdiagramillustrating an example
of a bio-signal measuring apparatus; FIG. 3 is a diagram
illustrating an example of an arrangement of a light
source array and a photodetector; and FIG. 4 is a diagram
illustrating an example of an arrangement of an optical
sensor and an electrode part.

[0050] A bio-signal measuring apparatus 200 of FIG.
2 may be embedded in an electronic device. In this case,
examples of the electronic device may include a cellular
phone, a smartphone, a tablet PC, a laptop computer, a
personal digital assistant (PDA), a portable multimedia
player (PMP), a navigation, an MP3 player, a digital cam-
era, a wearable device, and the like; and examples of
the wearable device may include a watch-type wearable
device, a wristband-type wearable device, a ring-type
wearable device, a waist belt-type wearable device, a
necklace-type wearable device, an ankle band-type
wearable device, a thigh band-type wearable device, a
forearm band-type wearable device, and the like. How-
ever, the electronic device is not limited thereto, and the
wearable device is neither limited thereto.

[0051] Referring to FIG. 2, the bio-signal measuring
apparatus 200 includes an optical sensor 210, an elec-
trode part 220, an impedance measurer 230, and a proc-
essor 240.

[0052] The optical sensor 210 may emit light onto an
object, and may receive light reflected or scattered form
the object. To this end, the optical sensor 210 may include
alightsource array 211, including a plurality of light sourc-
es, and a photodetector 212.

[0053] Eachofthelightsources ofthelightsource array
211 may emit light of different wavelengths onto the ob-
ject. For example, each of the light sources may emit
light, e.g., Near Infrared Ray (NIR) onto the skin of the
object. However, the wavelengths of light emitted from
each of the light sources may vary depending on the pur-
pose of measurement or the types of component to be
measured. Further, each light source is not necessarily
a single light source, but may be an array of a plurality
of light sources. Each light source may include a light
emitting diode (LED), a laser diode, a fluorescent body,
and the like.

[0054] The photodetector 212 may receive an optical
signal reflected or scattered from the object. The photo-
detector 212 may convert the received optical signal into
an electric signal and may transmit the electric signal to
the processor 240. In one embodiment, the photodetec-
tor 212 may include a photo diode, a photo transistor
(PTr), a charge-coupled device (CCD), and the like. The
photodetector 212 is not necessarily a single device, but
may be an array of a plurality of devices.

[0055] A plurality of light sources of the light source
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array 211 may be arranged on an outer periphery of the
photodetector 212 to surround or be around the photo-
detector 212. For example, the light source array 211
may be disposed in the form of a concentric circle cen-
tered on the photodetector 212 to surround or be around
the photodetector 212.

[0056] Forexample, referringtoFIG. 3, the optical sen-
sor 210 may include a photodiode PD formed at the cent-
er thereof, and an LED array having n number of LEDs
disposed on an outer periphery of the photodiode PD in
the form of a concentric circle centered on the photodiode
PD. The LEDs may be preset to have different peak
wavelengths A, A, A5, ..., and A,,. For example, even if
some of the light sources are set to have the same tem-
perature, the light sources may have different peak wave-
lengths by shifting the peak wavelengths by minutely ad-
justing a current intensity, a pulse duration, and the like,
of the light sources.

[0057] The optical sensor 210 may further include a
wavelength adjuster 213 that adjusts a peak wavelength
range of each light source of the light source array 211.
FIG. 2 illustrates only one wavelength adjuster 213, but
this is an example for convenience of explanation. That
is, the wavelength adjuster 213 may be provided in
number, corresponding to the total number of the light
sources, to individually adjust peak wavelengths emitted
by each light source onto an object OBJ. In this case,
each wavelength adjuster 213 may be adhered to one
surface of each light source, and may adjust a peak wave-
length of each light source under the control of the proc-
essor 240.

[0058] Forexample, the wavelength adjuster 213 may
be a temperature controlling member (e.g., resistance
heating element, thermoelement, etc.), that adjusts a
peak wavelength by controlling the temperature of each
light source. However, the wavelength adjuster 213 is
not limited thereto, and may be various members that
may adjust arange of wavelengths emitted by light sourc-
es.

[0059] The electrode part 220 includes afirst electrode
221 and a second electrode 222. The first electrode 221
may be disposed between the photodetector 212 and the
light source array 211, and the second electrode 222 may
be disposed on an outer periphery of the light source
array 211. In one embodiment, the first electrode 221
and the second electrode 222 may be formed in a con-
centric ring shape based on the center of the optical sen-
sor 210.

[0060] For example, referring to FIG. 4, the photode-
tector 212 is disposed at the center of the optical sensor
210, and a first electrode 221 having a concentric ring
shape may be disposed on an outer periphery of the pho-
todetector 212 to surround or be around the photodetec-
tor 212. Further, the light source array 211, formed in a
concentric circle shape and having six light sources 211a
and 211 b disposed to surround or be around the first
electrode 221, is disposed on an outer periphery of the
first electrode 221; and the second electrode 222 having
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aconcentric ring shape is disposed on an outer periphery
of the light source array 211 to surround or be around
the light source array 211. Although FIG. 4 illustrates an
example of the six light sources 211a and 211b, the
number of light sources is not limited thereto. That is, the
number of light sources included in the optical sensor
210 may vary according to the types of object to be meas-
ured, an operating method of the optical sensor 210, and
the like.

[0061] The first electrode 221 and the second elec-
trode 222 may protrude from the surface of the bio-signal
measuring apparatus 200, and a protruding height there-
of may be equal to each other. Here, the protrusion from
the surface of the bio-signal measuring apparatus 200
also includes a case in which a protruding height is 0,
which indicates that the first electrode 221 and the sec-
ond electrode 222 are embedded in the bio-signal meas-
uring apparatus 200, such that the surface of the first
electrode 221 and the second electrode 222 is parallel
to the surface of the bio-signal measuring apparatus 200.
However, a height of protrusion may vary according to
the types of object to be measured by the first electrode
221 and the second electrode 222, an operating method
or structure (e.g., a protruding height of the optical sensor
210, etc.) of the optical sensor 210, and the like. For
example, a protruding height of the first electrode 221
and the second electrode 222 may be equal to a protrud-
ing height of the optical sensor 210, but is not limited
thereto.

[0062] Theimpedance measurer 230 may measure an
impedance of an object through the first electrode 221
and the second electrode 222. To this end, the imped-
ance measurer 230 may include a power source, which
applies a predetermined current to the object through the
first electrode 221 and the second electrode 222, and a
voltmeter that measures a voltage generated between
thefirstelectrode and the second electrode by the applied
current. The impedance measurer 230 may obtain the
impedance of the object by using a relational expression
(V=I*Z) among the voltage (V), the current (I), and the
impedance (Z) based on the applied current and the
measured voltage.

[0063] However, there is no specific suggestion on the
configuration of the impedance measurer 230 and a
method of measuring the impedance. For example, the
configuration and method of an impedance measurer,
which is currently known in the art and is widely used,
may also be used as well as the configuration and method
of an impedance measurer to be used for future applica-
tions.

[0064] The processor 240 may control the overall op-
eration of the bio-signal measuring apparatus 200.
[0065] The processor 240 may control the optical sen-
sor 210 according to a user’s request.

[0066] The processor 240 may control the light source
array 211 to emit light onto an object. Before driving each
light source of the light source array 211, the processor
240 may set a peak wavelength emitted from each light
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source. In this case, the processor 240 may control the
wavelength adjuster 213 to set the peak wavelength of
each light source.

[0067] Once the peak wavelength of each light source
is set, the processor 240 may turn on the power of each
light source, and may control each light source to emit
light onto an object. In this case, the processor 240 may
control turning on/off of each light source of the light
source array 211 by time-dividing each light source. How-
ever, this is an example, and the processor 240 is not
limited thereto, and may turn on the plurality of light sourc-
es all together so that the light sources may emit light at
the same time. Further, the processor 240 may divide
the light sources into two or more groups according to
the preset peak wavelength, and may control each group
of the divided light sources by time-dividing the light
sources. However, this is an example, and a method of
controlling the light sources may be adjusted based on
various types of information such as a battery state, an
application area of the optical sensor 210, the size of the
photodetector 212, and the like.

[0068] Inthis case, driving conditions, such as an emis-
sion time, a driving order, a current intensity, a pulse du-
ration, and the like, may be preset for each light source,
and the processor 240 may control a method of driving
each light source by reference to the preset light source
driving conditions. In addition, by driving each light
source according to the current intensity and pulse du-
ration of a light source to be driven, the processor 240
may shift the peak wavelength of a light source, which is
set by controlling temperature, to other wavelength. In
this manner, the processor 240 may set the peak wave-
length of the plurality of light sources at narrower wave-
length spacing.

[0069] The processor 240 may control the impedance
measurer 230. For example, the processor 240 may con-
trol the impedance measurer 230 to measure the imped-
ance of an object.

[0070] The processor 240 may determine a contact
state of the optical sensor 210 with the object based on
the impedance of the object that is measured by the im-
pedance measurer 230. In one embodiment, the proces-
sor 240 may compare the measured impedance of the
object with a predetermined threshold value, and may
determine the contact state of the optical sensor 210 with
the object based on the comparison. For example, in the
case in which the measured impedance of the object is
equal to or lower than the predetermined threshold value,
the processor 240 may determine that the contact state
between the object and the optical sensor 210 is good;
and in the case in which the measured impedance of the
object exceeds the predetermined threshold value, the
processor 240 may determine that the contact state be-
tween the object and the optical sensor 210 is poor. In
this case, the good contact state indicates a state in which
the object and the optical sensor 210 contact each other
fully enough to allow the optical sensor 210 to measure
a valid optical signal; and a poor contact state indicates
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a state in which the object and the optical sensor 210
incompletely contact each other, or some or all of the
portions of the object and the optical sensor 210 are sep-
arated from each other, such that the optical sensor 210
may not measure a valid optical signal.

[0071] In the case in which the object fully contacts
each of the electrodes 221 and 222, a contact area of
the object and the electrodes 221 and 222 is maximized,
such that the impedance (more specifically contact im-
pedance) of the object is minimized. By contrast, in the
case in which the object incompletely contacts each of
the electrodes 221 and 222, or some or all of the portions
of the object and each of the electrodes 221 and 222 are
separated from each other, the contact area of the object
and each of the electrodes 221 and 222 is reduced, such
that the impedance (more specifically contact imped-
ance) of the object is increased. That is, the impedance
(more specifically contactimpedance) of the object varies
according to the contact state of the object and the elec-
trode part 220. The contact state of the object and the
electrode part 220 may not be completely the same as
the contact state of the object and the optical sensor 210,
because the two contact states are different in terms of
subject. However, the optical sensor 210 is disposed on
the inner side of the second electrode 222, such that in
the case in which the object and the electrode part 220
fully contact each other, and the impedance of the object
is equal to or lower than a predetermined threshold value,
the contact state between the object and the optical sen-
sor 210 may be considered to be good, and in the case
in which the object and the electrode part 220 incom-
pletely contact each other, or some or all of the portions
of the object and the electrode part 220 are separated
from each other and the impedance of the object exceeds
a predetermined threshold value, the contact state be-
tween the object and the optical sensor 210 may be con-
sidered to be poor.

[0072] The processor 240 may perform a predeter-
mined function in response to a determination result of
the contact state of the object and the optical sensor 210.
[0073] In one embodiment, upon determining that the
contact state between the object and the optical sensor
210 is good, the processor 240 may estimate bio-infor-
mation of the object based on the optical signal received
from the photodetector 212. For example, the processor
240 may reconstruct a spectrum of the object based on
the optical signal received from the photodetector 212,
and may estimate bio-information of the object by ana-
lyzing the reconstructed spectrum of the object. In this
case, the bio-information may include blood pressure,
vascular age, degree of arteriosclerosis, cardiac output,
vascular compliance, blood glucose, triglyceride, choles-
terol, protein, uric acid, peripheral vascular resistance,
and the like.

[0074] In another example, upon determining that the
contact state between the object and the optical sensor
210 is poor, the processor 240 may perform functions,
such as generating an alarm and/or guide information,
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stopping measuring an optical signal by the optical sen-
sor 210, ignoring an optical signal measured by the op-
tical sensor 210, and/or correcting an optical signal
measured by the optical sensor 210. For example, upon
determining that the contact state between the objectand
the optical sensor 210 is poor, the processor 240 may
generate a predetermined alarm and/or guide informa-
tion, and may output the generated alarm and/or guide
information through an output interface. In this case, the
guide information may include information for inducing
complete contact of the object with the optical sensor 210
to improve a contact state between the object and the
optical sensor 210. In another example, upon determin-
ing that the contact state between the object and the op-
tical sensor 210 is poor, the processor 240 may halt the
operation of the optical sensor 210 and may stop meas-
uring the optical signal by the optical sensor 210 until the
processor 240 determines that the contact state between
the object and the optical sensor 210 is good. In yet an-
other example, upon determining that the contact state
between the object and the optical sensor 210 is poor,
the processor 240 may continue to measure the optical
signal by the optical sensor 210, but mayignore an optical
signal measured when the contact state is poor, and may
not reflect the optical signal in analysis data. In still an-
other example, upon determining that the contact state
between the object and the optical sensor 210 is poor,
the processor 240 may correct a measured optical signal
by using a correction model that defines a relationship
between impedance and an optical signal. In this case,
the correction model may be pre-generated and stored
in an internal or external database.

[0075] FIG. 5 is a diagram schematically illustrating a
structure of an optical sensor.

[0076] The structure of the optical sensor 210 will be
described in further detail by reference to FIGS. 2 and 5.
[0077] By referringto FIGS. 2 and 5, the optical sensor
210 includes a housing 214 in which each of the light
sources 211a and 211b, the photodetector 212, and the
like may be mounted. FIG. 5 illustrates the light sources
211a and 211b and the photodetector 212 are two in
number respectively, which is an example, and the
number thereof is not specifically limited.

[0078] Further, the optical sensor 210 may include a
cover 215 formed at the bottom thereof where the optical
sensor 210 contacts an object OBJ. In this case, the cover
215 may be made of anti-reflection coated glass.
[0079] In addition, the optical sensor 210 may further
include direction adjusters 216a and 216b that are
mounted in the housing 214 and adjust the direction of
light emitted by the light sources 211a and 211b. The
direction adjusters 216a and 216b adjust the direction of
light, emitted by the light sources 211a and 211b, to be
directed toward a portion to be examined of the object
OBJ, and may be an optical mirror. The direction and
angle of the direction adjuster 216a and 216b may be
preset at the initial operation, but is not limited thereto,
and may be automatically adjusted under the control of
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the processor 240.

[0080] Light, emitted by the light sources 211a and
211b, enters into the object OBJ along a light path as
indicated by an arrow, and is reflected or scattered from
the object OBJ depending on tissue properties of the ob-
ject OBJ to travel toward the photodetector 212. The pho-
todetector 212 detects light returning from the object
OBJ. In this case, the optical sensor 210 may include a
light concentrator 217 that concentrates light, reflected
or scattered from the object, to be directed toward the
photodetector 212. In this case, the light concentrator
217 may be an optical module such as an optical lens.
[0081] Further, wavelength adjusters 213a and 213b
may be adhered to one surface of the light sources 211a
and 211b. In this case, the wavelength adjusters 213a
and 213b may be detachable from the respective light
sources 211a and 211b, or may be integrally formed
therewith; and may be atemperature controlling member,
such as a resistance heating element or a thermoele-
ment, which controls temperature of the light sources
211a and 211b.

[0082] The processor 240 may be electrically connect-
ed with the wavelength adjusters 213a and 213b and the
light sources 211a and 211b, and may control each of
the wavelength adjusters 213a and 213b so that the light
sources 211a and 211b to be driven may emit light of a
predetermined peak wavelength range.

[0083] Inone embodiment, the first electrode 221 may
be formed in a concentric ring shape, so that the first
electrode 221, which is disposed between the photode-
tector 212 and the light sources 211a and 211b, may
surround or be around the photodetector 212; and the
second electrode 222 may be formed in a concentric ring
shape, so that the second electrode 222, which is dis-
posed on an outer periphery of the light source array
including the light sources 211 aand 211b, may surround
or be around the light sources 211a and 211b.

[0084] Thatis, referringto FIGS. 4 and 5, the first elec-
trode 221 may be disposed on an outer periphery of the
photodetector 212 to surround or be around the photo-
detector 212, and the second electrode 222 may be dis-
posed on an outer periphery of the light source array 211
to surround or be around the light source array 211. Thus,
the first electrode 221 is disposed in a region of the cover
215 between the light source array 211 and the photo-
detector 212, and the second electrode 222 is disposed
in a region of the cover 215 of an outer side the light
source array 211.

[0085] FIGS. 6A, 6B and 6C are diagrams explaining
an example of reconstructing a spectrum by a processor.
[0086] ReferringtoFIGS. 3and6A, alightsource array
is an LED array having n number of LEDs. The LEDs
may be preset to have different peak wavelengths 1.4, A,
A3, ..., and A, based on light source driving conditions
(e.g., temperature, currentintensity, pulse duration, etc.).
For example, even if some of the light sources are set to
have the same temperature, the light sources may have
different peak wavelengths by shifting the peak wave-
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lengths by minutely adjusting a current intensity, a pulse
duration, and the like, of the light sources.

[0087] Referring to FIG. 6B, the processor may se-
quentially drive the light sources based on a set driving
order, a pulse duration, and the like to emit light, and the
photodetector PD detects light returning from the object
OBJ. In this case, the processor may drive only some of
the light sources, and may divide the light sources into
groups so that the processor may drive the light sources
by time-dividing the light sources by each group.
[0088] ReferringtoFIG. 6C, the processor may receive
an optical signal detected by the photodetector PD, and
may reconstruct a spectrum. In this case, the processor
may reconstruct the spectrum by using the Tikhonov reg-
ularization method for solving an ill-posed problem by
using the following Equations 1 and 2.

[Equation 1]

Az=U

[0089] Herein, A is a matrix of reference spectrum
properties measured according to driving conditions of
each light source; U is a matrix of values actually meas-
ured by the photodetector according to driving conditions
equally set for each light source; and z is a reconstructed
spectrum.

[Equation 2]

((XE”{"ATA)ZDL:AT’L{
VA S &

Z=(aE+A A A u

[0090] Herein, uis each component of a matrix U ac-
tually measured by the photodetector; E is a unit matrix;
Ais a kernel matrix, and a matrix of a reference spectrum
measured for each light source according to driving con-
ditions of the light sources; o is a unit of noise removal;
T is a transpose of a matrix; and Z is a reconstructed
spectrum.

[0091] FIG. 7 is a block diagram illustrating another
example of a bio-signal measuring apparatus; FIG. 8 is
a diagram illustrating an example of an arrangement of
an optical sensor and an electrode part; FIG. 9 is a dia-
gram illustrating another example of an arrangement of
an optical sensor and an electrode part; and FIG. 10 is
adiagram illustrating yet another example of an arrange-
ment of an optical sensor and an electrode part.

[0092] A bio-signal measuring apparatus 700 of FIG.
7 may be embedded in an electronic device. In this case,
examples of the electronic device may include a cellular

10

15

20

25

30

35

40

45

50

55

phone, a smartphone, a tablet PC, a laptop computer, a
personal digital assistant (PDA), a portable multimedia
player (PMP), a navigation, an MP3 player, a digital cam-
era, a wearable device, and the like; and examples of
the wearable device may include a watch-type wearable
device, a wristband-type wearable device, a ring-type
wearable device, a waist belt-type wearable device, a
necklace-type wearable device, an ankle band-type
wearable device, a thigh band-type wearable device, a
forearm band-type wearable device, and the like. How-
ever, the electronic device is not limited thereto, and the
wearable device is neither limited thereto.

[0093] Referringto FIGS. 7 to 10, the bio-signal meas-
uring apparatus 700 includes an optical sensor 710, an
electrode part 720, an impedance measurer 730, and a
processor 740.

[0094] The optical sensor 710 may emit light onto an
object, and may receive light reflected or scattered form
the object. To this end, the optical sensor 710 may include
alight source array 711 including a plurality of light sourc-
es and a photodetector 712.

[0095] Eachofthelightsources ofthelightsource array
711 may emit light of different wavelengths onto the ob-
ject. For example, each of the light sources may emit
light, e.g., Near Infrared Ray (NIR) onto the skin of the
object. However, the wavelengths of light emitted from
each of the light sources may vary depending on the pur-
pose of measurement or the types of component to be
measured. Further, each light source is not necessarily
a single light source, but may be an array of a plurality
of light sources. Each light source may include a light
emitting diode (LED), a laser diode, a fluorescent body,
and the like.

[0096] The photodetector 712 may receive an optical
signal reflected or scattered from the object. The photo-
detector 712 may convert the received optical signal into
an electric signal and may transmit the electric signal to
the processor 740. In one embodiment, the photodetec-
tor 712 may include a photo diode, a photo transistor
(PTr), a charge-coupled device (CCD), and the like. The
photodetector 712 is not necessarily a single device, but
may be an array of a plurality of devices.

[0097] The light source array 711 may be arranged to
surround or be around the photodetector 712. For exam-
ple, the plurality of light sources of the light source array
711 may be disposed in the form of a concentric circle
centered on the photodetector 712 to surround or be
around the photodetector 712.

[0098] In addition, the optical sensor 710 may further
include a wavelength adjuster 713 that adjusts a peak
wavelength range of each light source of the light source
array 711.

[0099] The electrode part 720 includes a first electrode
721, which contacts an object, and a second electrode
array 722 having a plurality of second electrodes. The
first electrode 721 may be disposed between the photo-
detector 712 and the light source array 711, and the sec-
ond electrode array 722 may be disposed on an outer
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periphery of the light source array 711 to surround or be
around the light source array 711. In one embodiment,
the first electrode 721 and the second electrode array
722 may be formed in a concentric ring shape based on
the center of the optical sensor 710.

[0100] For example, referring to FIG. 8, one photode-
tector 712 may be disposed at the center of the optical
sensor 710, and afirst electrode 721 having a concentric
ring shape may be disposed on an outer periphery of the
photodetector 712 to surround or be around the photo-
detector 712. Further, the light source array 711, formed
in a concentric circle shape and having six light sources
711a and 711b disposed to surround or be around the
first electrode 721, is disposed on an outer periphery of
the first electrode 721; and the second electrode array
722, formed in a concentric ring shape and having two
second electrodes 722a and 722b disposed to surround
or be around the light source array 711, is disposed on
an outer periphery of the light source array 711. Although
FIG. 8illustrates an example of the six light sources 711a
and 711b, the number of light sources is not limited there-
to. That is, the number of light sources included in the
optical sensor 710 may vary according to the types of
objectto be measured, an operating method of the optical
sensor 710, and the like. Further, the size and/or surface
area of the two second electrodes 722a and 722b may
be equal to or different from each other.

[0101] Inanotherexample, referringto FIG. 9, one pho-
todetector 712 is disposed at the center of the optical
sensor 710, and afirst electrode 721 having a concentric
ring shape is disposed on an outer periphery of the pho-
todetector 712 to surround or be around the photodetec-
tor 712. Further, the light source array 711, formed in a
concentric circle shape and having the six light sources
711a and 711b disposed to surround or be around the
first electrode 721, is disposed on an outer periphery of
the first electrode 721; and the second electrode array
722, formed in a concentric ring shape and having three
second electrodes 722a, 722b, and 722c disposed to sur-
round or be around the light source array 711, is disposed
on an outer periphery of the light source array 711. Al-
though FIG. Qillustrates an example of the six light sourc-
es 711a and 711b, the number of light sources is not
limited thereto. That is, the number of light sources in-
cluded in the optical sensor 710 may vary according to
the types of object to be measured, an operating method
of the optical sensor 710, and the like. Further, the size
and/or surface area of the three second electrodes 722a,
722b, and 722c may be equal to or different from each
other.

[0102] Inyetanother example, referringto FIG. 10, 0ne
photodetector 712 is disposed at the center of the optical
sensor 710, and afirst electrode 721 having a concentric
ring shape is disposed on an outer periphery of the pho-
todetector 712 to surround or be around the photodetec-
tor 712. Further, the light source array 711, formed in a
concentric circle shape and having six light sources 711a
and 711b disposed to surround or be around the first
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electrode 721, is disposed on an outer periphery of the
first electrode 721; and the second electrode array 722,
formed in a concentricring shape and having four second
electrodes 722a, 722b, 722¢, and 722d disposed to sur-
round or be around the light source array 711, is disposed
on an outer periphery of the light source array 711. Al-
though FIG. 10 illustrates an example of six light sources
711a and 711b, the number of light sources is not limited
thereto. That is, the number of light sources included in
the optical sensor 710 may vary according to the types
of object to be measured, an operating method of the
optical sensor 710, and the like. Further, the size and/or
surface area of the four second electrodes 722a, 722b,
722c, and 722d may be equal to or different from each
other.

[0103] FIGS. 8 to 10 illustrate an example of two to
four second electrodes, but the number of the second
electrodes is not limited thereto. That is, the number of
the second electrodes may vary according to the per-
formance and usage of a system, the number of light
sources, and the like.

[0104] The first electrode 721 and each second elec-
trode of the second electrode array 722 may protrude
from the surface of the bio-signal measuring apparatus
700, and the protruding height thereof may be equal to
each other. Here, the protrusion from the surface of the
bio-signal measuring apparatus 700 also includes a case
in which a protruding height is 0, which indicates that the
first electrode 721 and each second electrode of the sec-
ond electrode array 722 are embedded in the bio-signal
measuring apparatus 700, such that the surface of the
first electrode 721 and each second electrode of the sec-
ond electrode array 722 is parallel to the surface of the
bio-signal measuring apparatus 700. However, a height
of protrusion may vary according to the types of object
to be measured by the first electrode 721 and the second
electrode array 722, an operating method or structure
(e.g., a protruding height of the optical sensor 710, etc.)
of the optical sensor 710, and the like. For example, a
protruding height of the first electrode 721 and the second
electrode array 722 may be equal to a protruding height
of the optical sensor 710, but is not limited thereto.
[0105] Theimpedance measurer 730 may measure an
impedance of the object for each electrode through the
first electrode 721 and each second electrode of the sec-
ond electrode array 722. To this end, the impedance
measurer 730 may include a power source that applies
a predetermined current to the object through the first
electrode 721 and each second electrode of the second
electrode array 722, a voltmeter that measures a voltage
generated between the first electrode 721 and each sec-
ond electrode of the second electrode array 722 by the
applied current, and the like. The impedance measurer
730 may obtain the impedance of the object for each
electrode based on the applied currentand the measured
voltage by using the relational expression (V=1*Z) among
a voltage (V), a current (l), and an impedance (Z). For
example, as illustrated in FIG. 8, in the case in which the
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second electrode array 722 includes two second elec-
trodes 722a and 722b, the impedance measurer 730 may
apply a current to the object through the first electrode
721 and the second electrode 722a, and may measure
an impedance (first impedance) by measuring a voltage
generated between the first electrode 721 and the sec-
ond electrode 722a; and may apply a current to the object
through the first electrode 721 and the second electrode
722b, and may measure an impedance (second imped-
ance) by measuring a voltage generated between the
first electrode 721 and the second electrode 722b.
[0106] The processor 740 may control the overall op-
eration of the bio-signal measuring apparatus 700.
[0107] The processor 740 may control the optical sen-
sor 710 according to a user’s request. In this case, the
processor 740 may control turning on/off of each light
source of the light source array 711 by time-dividing each
light source. The processor 740 may drive each light
source based on driving conditions such as a current
intensity, a pulse duration, and the like. However, the
processor 740 is not limited thereto, and may turn on the
plurality of light sources alltogether so that the light sourc-
es may emit light at the same time.

[0108] The processor 740 may control the impedance
measurer 730. For example, the processor 740 may con-
trol the impedance measurer 730 to measure the imped-
ance of an object for each electrode.

[0109] The processor 740 may determine a contact
state between the object and the optical sensor 710
based on the impedance of the object for each electrode,
which is measured by the impedance measurer 730, and
in case of a contact failure between the object and the
optical sensor 710, the processor 740 may determine a
location of the contact failure. In one embodiment, the
processor 740 may compare each impedance of the ob-
ject for each electrode with a predetermined threshold
value, and may determine a contact state between the
object and the optical sensor 210 based on the compar-
ison; and in case of a contact failure between the object
and the optical sensor 710, the processor 740 may de-
termine a location of the contact failure. For example, in
the case in which all the impedances of the object for
each electrode is equal to or lower than the predeter-
mined threshold value, the processor 740 may determine
that the contact state between the object and the optical
sensor 710 is good, and in the case in which one or more
impedances for each electrode exceed the predeter-
mined threshold value, the processor 740 may determine
that the contact state between the object and the optical
sensor 710 is poor. In this case, the processor 740 may
determine that the contact failure occurs in a direction of
the second electrode where the impedance, which ex-
ceeds the predetermined threshold value, is measured.
For example, as illustrated in FIG. 7, in the case in which
the impedance measurer 730 measures the first imped-
ance of the object through the first electrode 721 and the
second electrode 722a, and measures the second im-
pedance of the object through the first electrode 721 and
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the second electrode 722b, it is assumed that the first
impedance is equal to or lower than a predetermined
threshold value, while the second impedance exceeds
the predetermined threshold value. In this case, the proc-
essor 740 may determine a poor contact state in a direc-
tion of the second electrode 722b where the second im-
pedance is measured.

[0110] The processor 740 may perform a predeter-
mined function in response to the determination of the
contact state between the object and the optical sensor
710.

[0111] In one embodiment, upon determining that the
contact state between the object and the optical sensor
710 is good, the processor 740 may estimate bio-infor-
mation of the object based on the optical signal received
from the photodetector 712. For example, the processor
740 may reconstruct a spectrum of the object based on
the optical signal received from the photodetector 712,
and may estimate bio-information of the object by ana-
lyzing the reconstructed spectrum of the object. In this
case, the bio-information may include blood pressure,
vascular age, degree of arteriosclerosis, cardiac output,
vascular compliance, blood glucose, triglyceride, choles-
terol, protein, uric acid, peripheral vascular resistance,
and the like. The method of reconstructing the spectrum
is described above with reference to FIGS. 6A to 6C,
such that detailed description thereof will be omitted.
[0112] In another example, upon determining that the
contact state between the object and the optical sensor
710 is poor, the processor 740 may perform functions,
such as generating an alarm and/or guide information,
stopping measuring an optical signal by the optical sen-
sor 710, ignoring an optical signal measured by the op-
tical sensor 710, and/or correcting an optical signal
measured by the optical sensor 710. For example, upon
determining that the contact state of the object and the
optical sensor 710 is poor, the processor 740 may gen-
erate a predetermined alarm and/or guide information,
and may output the generated alarm and/or guide infor-
mation through an outputinterface. In this case, the guide
information may include information for inducing com-
plete contact of the object with the optical sensor 710 to
improve a contact state between the object and the op-
tical sensor 710. In another example, upon determining
that the contact state between the object and the optical
sensor 710 is poor, the processor 740 may halt the op-
eration of the optical sensor 710 and may stop measuring
the optical signal by the optical sensor 710 until the proc-
essor 740 determines that the contact state between the
object and the optical sensor 710 is good. In yet another
example, upon determining that the contact state be-
tween the object and the optical sensor 710 is poor, the
processor 740 may continue to measure the optical sig-
nal by the optical sensor 710, but may ignore an optical
signal measured after being emitted from a light source
in a location of the contact failure, and may not reflect
the optical signal in analysis data. In still another exam-
ple, upon determining that the contact state between the
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object and the optical sensor 710 is poor, the processor
740 may correct an optical signal measured after being
emitted from a light source in a location of the contact
failure based on the impedance for each electrode in the
location of the contact failure. In this case, the processor
740 may use a correction model that defines a relation-
ship between impedance and an optical signal. The cor-
rection model may be pre-generated and stored in an
internal or external database.

[0113] FIG. 11 is a diagram illustrating an example of
an impedance for each electrode, and FIG. 12 is a dia-
gram illustrating an example of an optical signal meas-
ured after being emitted from each light source. FIGS.
11 and 12 are examples of measurement by a bio-signal
measuring apparatus having the optical sensor and the
electrode part of FIG. 10.

[0114] In FIG. 11, a reference numeral 1110 denotes
an impedance measured through the first electrode 721
and the second electrode 722a; a reference numeral
1120 denotes an impedance measured through the first
electrode 721 and the second electrode 722b; a refer-
ence numeral 1130 denotes an impedance measured
through the first electrode 721 and the second electrode
722c; and a reference numeral 1140 denotes an imped-
ance measured through the first electrode 721 and the
second electrode 722d. Further, in FIG. 12, a reference
numeral 1210 denotes an optical signal measured after
being emitted from a light source A; a reference numeral
1220 denotes an optical signal measured after being
emitted from a light source B; a reference numeral 1230
denotes an optical signal measured after being emitted
from a light source C; a reference numeral 1240 denotes
an optical signal measured after being emitted from a
light source D; a reference numeral 1250 denotes an
optical signal measured after being emitted from a light
source E; a reference numeral 1260 denotes an optical
signal measured after being emitted from a light source
F; a reference numeral 1270 denotes an optical signal
measured after being emitted from a light source G; and
a reference numeral 1280 denotes an optical signal
measured after being emitted from a light source H.
[0115] Referring to FIGS. 10 to 12, it can be seen that
theimpedance 1110 measured through the firstelectrode
721 and the second electrode 722a, the impedance 1120
measured through the first electrode 721 and the second
electrode 722b, and the impedance 1140 measured
through the first electrode 721 and the second electrode
722d are increased, and at the same time, the optical
signal 1210 measured after being emitted from the light
source A, the optical signal 1220 measured after being
emitted from the light source B, the optical signal 1230
measured after being emitted from the light source C,
and the optical signal 1280 measured after being emitted
from the light source H are increased. That is, it can be
seen that the contact failure has occurred in a direction
of the second electrode 722a, and has caused the im-
pedances 1110, 1120, and 1140 to be increased, and
the optical signals 1210, 1220, 1230, and 1280 to be
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increased. Further, it can also be seen that there is a
correlation between the increase of the impedances
1110, 1120, and 1140 and the increase of the optical
signals 1210, 1220, 1230, and 1280.

[0116] Accordingly, a correction model may be gener-
ated based on such correlation, and the bio-signal meas-
uring apparatus 700 may correct an optical signal, which
is measured based on the impedance for each electrode
in a location of the contact failure, by using the pre-gen-
erated correction model.

[0117] FIG. 13is a flowchart illustrating an example of
a method of determining a contact state. The method of
determining a contact state of FIG. 13 may be performed
by the bio-signal measuring apparatus 200 of FIG. 2.
[0118] Referring to FIGS. 2 and 13, the bio-signal
measuring apparatus 200 may measure an impedance
of an object through the first electrode 221 and the sec-
ond electrode 222 in operation 1310. In this case, an
arrangement of the first electrode 221 and the second
electrode 222 is described above with reference to FIGS.
2 to 4, such that detailed description thereof will be omit-
ted. In one embodiment, the bio-signal measuring appa-
ratus 200 may apply a predetermined currentto the object
through the first electrode 221 and the second electrode
222, may measure a voltage generated between the first
electrode 221 and the second electrode 222 by the ap-
plied current, and may obtain an impedance of the object
by using the relational expression (V=1*Z) among the volt-
age (V), the current (1), and the impedance (Z) based on
the applied current and the measured voltage.

[0119] The bio-signal measuring apparatus 200 may
determine a contact state between the object and the
optical sensor 210 based on the impedance of the object
in operation 1320. In one embodiment, in response to
the impedance of the object being equal to or lower than
a predetermined threshold value, the bio-signal measur-
ing apparatus 200 may determine that the contact state
between the object and the optical sensor 210 is good;
andinresponse to theimpedance of the object exceeding
the predetermined threshold value, the bio-signal meas-
uring apparatus 200 may determine that the contact state
between the object and the optical sensor 210 is poor.
In this case, the good contact state indicates a state in
which the object and the optical sensor 210 contact each
other fully enough to allow the optical sensor 210 to
measure a valid optical signal; and a poor contact state
indicates a state in which the object and the optical sensor
210 incompletely contact each other, or some or all of
the portions of the object and the optical sensor 210 are
separated from each other, such that the optical sensor
210 may not measure a valid optical signal.

[0120] FIG. 14 is a flowchart illustrating an example of
a bio-signal measuring method. The bio-signal measur-
ing method of FIG. 14 may be performed by the bio-signal
measuring apparatus 200 of FIG. 2.

[0121] Referring to FIGS. 2 and 14, the bio-signal
measuring apparatus 200 may emit light onto an object
by using the optical sensor 210, and may measure an
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optical signal of the object by receiving light reflected or
scattered form the object in operation 1410.

[0122] The bio-signal measuring apparatus 200 may
measure an impedance of the object through the first
electrode 221 and the second electrode 222 in operation
1420. In this case, an arrangement of the first electrode
221 and the second electrode 222 is described above
with reference to FIGS. 2 to 4, such that detailed descrip-
tion thereof will be omitted.

[0123] The bio-signal measuring apparatus 200 may
determine a contact state between the object and the
optical sensor 210 based on the impedance of the object
in operation 1430. For example, in response to the im-
pedance of the object being equal to or lower than a pre-
determined threshold value, the bio-signal measuring ap-
paratus 200 may determine that the contact state be-
tween the object and the optical sensor 210 is good; and
in response to the impedance of the object exceeding
the predetermined threshold value, the bio-signal meas-
uring apparatus 200 may determine that the contact state
between the object and the optical sensor 210 is poor.
[0124] Upon determining that the contact state is good
in operation 1440, the bio-signal measuring apparatus
200 may estimate bio-information of the object based on
the measured optical signal in operation 1450. For ex-
ample, the bio-signal measuring apparatus 200 may re-
construct a spectrum of the object based on the meas-
ured optical signal, and may estimate bio-information of
the object by analyzing the reconstructed spectrum of
the object. In this case, the bio-information may include
blood pressure, vascular age, degree of arteriosclerosis,
cardiac output, vascular compliance, blood glucose, trig-
lyceride, cholesterol, protein, uric acid, peripheral vascu-
lar resistance, and the like.

[0125] Upon determining that the contact state is poor
in operation 1440, the bio-signal measuring apparatus
200 may halt the operation of the optical sensor 210 and
may stop measuring the optical signal by the optical sen-
sor 210 until the bio-signal measuring apparatus 200 de-
termines that the contact state between the object and
the optical sensor 210 is good in operation 1460.
[0126] FIG. 15is a flowchartillustrating another exam-
ple of a bio-signal measuring method. The bio-signal
measuring method of FIG. 15 may be performed by the
bio-signal measuring apparatus 200 of FIG. 2.

[0127] Referring to FIGS. 2 and 15, the bio-signal
measuring apparatus 200 may emit light onto an object
by using the optical sensor 210, and may measure an
optical signal of the object by receiving light reflected or
scattered form the object in operation 1510.

[0128] The bio-signal measuring apparatus 200 may
measure an impedance of the object through the first
electrode 221 and the second electrode 222 in operation
1520.

[0129] The bio-signal measuring apparatus 200 may
determine a contact state between the object and the
optical sensor 210 based on the impedance of the object
in operation 1530.
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[0130] Upon determining that the contact state is good
in operation 1540, the bio-signal measuring apparatus
200 may estimate bio-information of the object based on
the measured optical signal in operation 1550.

[0131] Upon determining that the contact state is poor
in operation 1540, the bio-signal measuring apparatus
200 may continue to measure the optical signal by the
optical sensor 210, but may ignore an optical signal
measured when the contact state is poor, and may not
reflect the optical signal in analysis data in operation
1560.

[0132] FIG. 16 is a flowchart illustrating yet another
example of a bio-signal measuring method. The bio-sig-
nal measuring method of FIG. 16 may be performed by
the bio-signal measuring apparatus 200 of FIG. 2.
[0133] Referring to FIGS. 2 and 16, the bio-signal
measuring apparatus 200 may emit light onto an object
by using the optical sensor 210, and may measure an
optical signal of the object by receiving light reflected or
scattered form the object in operation 1610.

[0134] The bio-signal measuring apparatus 200 may
measure an impedance of the object through the first
electrode 221 and the second electrode 222 in operation
1620.

[0135] The bio-signal measuring apparatus 200 may
determine a contact state between the object and the
optical sensor 210 based on the impedance of the object
in operation 1630.

[0136] Upon determining that the contact state is good
in operation 1640, the bio-signal measuring apparatus
200 may estimate bio-information of the object based on
the measured optical signal in operation 1650.

[0137] Upon determining that the contact state is poor
in operation 1640, the bio-signal measuring apparatus
200 may generate and output a predetermined alarm
and/or guide information in operation 1660. In this case,
the guide information may include information for induc-
ing complete contact of the object with the optical sensor
210 to improve a contact state between the object and
the optical sensor 210. For example, the guide informa-
tion may include an image indicating which of the second
electrodes has poor contact with the object, but is not
limited thereto.

[0138] FIG. 17 is aflowchartillustrating another exam-
ple of a method of determining a contact state. The meth-
od of determining a contact state of FIG. 17 may be per-
formed by the bio-signal measuring apparatus 700 of
FIG. 7.

[0139] Referring to FIGS. 7 and 17, the bio-signal
measuring apparatus 700 may measure an impedance
of an object for each electrode through the first electrode
721 and the second electrode array 722 in operation
1710. In this case, an arrangement of the first electrode
721 and the second electrode array 722 is described
above with reference to FIGS. 7 to 10, such that detailed
description thereof will be omitted. In one embodiment,
the bio-signal measuring apparatus 700 may apply a pre-
determined currentto an object through the first electrode
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721 and each second electrode of the second electrode
array 722, may measure a voltage generated between
the first electrode 721 and each second electrode by the
applied current, and may obtain an impedance of the
object for each electrode by using the relational expres-
sion (V=1*Z) among the voltage (V), the current (I), and
the impedance (Z) based on the applied current and the
measured voltage.

[0140] The bio-signal measuring apparatus 700 may
determine a contact state between the object and the
optical sensor 710 based on the measured impedance
of the object for each electrode, and in case of a contact
failure between the object and the optical sensor 710,
the bio-signal measuring apparatus 700 may determine
a location of the contact failure in operation 1720. For
example, the bio-signal measuring apparatus 700 may
compare each impedance of the object for each electrode
with a predetermined threshold value; and in response
to all the impedances of the object for each electrode
being equal to or lower than the predetermined threshold
value, the bio-signal measuring apparatus 700 may de-
termine that the contact state between the object and the
optical sensor 710 is good, and in response to one or
more impedances for each electrode exceeding the pre-
determined threshold value, the bio-signal measuring ap-
paratus 700 may determine that the contact state be-
tween the object and the optical sensor 710 is poor. In
addition, the bio-signal measuring apparatus 700 may
determine that the contact failure occurs in a direction of
the second electrode where the impedance, which ex-
ceeds the predetermined threshold value, is measured.
[0141] FIG. 18 is a flowchart illustrating still another
example of a bio-signal measuring method. The bio-sig-
nal measuring method of FIG. 18 may be performed by
the bio-signal measuring apparatus 700 of FIG. 7.
[0142] Referring to FIGS. 7 and 18, the bio-signal
measuring apparatus 700 may emit light onto an object
by using the optical sensor 710, and may measure an
optical signal of the object by receiving light reflected or
scattered form the object in operation 1810.

[0143] The bio-signal measuring apparatus 700 may
measure an impedance of the object for each electrode
through the first electrode 721 and the second electrode
array 722 in operation 1820. In this case, an arrangement
of the first electrode 721 and the second electrode array
722 is described above with reference to FIGS. 7 to 10,
such that detailed description thereof will be omitted.
[0144] The bio-signal measuring apparatus 700 may
determine a contact state between the object and the
optical sensor 710 based on the measured impedance
of the object for each electrode, and in case of a contact
failure between the object and the optical sensor 710,
the bio-signal measuring apparatus 700 may determine
a location of the contact failure in operation 1830.
[0145] Upon determining that the contact state is good
in operation 1840, the bio-signal measuring apparatus
700 may estimate bio-information of the object based on
the measured optical signal in operation 1850. For ex-
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ample, the bio-signal measuring apparatus 700 may re-
construct a spectrum of the object based on the meas-
ured optical signal, and may estimate bio-information of
the object by analyzing the reconstructed spectrum of
the object. In this case, the bio-information may include
blood pressure, vascular age, degree of arteriosclerosis,
cardiac output, vascular compliance, blood glucose, trig-
lyceride, cholesterol, protein, uric acid, peripheral vascu-
lar resistance, and the like.

[0146] Upon determining that the contact state is poor
in operation 1840, the bio-signal measuring apparatus
700 may halt the operation of the optical sensor 710 and
may stop measuring the optical signal by the optical sen-
sor 710 in operation 1860 until the bio-signal measuring
apparatus 700 determines that the contact state of the
object with the optical sensor 710 is good.

[0147] FIG. 19 is a flowchart illustrating yet another
example of a bio-signal measuring method. The bio-sig-
nal measuring method of FIG. 19 may be performed by
the bio-signal measuring apparatus 700 of FIG. 7.
[0148] Referring to FIGS. 7 and 19, the bio-signal
measuring apparatus 700 may emit light onto an object
by using the optical sensor 710, and may measure an
optical signal of the object by receiving light reflected or
scattered form the object in operation 1910.

[0149] The bio-signal measuring apparatus 700 may
measure an impedance of the object for each electrode
through the first electrode 721 and the second electrode
array 722 in operation 1920.

[0150] The bio-signal measuring apparatus 700 may
determine a contact state between the object and the
optical sensor 710 based on the measured impedance
of the object for each electrode, and in case of a contact
failure between the object and the optical sensor 710,
the bio-signal measuring apparatus 700 may determine
a location of the contact failure in operation 1930.
[0151] Upon determining that the contact state is good
in operation 1940, the bio-signal measuring apparatus
700 may estimate bio-information of the object based on
the measured optical signal in operation 1950.

[0152] Upon determining that the contact state is poor
in operation 1940, the bio-signal measuring apparatus
700 may continue to measure the optical signal by the
optical sensor 710, but may ignore an optical signal
measured after being emitted from a light source in a
location of the contact failure, and may not reflect the
optical signal in analysis data in 1960.

[0153] FIG. 20 is a flowchart illustrating still another
example of a bio-signal measuring method. The bio-sig-
nal measuring method of FIG. 20 may be performed by
the bio-signal measuring apparatus 700 of FIG. 7.
[0154] Referring to FIGS. 7 and 20, the bio-signal
measuring apparatus 700 may emit light onto an object
by using the optical sensor 710, and may measure an
optical signal of the object by receiving light reflected or
scattered form the object in operation 2010.

[0155] The bio-signal measuring apparatus 700 may
measure an impedance of the object for each electrode
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through the first electrode 721 and the second electrode
array 722 in operation 2020.

[0156] The bio-signal measuring apparatus 700 may
determine a contact state between the object and the
optical sensor 710 based on the measured impedance
of the object for each electrode, and in case of a contact
failure between the object and the optical sensor 710,
the bio-signal measuring apparatus 700 may determine
a location of the contact failure in operation 2030.
[0157] Upon determining that the contact state is good
in operation 2040, the bio-signal measuring apparatus
700 may estimate bio-information of the object based on
the measured optical signal in operation 2050.

[0158] Upon determining that the contact state is poor
in operation 2040, the bio-signal measuring apparatus
700 may generate and output a predetermined alarm
and/or guide information in operation 2060. In this case,
the guide information may include information for induc-
ing complete contact of the object with the optical sensor
710 to improve a contact state between the object and
the optical sensor 710.

[0159] FIG. 21 is a flowchart illustrating still another
example of a bio-signal measuring method. The bio-sig-
nal measuring method of FIG. 21 may be performed by
the bio-signal measuring apparatus 700 of FIG. 7.
[0160] Referring to FIGS. 7 and 21, the bio-signal
measuring apparatus 700 may emit light onto an object
by using the optical sensor 710, and may measure an
optical signal of the object by receiving light reflected or
scattered form the object in operation 2110.

[0161] The bio-signal measuring apparatus 700 may
measure an impedance of the object for each electrode
through the first electrode 721 and the second electrode
array 722 in operation 2120.

[0162] The bio-signal measuring apparatus 700 may
determine a contact state between the object and the
optical sensor 710 based on the measured impedance
of the object for each electrode, and in case of a contact
failure between the object and the optical sensor 710,
the bio-signal measuring apparatus 700 may determine
a location of the contact failure in operation 2130.
[0163] Upon determining that the contact state is good
in operation 2140, the bio-signal measuring apparatus
700 may estimate bio-information of the object based on
the measured optical signal in operation 2150.

[0164] Upon determining that the contact state is poor
in operation 2140, the bio-signal measuring apparatus
700 may correct the optical signal measured after being
emitted from a light source in a location of the contact
failure based on the impedance for each electrode in a
location of the contact failure in operation 2160. In this
case, the bio-signal measuring apparatus 700 may use
a correction model that defines a relationship between
impedance and an optical signal.

[0165] FIG. 22 is a block diagram illustrating yet an-
other example of a bio-signal measuring apparatus. A
bio-signal measuring apparatus 2200 of FIG. 22 may be
embedded in an external device. In this case, examples
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of the electronic device may include a cellular phone, a
smartphone, a tablet PC, a laptop computer, a personal
digital assistant (PDA), a portable multimedia player
(PMP), a navigation, an MP3 player, a digital camera, a
wearable device, and the like; and examples of the wear-
able device may include a watch-type wearable device,
a wristband-type wearable device, a ring-type wearable
device, a waist belt-type wearable device, a necklace-
type wearable device, an ankle band-type wearable de-
vice, a thigh band-type wearable device, a forearm band-
type wearable device, and the like. However, the elec-
tronic device is not limited thereto, and the wearable de-
vice is neither limited thereto.

[0166] Referring to FIG. 22, the bio-signal measuring
apparatus 2200 includes an optical sensor 2210, an elec-
trode part 2220, an impedance measurer 2230, a proc-
essor 2240, an input interface 2250, a storage 2260, a
communication interface 2270, and an output interface
2280. Here, the optical sensor 2210, the electrode part
2220, the impedance measurer 2230, and the processor
2240 perform the same function as the optical sensors
210 and 710, the electrode parts 220 and 720, the im-
pedance measurers 230 and 730, and the processors
240 and 740, such that detailed description thereof will
be omitted.

[0167] The input interface 2250 may receive input of
various operation signals from a user. In one embodi-
ment, the input interface 2250 may include a keypad, a
dome switch, a touch pad (static pressure/capacitance),
a jog wheel, a jog switch, a hardware (H/W) button, and
the like. The touch pad, which forms a layer structure
with a display, may be called a touch screen.

[0168] The storage 2260 may store programs or in-
structions for operation of the bio-signal measuring ap-
paratus 2200, and may store data input to and output
from the bio-signal measuring apparatus 2200. Further,
the storage 2260 may store the optical signal measured
by the optical sensor 2210, the impedance of the object
that is measured by the impedance measurer 2230, the
determination of a contact state by the processor 2240,
bio-information, guide information, and the like.

[0169] The storage 2260 may include at least one stor-
age medium of a flash memory type memory, a hard disk
type memory, a multimedia card micro type memory, a
card type memory (e.g., an SD memory, an XD memory,
etc.), a Random Access Memory (RAM), a Static Ran-
dom Access Memory (SRAM), a Read Only Memory
(ROM), an Electrically Erasable Programmable Read
Only Memory (EEPROM), a Programmable Read Only
Memory (PROM), a magnetic memory, a magnetic disk,
and an optical disk, and the like. Further, the bio-signal
measuring apparatus 2200 may operate an external stor-
age medium, such as web storage and the like, which
performs a storage function of the storage 2260 on the
Internet.

[0170] The communication interface 2270 may per-
form communication with an external device. For exam-
ple, the communication interface 2270 may transmit the
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input data, the stored data, the processed data, and the
like, which are stored in the bio-signal measuring appa-
ratus 2200, to the external device, or may receive, from
the external device, various data useful for determining
a contact state and obtaining bio-information.

[0171] Inthis case, the external device may be medical
equipment using the input data, the stored data, the proc-
essed data, and the like that are stored in the bio-signal
measuring apparatus 2200, a printer to print out results,
or adisplay to display the results. In addition, the external
device may be adigital TV, adesktop computer, a cellular
phone, a smartphone, a tablet PC, a laptop computer, a
personal digital assistant (PDA), a portable multimedia
player (PMP), a navigation, an MP3 player, a digital cam-
era, a wearable device, and the like, but is not limited
thereto.

[0172] The communication interface 2270 may com-
municate with an external device by using Bluetooth com-
munication, Bluetooth Low Energy (BLE) communica-
tion, Near Field Communication (NFC), WLAN commu-
nication, Zigbee communication, Infrared Data Associa-
tion (IrDA) communication, Wi-Fi Direct (WFD) commu-
nication, Ultra-Wideband (UWB) communication, Ant+
communication, WIFI communication, Radio Frequency
Identification (RFID) communication, 3G communica-
tion, 4G communication, 5G communication, and the like.
However, this is an example and is not intended to be
limiting.

[0173] Theoutputinterface 2280 may outputdatainput
from a user, the optical signal measured by the optical
sensor 2210, the impedance of the object that is meas-
ured by the impedance measurer 2230, the determina-
tion of a contact state by the processor 2240, bio-infor-
mation, guide information, and the like. In one embodi-
ment, the output interface 2280 may output the data input
from a user, the optical signal measured by the optical
sensor 2210, the impedance of the object that is meas-
ured by the impedance measurer 2230, the determina-
tion of a contact state by the processor 2240, the bio-
information, the guide information, and the like by using
any one or any combination of an acoustic method, a
visual method, and a tactile method. To this end, the out-
put interface 2280 may include a display, a speaker, a
vibrator, and the like.

[0174] FIG. 23 is a diagram illustrating a wrist-type
wearable device.

[0175] Referring to FIG. 23, a wrist-type wearable de-
vice 2300 includes a strap 2310 and a main body 2320.
[0176] The strap 2310 may be connected at both sides
of the main body 2320, and may be fastened to each
otherin a detachable manner, or may be integrally formed
as a smart band strap. The strap 2310 may be made of
a flexible material to wrap around a user’s wrist so that
the main body 2320 may be worn around a user’s wrist.
[0177] The main body 2320 may include the above-
described bio-signal measuring apparatuses 200, 700,
and 2200. Further, the main body 2320 may include a
battery that supplies power to the wrist-type wearable
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device 2300 and the bio-signal measuring apparatuses
200, 700, and 2200.

[0178] The optical sensor and the electrode may be
mounted at the bottom of the main body 2330 to be ex-
posed to the wrist of a user. In this manner, when a user
wears the wrist-type wearable device 2300, the light sen-
sor may naturally come into contact with a user’s skin.
[0179] The wrist-type wearable device 2300 may fur-
ther include a display 2321 and an input interface 2322
that are mounted in the main body 2320. The display
2321 may display data processed by the wrist-type wear-
able device 2300 and the bio-signal measuring appara-
tuses 200, 700, and 2200, processing result data, and
the like thereof. The input interface 2322 may receive
input of various operation signals from a user.

[0180] The disclosure can be realized as a computer-
readable code written on a computer-readable recording
medium. Codes and code segments for realizing the dis-
closure can be easily deduced by computer program-
mers of ordinary skill in the art. The computer-readable
recording medium may be any type of recording device
in which data is stored in a computer-readable manner.
Examples of the computer-readable recording medium
include a ROM, a RAM, a CD-ROM, a magnetic tape, a
floppy disc, an optical disk, and the like. Further, the com-
puter-readable recording medium can be distributed over
a plurality of computer systems connected to a network
so that a computer-readable recording medium is written
thereto and executed therefrom in a decentralized man-
ner.

[0181] The inventive concept has been described
herein with regard to embodiments. However, it will be
obvious to those skilled in the art that various modifica-
tions can be made without departing from the gist of the
inventive concept. Therefore, it is to be understood that
that the scope of the inventive concept is not limited to
the above-mentioned embodiments, but is intended to
include various modifications included within the scope
of the appended claims.

Claims
1. A bio-signal measuring apparatus, comprising:

an optical sensor comprising a photodetector
and a light source array disposed around the
photodetector;

a first electrode disposed between the photode-
tector and the light source array;

asecond electrode disposed on an outer periph-
ery of the light source array;

an impedance measurer configured to measure
an impedance of an object, using the first elec-
trode and the second electrode; and

a processor configured to determine a contact
state between the object and the optical sensor,
based on the measured impedance.
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The apparatus of claim 1, wherein each of the first
electrode and the second electrode has aring shape,
preferably, wherein each of the first electrode and
the second electrode has a concentric ring shape.

The apparatus of claim 1 or 2, wherein the imped-
ance measurer is further configured to:

apply a current to the object, through the first
electrode and the second electrode;

measure a voltage that is generated between
the first electrode and the second electrode
through which the current is applied to the ob-
ject; and

obtain the impedance, based on the applied cur-
rent and the measured voltage.

The apparatus of one of claims 1 to 3, wherein the
processor is further configured to:

compare the measured impedance with a pre-
determined threshold value; and

determine the contact state, based on a result
of the measured impedance being compared
with the predetermined threshold value.

The apparatus of claim 4, wherein the processor is
further configured to, based on the measured imped-
ance being compared to be less than or equal to the
predetermined threshold value, determine that the
contact state is good, preferably, wherein the optical
sensor is configured to measure an optical signal,
and wherein the processor is further configured to,
based on the contact state being determined to be
good, estimate bio-information of the object, using
the measured optical signal, preferably, wherein the
bio-information comprises any one or any combina-
tion of a blood pressure, a vascular age, a degree
of arteriosclerosis, a cardiac output, a vascular com-
pliance, ablood glucose, a triglyceride, a cholesterol,
a protein, an uric acid, and a peripheral vascular re-
sistance.

The apparatus of claim 4, wherein the processor is
further configured to, based on the measured imped-
ance being compared to be greater than the prede-
termined threshold value, determine that the contact
state is poor, preferably,wherein the optical sensor
is configured to measure an optical signal, and
wherein the processor is further configured to, based
on the contact state being determined to be poor,
perform any one or any combination of controlling
the optical sensor to stop measuring the optical sig-
nal, ignoring the measured optical signal, correcting
the measured optical signal, and generating an
alarm or guide information for improving the contact
state.
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7. The bio-signal measuring apparatus of one of claims

1 to 4, 5 or 6, wherein:

the second electrode is a second electrode ar-
ray, and wherein the second electrode array
comprises a plurality of electrodes;

the impedance measurer is configured to meas-
ure the impedance of the object for each of the
plurality of electrodes, using the first electrode
and the second electrode array; and

the processor is configured to determine the
contact state between the object and the optical
sensor and a location of a contact failure be-
tween the object and the optical sensor, based
on the measured impedance for each of the plu-
rality of electrodes, preferably, wherein each of
the first electrode and the second electrode ar-
ray has a ring shape, preferably, wherein each
of the first electrode and the second electrode
array has a concentric ring shape.

8. The apparatus of claim 7, wherein the impedance

measurer is further configured to:

apply a current to the object, through the first
electrode and each of the plurality of electrodes;
measure a voltage that is generated between
the first electrode and each of the plurality of
electrodes through which the current is applied
to the object; and

obtain the impedance for each of the plurality of
electrodes, based on the applied currentand the
measured voltage generated between the first
electrode and each of the plurality of electrodes.

9. The apparatus of claim 7 or 8, wherein the processor

is further configured to:

compare the measured impedance for each of
the plurality of electrodes, with a predetermined
threshold value; and

determine the contact state and the location of
the contact failure, based on a result of the
measured impedance for each of the plurality of
electrodes being compared with the predeter-
mined threshold value.

10. The apparatus of claim 9, wherein the processor is

further configured to, based on the measured imped-
ance for each of the plurality of electrodes being com-
pared to be less than or equal to the predetermined
threshold value, determine that the contact state is
good, preferably, wherein the optical sensor is con-
figured to measure an optical signal, and

wherein the processor is further configured to, based
on the contact state being determined to be good,
estimate bio-information of the object, using the
measured optical signal, preferably, wherein the bio-
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information comprises any one or any combination
of a blood pressure, a vascular age, a degree of ar-
teriosclerosis, a cardiac output, a vascular compli-
ance, a blood glucose, a triglyceride, a cholesterol,
a protein, an uric acid, and a peripheral vascular re-
sistance.

The apparatus of claim 9, the processor is further
configured to, based on the measured impedance
for at least one of the plurality of electrodes being
compared to be greater than the predetermined
threshold value, determine that the contact state is
poor, preferably,

wherein the processor is further configured to deter-
mine the location of the contact failure at the at least
one of the plurality of electrodes for which the meas-
ured impedance is greater than the predetermined
threshold value, or

wherein the optical sensor is configured to measure
an optical signal, and wherein the processor is fur-
ther configured to, based on the contact state being
determined to be poor, perform any one or any com-
bination of controlling the optical sensor to stop
measuring the optical signal, ignoring the measured
optical signal, correcting the measured optical sig-
nal, and generating an alarm or guide information
for improving the contact state.

An operating method of a bio-signal measuring ap-
paratus that comprises an optical sensor comprising
a photodetector and a light source array disposed
around the photodetector, a first electrode disposed
between the photodetector and the light source ar-
ray, and a second electrode disposed on an outer
periphery of the light source array, the method com-
prising:

measuring an impedance of an object, using the
first electrode and the second electrode; and
determining a contact state between the object
and the optical sensor, based on the measured
impedance, preferably, wherein the determining
of the contact state comprises:

comparing the measured impedance with a
predetermined threshold value; and
determining the contact state, based on a
result of the measured impedance being
compared with the predetermined threshold
value.

The method of claim 12, wherein the measuring of
the impedance comprises:

applying a current to the object, through the first
electrode and the second electrode;

measuring a voltage that is generated between
the first electrode and the second electrode
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through which the current is applied to the ob-
ject; and

obtaining the impedance, based on the applied
current and the measured voltage.

The method of claim 12, wherein the determining of
the contact state further comprises, based on the
measured impedance being compared to be less
than or equal to the predetermined threshold value,
determining that the contact state is good, prefera-
bly,

further comprising:

measuring an optical signal; and

based on the contact state being determined to
be good, estimating bio-information of the ob-
ject, using the measured optical signal, prefer-
ably,

wherein the bio-information comprises any one
or any combination of a blood pressure, a vas-
cular age, adegree of arteriosclerosis, a cardiac
output, a vascular compliance, a blood glucose,
a triglyceride, a cholesterol, a protein, an uric
acid, and a peripheral vascular resistance, or
wherein the determining of the contact state fur-
ther comprises, based on the measured imped-
ance being compared to be greater than the pre-
determined threshold value, determining that
the contact state is poor, preferably,

wherein the determining of the contact state fur-
ther comprising:

measuring an optical signal; and

based on the contact state being determined to be
poor, performing any one or any combination of con-
trolling the optical sensor to stop measuring the op-
tical signal, ignoring the measured optical signal, cor-
recting the measured optical signal, and generating
an alarm or guide information for improving the con-
tact state.

The operating method of one of claims 12 to 14,
wherein the second electrode is a second electrode
array disposed around the light source array, the
second electrode array comprising a plurality of elec-
trodes, and the method further comprising:

measuring an impedance of an object for each
of the plurality of electrodes, using the first elec-
trode and the second electrode array; and
determining a contact state between the object
and the optical sensorand alocation of a contact
failure between the object and the optical sen-
sor, based on the measured impedance for each
of the plurality of electrodes.
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