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(57) ABSTRACT

A bio-signal measurement apparatus may include a first
substrate and a second substrate, an optical sensor mounted
in the first substrate, a force sensor disposed on or below the
first substrate, and a separation structure interposed between
the first substrate and the second substrate so as to prevent
transmission of a force between the first substrate and the
second substrate. An upper surface of the first substrate and
an upper surface of the second substrate may be provided at
the same level.
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BIO-SIGNAL MEASUREMENT APPARATUS
AND BLOOD PRESSURE MEASUREMENT
APPARATUS AND METHOD

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application is based on and claims priority
under 35 U.S.C. § 119(a) to Korean Patent Application No.
10-2018-0059802, filed on May 25, 2018, in the Korean
Intellectual Property Office, the disclosure of which is
incorporated herein by reference in its entirety.

BACKGROUND

1. Field

[0002] Example embodiments of the present disclosure
relate to an apparatus for measuring a bio-signal.

2. Description of Related Art

[0003] Healthcare technology has attracted much attention
due to the rapid entry into an aging society and relevant
social problems such as increase in medical expenses.
Accordingly, not only medical devices that can be utilized
by hospitals and inspection agencies but also small-sized
portable and/or wearable medical devices are being devel-
oped.

[0004] In addition, such a small-sized medical device is
worn by a user in the form of a wearable device capable of
directly measuring cardiovascular health status, such as
blood pressure or the like, so that the user can directly
measure and manage cardiovascular health status.

[0005] Therefore, research on miniaturization of a device
for measuring cardiovascular health status, such as blood
pressure or the like, have been actively conducted.

SUMMARY

[0006] Provided are a bio-signal measurement apparatus
and a blood pressure measurement apparatus and method.
[0007] In accordance with an aspect of an example
embodiment, there is provided a bio-signal measurement
apparatus including: a first substrate and a second substrate,
an upper surface of the first substrate and an upper surface
of the second substrate being disposed at a same level; an
optical sensor provided in the first substrate; a force sensor
provided below the optical sensor; and a separation structure
interposed between the first substrate and the second sub-
strate and configured to prevent transmission of a force
between the first substrate and the second substrate.
[0008] The second substrate may include two sub-sub-
strates, and the first substrate is provided between the two
sub-second substrates.

[0009] The second substrate may include three or more
sub-substrates, and the three or more sub-substrates are
disposed to surround the first substrate.

[0010] The second substrate may have a ring shape and
surrounds the first substrate.

[0011] The separation structure may include a rail guide or
an incompressible material.

[0012] The first substrate and the second substrate may be
disposed to be simultaneously touchable by a single finger of
a user.

[0013] The separation structure may be in contact with the
first substrate and the second substrate.
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[0014] The optical sensor may be configured to emit a
light, and the first substrate, the second substrate, and the
separation structure may be arranged in a direction perpen-
dicular to a light emission direction in which the light is
emitted from the optical sensor.

[0015] The separation structure may block the transmis-
sion of the force from the first substrate to the second
substrate, in the direction perpendicular to the light emission
direction.

[0016] In accordance with an aspect of an example
embodiment, there is provided a bio-signal measurement
apparatus including: a plurality of substrates provided at a
same level; a plurality of substrates formed at the same
height; a plurality of force sensors each of which is provided
below each of the plurality of substrates; and a plurality of
separation structures each of which is provided between the
plurality of substrates and configured to prevent transmis-
sion of force between the substrates.

[0017] The plurality of substrates may be arranged in a
straight line.

[0018] The plurality of substrates may be arranged in a
lattice pattern.

[0019] Each of the separation structures is formed of a rail
guide or an incompressible material.

[0020] In accordance with an aspect of an example
embodiment, there is provided a blood pressure measure-
ment apparatus including: a bio-signal measurer comprising
a first substrate and a second substrate, an upper surface of
the first substrate and an upper surface of the second
substrate are disposed at a same level, an optical sensor
provided in the first substrate, a force sensor provided below
the optical sensor, and a separation structure interposed
between the first substrate and the second substrate so as to
prevent transmission of a force between the first substrate
and the second substrate, and configured to measure a pulse
wave signal of a user, by using the optical sensor when the
user in contact with the first substrate and measure the force
applied to the first substrate by the user using the force
sensor; and a processor configured to estimate a blood
pressure of the user based on the measured pulse wave signal
and the measured force.

[0021] The processor may calculate a contact pressure
between the user and the first substrate based on the mea-
sured force and an area of the upper surface of the first
substrate and estimate the blood pressure based on the
calculated contact pressure and the measured pulse wave
signal.

[0022] Other features and aspects will be apparent from
the following detailed description, the drawings, and the
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The above and/or other aspects will be more appar-
ent from the following description of example embodiments
taken in conjunction with the accompanying drawings, in
which:

[0024] FIG. 1 is a diagram illustrating a bio-signal mea-
surement apparatus according to an example embodiment;
[0025] FIGS. 2 to 4 are diagrams illustrating examples of
arrangement of a first substrate and a second substrate of the
bio-signal measurement apparatus;

[0026] FIG. 5 is a diagram illustrating a bio-signal mea-
surement apparatus according to another example embodi-
ment;
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[0027] FIGS. 6 to 8 are diagrams illustrating examples of
arrangement of first substrates and second substrates of the
bio-signal measurement apparatus;

[0028] FIG. 9 is a block diagram illustrating a blood
pressure measurement apparatus according to an example
embodiment;

[0029] FIG. 10 is a flowchart illustrating a method of
measuring blood pressure according to an example embodi-
ment; and

[0030] FIG. 11 is a block diagram illustrating a blood
pressure measurement apparatus according to another
example embodiment.

[0031] Throughout the drawings and the detailed descrip-
tion, 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 exaggerated for clarity, illustration,
and convenience.

DETAILED DESCRIPTION

[0032] Example embodiments are described in greater
detail below with reference to the accompanying drawings.
In the following description, like drawing reference numer-
als are used for like elements, even in different drawings.
The matters defined in the description, such as detailed
construction and elements, are provided to assist in a com-
prehensive understanding of the example embodiments.
However, it is apparent that the example embodiments can
be practiced without those specifically defined matters. Also,
well-known functions or constructions are not described in
detail since they would obscure the description with unnec-
essary detail.

[0033] Tt should be noted that in some alternative imple-
mentations, the functions/acts noted in the blocks may occur
out of the order noted in the flowcharts. For example, two
blocks shown in succession may in fact be executed sub-
stantially concurrently or the blocks may sometimes be
executed in the reverse order, depending upon the function-
ality/acts involved.

[0034] It will be understood that, although the terms first,
second, etc. may be used herein to describe various ele-
ments, these elements should not be limited by these terms.
These terms are only used to distinguish one element from
another. Also, the singular forms are intended to include the
plural forms as well, unless the context clearly indicates
otherwise. In the specification, unless explicitly described to
the contrary, the word “comprise” and variations such as
“comprises” or “comprising,” will be understood to imply
the inclusion of stated elements but not the exclusion of any
other elements. Terms such as “ . . . unit” and “module”
denote units that process at least one function or operation,
and they may be implemented by using hardware, software,
or a combination of hardware and software.

[0035] Expressions such as “at least one of,” when pre-
ceding a list of elements, modify the entire list of elements
and do not modify the individual elements of the list. For
example, the expression, “at least one of a, b, and ¢,” should
be understood as including only a, only b, only ¢, both a and
b, both a and c, both b and c, all of a, b, and ¢, or any
variations of the aforementioned examples.

[0036] It will also be understood that the elements or
components in the following description are discriminated in
accordance with their respective main functions. In other
words, two or more elements may be made into one element
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or one element may be divided into two or more elements in
accordance with a subdivided function. Additionally, each of
the elements in the following description may perform a part
or whole of the function of another element as well as its
main function, and some of the main functions of each of the
elements may be performed exclusively by other elements.
Each element may be realized in the form of a hardware
component, a software component, and/or a combination
thereof.

[0037] FIG. 1 is a diagram illustrating a bio-signal mea-
surement apparatus according to an example embodiment.
The bio-signal measurement apparatus 100 of FIG. 1 may be
mounted in an electronic device. In addition, the bio-signal
measurement apparatus 100 may be formed as a separate
device surrounded by a housing. In particular, examples of
the electronic device may include a mobile phone, a smart-
phone, a tablet computer, notebook computer, a personal
digital assistant (PDA), a portable multimedia player (PMP),
a navigation system, an MP3 player, a digital camera, a
wearable device, and the like, and the wearable device may
include wearable devices of a wrist type, a wrist band type,
a ring type, a belt type, a necklace type, an ankle band type,
a thigh band type, a forearm band type., and the like.
However, the electronic device is not limited to the above
examples and the wearable device is not also limited to the
above examples.

[0038] Referring to FIG. 1, the bio-signal measurement
apparatus 100 may include a first substrate 110, a second
substrate 120, a separation structure 130, an optical sensor
140, and a force sensor 150,

[0039] The first substrate 110 and the second substrate 120
may be formed such that upper surfaces thereof are at the
same height. In addition, the first substrate 110 and the
second substrate 120 may be disposed close to each other
such that both the first and second substrates 110 and 120
can be brought in contact with one finger of a user.

[0040] The separation structure 130 may be interposed
between the first substrate 110 and the second substrate 120.
The separation structure 130 may block the transmission of
force between the first substrate 110 and the second substrate
120 such that force exerted on the upper surface of the first
substrate 110 is not transmitted to the second substrate 120
and force exerted on the upper surface of the second
substrate 120 is not transmitted to the first substrate 110.
According to an example embodiment, the separation struc-
ture 130 may be formed of a rail guide or an incompressible
material (e.g., rubber, fluid, or the like).

[0041] The optical sensor 140 may be mounted in the first
substrate 110 to emit light to the user’s finger 10 in contact
with the first substrate 110 and receive light returning from
the finger 10.

[0042] A light emitter of the optical sensor 140 may emit
light to the user’s finger 10 in contact with the first substrate
110. The light emitter may include one or more light sources
formed with a light emitting diode (LED), a laser diode, or
a fluorescent body.

[0043] According to an example embodiment, the light
source may emit visible light, near infrared ray (NIR) light,
or mid infrared ray (MIR) light. However, a wavelength of
light emitted from the light source may vary according to the
purpose of measurement or a type of component of interest
to be analyzed. In addition, the light source is not necessarily
configured as a single light emitting body, and may be
formed as an array of a plurality of light emitting bodies.
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[0044] A light receiver of the optical sensor 140 may
receive light reflected or scattered from the finger 10 of the
user. The light receiver may include a photodetector formed
with a photo diode, a photo transistor (PTr), a charge-
coupled device (CCD), or the like. The photodetector is not
necessarily configured as a single device, and may be
configured as an array of a plurality of devices.

[0045] The number and arrangement of the light sources
and the photodetectors may vary according to the applica-
tion purpose of the optical sensor 140 and the size and shape
of the electronic device in which the optical sensor 140 is
mounted.

[0046] The force sensor 150 may be disposed below the
first substrate 110 and measure a force exerted on the first
substrate 110 by the user’s finger 10. The first substrate 110
may include an upper surface and a lower surface opposing
the upper surface. The upper surface may be provided as a
contact surface that is touchable by the user. The force
sensor 150 may be disposed on or below the lower surface
of the first substrate 110, so as to oppose the front surface of
the first substrate 110. In another embodiment, the force
sensor 150 may be disposed in the first substrate, below the
optical sensor 140.

[0047] As shown in FIG. 1, the first substrate 110, the
second substrate 120, and the separation structure 130 may
be arranged in a direction (e.g., a horizontal direction)
perpendicular to a light emission direction (e.g., a vertical
direction) in which the light is emitted from the optical
sensor 140.

[0048] The separation structure 120 may prevent the force
from being transmitted from the first substrate 110 to the
second substrate 120, in the direction perpendicular to the
light emission direction.

[0049] FIGS. 2 to 4 are diagrams illustrating examples of
arrangement of the first substrate 110 and the second sub-
strate 120 of the bio-signal measurement apparatus 100. In
FIGS. 2 to 4, for convenience of description, it is illustrated
that the separation structure 130 is omitted and the first
substrate 110 and the second substrate 120 are physically
spaced apart from each other.

[0050] Referring to FIG. 2, the bio-signal measurement
apparatus 100 according to an example embodiment may
include two second substrates 120 and a first substrate 110
in which the optical sensor 140 is mounted may be inter-
posed between the two second substrate 120. The upper
surfaces of the first substrate 110 and the two second
substrates 120 may be disposed at the same level.

[0051] Referring to FIG. 3, the bio-signal measurement
apparatus 100 may include eight second substrates 120, and
the eight second substrates 120 may be disposed to surround
a first substrate 110 in which the optical sensor 140 is
mounted. The upper surfaces of the first substrate 110 and
the eight second substrates 120 may be disposed at the same
level.

[0052] Referring to FIG. 4, the bio-signal measurement
apparatus 100 according to still another example embodi-
ment may include a single second substrate 120, and the
second substrate 120 may be formed in a ring shape to
surround a first substrate 110.

[0053] In FIG. 4, the first substrate 110 has a square/
rectangular shape and the second substrate 120 has a square/
rectangular ring shape, but the shapes of the first substrate
110 and the second substrate 120 are not limited thereto. For
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example, the first substrate 110 may have a circle shape and
the second substrate 120 may have a round ring shape.

[0054] FIGS. 2, 3, and 4 are merely examples of the
arrangement of the first substrate 110 and the second sub-
strate 120. That is, the number and arrangement of the first
substrate 110 and the second substrate 120 may vary accord-
ing to the application purpose of the bio-signal measurement
apparatus 100 and the size and shape of'the electronic device
in which the bio-signal measurement apparatus 100 is
mounted.

[0055] FIG. 5 is a diagram illustrating a bio-signal mea-
surement apparatus according to another example embodi-
ment. The bio-signal measurement apparatus 500 of FIG. 5
may be mounted in an electronic device. In addition, the
bio-signal measurement apparatus 500 may be formed as a
separate device surrounded by a housing. In this case,
examples of the electronic device may include a mobile
phone, a smartphone, a tablet computer, notebook computer,
aPDA, a PMP, a navigation system, an MP3 player, a digital
camera, a wearable device, and the like, and the wearable
device may include wearable devices of a wrist type, a wrist
band type, a ring type, a belt type, a necklace type, an ankle
band type, a thigh band type, a forearm band type, and the
like. However, the electronic device is not limited to the
above examples and the wearable device is not also limited
to the above examples.

[0056] Referring to FIG. 5, the bio-signal measurement
apparatus 500 may include a plurality of first substrates 110
and second substrates 120, separation structures 130, a
plurality of optical sensors 140, and a plurality of force
sensors 150.

[0057] The plurality of first substrates 110 and second
substrates 120 may be formed such that upper surfaces
thereof are at the same height. In addition, the plurality of
first substrates 110 and second substrates 120 may be
disposed close to each other such that both the first and
second substrates 110 and 120 can be brought in contact with
one finger of a user.

[0058] The separation structures 130 may be interposed
between the first substrates 110 and between the first sub-
strate 110 and the second substrate 120. The separation
structures 130 may prevent transmission of force between
the first substrates 110 and between the first substrate 110
and the second substrate 120 such that a force exerted on the
top of the first substrate 110 is not transmitted to other first
substrates 110 and the second substrates 120 and a force
exerted on the top of the second substrate 120 is not
transmitted to the first substrate 110. According to an
example embodiment, the separation structures 130 may
each be formed of a rail guide or an incompressible material
(e.g., rubber, fluid, or the like).

[0059] The optical sensors 140 may be mounted in each of
the first substrates 110 and may emit light to the user’s finger
10 in contact with the first substrate 110 and receive light
returning from the finger 10.

[0060] The force sensors 150 may be disposed below each
of the first substrates 110 and may measure a force applied
to the first substrate 110 by the user’s finger 10.

[0061] FIGS. 6 to 8 are diagrams illustrating examples of
arrangement of the first substrates 110 and the second
substrates 120 of the bio-signal measurement apparatus 500.
In FIGS. 6 to 8, for convenience of explanation, the sepa-
ration structures 130 are omitted and the first substrates 110
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and the second substrates 120 are illustrated as being physi-
cally spaced apart from each other.

[0062] Referring to FIG. 6, the bio-signal measurement
apparatus 500 according to an example embodiment may
include two second substrates 120 and a plurality of first
substrates 110 interposed between the two second substrates
120, wherein the plurality of first substrates 110 in each of
which the optical sensor 140 is mounted are arranged in a
straight line.

[0063] Referring to FIG. 7, the bio-signal measurement
apparatus 500 according to another example embodiment
may include eight second substrates 120 and a plurality of
first substrates 110 in each of which an optical sensor 140 is
mounted may be arranged in a lattice pattern. In this case,
the eight second substrates 120 may be disposed to surround
the plurality of first substrates 110 arranged in a lattice
pattern.

[0064] Referring to FIG. 8, the bio-signal measurement
apparatus 500 according to still another example embodi-
ment may include one second substrate 120 which is formed
in a ring shape and surrounds a plurality of first substrates
110 in each of which an optical sensor 140 is mounted.
[0065] FIGS. 6, 7, and 8 are merely examples of the
arrangement of the first substrates 110 and the second
substrates 120 and the number of second substrates 120.
That is, the number and arrangement of the first substrates
110 and the second substrates 120 may vary according to the
application purpose of the bio-signal measurement appara-
tus 500 and the size and shape of the electronic device in
which the bio-signal measurement apparatus 500 is
mounted.

[0066] FIG. 9 is a block diagram illustrating a blood
pressure measurement apparatus according to an example
embodiment. FIG. 9 illustrates an example embodiment of
an apparatus for measuring a blood pressure using the
bio-signal measurement apparatus 100 or 500 described
above with reference to FIGS. 1 to 8.

[0067] Referring to FIG. 9, the blood pressure measure-
ment apparatus 900 may include a bio-signal measurer 910
and a processor 920. Here, the bio-signal measurer 910 may
be an example embodiment of the bio-signal measurement
apparatus 100 or 500 described above with reference to
FIGS. 1to 8.

[0068] The bio-signal measurer 910 may include an opti-
cal sensor 140 and a force sensor 150. The optical sensor 140
may emit light to a user’s finger in contact with the first
substrate 110 and receive light returning from the user’s
finger to measure a pulse wave signal of the user. In this
case, the pulse wave signal may be a photoplethysmography
(PPG) signal, and the optical sensor 140 may be a PPG
Sensor.

[0069] The force sensor 150 may be disposed below the
first substrate 110, and may measure a force applied to the
first substrate 110 by the user’s finger.

[0070] The processor 920 may control an overall operation
of the blood pressure measurement apparatus 900.

[0071] The processor 920 may activate the optical sensor
140 to emit a light to the user and detect the light reflected
or scattered from the user, in response to determining that
the first substrate 110 is in contact with the user.

[0072] The processor 920 may generate guide information
for inducing the increase or decrease of a contact pressure
between the user’s finger and the first substrate 110 in
response to a user’s instruction and provide the guide

Nov. 28,2019

information to the user. The processor may provide the guide
information through an output interface, such as a display, a
speaker, a tactile motor, and the like.

[0073] The processor 920 may estimate a user’s blood
pressure based on the measured pulse wave signal and the
measured force. For example, the processor 920 may cal-
culate a contact pressure between the user’s finger and the
first substrate 110 based on the force measured using the
force sensor disposed below the first substrate 110 and the
area of the upper surface of the first substrate 110. In
addition, the processor 920 may estimate the user’s blood
pressure by analyzing the changes in pulse wave according
to the change in contact pressure.

[0074] The blood pressure may include a diastolic blood
pressure (DBP), a systolic blood pressure (SBP), and a mean
arterial pressure (MAP) and the contact pressure applied on
the user’s finger may act as an external pressure on a blood
vessel. When the contact pressure becomes smaller than the
MAP, the elastic resilience of tissue acts in a direction of
compressing the blood vessel and hence the amplitude of the
pulse wave becomes small. When the contact pressure is
equal to the MAP, the elastic resilience of tissue becomes
zero and hence does not affect the blood vessel so that the
amplitude of the pulse wave is maximized. In addition, when
the contact pressure becomes greater than the MAP, the
elastic resilience of tissue acts in a direction of expanding
the blood vessel and hence the amplitude of the pulse wave
becomes smaller. Therefore, the processor 920 may analyze
changes in pulse wave in accordance with changes in contact
pressure and estimate the MAP using the contact pressure at
a point where the amplitude of the pulse wave is maximized.
In addition, the processor 920 may estimate the SBP using
a contact pressure at a point where a ratio of an amplitude
of the measured pulse wave to a predetermined maximum
amplitude is a first ratio (e.g., 0.6) as an SBP, and estimate
the DBP using a contact pressure at a point where a ratio of
the amplitude of the measured pulse wave to the predeter-
mined maximum amplitude is a second ratio (e.g. 0.7).

[0075] According to the example embodiment, a force
applied as an input by the user’s finger is transmitted to the
first substrate 110 and the second substrate 120 in a distrib-
uted manner and the contact pressure is calculated using the
force transmitted to the first substrate 110 and the area (fixed
value) of the upper surface of the first substrate 110, so that
it is possible to measure the contact pressure very similar to
a pressure applied as an input and thereby improve the
accuracy of blood pressure measurement.

[0076] FIG. 10 is a flowchart illustrating a method of
measuring blood pressure according to an example embodi-
ment. The blood pressure measurement method illustrated in
FIG. 10 may be performed by the blood pressure measure-
ment apparatus 900 of FIG. 9.

[0077] Referring to FIGS. 9 and 10, in operation 1010, the
blood pressure measurement apparatus 900 may emit light to
auser’s finger in contact with the first substrate 110 using the
optical sensor mounted in the first substrate 110, receive
light returning from the user’s finger, and measure a pulse
wave signal of the user. In this case, the pulse wave signal
may be a PPG signal.

[0078] Inoperation 1020, the blood pressure measurement
apparatus 900 may measure a force applied to the first
substrate 110 by the user’s finger using the force sensor
disposed below the first substrate 110.
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[0079] 1In operation 1030, the blood pressure measurement
apparatus 900 may estimate a uset’s blood pressure based on
the measured pulse wave signal and the measured force. For
example, the blood pressure measurement apparatus 900
may calculate a contact pressure between the user’s finger
and the first substrate 110 based on the force measured using
the force sensor disposed below the first substrate 110 and
the area of an upper surface of the first substrate 110. In
addition, the blood pressure measurement apparatus 900
may estimate the user’s blood pressure by analyzing changes
in pulse wave in accordance with changes in the contact
pressure.

[0080] FIG. 11 is a block diagram illustrating a blood
pressure measurement apparatus according to another
example embodiment.

[0081] Referring to FIG. 11, the blood pressure measure-
ment apparatus 1100 may include a bio-signal measurer 910,
a processor 920, an input interface 1110, a storage 1120, a
communication interface 1130, and an output interface 1140.
In this case, the bio-signal measurer 910 and the processor
920 are the same as those described above with reference to
FIG. 9 and thus detailed descriptions thereof will not be
reiterated.

[0082] The input interface 1110 may receive various
operation signals from a user. According to an example
embodiment, the input interface 1110 may include a key pad,
a dome switch, a resistive or capacitive touch pad, a jog
wheel, a jog switch, a hardware (H/W) button, and the like.
In particular, when a touch pad has a layered structure with
a display, this structure may be referred to as a touch screen.
[0083] The input interface 1110 may receive user related
information. Here, the user related information may include
height, weight, age, etc. In this case, the processor 920 may
correct the blood pressure according to the input user related
information. A user-specific blood pressure estimation cor-
relation model may be stored in the storage 1120 and the
processor 920 may select a blood pressure estimation cor-
relation model suitable for the corresponding user and
correct the blood pressure using the selected blood pressure
estimation correlation model.

[0084] Programs or instructions for operations of the
blood pressure measurement apparatus 1100 may be stored
in the storage 1120 and data input to and output from the
blood pressure measurement apparatus 1100 may also be
stored in the storage 1120. In addition, the storage 1120 may
store data input by the user, data acquired or processed by
the blood pressure measurement apparatus 1100, and infor-
mation required for data processing of the blood pressure
measurement apparatus 100.

[0085] The storage 1120 may include at least one type of
storage media, such as a flash memory, a hard disk type
memory, a multimedia card micro type memory, a card-type
memory (e.g., SD or XD memory), random access memory
(RAM), static random access memory (SRAM), read only
memory (ROM), electrically erasable programmable read
only memory (EEPROM), programmable read only memory
(PROM), magnetic memory, and optical disk. In addition,
the blood pressure measurement apparatus 1100 may operate
an external storage medium, such as web storage providing
a storage function of the storage 1120.

[0086] The communication interface 1130 may commu-
nicate with an external device. For example, the communi-
cation interface 1130 may transmit data input by the user, the
data acquired or processed by the blood pressure measure-
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ment apparatus 1100, and the information required for data
processing of the blood pressure measurement apparatus
1100 to the external device or may receive a variety of data
useful to estimate the blood pressure from the external
device.

[0087] Here, the external device may be medical equip-
ment which uses the data input by the user, the data acquired
or processed by the blood pressure measurement apparatus
1100, and the information required for data processing of the
blood pressure measurement apparatus 1100, or may be a
printer or display device to output a result. In addition, the
external device may include, but not limited to, a digital TV,
a desktop computer, a mobile phone, a smartphone, a tablet
computer, a notebook computer, a PDA, a PMP, a navigation
terminal, an MP3 player, a digital camera, a wearable
device, and the like.

[0088] The communication interface 1130 may commu-
nicate with the external device using various communication
technologies, such as Bluetooth, Bluetooth low energy
(BLE), near field communication (NFC), wireless local area
network (WLAN) communication, ZigBee communication,
infrared data association (IrDA) communication, Wi-Fi
direct (WFD) communication, ultra-wideband (UWB) com-
munication, Ant+ communication, Wi-Fi communication,
RFID communication, 3G communication, 4G communica-
tion, 5G communication, and the like. However, these are
merely examples, and embodiments are not limited thereto.
[0089] The output interface 1140 may output the data
input by the user, the data acquired or processed by the blood
pressure measurement apparatus 1100, the information
required for data processing of the blood pressure measure-
ment apparatus 1100, and the like. According to an example
embodiment, the output interface 1140 may output the data
input by the user, the data acquired or processed by the blood
pressure measurement apparatus 1100, and the information
required for data processing of the blood pressure measure-
ment apparatus 1100 in at least one of visual, audible, and
tactile manners. To this end, the output interface 1140 may
include a display, a speaker, a vibrator, and the like.
[0090] While not restricted thereto, embodiments can be
implemented as computer-readable code on a computer-
readable recording medium. The computer-readable record-
ing medium is any data storage device that can store data
that can be thereafter read by a computer system. Examples
of the computer-readable recording medium include read-
only memory (ROM), random-access memory (RAM), CD-
ROMs, magnetic tapes, floppy disks, and optical data stor-
age devices. The computer-readable recording medium can
also be distributed over network-coupled computer systems
so that the computer-readable code is stored and executed in
a distributed fashion. Also, an example embodiment may be
written as a computer program transmitted over a computer-
readable transmission medium, such as a carrier wave, and
received and implemented in general-use or special-purpose
digital computers that execute the programs. Moreover, it is
understood that in example embodiments, one or more units
of the above-described apparatuses and devices can include
circuilry, a processor, a microprocessor, etc., and may
execute a computer program stored in a computer-readable
medium.

[0091] The foregoing embodiments are merely examples
and are not to be construed as limiting. The present teaching
can be readily applied to other types of apparatuses. Also,
the description of the example embodiments is intended to
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be illustrative, and not to limit the scope of the claims, and
many alternatives, modifications, and variations will be
apparent to those skilled in the art.

What is claimed is:

1. A bio-signal measurement apparatus comprising:

a first substrate;

a second substrate, an upper surface of the first substrate
and an upper surface of the second substrate being
disposed at a same level;

an optical sensor provided in the first substrate;

a force sensor provided below the optical sensor; and

a separation structure interposed between the first sub-
strate and the second substrate and configured to pre-
vent transmission of a force between the first substrate
and the second substrate.

2. The bio-signal measurement apparatus of claim 1,
wherein the second substrate comprises two sub-substrates,
and the first substrate is provided between the two sub-
substrates.

3. The bio-signal measurement apparatus of claim 1,
wherein the second substrate comprises at least three sub-
substrates, and the at least three sub-substrates surround the
first substrate.

4. The bio-signal measurement apparatus of claim 1,
wherein the second substrate has a ring shape and surrounds
the first substrate.

5. The bio-signal measurement apparatus of claim 1,
wherein the separation structure comprises a rail guide or an
incompressible material.

6. The bio-signal measurement apparatus of claim 1,
wherein the first substrate and the second substrate are
disposed to be simultaneously touchable by a single finger of
a user.

7. The bio-signal measurement apparatus of claim 1,
wherein the separation structure is in contact with the first
substrate and the second substrate.

8. The bio-signal measurement apparatus of claim 1,
wherein the optical sensor is configured to emit a light, and

wherein the first substrate, the second substrate, and the
separation structure are arranged in a direction perpen-
dicular to a light emission direction in which the light
is emitted from the optical sensor.

9. The bio-signal measurement apparatus of claim 8,
wherein the separation structure blocks the transmission of
the force from the first substrate to the second substrate, in
the direction perpendicular to the light emission direction.

10. A bio-signal measurement apparatus comprising:

a plurality of substrates provided at a same level;

a plurality of force sensors provided below each of the
plurality of substrates; and
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a plurality of separation structures provided between the
plurality of substrates and configured to prevent trans-
mission of force between the plurality of substrates.

11. The bio-signal measurement apparatus of claim 10,
wherein the plurality of substrates are arranged in a straight
line.

12. The bio-signal measurement apparatus of claim 10,
wherein the plurality of substrates are arranged in a lattice
pattern.

13. The bio-signal measurement apparatus of claim 10,
wherein each of the plurality of separation structures com-
prises a rail guide or an incompressible material.

14. A blood pressure measurement apparatus comprising:

a bio-signal measurer comprising:

a first substrate;

a second substrate, an upper surface of the first sub-
strate and an upper surface of the second substrate
are disposed at a same level,

an optical sensor provided in the first substrate;

a force sensor provided below the optical sensor; and

a separation structure provided between the first sub-
strate and the second substrate and configured to
prevent transmission of a force between the first
substrate and the second substrate, the bio-signal
measurer being configured to measure a pulse wave
signal of a user by using the optical sensor when the
user is in contact with the first substrate, and measure
the force applied to the first substrate by the user
using the force sensor; and

a processor configured to estimate a blood pressure of the
user based on the pulse wave signal and the force.

15. The blood pressure measurement apparatus of claim
14, wherein the processor is further configured to obtain a
contact pressure between the user and the first substrate
based on the force and an area of the upper surface of the
first substrate, and estimate the blood pressure based on the
contact pressure and the pulse wave signal.

16. The bio-signal measurement apparatus of claim 14,
wherein the second substrate comprises two sub-substrates,
and the first substrate is provided between the two sub-
second substrates.

17. The bio-signal measurement apparatus of claim 14,
wherein the second substrate comprises a plurality of sub-
substrates, and the plurality of sub-substrates surround the
first substrate.

18. The bio-signal measurement apparatus of claim 14,
wherein the second substrate has a ring shape and surrounds
the first substrate.

19. The bio-signal measurement apparatus of claim 14,
wherein the separation structure comprises a rail guide or an
incompressible material.
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