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APPARATUS AND METHOD FOR
MEASURING BIO-SIGNAL

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims priority under 35 U.S.C. §
119 to Korean Patent Application No. 10-2018-0108499,
filed on Sep. 11, 2018, in the Korean Intellectual Property
Office, the disclosure of which is incorporated by reference
herein in its entirety.

BACKGROUND

1. Field

[0002] The present disclosure relates to a technology 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 an increase in medical expenses.
Accordingly, medical devices that can be utilized by hospi-
tals and inspection agencies, and also small-sized medical
devices that can be carried by individuals, such as wearable
devices, are being developed.

[0004] A small-sized medical device is worn by a user in
the form of a wearable device configured to directly measure
a user’s heart rate, stress index, or the like, so that the user
can directly measure and manage heart rate, stress index, etc.
[0005] Therefore, research regarding miniaturization of
devices for measuring a health index, such as heart rate,
stress index, or the like, has been actively conducted.
However, a small-sized device operates with a small battery,
and hence there is a need for a technology for accurately
measuring a health index while reducing power consump-
tion.

SUMMARY

[0006] Example embodiments relate to an apparatus and
method for measuring a bio-signal, which adjust a sampling
rate of a pulse wave sensor according to a health index.
[0007] In accordance with an aspect of an example
embodiment, there is provided an apparatus for measuring a
bio-signal including a pulse wave sensor that may measure
a pulse wave signal, of an object of interest, that is non-
equidistantly sampled based on a sampling rate of the pulse
wave sensor, and a processor that may identify, using a
sampling profile, a first interval based on a health index to
be measured. The processor may identify, using the sam-
pling profile, a second interval based on the health index to
be measured. The processor may set the sampling rate of the
pulse wave sensor to a first sampling rate in the first interval.
The processor may set the sampling rate of the pulse wave
sensor to a second sampling rate, that is less than the first
sampling rate, in the second interval.

[0008] The pulse wave signal may be a photoplethysmo-
gram (PPG) signal.

[0009] The health index may include at least one of heart
rate, blood vessel stiffness, stress index, and blood pressure.
[0010] The sampling profile may store information that
maps the health index to be measured, the first interval, and
the second interval.
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[0011] The processor may identify a predetermined inter-
val including an onset point of a heartbeat as the first
interval, and identify a remaining interval as the second
interval based on the health index to be measured being at
least one of heart rate, blood vessel stiffness, or stress index.
[0012] The processor may identify a systolic period of a
heartbeat as the first interval, and identify a remaining
interval as the second interval based on the health index to
be measured being blood pressure.

[0013] The processor may generate an equidistantly
sampled pulse wave signal by resampling the non-equidis-
tantly sampled pulse wave signal.

[0014] The processor may identify at least one of an onset
point of a heartbeat, a systolic period of a heartbeat, and a
heartbeat cycle by analyzing the generated equidistantly
sampled pulse wave signal, and update the sampling profile
based on the onset point of the heartbeat, the systolic period
of the heartbeat, or the heartbeat cycle.

[0015] The processor may identify the health index by
analyzing the equidistantly sampled pulse wave signal.
[0016] The processor may identify that the equidistantly
sampled pulse wave signal is an abnormal heartbeat signal,
and deactivate a sampling rate control function based on
identifying that the equidistantly sampled pulse wave signal
is the abnormal heartbeat signal.

[0017] In accordance with an aspect of an example
embodiment, there is provided a method of measuring a
bio-signal including identifying, using a sampling profile, a
first interval and a second interval based on a health index
to be measured. The method may include setting a sampling
rate of a pulse wave sensor to a first sampling rate in the first
interval. The method may include setting the sampling rate
of the pulse wave sensor to a second sampling rate, that is
less than the first sampling rate, in the second interval. The
method may include measuring a pulse wave signal of an
object of interest that is non-equidistantly sampled based the
sampling rate of the pulse wave sensor.

[0018] The pulse wave signal may be a photoplethysmo-
gram (PPG) signal.

[0019] The health index may include at least one of heart
rate, blood vessel stiffness, stress index, and blood pressure.
[0020] The sampling profile may store information that
maps the health index, the first interval, and the second
interval.

[0021] The identifying of the first interval and the second
interval may include identifying a predetermined interval
including an onset point of a heartbeat as the first interval
and identifying a remaining interval as the second interval
based on the health index to be measured being heart rate,
blood vessel stiffness, or stress index.

[0022] The identifying of the first interval and the second
interval may include identifying a systolic period of a
heartbeat as the first interval and identifying a remaining
interval as the second interval based on the health index to
be measured being blood pressure.

[0023] The method may further include generating an
equidistantly sampled pulse wave signal by resampling the
non-equidistantly sampled pulse wave signal.

[0024] The method may further include identifying at least
one of an onset point of a heartbeat, a systolic period of a
heartbeat, and a heartbeat cycle by analyzing the generated
equidistantly sampled pulse wave signal, and updating the
sampling profile based on the onset point of the heartbeat,
the systolic period of the heartbeat, or the heartbeat cycle.
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[0025] The method may further include identifying the
health index by analyzing the equidistantly sampled pulse
wave signal.

[0026] The method may further include identifying that
the equidistantly sampled pulse wave signal is an abnormal
heartbeat signal, and deactivating a sampling rate control
function based on identifying that the equidistantly sampled
pulse wave signal is the abnormal heartbeat signal.

[0027] Other features and aspects will be apparent from
the following detailed description, the drawings, and the
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The above and/or other aspects, features, and
advantages of certain embodiments of the present disclosure
will be more apparent from the following description taken
in conjunction with the accompanying drawings, in which:
[0029] FIG. 1 is a graph illustrating a pulse wave signal
according to an example embodiment;

[0030] FIG. 2 is a block diagram illustrating an apparatus
for measuring a bio-signal according to an example embodi-
ment;

[0031] FIG. 3 is a block diagram illustrating a processor
according to an example embodiment;

[0032] FIG. 4 is a diagram illustrating a sampling profile
according to an example embodiment;

[0033] FIG. 5 is a diagram illustrating a sampling profile
according to an example embodiment;

[0034] FIG. 6 is a block diagram illustrating a processor
according to an example embodiment;

[0035] FIG. 7 is a block diagram illustrating an apparatus
for measuring a bio-signal according to an example embodi-
ment;

[0036] FIG. 8 is a flowchart illustrating a method of
measuring a bio-signal according to an example embodi-
ment;

[0037] FIG. 9 is a flowchart illustrating a method of
measuring a bio-signal according to an example embodi-
ment; and

[0038] FIG. 10 is a diagram illustrating a wrist-type wear-
able device according to an example embodiment.

DETAILED DESCRIPTION

[0039] 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. The matters described in the
description, such as detailed construction and elements, are
provided to assist in a comprehensive understanding of the
example embodiments. However, it should be apparent that
the example embodiments can be practiced without those
specifically described matters. Also, well-known functions
or constructions might not be described in detail since they
might obscure the description with unnecessary detail.
[0040] Throughout the drawings and the detailed descrip-
tion, unless otherwise described, the same drawing reference
numerals should be understood to refer to the same ele-
ments, features, and structures. The relative size and depic-
tion of these elements may be exaggerated for clarity,
illustration, and convenience.

[0041] It should be noted that in some alternative imple-
mentations, the functions/acts noted in the blocks may occur
in a different order than as noted in the flowcharts. For
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example, two blocks shown in succession may in fact be
executed substantially concurrently or the blocks may be
executed in the reverse order, depending upon the function-
ality/acts involved.

[0042] Terms described below are selected by considering
functions in the example embodiments and meanings may
vary depending on, for example, a user or operator’s inten-
tions or customs. Therefore, in the following example
embodiments, when terms are specifically defined, the
meanings of the terms should be interpreted based on
definitions, and otherwise, should be interpreted based on
general meanings recognized by those skilled in the art.
[0043] It should be understood that, although the terms
“first,” “second,” etc., may be used herein to describe
various elements, these elements should not be limited by
these terms. These terms are used to distinguish one element
from another. Also, the singular forms of terms are intended
to include the plural forms of the terms as well, unless the
context clearly indicates otherwise. In the specification,
unless explicitly described to the contrary, the word “com-
prise,” and variations such as “comprises” or “comprising,”
should 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 that may be imple-
mented by hardware, software, or a combination of hard-
ware and software.

[0044] As used herein, expressions such as “at least one
of,” when preceding a list of elements, modify the entire list
of elements and do not modify the individual elements of the
list. For example, the expression, “at least one of a, b, and
¢,” should be understood as including only a, only b, only c,
both a and b, both a and ¢, both b and ¢, or all of a, b, and
C.

[0045] It should 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 integrated into a single
element or a single element may be divided into two or more
elements in accordance with a subdivided function. Addi-
tionally, 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 exclu-
sively by other elements. Each element may be realized in
the form of a hardware component, a software component,
and/or a combination thereof.

[0046] FIG. 1 is a graph illustrating a pulse wave signal
according to an example embodiment. Specifically, FIG. 1
illustrates a photoplethysmogram (PPG) signal correspond-
ing to three consecutive heartbeats.

[0047] Referring to FIG. 1, a waveform of the pulse wave
signal 100 is a summation of a propagation wave propagat-
ing from the heart to peripheral parts of the body and
reflection waves returning from the peripheral parts of the
body. Further, a cycle of the pulse wave signal may coincide
with a heartbeat cycle. The pulse wave signal of one cycle
may be classified into a systolic portion 110 and a diastolic
portion 120 of a heartbeat.

[0048] FIG. 2 is a block diagram illustrating an apparatus
for measuring a bio-signal according to an example embodi-
ment. The apparatus 200 for measuring a bio-signal as
shown in FIG. 2 is an apparatus configured to measure a
pulse wave signal by adjusting a sampling rate of a pulse
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wave sensor 210 based on a health index to be measured, and
may be disposed in an electronic device. In this case, the
electronic device may be a mobile phone, a smartphone, a
tablet computer, a 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. The wearable device may
include a wearable device of various types, such as a wrist
watch 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 and the wearable devices are not limited to the
aforementioned examples.

[0049] Referring to FIG. 2, the apparatus 200 for measur-
ing a bio-signal may include the pulse wave sensor 210 and
a processor 220.

[0050] The pulse wave sensor 210 may measure a pulse
wave signal of an object of interest. The object of interest,
which is an object for measuring a pulse wave signal, may
be a body, a body region, a body part, or the like, and may
be in contact with the pulse wave sensor 210. For example,
the object of interest may be a human body part adjacent to
a radial artery on a surface of a wrist. As another example,
the object of interest may be a human body peripheral part,
such as a finger, a toe, an earlobe, or the like. The pulse wave
signal may be a PPG signal. According to an example
embodiment, when the object of interest is in contact with
the pulse wave sensor 210, the pulse wave sensor 210 may
emit light of a predetermined wavelength towards the object
of interest, and measure a pulse wave signal of the object of
interest by receiving light reflected by the object.

[0051] The pulse wave sensor 210 may measure the pulse
wave signal at a first sampling rate in a first interval based
on a control signal of the processor 220, and measure the
pulse wave signal at a second sampling rate in a second
interval. The second sampling rate may be less than the first
sampling rate.

[0052] As shown in FIG. 2, the pulse wave sensor 210 may
include a light source 211, and a photodetector 212.
[0053] The light source 211 may emit light of a predeter-
mined wavelength towards the object of interest that is in
contact with the pulse wave sensor 210. For example, the
light source 211 may emit visible light or infrared light
towards the object of interest. However, the wavelength of
light that is emitted by the light source 211 may vary based
on the measurement purpose, a target component to be
measured, the object of interest, or the like. In addition, the
light source 211 may be configured with a single light
source, or may be configured in the form of an array of
multiple light sources. Further, each of the light sources may
emit light rays having the same wavelength, or light rays
having different wavelengths. The light source 211 may
include a light emitting diode (LED), a laser diode, a
phosphor, and the like.

[0054] The photodetector 212 may measure a pulse wave
signal of the object of interest by receiving light reflected by
the object irradiated by the light source 211. According to an
example embodiment, the photodetector 212 may include a
photodiode, a photo transistor, a charge-coupled device
(CCD), and the like. The photodetector 212 may be config-
ured with a single element, or may be configured in the form
of an array of multiple elements.

[0055] The processor 220 may control an overall operation
of the apparatus 200 for measuring a bio-signal.

Mar. 12, 2020

[0056] When a sampling rate control function is activated,
the processor 220 may adjust a sampling rate of the pulse
wave sensor 210 for each interval based on the health index
to be measured, and identify a health index based on a pulse
wave signal that is non-equidistantly sampled and measured
by the pulse wave sensor 210. For example, the processor
220 may identify the first interval and the second interval
based on a health index to be measured. In addition, the
processor 220 may control the pulse wave sensor 210 to
measure a non-equidistantly sampled pulse wave signal by
setting a sampling rate of the pulse wave sensor 210 to the
first sampling rate in the first interval, and setting the
sampling rate of the pulse wave sensor 210 to the second
sampling rate in the second interval. In addition, the pro-
cessor 220 may identify a health index based on the mea-
sured and non-equidistantly sampled pulse wave signal. The
health index may include heart rate, blood vessel stiffness,
stress index, blood pressure, and the like.

[0057] Hereinafter, the processor 220 will be described in
more detail with reference to FIG. 3.

[0058] FIG. 3 is a block diagram illustrating a processor
according to an example embodiment. The processor 300
shown in FIG. 3 may correspond to the processor 220 shown
in FIG. 2.

[0059] Referring to FIG. 3, the processor 300 may include
an interval identifier 310, a sampling rate controller 320, a
signal reconstructor 330, a sampling profile manager 340,
and a health index identifier 350.

[0060] The interval identifier 310 may identify a first
interval to which a first sampling rate is applied, and a
second interval to which a second sampling rate is applied.
Further, the interval identifier 310 may identify the first
interval and the second interval based a health index to be
measured. Further still, the interval identifier 310 may
identify the first interval and the second interval based a
sampling profile 360. As described above, the health index
may include heart rate, blood vessel stiffness, stress index,
blood pressure, and the like, and the second sampling rate
may be less than the first sampling rate.

[0061] The sampling profile 360 may store information
that maps a health index and first and second intervals
corresponding to the health index, and may be generated in
advance by analyzing a pulse wave signal of the object of
interest. The relative importance of each portion of the pulse
wave signal may differ according to the health index. For
example, in the case of estimating heart rate, pulse arrival
time (PAT)-based blood vessel stiffness, or heart rate vari-
ability-based stress index, it might be more important to
accurately measure a time of an onset point of a heartbeat,
and therefore data within a predetermined interval including
the onset point of the heartbeat might be more important
than data in the remaining interval. As another example, in
the case of blood pressure estimation using pulse waveform
analysis (PWA), data is acquired from a systolic period of a
heartbeat, and therefore data in the systolic period of the
heartbeat might be more important than data in the remain-
ing period. According to an example embodiment, when the
health index is heart rate, stress index, or blood vessel
stiffness, the sampling profile 360 may store information that
identifies a predetermined interval including the onset point
of the heartbeat as the first interval, and define the remaining
interval other than the first interval as the second interval. In
addition, when the health index is blood pressure, the
sampling profile 360 may store information that identifies a
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systolic period of the heartbeat as the first interval, and
identifies the remaining interval, i.e., a diastolic period of the
heartbeat, other than the first interval as the second interval.

[0062] The sampling rate controller 320 may set a sam-
pling rate of the pulse wave sensor 210 to the first sampling
rate in the first interval, and set the sampling rate of the pulse
wave sensor 210 to the second sampling rate in the second
interval. The pulse wave sensor 210 may measure a pulse
wave signal (hereinafter referred to as a “non-equidistant
pulse wave signal”) which is non-equidistantly sampled
according to the sampling rate set by the sampling rate
controller 320. In other words, the samples of the pulse wave
signal are non-equidistantly spaced because the sampling
rate is different in the first interval than as compared to the
second interval. Put yet another way, samples corresponding
to the first interval may be spaced more closely together than
as compared to samples corresponding to the second intet-
val.

[0063] The signal reconstructor 330 may generate an
equidistantly sampled pulse wave signal by resampling the
non-equidistant pulse wave signal measured by the pulse
wave sensor 210. In this case, the signal reconstructor 330
may use various resampling methods.

[0064] The sampling profile manager 340 may identify an
onset point of a heartbeat, a systolic period of a heartbeat,
and a heartbeat cycle by analyzing the equidistant pulse
wave signal generated by the signal reconstructor 330. In
addition, the sampling profile manager 340 may update the
sampling profile 360 based on the identified onset point of
a heartbeat, a systolic period of a heartbeat, and a heartbeat
cycle. For example, the sampling profile manager 340 may
divide the equidistant pulse wave signal by cycle, identify a
local minimum point of the equidistant pulse wave signal
divided by cycle as an onset point of a heartbeat, and identify
a cycle of the equidistant pulse wave signal as a heartbeat
cycle. In addition, the sampling profile manager 340 may
obtain a second-order derivative signal of the equidistant
pulse wave signal divided by period, identify the third local
maximum point of the second-order derivative signal, and
identify that a period from the onset point of the heartbeat to
the third local maximum point is a systolic period of the
heartbeat.

[0065] The health index identifier 350 may identify a
health index (e.g., heart rate, blood vessel stiffness, stress
index, blood pressure, and the like) by analyzing the equi-
distant pulse wave signal generated by the signal reconstruc-
tor 330. For example, the health index identifier 350 may
identify an onset point of a heart beat and a heartbeat cycle
from the equidistant pulse wave signal, and identify a heart
rate of the object of interest. In another example, the health
index identifier 350 may identify blood vessel stiffness of
the object of interest using a PAT scheme. In still another
example, the health index identifier 350 may identify heart
rate variability, and identifv a stress index of the object of
interest based on the heart rate variability. In yet another
example, the health index estimator 350 may measure blood
pressure of the object of interest using a PWA method.

[0066] According to an example embodiment, sampling
rates are set differently in two separate intervals. Alterna-
tively, sampling rates may be set differently in three or more
separate intervals.

[0067] FIG. 4 is a diagram illustrating a sampling profile
according to an example embodiment. The sampling profile
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in FIG. 4 may be used during identification of heart rate,
stress index, or blood vessel stiffness.

[0068] Referring to FIG. 4, the sampling profile 400 for
identifying heart rate, stress index, or blood vessel stiffness
may store information that sets predetermined intervals 410
and 420 including onset points t0 and t0+7T of heartbeats as
first intervals to which a first sampling rate is to be applied,
and sets the remaining intervals 440 and 450, other than the
first intervals, as second intervals to which a second sam-
pling rate that is less than the first sampling rate is to be
applied. In the case of identification of heart rate, stress
index, or blood vessel stiffness, the processor 300 may set a
sampling rate of the pulse wave sensor 210 to the first
sampling rate in the first intervals 410 and 420, and set the
sampling rate of the pulse wave sensor 210 to the second
sampling rate, that is less than the first sampling rate, in the
second intervals 440 and 450. The processor 300 may set the
sampling rates based on a sampling profile 400, and the
pulse wave sensor 210 may sample a non-equidistant pulse
wave signal based on the sampling rates set by the processor
300.

[0069] FIG. 5 is a diagram illustrating a sampling profile
according to an example embodiment. The sampling profile
shown in FIG. 5 may be used to identify blood pressure.
[0070] Referring to FIG. 5, a sampling profile 500 for
identifying blood pressure may store information that iden-
tifies systolic periods 510 and 520 of heartbeats as first
intervals to which a first sampling rate is to be applied, and
that identifies the remaining intervals, i.e., diastolic periods
540 and 550, other than the first intervals, as second intervals
to which a second sampling rate, which is less than the first
sampling rate, is to be applied. In the case of identifying
blood pressure, the processor 300 may set a sampling rate of
the pulse wave sensor 210 to the first sampling rate in the
first intervals 510 and 520, and set the sampling rate of the
pulse wave sensor 210 to the second sampling rate, which is
less than the first sampling rate, in the second intervals 540
and 550 based on the sampling profile 500. Further, the pulse
wave sensor 210 may sample a non-equidistant pulse wave
signal based on the sampling rates set by the processor 300.
[0071] FIG. 6 is a block diagram illustrating a processor
according to an example embodiment. A processor 600
shown in FIG. 6 may correspond to the processor 220 of
FIG. 2.

[0072] Referring to FIG. 6, the processor 600 may include
an interval identifier 310, a sampling rate controller 320, a
signal reconstructor 330, a sampling profile manager 340, a
health index identifier 350, and a function activator 610.
Here, the interval identifier 310, the sampling rate controller
320, the signal reconstructor 330, the sampling profile
manager 340, and the health index identifier 350 may be
substantially the same as those described in association with
FIG. 3, and hence detailed descriptions thereof are not
reiterated.

[0073] The function activator 610 may activate or deacti-
vate a sampling rate control function. The sampling rate
control function may be a function of controlling a sampling
rate of the pulse wave sensor 210 for each interval.

[0074] For example, the function activator 610 may deac-
tivate the sampling rate control function based on the
processor 600 identifying, as a result of analyzing an equi-
distant pulse wave signal, that the equidistant pulse wave
signal is an abnormal heartbeat signal due to motion noise.
When the sampling rate control function is deactivated, the
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sampling rate controller 320 may set a sampling rate of the
pulse wave sensor 210 to a predetermined sampling rate, and
the pulse wave sensor 210 may operate at the set sampling
rate and measure an equidistantly sampled pulse wave
signal. When the function activator 610 analyzes the equi-
distantly sampled pulse wave signal and identifies that the
pulse wave signal is a normal heartbeat signal, the function
activator 610 may re-activate the sampling rate control
function.

[0075] FIG. 7 is a block diagram illustrating an apparatus
for measuring a bio-signal according to an example embodi-
ment. The apparatus 700 for measuring a bio-signal shown
in FIG. 7 may be disposed in the various electronic devices
described elsewhere herein.

[0076] Referring to FIG. 7, the apparatus 700 for measur-
ing a bio-signal may include a pulse wave sensor 210, a
processor 220, an input interface 710, a storage 720, a
communication interface 730, and an output interface 740.
Here, the pulse wave sensor 210 and the processor 220 may
be substantially the same as those described in association
with FIG. 2, and therefore detailed descriptions thereof are
not reiterated.

[0077] The input interface 710 may receive various opera-
tion signals based on a user input. According to an example
embodiment, the input interface 710 may include a key pad,
a dome switch, a touch pad (e.g., a resistive/capacitive touch
pad), a jog wheel, a jog switch, a hardware button, and the
like. In particular, when a touch pad has a layered structure
with a display, the structure may be referred to as a touch
screen.

[0078] Programs or commands for operation of the appa-
ratus 700 for measuring a bio-signal may be stored in the
storage 720, and data input to and output from the apparatus
700 for measuring a bio-signal may also be stored in the
storage 720. In addition, a measured pulse wave signal, a
sampling profile, an identified health index value, and the
like, may be stored in the storage 720. The storage 720 may
include at least one type of storage medium, such as a flash
memory type, a hard disk type, a multimedia card micro
type, 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), program-
mable read-only memory (PROM), a magnetic memory, a
magnetic disk, and an optical disk. In addition, the apparatus
700 for measuring a bio-signal may communicate with an
external storage medium, such as a web storage that per-
forms the storage function of the storage 720 on the Internet.
[0079] The communication interface 730 may communi-
cate with an external device. For example, the communica-
tion interface 730 may transmit the data input to, data stored
in, and data processed in the apparatus 700 to the external
device, and may receive various data that permits the
apparatus 700 to generate/update the sampling profile and
identify a health index from the external device.

[0080] In this case, the external device may be medical
equipment that uses the data which is input to, stored in, or
processed by the apparatus 700, or may be a printer or a
display device that outputs results. In addition, the external
device may include a digital TV, a desktop computer, a
mobile phone, a smartphone, a tablet computer, a notebook
computer, a PDA, a PMP, a navigation system, an MP3
player, a digital camera, a wearable device, and the like, but
is not limited thereto.
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[0081] The communication interface 730 may communi-
cate with the external device using Bluetooth communica-
tion, Bluetooth low energy (BLE) communication, near field
communication (NFC), wireless local access network
(WLAN) communication, ZigBee communication, infrared
data association (IrDA) communication, wireless fidelity
(Wi-Fi) communication, ultra-wideband (UWB) communi-
cation, Ant+ communication, Wi-Fi direct (WFD) commu-
nication, radio frequency identification (RFID) communica-
tion, third generation (3G) communication, fourth
generation (4G) communication, and fifth generation (5G)
communication. However, these are merely examples and
the types of communication are not limited thereto.

[0082] The output interface 740 may output the data input
to, stored in, or processed by the apparatus 700 for measur-
ing a bio-signal. According to an example embodiment, the
output interface 740 may output the data input to, stored in,
or processed by the apparatus 700 for measuring a bio-signal
using at least one of an audible method, a visual method, and
a tactile method. To this end, the output interface 740 may
include a display, a speaker, a vibrator, and the like.
[0083] FIG. 8 is a flowchart illustrating a method of
measuring a bio-signal according to an example embodi-
ment. The method shown in FIG. 8 may be performed by the
apparatus 200 or the apparatus 700 for measuring a bio-
signal of FIG. 2 or FIG. 7, respectively.

[0084] Referring to FIG. 8, the apparatus for measuring a
bio-signal may identify a first interval to which a first
sampling rate is to be applied, and a second interval to which
a second sampling rate is to be applied (step 810). Further,
the apparatus may identify the first interval and the second
interval based on a health index to be measured. Further still,
the apparatus may identify the first interval and the second
interval using a sampling profile. In this case, the sampling
profile may store information that maps a health index and
first and second intervals corresponding to the health index,
and may be generated in advance by analyzing a pulse wave
signal of the object of interest. For example, when the health
index is heart rate, stress index, or blood vessel stiffness, the
sampling profile may store information that sets a predeter-
mined interval including the onset point of the heartbeat as
the first interval, and sets the remaining interval other than
the first interval as the second interval. In addition, when the
health index is blood pressure, the sampling profile may
store information that sets a systolic period of the heartbeat
as the first interval, and sets the remaining interval, i.e., a
diastolic period of the heartbeat, other than the first interval
as the second interval.

[0085] The apparatus for measuring a bio-signal may set a
sampling rate of a pulse wave sensor to a first sampling rate
in the first interval, and set the sampling rate of the pulse
wave sensor to a second sampling rate in the second interval
(step 820), and may measure a non-equidistant pulse wave
signal based on the set sampling rate (step 830).

[0086] The apparatus for measuring a bio-signal may
generate an equidistant pulse wave signal by resampling the
measured non-equidistant pulse wave signal (step 840). In
this case, the apparatus for measuring a bio-signal may use
various resampling methods.

[0087] FIG. 9 is a flowchart illustrating a method of
measuring a bio-signal according to an example embodi-
ment. The method shown in FIG. 9 may be performed by the
apparatus 200 or the apparatus 700 for measuring a bio-
signal shown in FIG. 2 or FIG. 7, respectively.
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[0088] Referring to FIG. 9, the apparatus for measuring a
bio-signal may activate a sampling rate control function
(step 905), and may identify a first interval to which a first
sampling rate is to be applied, and a second interval to which
a second sampling rate is to be applied based on a health
index to be identified (step 910). The sampling rate control
function may be a function of controlling a sampling rate of
the pulse wave sensor for each interval.

[0089] The apparatus for measuring a bio-signal may set a
sampling rate of the pulse wave sensor to the first sampling
rate in the first interval, and set the sampling rate of the pulse
wave sensor to the second sampling rate in the second
interval (step 920), and may measure a non-equidistant pulse
wave signal (step 930).

[0090] The apparatus for measuring a bio-signal may
generate an equidistant pulse wave signal by resampling the
measured non-equidistant pulse wave signal (step 940).
[0091] The apparatus for measuring a bio-signal may
identify an onset point of a heartbeat, a systolic period of a
heartbeat, and a heartbeat cycle by analyzing the equidistant
pulse wave signal (step 950). For example, the apparatus for
measuring a bio-signal may divide the equidistant pulse
wave signal by cycle, identify a local minimum point of the
equidistant pulse wave signal divided by cycle as an onset
point of a heartbeat, and identify a cycle of the equidistant
pulse wave signal as a heartbeat cycle. In addition, the
apparatus for measuring a bio-signal may obtain a second-
order derivative signal of the equidistant pulse wave signal
divided by a period, identify the third local maximum point
of the second-order derivative signal, and identify that a
period from the onset point of the heartbeat to the third local
maximum point is a systolic period of the heartbeat.
[0092] If the apparatus for measuring a bio-signal identi-
fies, as a result of analyzing the equidistant pulse wave
signal, that the equidistant pulse wave signal is an abnormal
heartbeat signal (step 960—NO), then the apparatus for
measuring a bio-signal may deactivate the sampling rate
control function (step 990).

[0093] If the apparatus for measuring a bio-signal identi-
fies, as a result of analyzing the equidistant pulse wave
signal, that the equidistant pulse wave signal is a normal
heartbeat signal (step 960—YES), then the apparatus for
measuring a bio-signal may update the sampling profile
based on the onset point of a heartbeat, the systolic period
of a heartbeat, and the heartbeat cycle, which are identified
in step 950 (step 970).

[0094] The apparatus for measuring a bio-signal may
identify a health index (e.g., heart rate, blood vessel stiff-
ness, stress index, blood pressure, etc.) based on the equi-
distant pulse wave signal (step 980). For example, the
apparatus for measuring a bio-signal may identify a heart
rate of an object of interest based on the onset point of a
heartbeat and the heartbeat cycle identified from the equi-
distant pulse wave signal. In another example, the apparatus
for measuring a bio-signal may identify blood vessel stiff-
ness of the object of interest using a PAT scheme. In still
another example, the apparatus for measuring a bio-signal
may identify blood pressure of the object of interest using a
pulse waveform analysis (PWA) scheme.

[0095] Meanwhile, when a sampling rate control function
is deactivated (e.g., in step 990), the apparatus for measuring
a bio-signal may set a pulse wave sensor to a predetermined
sampling rate, and measure an equidistantly sampled pulse
wave signal. In addition, the apparatus for measuring a
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bio-signal may analyze the equidistantly sampled pulse
wave signal, and may re-activate the sampling rate control
function based on identifying that the pulse wave signal is a
normal heartbeat signal.

[0096] FIG. 10 is a diagram illustrating a wrist-type wear-
able device according to an example embodiment.

[0097] Referring to FIG. 10, the wrist-type wearable
device 1000 may include a strap 1010, and a main body
1020.

[0098] The strap 1010 may be divided into two members
that are connected to each end of the main body 1020, and
that are capable of being coupled to each other. Alterna-
tively, the strap 1010 may be integrally formed in the form
of a smart band. The strap 1010 may be formed of a flexible
material that wraps around a user’s wrist such that the main
body 1020 can be placed on the user’s wrist.

[0099] The main body 1020 may include the above-
described apparatus 200 or apparatus 700 for measuring a
bio-signal disposed therein. In addition, a battery for sup-
plying power to the wrist-type wearable device 1000 and the
apparatus 200 or apparatus 700 for measuring a bio-signal
may be embedded in the main body 1020.

[0100] A pulse wave sensor may be disposed in a lower
part of the main body 1020 such that the pulse wave sensor
is exposed to the wrist of the user. Accordingly, when the
user wears the wrist-type wearable device 1000, the pulse
wave sensor may be naturally brought into contact with the
skin of the user. In this case, the pulse wave sensor may emit
light towards the skin of the user, and acquire a pulse wave
signal of the user by receiving light reflected by or scattered
from the skin.

[0101] The wrist-type wearable device 1000 may further
include a display 1021 and an input interface 1022, which
are disposed on the main body 1020. The display 1021 may
display data processed by the wrist-type wearable device
1000 and the apparatus 200 or apparatus 700 for measuring
a bio-signal and processing result data. The input interface
1022 may receive various operation signals based on a user
input.

[0102] The example embodiments may be implemented as
computer readable code stored in a non-transitory computer-
readable medium. Code and code segments constituting the
computer program may be inferred by a person skilled in the
art. The computer-readable medium includes all types of
recording media in which computer-readable data is stored.
Examples of the computer-readable medium may include a
ROM, a RAM, a CD-ROM, a magnetic tape, a floppy disk,
and an optical data storage. Further, the computer-readable
medium may be implemented in the form of a carrier wave
such as Internet transmission. In addition, the computer-
readable medium may be distributed to computer systems
over a network, in which computer-readable code may be
stored and executed in a distributed manner.

[0103] A number of examples have been described above.
Nonetheless, it should be understood that various modifica-
tions may be made. For example, suitable results may be
achieved if the described techniques are performed in a
different order and/or if components in a described system,
architecture, device, or circuit are combined in a different
manner and/or replaced or supplemented by other compo-
nents or their equivalents. Accordingly, other implementa-
tions are within the scope of the following claims.
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What is claimed is:

1. An apparatus for measuring a bio-signal, comprising:

a pulse wave sensor configured to measure a pulse wave

signal, of an object of interest, that is non-equidistantly
sampled based on a sampling rate of the pulse wave
sensor; and

a processor configured to:

identify, using a sampling profile, a first interval based
on a health index to be measured;

identify, using the sampling profile, a second interval
based on the health index to be measured;

set the sampling rate of the pulse wave sensor to a first
sampling rate in the first interval; and

set the sampling rate of the pulse wave sensor to a
second sampling rate in the second interval, the
second sampling rate being less than the first sam-
pling rate.

2. The apparatus of claim 1, wherein the pulse wave signal
is a photoplethysmogram signal.

3. The apparatus of claim 1, wherein the health index
comprises at least one of a heart rate, a blood vessel stiffness,
a stress index, and a blood pressure.

4. The apparatus of claim 1, wherein the sampling profile
comprises information that maps the health index to be
measured, the first interval, and the second interval.

5. The apparatus of claim 1, wherein the processor is
further configured to:

identify a predetermined interval including an onset point

of a heartbeat as the first interval; and

identify a remaining interval as the second interval based

on the health index to be measured being at least one of
a heart rate, a blood vessel stiffness, and a stress index.

6. The apparatus of claim 1, wherein the processor is
further configured to:

identify a systolic period of a heartbeat as the first

interval; and

identify a remaining interval as the second interval based

on the health index to be measured being blood pres-
sure.

7. The apparatus of claim 1, wherein the processor is
further configured to generate an equidistantly sampled
pulse wave signal by resampling the non-equidistantly
sampled pulse wave signal.

8. The apparatus of claim 7, wherein the processor is
further configured to:

identify at least one of an onset point of a heartbeat, a

systolic period of a heartbeat, and a heartbeat cycle by
analyzing the generated equidistantly sampled pulse
wave signal; and

update the sampling profile based on the onset point of the

heartbeat, the systolic period of the heartbeat, or the
heartbeat cycle.

9. The apparatus of claim 7, wherein the processor is
further configured to identify the health index by analyzing
the equidistantly sampled pulse wave signal.

10. The apparatus of claim 7, wherein the processor is
further configured to:

identify that the equidistantly sampled pulse wave signal

is an abnormal heartbeat signal; and

deactivate a sampling rate control function based on

identifying that the equidistantly sampled pulse wave
signal is the abnormal heartbeat signal.
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11. A method of measuring a bio-signal, the method
comprising:

identifying, using a sampling profile, a first interval and a
second interval based on a health index to be measured;

setting a sampling rate of a pulse wave sensor to a first
sampling rate in the first interval,

setting the sampling rate of the pulse wave sensor to a
second sampling rate in the second interval, the second
sampling rate being less than the first sampling rate;
and

measuring a pulse wave signal of an object of interest that
is non-equidistantly sampled based the sampling rate of
the pulse wave sensor.

12. The method of claim 11, wherein the pulse wave

signal is a photoplethysmogram signal.

13. The method of ¢laim 11, wherein the health index
comprises at least one of a heart rate, a blood vessel stiffness,
a stress index, and a blood pressure.

14. The method of claim 11, wherein the sampling profile
comprises information that maps the health index, the first
interval, and the second interval.

15. The method of claim 11, wherein the identifying of the
first interval and the second interval comprises identifying a
predetermined interval including an onset point of a heart-
beat as the first interval and identifying a remaining interval
as the second interval based on the health index to be
measured being a heart rate, a blood vessel stiffness, or a
stress index.

16. The method of claim 11, wherein the identifying of the
first interval and the second interval comprises identifying a
systolic period of a heartbeat as the first interval and
identifying a remaining interval as the second interval based
on the health index to be measured being a blood pressure.

17. The method of claim 11, further comprising generat-
ing an equidistantly sampled pulse wave signal by resam-
pling the non-equidistantly sampled pulse wave signal.

18. The method of claim 17, further comprising:

identifying at least one of an onset point of a heartbeat, a
systolic period of a heartbeat, and a heartbeat cycle by
analyzing the generated equidistantly sampled pulse
wave signal; and

updating the sampling profile based on least one of the
onset point of the heartbeat, the systolic period of the
heartbeat, or the heartbeat cycle.

19. The method of claim 17, further comprising identi-
fying the health index by analyzing the equidistantly
sampled pulse wave signal.

20. The method of claim 17, further comprising;

identifying that the equidistantly sampled pulse wave
signal is an abnormal heartbeat signal; and

deactivating a sampling rate control function based on
identifying that the equidistantly sampled pulse wave
signal is the abnormal heartbeat signal.
21. A wearable device for measuring a heartbeat of a user,
comprising:
a photoplethysmogram (PPG) sensor configured to emit
light towards a skin surface of the user of the wearable
device based on a sampling rate of the PPG sensor; and
a processor configured to:
set the sampling rate of the PPG sensor to a first
sampling rate during a systolic portion of the heart-
beat of the user; and

set the sampling rate of the PPG sensor to a second
sampling rate, that is less than the first sampling rate,
during a diastolic portion of the heartbeat of the user.
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