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7) ABSTRACT

A bio-information measuring apparatus bio-information
measuring method are provided. The bio-information mea-
suring apparatus includes: a pulse wave obtainer configured
to obtain a pulse wave signal, and a processor configured to
correct a feature of the obtained pulse wave signal based on
a variation in an amplitude of the obtained pulse wave
signal, and to measure bio-information based on the cor-
rected feature.
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BIO-INFORMATION MEASURING
APPARATUS AND BIO-INFORMATION
MEASURING METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Korean Pat-
ent Application No. 10-2017-0184343, filed on Dec. 29,
2017 in the Korean Intellectual Property Office, the entire
disclosure of which is incorporated herein by reference.

BACKGROUND

1. Field

[0002] Example embodiments of the present disclosure
relate to technology for measuring bio-information in a
non-invasive manner, and more particularly to a bio-infor-
mation measuring apparatus and bio-information measuring
method.

2. Description of the Related Art

[0003] A photoplethysmography (PPG) signal may be
obtained by identifying a volume of blood present in a
specific body part. The PPG signal has an advantage in that
cardiovascular information may be obtained more simply
and economically in a non-invasive manner, such that a PPG
sensor for obtaining the PPG signal may be embedded in a
mobile terminal and the like to obtain a pulse wave signal.
[0004] The PPG signal has regular waveforms synchro-
nized with heartbeats, and the PPG waveform, which is
generally generated by each heartbeat, is formed by over-
lapping a plurality of dicrotic waves and reflected waves.
[0005] Therefore, by analyzing a shape of the PPG signal,
various types of hemodynamic information may be esti-
mated, and bio-information may be measured based on the
hemodynamic information.

[0006] As the hemodynamic information is governed by a
hydrodynamics equation, signal distortion may occur due to
a posture change or movement of an object.

[0007] Accordingly, research is being conducted to mea-
sure bio-information accurately even when an object moves,
or distortion of the PPG signal occurs.

SUMMARY

[0008] One or more example embodiments provide a
bio-information measuring apparatus and method thereof.
[0009] According to an aspect of an example embodiment,
there is provided a bio-information measuring apparatus
including a pulse wave obtainer configured to obtain a pulse
wave signal, and a processor configured to correct a feature
of the obtained pulse wave signal based on a variation in an
amplitude of the obtained pulse wave signal, and to measure
bio-information based on the corrected feature.

[0010] The variation in the amplitude of the pulse wave
signal may include a variation in a magnitude of a direct
current (DC) component or an alternating current (AC)
component of the pulse wave signal.

[0011] The processor may be further configured to extract
one or more features from the obtained pulse wave signal,
and to correct the extracted one or more features based on a
degree of dependence of the extracted one or more features
on a change in the amplitude of the pulse wave signal.
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[0012] The bio-information measuring, wherein in
response to the variation in the amplitude of the pulse wave
signal exceeding a threshold value, the processor may be
further configured to correct the feature by adjusting a
weighted value to be applied to correct the feature of the
pulse wave signal.

[0013] The processor may be configured to adjust the
weighted value to be applied to the feature of the pulse wave
signal based on a correlation between the variation in the
amplitude of the pulse wave signal and a variation in the
feature.

[0014] The processor may be further configured to exclude
a pulse wave signal, of which the amplitude variation
exceeds the threshold value, from the obtained pulse wave
signals.

[0015] The bio-information measuring apparatus, wherein
in response to excluding the pulse wave signal, the processor
may be further configured to control the pulse wave obtainer
to obtain a pulse wave signal.

[0016] The bio-information measuring apparatus, wherein
based on a type of the corrected feature and a degree of
correction, the processor may be further configured to cal-
culate reliability of bio-information estimated from the
feature of the pulse wave signal.

[0017] The processor may be further configured to calcu-
late a frequency of the change in the amplitude of the pulse
wave signal exceeding a threshold value, and to generate
guide information for changing a posture for measuring
bio-information or a position of a bio-information measuring
apparatus based on the calculated frequency.

[0018] The bio-information measuring apparatus may fur-
ther include an output interface configured to output at least
one of the pulse wave signal, the feature, an alarm generated
in response to the change in the amplitude of the pulse wave
signal, a guide information, user feature information, and the
reliability of the bio-information.

[0019] The bio-information may include at least one of
blood pressure, cardiac output, systemic vascular resistance,
vascular health, and depth of anesthesia.

[0020] According to an aspect of another example
embodiment, there is provided a bio-information measuring
method including obtaining a pulse wave signal, measuring
a variation in an amplitude of the obtained pulse wave
signal, correcting a feature of the obtained pulse wave signal
based on the measured variation in the amplitude of the
obtained pulse wave signal, and measuring bio-information
based on the corrected feature.

[0021] The variation in the amplitude of the pulse wave
signal may include a variation in a magnitude of a direct
current (DC) component or an alternating current (AC)
component of the pulse wave signal.

[0022] The correcting of the feature may include extract-
ing one or more features from the obtained pulse wave
signal, and correcting the extracted one or more features
based on a degree of dependence of the extracted features on
a change in the amplitude of the pulse wave signal.

[0023] The bio-information measuring method may fur-
ther include determining whether the variation in the ampli-
tude of the pulse wave signal exceeds a threshold value,
wherein in response to determination that the variation in the
amplitude of the pulse wave signal exceeds the threshold
value, the correcting of the feature includes correcting the
feature by adjusting a weighted value to be applied to correct
the feature of the pulse wave signal.
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[0024] The adjusting of the weighted value may include
adjusting the weighted value to be applied to the feature of
the pulse wave signal based on a correlation between the
variation in the amplitude of the pulse wave signal and a
variation in the feature.

[0025] The bio-information measuring method may fur-
ther include in response to the determination that the varia-
tion in the amplitude of the pulse wave signal exceeds the
threshold value, excluding a pulse wave signal, of which the
amplitude variation exceeds the threshold value, from the
obtained pulse wave signals, and in response to excluding
the pulse wave signal, controlling the pulse wave obtainer to
obtain a pulse wave signal.

[0026] The bio-information measuring method may fur-
ther include calculating reliability of bio-information esti-
mated from the features of the pulse wave signal based on
a type of the corrected features and a degree of correction.
[0027] The bio-information measuring method may fur-
ther include calculating frequency of change in the ampli-
tude of the pulse wave signal exceeding a threshold value,
and generating guide information for changing a posture for
measuring bio-information or a position of a bio-information
measuring apparatus based on the calculated frequency.
[0028] The bio-information measuring method may fur-
ther include outputting at least one of the pulse wave signal,
the feature, an alarm generated in response to the change in
the amplitude of the pulse wave signal, a guide information,
user feature information, and a reliability of the bio-infor-
mation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The and/or other aspects will become apparent and
more readily appreciated from the following description of
the example embodiments, taken in conjunction with the
accompanying drawings in which:

[0030] FIG.1isablock diagram illustrating an example of
a bio-information measuring apparatus according to an
example embodiment;

[0031] FIG. 2 is an example diagram explaining an
example of extracting features from a pulse wave signal
according to an example embodiment;

[0032] FIG. 3A is an example diagram explaining a
change in an amplitude of a pulse wave signal according to
an example embodiment;

[0033] FIG. 3B is a diagram illustrating an example of
measuring bio-information from the pulse wave signal of
FIG. 3A;

[0034] FIG. 3C is a diagram illustrating an example of
measuring bio-information by correcting features based on a
variation of a magnitude of an alternating current (AC)
component of the pulse wave signal of FIG. 3A;

[0035] FIG. 41s a block diagram illustrating an example of
a bio-information measuring apparatus according to an
example embodiment; and

[0036] FIG. 5 is a flowchart illustrating an example of a
bio-information measuring method according to an example
embodiment.

DETAILED DESCRIPTION

[0037] Hereinafter, example embodiments of the present
disclosure will be described in detail with reference to the
accompanying drawings. It should be noted that, in the
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drawings, the same reference symbols refer to same parts
although illustrated in other drawings.

[0038] 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.

[0039] Process steps described herein may be performed
differently from a specified order, unless a specified order is
clearly stated in the context of the disclosure. That is, each
step may be performed in a specified order, at substantially
the same time, or in a reverse order.

[0040] Further, the terms used throughout this specifica-
tion are defined in consideration of the functions according
to example embodiments, and can be varied according to a
purpose of a user or manager, or precedent and so on.
Therefore, definitions of the terms should be made on the
basis of the overall context.

[0041] Any references to singular may include plural
unless expressly stated otherwise. In the present specifica-
tion, it should be understood that the terms, such as ‘includ-
ing’ or ‘having,” etc., are intended to indicate the existence
of the features, numbers, steps, actions, components, parts,
or combinations thereof disclosed in the specification, 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.

[0042] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed
items. Expressions such as “at least one of,” when preceding
a list of elements, modify the entire list of elements and do
not modify the individual elements of the list. 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 ¢, both b and ¢, or all of a, b, and c.

[0043] FIG. 1is a block diagram illustrating an example of
a bio-information measuring apparatus according to an
example embodiment.

[0044] The bio-information measuring apparatus 100 may
obtain a pulse wave signal from an object, and may measure
bio-information of the object by analyzing a changed shape
of the obtained pulse wave signal. The object may include a
user using the bio-information measuring apparatus 100.

[0045] For example, the bio-information measuring appa-
ratus 100 may extract waveforms, corresponding to one or
more reflected waves and/or dicrotic waves, from the
obtained pulse wave signal, and may extract features for
measuring bio-information by combining the extracted
waveforms.

[0046] When a user moves during measurement of a pulse
wave signal, the amplitude of the pulse wave signal may
change as hydrostatic pressure changes. In this case, the
bio-information measuring apparatus 100 may correct fea-
tures extracted from the pulse wave signal by monitoring the
change in the pulse wave signal change.

[0047] For example, based on a change in a magnitude of
a direct current (DC) component and/or an alternating
current (AC) component of the obtained pulse wave signal,
the bio-information treasuring apparatus 100 may correct the
extracted features, and may measure bio-information by
using the corrected features.
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[0048] For example, the bio-information measuring appa-
ratus 100 may measure, as bio-information, blood pressure
by using a model for measuring bio-information such as the
following Equation 1.

BP, =agta,*fi+ay*f;

[0049] Here, BP_,, denotes an estimated blood pressure
value, a, denotes an offset value obtained when a user is in
astable state, f; and f, denote features extracted from a pulse
wave signal, and a, and a, denote basic weighted values
applied to the extracted features.

[0050] The bio-information measuring apparatus 100 may
emit light onto an object, and may obtain, as a pulse wave
signal, a photo plethysmography signal (hereinafter referred
to as a PPG signal) by detecting light reflected or scattered
from the object.

[0051] In the case of measuring blood pressure from the
PPG signal, the bio-signal measuring apparatus 100 may
extract features, having a high correlation with a cardiac
output (CO) which indicate the volume of blood pumped by
the heart in one minute, and features having a high corre-
lation with total peripheral resistance (TPR), from the PPG
signal formed by overlapping reflected waves and the
dicrotic waves, may apply a weighted value to each of the
features, and then may measure blood pressure by adding an
offset value which is equal to a blood pressure value
measured when a user is in a stable state.

[0052] For example, the bio-information measuring appa-
ratus 100 may be mounted in a wearable device smart watch,
etc.), and may obtain the PPG signal from a surface of the
wrist adjacent to the radial artery, and/or may be mounted in
a smart device and may obtain the PPG signal from a distal
part of the body, such as fingers, toes, and the like, which has
a high density of blood vessels in the body.

[0053] Upon obtaining the PPG signal, the bio-signal
measuring apparatus 100 may monitor a change in the
amplitude of the PPG signal, e.g., a variation in the mag-
nitude of the AC component and/or the DC component of the
PPG signal, and in response to the variation in the magnitude
of the AC component and the DC component of the PPG
signal exceeding a predetermined threshold value, the bio-
information measuring apparatus 100 may correct features
used for measuring bio-information by excluding the PPG
signal, or by adjusting a weight value applied to the features
extracted from the PPG signal.

[0054] In this manner, the bio-information measuring
apparatus 100 may calculate variation in the magnitude of
the DC component and/or AC component of the pulse wave
signal obtained from a user, and may correct features used
for measuring bio-information by adjusting the basic
weighted values a, and a, according to dependence of the
change in the features f; and f, on the variation in the
amplitude of the pulse wave signal, or by excluding the
obtained pulse wave signal according to the variation in the
amplitude of the pulse wave signal, and thereby improving
accuracy in measurement of bio-information.

[0055] The bio-information measuring apparatus 100 may
measure, from the pulse wave signal, bio-information which
includes, for example, blood pressure, vascular age, degree
of arteriosclerosis, cardiac output, systemic vascular resis-
tance, vascular health, stress index, degree of fatigue, and
depth of anesthesia.

[0056] According to an example embodiment, the bio-
information measuring apparatus 100 may measures blood

Equation 1
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pressure, but bio-information to be measured by the bio-
information measuring apparatus 100 is not limited thereto.
[0057] The bio-information measuring apparatus 100 may
be implemented as a software module or manufactured in
the form of a hardware chip to be embedded in various types
of electronic devices. In this case, examples of the electronic
devices may include a cellular phone, a smartphone, a tablet
personal computer (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. However, the electronic device is not
limited to the above examples, and may include various
devices.

[0058] Referring to FIG. 1, the bio-information measuring
apparatus 100 may chide a pulse wave obtainer 110 and a
processor 120.

[0059] The pulse wave obtainer 110 may obtain a pulse
wave signal from an object.

[0060] For example, the pulse wave obtainer 110 may
include a pulse wave sensor, and may obtain a pulse wave
signal from the pulse wave sensor which interfaces with the
object. In this case, the pulse wave sensor may include a
light source which emits light onto the object, and a detector
which detects light emitted by the light source and scattered
or reflected from body tissues of the object, such as the skin
surface, blood vessels, and the like.

[0061] The light source may include a light emitting diode
(LED), a laser diode (LD), a fluorescent body, and the like.
In the case where one or more light sources are provided,
each of the light sources may emit light of different wave-
lengths.

[0062] The detector may include one or more photo
diodes, photo transistors (PTr), image sensors (e.g., comple-
mentary metal-oxide semiconductor (CMOS) image sen-
sor), and the like. In the case where one or more detectors
are provided, light sources may be disposed at different
distances from each of the detectors. Here, the pulse wave
signal may be the PPG signal, but is not limited thereto.
[0063] The pulse wave obtainer 110 may communicate
with an external device to receive a pulse wave signal of a
user from the external device For example, the pulse wave
obtainer 110 may receive pulse wave data of a user from the
external device by using Bluetooth communication, Blu-
etooth low energy (BLE) communication, near field com-
munication (NFC), wireless local area network (WLAN)
communication, Zigbee communication, infrared data asso-
ciation (IrDA) communication, Wi-Fi Direct (WFD) com-
munication, ultra-wideband (UWB) communication, Ant+
communication, Wi-Fi communication, radio frequency
identification (RFID) communication, and the like.

[0064] Further, examples of the external 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. However, the
external device is not limited thereto, and may include
various devices for storing or measuring pulse wave data of
a user.

[0065] FIG. 2 is an example diagram explaining an
example of extracting features from a pulse wave signal.
[0066] Referring to FIGS. 1 and 2, the processor 120 may
extract one or more features from a pulse wave signal.
[0067] Referring to FIG. 2, a pulse wave signal (e.g., PPG
signal) obtained by the pulse wave obtainer 110 may be
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formed by overlapping a plurality of reflected waves and
dicrotic waves. In this case, the processor 120 may extract
one or more reflected waves or dicrotic waves P1, P2, P3, .
. and Pn from the pulse wave signal by analyzing the
shape of the obtained pulse wave signal, and may extract
features, which have a higher correlation with bio-informa-
tion, from a combination of feature values (e.g., maximum
value, minimum value, period, frequency, etc.) of the
extracted one or more reflected waves or dicrotic waves.
[0068] Further, the processor 120 may calculate a varia-
tion in an amplitude of the obtained pulse wave.
[0069] For example, while a pulse wave signal is obtained
from a user, a measurement posture of the user may be
changed or a user may move, such that the amplitude of the
pulse wave signal may be changed by a relative position
change of an examination point with respect to a reference
point.
[0070] For example, when the reference point is the posi-
tion of the heart of a user, and the examination point may be
a finger of the user. In the case, when a distance between the
reference point and the examination point changes relative
to the direction of gravity by the user’s movement while the
pulse wave signal is being detected, the amplitude of the
pulse wave signal may change due to an effect of hydrostatic
pressure.
[0071] For example, in the case where the examination
point is located at a higher position than the reference point,
the magnitude of the AC component of the pulse wave signal
may increase, and the magnitude of the DC component of
the pulse wave signal may increase because of a reduced
volume of blood at the examination point.
[0072] When the examination point is located at a lower
position than the reference point, the magnitude of the AC
component of the pulse wave signal may decrease, and the
magnitude of the DC component of the pulse wave signal
may decrease with an increased volume of blood at the point
to be examined.
[0073] As described above, when the pulse wave signal is
obtained, a posture change or movement of a user, particu-
larly a change in the examination point relative to the
direction of gravity with respect to the reference point, may
cause the amplitude of the pulse wave signal to change based
on change of the effect of hydrostatic pressure, and the
change in the amplitude of the pulse wave signal, which is
caused by a posture change or movement of a user, may be
a factor in reducing accuracy of measurement of bio-infor-
mation.
[0074] Accordingly, by analyzing the shape of the pulse
wave signal, the processor 120 may calculate a change in the
amplitude of the pulse wave signal which is caused by the
movement of a user.
[0075] FIG. 3A is an exemplary diagram illustrating a
change in an amplitude of a pulse wave signal.
[0076] FIG. 3A illustrates an AC component of a PPG
signal and a heart rate of a user when the user is in stable
state without movement, and a change in the magnitude of
the AC component of the PPG signal which is caused by
movement of a user during a time period from t; to t,.
[0077] InFIG. 3A, the change in the magnitude of the AC
component of the PPG signal, which occurs during the time
period of't, to t,, is caused when a user moves while the PPG
signal is continuously measured, and an examination point
which is, for example, a finger is moved to a lower position
than the position of the heart which is a reference point, in
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which case the magnitude of the AC component of the PPG
signal significantly decreases. As described above, a user’s
movement or posture change during measurement of the
pulse wave signal may cause a significant change in the AC
component of the pulse wave signal, and the processor 120
may detect a change in the magnitude of the AC component
of the pulse wave signal, and may calculate a variation
therein.

[0078] According to an example embodiment, features,
extracted from the pulse wave signal, may be corrected
based on the change in the AC component of the pulse wave
signal, which is caused by a user’s movement or posture
change during measurement of the pulse wave signal. How-
ever, example embodiments are not limited thereto, and
features, extracted from the pulse wave signal, may be
corrected based on a change in, for example, the DC
component of the pulse wave signal.

[0079] The processor 120 may correct features for mea-
suring bio-information based on a variation in the amplitude
of the pulse wave signal.

[0080] For example, the processor 120 may compare a
variation in the amplitude of the pulse wave signal with a
predetermined threshold value. Upon comparison, in
response to the variation in the amplitude of the pulse wave
signal exceeding the predetermined threshold value, the
processor 120 may correct features for measuring bio-
information by adjusting a weighted value to be applied to
correct features of the pulse wave signal.

[0081] For example, the processor 120 may correct fea-
tures according to dependence of the features on the change
in the amplitude of the pulse wave signal.

[0082] For example, based on the dependence of the
features on the change in the amplitude of the pulse wave
signal, the processor 120 may adjust a basic weighted value,
applied to features which change more sensitively in
response to the change in the amplitude of the pulse wave
signal, to be lowered, and may adjust a basic weighted value,
applied to features which change less sensitively in response
to the change in the amplitude of the pulse wave signal, to
be increased.

[0083] That is, the processor 120 may correct features for
measuring bio-information by adjusting a weighted value to
be applied to correct the extracted features according to how
sensitively a features changes in response to a change in the
amplitude of the pulse wave signal.

[0084] Further, when determining a weighted value to be
applied to correct the features of the pulse wave signal, the
processor 120 may adjust a weighted value to be applied to
the features of the pulse wave signal by using a correlation
model which is pre-generated based on a correlation
between the variation in the amplitude of the pulse wave
signal and a variation in the features.

[0085] In this case, the processor 120 may use a correla-
tion model which is pre-generated by machine learning
based on a correlation between the variation in the amplitude
of the pulse wave signal and the variation in the features, and
may also receive the correlation model from an external
device.

[0086] As described above, even when the amplitude of
the pulse wave signal is changed by a change in a user’s
posture, the processor 120 may more accurately measure
bio-information by adjusting a weighted value applied to the
features according to the change in the amplitude of the
pulse wave signal.
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[0087] In another example, the processor 120 may com-
pare the variation in the amplitude of the pulse wave signal
with a predetermined threshold value, and upon comparison,
in response to the variation in the amplitude of the pulse
wave signal exceeding the predetermined threshold value,
the processor 120 may determine that the obtained pulse
wave signal is less accurate, and may exclude the pulse wave
signal.

[0088] For example, in the case where a plurality of pulse
wave signals are obtained for measuring bio-information,
the processor 120 may exclude a pulse wave signal, of which
the amplitude variation exceeds a predetermined threshold
value, from the obtained pulse wave signals, and may extract
features of only the pulse wave signals, of which the
amplitude variation does not exceed the predetermined
threshold value.

[0089] In this manner, by excluding a pulse wave signal of
which the amplitude variation exceeds a predetermined
threshold value, from the plurality of pulse wave signals,
and by extracting features of only the pulse wave signals of
which the amplitude variation is within the predetermined
threshold value, the processor 120 may improve accuracy of
measurement of the bio-signal.

[0090] In addition, upon excluding the pulse wave signal,
the processor 120 may control the pulse wave obtainer 110
to re-obtain a pulse wave signal.

[0091] For example, in the case where a plurality of pulse
wave signals are required for measuring bio-information, the
processor 120 may obtain new pulse wave signals, the
number of which may correspond to the number of excluded
pulse wave signals.

[0092] However, the processor 120 is not limited thereto,
and when measuring bio-information continuously by using
successively obtained pulse wave signals, the processor 120
may exclude a pulse wave signal of which the amplitude
variation exceeds a predetermined threshold value, and may
generate warning information. After generating the warning
information, the processor 120 may control the pulse wave
obtainer 110 to newly obtain a pulse wave signal. In this
case, the warning information may be an alarm which
notifies excluding of the pulse wave signal, and stopping of
continuous measurement of bio-information.

[0093] Further, the processor 120 may directly obtain a
pulse wave signal by controlling the pulse wave obtainer
110. However, the processor 120 is not limited thereto, and
may obtain a pulse wave signal from an external apparatus
for measuring a pulse wave signal through wired or wireless
communications.

[0094] FIG. 3B is a diagram illustrating an example of
measuring bio-information from the pulse wave signal of
FIG. 3A, and FIG. 3C is a diagram illustrating an example
of measuring bio-information by correcting features based
on a variation of a magnitude of an AC component of a pulse
wave signal of FIG. 3A.

[0095] FIGS. 3B and 3C illustrate actual systolic blood
pressure 31, estimated systolic blood pressure 31', actual
diastolic blood pressure 32, estimated diastolic blood. pres-
sure 32', an actual heart rate 33, an estimated heart rate 33/,
and a correlation coefficient between actual values and
estimated values of the systolic pressure and the diastolic
pressure.

[0096] Referring to FIGS. 3A and 3B, where a user moves
during a time period of t; to t,, feature 1 more sensitively
changes during the time period of t, to t, as compared to
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feature 2. Further, a fourth estimated systolic blood pressure
31" and the fourth estimated diastolic blood pressure 32',
which is estimated based on features obtained during the
time period of t; to t,, is lower compared to the actual
systolic blood pressure 31 and the actual diastolic blood
pressure 32, and underestimated.

[0097] Referring back to FIG. 3A, it can be understood
that while the increase in blood pressure due to an increased
heart rate may be estimated by analyzing the shape of a PPG
signal, the heart rate may less sensitively change during the
time period of t; to t, when the magnitude of the AC
component of the pulse wave signal significantly changes by
a user’s movement.

[0098] Further, referring to FIG. 3B, it can be seen that
even when the feature 1 is sensitively changed by a signifi-
cant change in the magnitude of the AC component of e
pulse wave signal, there is a higher correlation between the
actual heart rate 33 and the estimated heart rate which
indicates that underestimation of blood pressure due to a
user’s movement is not dependent only on a change in a
heartbeat.

[0099] Accordingly, the processor 120 may correct fea-
tures by adjusting a basic weighted value to correct a feature
change caused by a user’s movement.

[0100] Referring to FIGS. 3B and 3C, the processor 120
may calculate a feature 1' and a feature 2' which are
respectively corrected by decreasing a basic weighted value
of the feature 1 more sensitive to a change in the magnitude
of the AC component of the pulse wave signal, and by
increasing a basic weighted value of the feature 2 more
insensitive to a change in the magnitude of the AC compo-
nent of the pulse wave signal.

[0101] FIG. 3C is a diagram illustrating an estimation
result of blood pressure based on the feature 1' and the
feature 2' which are corrected from the feature 1 and the
feature 2.

[0102] Referring to the estimation result of FIG. 3C, it can
be seen that blood pressure estimated based on the feature 1'
and the feature 2', which are corrected from the feature 1 and
the feature 2 based on the change in the amplitude of the
pulse wave signal, shows a correlation coeflicient of the
systolic blood pressure (SBP) increasing from 0.24 to 0.83
and a correlation coefficient of the diastolic blood pressure
(DBP) increasing from 0.80 to 0.92 when compared to those
before the correction of features, such that blood pressure
may be estimated more accurately from the pulse wave
signal.

[0103] As described above, by adaptively adjusting a basic
weighted value applied to the extracted features according to
a change in the amplitude of the pulse wave signal, the
processor 120 may correct the features, and by measuring
bio-information using the corrected features, the processor
120 may measure bio-information more accurately even
when a user moves.

[0104] The processor 120 may calculate reliability of
bio-information, which is estimated from the features of the
pulse wave signal, based on the types of the corrected
features and a degree of correction.

[0105] Forexample, it is assumed that between the feature
1 and the feature 2 which are extracted from the pulse wave
signal, the feature 1 has a higher correlation with bio-
information to be measured than the feature 2.

[0106] In the case where the feature 1 is changed more
sensitively than feature 2 to a change in the amplitude of the
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pulse wave signal, the processor 120 may correct the feature
1 and the feature 2 by adjusting a weighted value applied to
the feature 1 and the feature 2. In this case, by considering
that accuracy of bio-information measured from the pulse
wave signal may be low, the processor 120 may calculate
that reliability of the measured bio-information is low.
[0107] According to an example embodiment, when the
feature 1 and the feature 2 are changed more insensitively to
a change in the amplitude of the pulse wave signal, the
processor 120 may calculate that reliability of the measured
bio-information is high.

[0108] That is, when measuring bio-information from the
pulse wave signal, the processor 120 may calculate reliabil-
ity of the measured bin-information based on a variation in
the feature, which has a higher correlation with bio-infor-
mation to be measured, among the features extracted from
the pulse wave signal.

[0109] According to an example embodiment, the proces-
sor 120 may calculate reliability according to a degree of
adjustment of a weighted value for correcting features. For
example, in response to a degree of adjustment of a weighted
value for correcting features being within 10% of the basic
weighted value, the processor 120 may calculate that reli-
ability of the measured bio-information is high, and in
response to a degree of adjustment of a weighted value for
correcting features exceeding 20% of the basic weighted
value, the processor 120 may calculate that reliability of the
measured bio-information is low.

[0110] Further, the processor 120 may adjust a calculation
reference of reliability according to the types and/or purpose
of use of bio-information to be measured.

[0111] For example, when a type of the measured bio-
information is blood pressure, and the measured bin-infor-
mation is used for medical purposes or medical examination
purposes, the processor 120 may adjust the calculation
reference of reliability to a higher level. For example, when
correcting features by adjusting a weighted value which has
a higher correlation with bio-information, the processor 120
may calculate that reliability of the measured bin-informa-
tion is low, or when a degree of adjustment of a weighted
value for correcting features exceeds 5% of the basic
weighted value, the processor 120 may calculate that reli-
ability of the measured bin-information is low. Based on
calculating the reliability of the measured bio-information,
accuracy of measurement may improve.

[0112] The processor 120 may measure bio-information
by using the corrected features. For example, the processor
120 may measure bio-information by using a bio-informa-
tion estimation model which is generated based on a corre-
lation between the corrected features and bio-information to
be measured.

[0113] In this case, the processor 120 may generate the
bio-information estimation model by machine learning
based on a correlation between the features, extracted from
a pulse wave signal, and bio-information to be measured,
and may also receive a pre-generated bio-information esti-
mation model from an external device through wired or
wireless communications.

[0114] The processor 120 may calculate frequency where
a change in the amplitude of the pulse wave signal exceeds
a threshold value, and may generate guide information for
changing a posture for measuring bio-information or a
position of a bio-information measuring apparatus based on
the calculated frequency.
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[0115] For example, the processor 120 may calculate
frequency where a variation in the amplitude of the pulse
wave signal exceeds a threshold value, and in response to the
calculated frequency being higher than a predetermined
reference frequency, or in response to the number of pulse
wave signals, of which an amplitude variation exceeds a
threshold value, exceeding a predetermined proportion of
the number of the obtained pulse wave signals, the processor
120 may generate guide information for changing a posture
for measuring bio-information or a position of a bio-infor-
mation measuring apparatus.

[0116] For example, the bio-information measuring appa-
ratus 100 may include one or more sensors, for example,
acceleration sensor, gyro sensor, proximity sensor, camera,
etc., which detect a relative position of the bio-information
measuring apparatus 100 with respect to a user. In this case,
the, processor 120 may generate guide information for
changing a posture for measuring bio-information or a
position of a bio-information measuring apparatus based on
the relative position of the bio-information measuring appa-
ratus 100, which is obtained by a sensor, with respect to a
user.

[0117] For example, the processor 120 may determine, as
an examination point, the relative position of the bio-
information measuring apparatus 100, which is obtained by
a sensor, with respect to a user.

[0118] For example, in the case where the examination
point is located at a different position from a reference point
relative to the direction of gravity, the processor 120 may
estimate a hydrostatic pressure condition of the estimated
blood pressure based on the hydrostatic pressure effect.

[0119] In the hydrostatic pressure condition, if an exami-
nation point is located at a higher position than a reference
point, hydrostatic pressure is decreased. In contrast, if an
examination point is located at a lower position than a
reference point, hydrostatic pressure is increased. Accord-
ingly, the processor 120 may generate guide information for
guiding a user to a measurement posture at which the
reference point and the examination point are located at an
equal position.

[0120] FIG. 4is a block diagram illustrating an example of
a bio-information measuring apparatus according to an
example embodiment.

[0121] Referring to FIG. 4, the bio-information measuring
apparatus 400 may include a pulse wave obtainer 410, a
processor 420, an input interface 430, a storage 440, a
communication interface 450, and an output interface 460.
Here, the pulse wave obtainer 410 and the processor 420
generally perform the same function as the pulse wave
obtainer 110 and the processor 120 described above with
reference to FIG. 1.

[0122] The input interface 430 may receive input of vari-
ous operation signals from a user. For example, the input
interface 430 may include a keypad, a dome switch, a touch
pad (static pressure/capacitance), a jog wheel, a jog switch,
ahardware (H/W) button, and the like. The touch pad, which
forms a layer structure with a display, may be called a touch
screet.

[0123] The storage 440 may store programs or commands
for operation of the bio-information measuring apparatus
400, and may store data input to and output from the
bio-information measuring apparatus 400. Further, the stor-
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age 440 may store pulse wave data measured by the pulse
wave obtainer 410, bio-information measured by the pro-
cessor 420, and the like.

[0124] The storage 440 may include at least one storage
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 random access
memory (SRAM), a read only memory (ROM), an electri-
cally erasable programmable read only memory (EE-
PROM), a programmable read only memory (PROM), a
magnetic memory, a magnetic disk, and an optical disk, and
the like. Further, the bio-information measuring apparatus
400 may operate an external storage medium, such as web
storage and the like, which performs a storage function of
the storage 440 on the Internet.

[0125] The communication interface 450 may perform
communication with an external device. For example, the
communication interface 450 may transmit, to the external
device, data input from a user through the input interface
430, a user’s pulse wave signal obtained by the pulse wave
obtainer 110, the bio-information measured by the processor
420, location information of the bio-information measuring
apparatus 400, the features extracted from the pulse wave
signal, the corrected features, and the like; or may receive
various data, such as a correlation model between features
and weighted values, and the like, for correcting features.
[0126] In this case, the external device may be medical
equipment using the measured bio-information a printer to
print out results, or a display to display the measured
bio-information, the extracted features and/or the corrected
features. In addition, the external device may be a digital
television (TV), a desktop 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 camera, a wearable
device, and the like, but is not limited thereto.

[0127] The communication interface 450 may communi-
cate with an external device by using Bluetooth communi-
cation, Bluetooth low energy (BLE) communication, near
field communication (NFC), WLAN communication, Zig-
bee communication, infrared data association (IrDA) com-
munication, Wi-Fi Direct (WFD) communication, ultra-
wideband (UWB) communication, Ant+ communication,
Wi-Fi communication, radio frequency identification
(RFID) communication, 3G communication, 4G communi-
cation, 5G communication, and the like. However, example
embodiments are not limited thereto.

[0128] The output interface 460 may output at least one of
the pulse wave signal, the extracted features, the corrected
features, the measured bio-information, a warning, and
guide information.

[0129] For example, the output interface 460 may output
at least one of the pulse wave signal, the extracted features,
the corrected features, the measured bio-information, the
warning, and the guide information by using at least one of
an acoustic method, a visual method, and a tactile method.
For example, the output interface 460 may include a display,
a speaker, a vibrator, and the like.

[0130] FIG. 5 is a flowchart illustrating an example of a
bio-information measuring method. The bio-information
measuring method of FIG. 5 may be performed by the
bio-information measuring apparatuses 100 and 400 illus-
trated in FIGS. 1 and 4.
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[0131] The bio-information measuring apparatus 100 may
obtain a pulse signal in 510.

[0132] For example, the bio-information measuring appa-
ratus 100 may include a pulse wave sensor, and may obtain
a pulse wave signal from the pulse wave sensor which
interfaces with an object. In this case, the pulse wave sensor
may include a light source which emits light onto the object,
and a detector which detects light emitted by the light source
and scattered or reflected from body tissues of the object,
such as the skin surface, blood vessels, and the like.
[0133] The bio-information measuring apparatus 100 may
emit light onto an object, and may detect a pulse wave signal
by detecting light scattered or reflected from the object.
However, the bio-information measuring apparatus 100 is
not limited thereto, and may communicate with an external
device to receive a user’s pulse wave signal from the
external device.

[0134] Upon measuring the pulse wave signal, the bio-
information measuring apparatus 100 may extract features
from the obtained pulse wave signal in 520. For example, the
obtained pulse wave signal may be formed by overlapping
a plurality of reflected waves and dicrotic waves.

[0135] In this case, the bio-information measuring appa-
ratus 100 may extract one or more reflected waves or
dicrotic waves P1, P2, P3, . . ., and Pn from the pulse wave
signal by analyzing the shape of the obtained pulse wave
signal, and may extract features, which have a higher
correlation with bio-information, from a combination of
feature values of the extracted one or more, reflected waves
or dicrotic waves.

[0136] Then, the bio-information measuring apparatus
100 may calculate a change in an amplitude of the obtained
pulse wave signal in 530.

[0137] For example, when a pulse wave signal is obtained
from a user, the amplitude of the pulse wave signal may
change based on a position change of an examination point
with respect to a reference point.

[0138] For example, when the examination point is
located at a higher position than the reference point, the
magnitude of the AC component of the PPG waveform may
increase, and the magnitude of the DC component of the
PPG waveform may increase with a reduced volume of
blood at the examination point. In contrast, when the exami-
nation point is located at a lower position than the reference
point, the magnitude of the AC component of the PPG
waveform may decrease, and the magnitude of the DC
component of the PPG waveform may decrease with an
increased volume of blood at the examination point.
[0139] Accordingly, the bio-information measuring appa-
ratus 100 may calculate a change in the amplitude of the
pulse wave signal, which is caused by a movement, by
analyzing a shape of the pulse wave signal.

[0140] The bio-information measuring apparatus 100 may
compare a variation in the amplitude of the pulse wave
signal with a predetermined threshold value in 540.

[0141] For example, the bio-information measuring appa-
ratus 100 may calculate a change in the amplitude of the
pulse wave signal, which is caused by a movement, by
analyzing a shape of the pulse wave signal, and may
determine whether the calculated variation in the amplitude
of the pulse wave signal exceeds the predetermined thresh-
old value.

[0142] The bio-information measuring apparatus 100 may
correct the extracted features or may measure bio-informa-
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tion based on the comparison between the variation in the
amplitude of the pulse wave signal and the threshold value.

[0143] For example, based on the comparison, in response
to the variation in the amplitude of the pulse wave signal
exceeding the threshold value, the bio-information measur-
ing apparatus 100 may adjust a weighted value to be applied
to the extracted features in 550.

[0144] For example, the bio-information measuring appa-
ratus 100 may correct the features according to dependence
of the features on the change in the amplitude of the pulse
wave signal.

[0145] Based on the dependence of the features on the
change in the amplitude of the pulse wave signal, the
bio-information measuring apparatus 100 may adjust a basic
weighted value applied to features which change more
sensitively to the change in the amplitude of the pulse wave
signal, to be lowered, and may adjust a basic weighted value
applied to features which change more insensitively to the
change in the amplitude of the pulse wave signal, to be
increased.

[0146] That is, the bio-information measuring apparatus
100 may correct features for measuring bio-information by
adjusting a weighted value to be applied to correct the
extracted features according to a change of features depend-
ing on the change in the amplitude of the pulse wave signal.

[0147] Further, when determining a weighted value to be
applied to correct the features of the pulse wave signal, the
bio-information measuring apparatus 100 may adjust a
weighted value to be applied to the features of the pulse
wave signal by using a correlation model which is pre-
generated based on a correlation between the variation in the
amplitude of the pulse wave signal and a variation in the
features.

[0148] According to an example embodiment, upon com-
paring the variation in the amplitude of the pulse wave signal
with a predetermined threshold value, in response to the
variation in the amplitude of the pulse wave signal exceed-
ing the predetermined threshold value, the bio-information
measuring apparatus 100 may determine that the obtained
pulse wave signal is less accurate, and may exclude the pulse
wave signal.

[0149] For example, when a plurality of pulse wave sig-
nals are obtained for measuring bio-information, the bio-
information measuring apparatus 100 may exclude a pulse
wave signal, of which an amplitude variation exceeds a
predetermined threshold value, from the obtained pulse
wave signals, and may extract features of only the pulse
wave signals, of which the amplitude variation does not
exceed the predetermined threshold value.

[0150] In this manner, by excluding a pulse wave signal of
which the amplitude variation exceeds a predetermined
threshold value from the plurality of pulse wave signals, and
by extracting features of only the pulse wave signals of
which the amplitude variation is within the predetermined
threshold value, the bio-information measuring apparatus
100 may improving accuracy of the measured bio-signal.

[0151] In addition, the bio-information measuring appa-
ratus 100 may calculate reliability of bio-information, which
is estimated from the features of the pulse wave signal,
based on the types of the corrected features and a degree of
correction.

Jul. 4,2019

[0152] For example, it is assumed that between feature 1
and feature 2 extracted from the pulse wave signal, the
feature 1 has a higher correlation with bio-information to be
measured than the feature 2.

[0153] In the case where the feature 1 changes more
sensitively than the feature 2 to a change in the amplitude of
the pulse wave signal, the bio-information measuring appa-
ratus 100 may correct the feature 1 and the feature 2 by
adjusting a weighted value applied to the feature 1 and the
feature 2. In this case, by considering that accuracy of
bio-information measured from the pulse wave signal may
be low, the bio-information measuring apparatus 100 may
calculate that reliability of the measured bio-information is
low.

[0154] According to an example embodiment, when the
feature 1 and the feature 2 change less sensitively to a
change in the amplitude of the pulse wave signal, the
bio-information measuring apparatus 100 may calculate that
reliability of the measured bio-information is high.

[0155] That is, when measuring bio-information from the
pulse wave signal, the bio-information measuring apparatus
100 may calculate reliability of the measured bio-informa-
tion based on a variation in the feature, which has a higher
correlation with bio-information to be measured, among the
features extracted from the pulse wave signal.

[0156] According to an example embodiment, the bio-
information measuring apparatus 100 may calculate reliabil-
ity according to a degree of adjustment of a weighted value
for correcting features. For example, in response to a degree
of adjustment of a weighted value for correcting features
being within 10% of the basic weighted value, the bio-
information measuring apparatus 100 may calculate that
reliability of the measured bio-information is high, and in
response to a degree of adjustment of a weighted value for
correcting features exceeding 20% of the basic weighted
value, the bio-information measuring apparatus 100 may
calculate that reliability of the measured bio-information is
low.

[0157] Further, the bio-information measuring apparatus
100 may adjust a calculation reference of reliability accord-
ing to the types and/or purpose of use of bio-information to
be measured.

[0158] For example, in the case where a type of the
measured bio-information is blood pressure, and the mea-
sured bio-information is used for medical purposes or medi-
cal examination purposes, the bio-information measuring
apparatus 100 may adjust the calculation reference of reli-
ability to a higher level. For example, when correcting
features by adjusting a weighted value which has a higher
correlation with bio-information, the bio-information mea-
suring apparatus 100 may calculate that reliability of the
measured bio-information is low, or in the case where a
degree of adjustment of a weighted value for correcting
features exceeds 5% of the basic weighted value, the bio-
information measuring apparatus 100 may calculate that
reliability of the measured bio-information is low. Based on
calculating the reliability of the measured bio-information,
accuracy of measurement may improve.

[0159] The bio-information measuring apparatus 100 may
calculate frequency that a change in the amplitude of the
pulse wave signal exceeds a threshold value, and may
generate guide information for changing a posture for mea-
suring bio-information or a position of a bio-information
measuring apparatus based on the calculated frequency.
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[0160] For example, the bio-information treasuring appa-
ratus 100 may calculate frequency that a variation in the
amplitude of the pulse wave signal exceeds a threshold
value, and in response to the calculated frequency being
higher than a predetermined reference frequency, or in
response to the number of pulse wave signals of which an
amplitude variation exceeds a threshold value exceeding a
predetermined proportion of the number of the obtained
pulse wave signals, the bio-information measuring apparatus
100 may generate guide information for changing a posture
for measuring bio-information or a position of a bio-infor-
mation measuring apparatus.

[0161] For example, the bio-information measuring appa-
ratus 100 may generate guide information for changing a
position of the bio-information measuring apparatus by
considering a hydrostatic pressure condition. In the hydro-
static pressure condition, if an examination point is located
at a higher position than a reference point, hydrostatic
pressure is decreased, by contrast, if an examination point is
located at a lower position than a reference point, hydrostatic
pressure is increased. Accordingly, the bio-information mea-
suring apparatus 100 may generate guide information for
guiding a user to a measurement posture at which the
reference point and the examination point are located at an
equal position.

[0162] The bio-information measuring apparatus 100 may
measure bio-information based on the features extracted
from the pulse wave signal in 560.

[0163] For example, in response to the variation in the
amplitude of the pulse wave signal exceeding a threshold
value, the bio-information measuring apparatus 100 may
measure bio-information based on the corrected features. In
response to the variation in the amplitude of the pulse wave
signal not exceeding the threshold value, the bio-informa-
tion measuring apparatus 100 may measure bio-information
based on the extracted features.

[0164] In this case, the bio-information measuring appa-
ratus 100 may measure bio-information by using a bio-
information estimation model generated based on a corre-
lation between the extracted features and bio-information to
be measured.

[0165] The bio-information measuring apparatus 100 may
generate the bio-information estimation model by machine
learning based on a correlation between the features,
extracted from a pulse wave signal, and bio-information to
be measured, and may also receive a pre-generated bio-
information estimation model from an external device
through wired or wireless communications.

[0166] Upon measuring the bio-information, the bio-in-
formation measuring apparatus 100 may display at least one
of the obtained pulse wave signal, the extracted features, the
corrected features, the measured bio-information, the warn-
ing, and the guide information.

[0167] The present disclosure can be realized as a com-
puter-readable code written on a computer-readable record-
ing medium. Codes and code segments needed for realizing
the present disclosure can be easily deduced by computer
programmers 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
computer-readable recording medium can be distributed
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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 manner.
[0168] While one or more embodiments have been
described with reference to the figures, it will be understood
by those of ordinary skill in the art that various changes in
form and details may be made therein without departing
from the spirit and scope as defined by the following claims.

What is claimed is:

1. A bio-information measuring apparatus comprising:

a pulse wave obtainer configured to obtain a pulse wave

signal; and

a processor configured to correct a feature of the obtained

pulse wave signal based on a variation in an amplitude
of the obtained pulse wave signal, and to measure
bio-information based on the corrected feature.

2. The bio-information measuring apparatus of claim 1,
wherein the variation in the amplitude of the pulse wave
signal comprises a variation in a magnitude of a direct
current (DC) component or an alternating current (AC)
component of the pulse wave signal.

3. The bio-information measuring apparatus of claim 1,
wherein the processor is further configured to extract one or
more features of the obtained pulse wave signal, and to
correct the extracted one or more features based on a degree
of dependence of the extracted one or more features on a
change in the amplitude of the pulse wave signal.

4. The bio-information measuring apparatus of claim 1,
wherein the processor is further configured to, in response to
the variation in the amplitude of the pulse wave signal
exceeding a threshold value, correct the feature of the pulse
wave signal by adjusting a weighted value to be applied to
correct the feature of the pulse wave signal.

5. The bio-information measuring apparatus of claim 4,
wherein the processor is configured to adjust the weighted
value to be applied to the feature of the pulse wave signal
based o a correlation between the variation in the amplitude
of the pulse wave signal and a variation in the feature.

6. The bio-information measuring apparatus of claim 1,
wherein the processor is further configured to exclude a
pulse wave signal. of which the variation in the amplitude of
the pulse wave signal exceeds a threshold value, from the
obtained pulse wave signals.

7. The bio-information measuring apparatus of claim 6,
wherein in response to excluding the pulse wave signal, the
processor is further configured to control the pulse wave
obtainer to obtain a pulse wave signal.

8. The bio-information measuring apparatus of claim 1,
wherein based on a type of the corrected feature and a degree
of correction, the processor is further configured to deter-
mine a reliability of bio-information estimated from the
feature of the pulse wave signal.

9. The bio-information measuring apparatus of claim 1,
wherein the processor is further configured to determine a
frequency of the change in the amplitude of the pulse wave
signal exceeding a threshold value, and to generate guide
information for changing a posture for measuring bio-
information or a position of the bio-information measuring
apparatus based on the determined frequency.

10. The bio-information measuring apparatus of claim 1,
further comprising an output interface configured to output
at least one of the pulse wave signal, the feature, an alarm
generated in response to the change in the amplitude of the
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pulse wave signal, guide information, user feature informa-
tion, and a reliability of the bio-information.

11. The bio-information measuring apparatus of claim 1,
wherein the bio-information comprises at least one of blood
pressure, cardiac output, systemic vascular resistance, vas-
cular health, and depth of anesthesia.

12. A bio-information measuring method comprising:

obtaining a pulse wave signal;

measuring a variation in an amplitude of the obtained

pulse wave signal;

correcting a feature of the obtained pulse wave signal

based on the measured variation in the amplitude of the
obtained pulse wave signal; and

measuring bio-information based on the corrected feature.

13. The bio-information measuring method of claim 12,
wherein the variation in the amplitude of the pulse wave
signal comprises a variation in a magnitude of a direct
current (DC) component or an alternating current (AC)
component of the pulse wave signal.

14. The bio-information measuring method of claim 12,
wherein the correcting of the feature comprises:

extracting one or more features of the obtained pulse

wave signal; and

correcting the extracted one or more features of the

obtained pulse wave signal based on a degree of
dependence of the extracted features on a change in the
amplitude of the pulse wave signal.

15. The bio-information measuring method of claim 12,
further comprising determining whether the variation in the
amplitude of the pulse wave signal exceeds a threshold
value,

wherein in response to determining that the variation in

the amplitude of the pulse wave signal exceeds the
threshold value, the correcting of the feature of the
obtained pulse wave signal comprises correcting the
feature of the obtained pulse wave signal by adjusting
a weighted value to be applied to correct the feature of
the pulse wave signal.

Jul. 4,2019

16. The bio-information measuring method of claim 15,
wherein the adjusting of the weighted value comprises
adjusting the weighted value to be applied to the feature of
the pulse wave signal based on a correlation between the
variation in the amplitude of the pulse wave signal and a
variation in the feature of the obtained pulse wave signal.

17. The bio-information measuring method of claim 15,
further comprising:

in response to determining that the variation in the ampli-
tude of the pulse wave signal exceeds the threshold
value, excluding a pulse wave signal, of which the
variation in the amplitude of the pulse wave signal
exceeds the threshold value, from the obtained pulse
wave signals; and

in response to excluding the pulse wave signal, obtaining
a pulse wave signal.

18. The bio-information measuring method of claim 12,
further comprising determining a reliability of bio-informa-
tion estimated from the feature of the pulse wave signal
based on a type of the corrected feature of the pulse wave
signal and a degree of correction.

19. The bio-information measuring method of claim 12,
further comprising:
determining a frequency of change in the amplitude of the
pulse wave signal exceeding a threshold value; and

generating guide information for changing a posture for
measuring bio-information or a position of a bio-
information measuring apparatus based on the deter-
mined frequency.

20. The bio-information measuring method of claim 12,
further comprising outputting at least one of the pulse wave
signal, the feature of the obtained pulse wave signal, an
alarm generated in response to the change in the amplitude
of the pulse wave signal, guide information, user feature
information, and a reliability of the bio-information.
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