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7) ABSTRACT

An apparatus configured to extract a feature from a bio-
signal is disclosed. The apparatus includes a bio-signal
acquirer configured to acquire the bio-signal, and a proces-
sor configured to analyze concavity and convexity of a
waveform of the bio-signal in intervals of the bio-signal, and
extract the feature from the bio-signal based on the analyzed
concavity and the analyzed convexity.
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APPARATUS AND METHOD FOR
EXTRACTING FEATURE OF BIO-SIGNAL,
AND APPARATUS FOR DETECTING BIO-

INFORMATION

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims priority from Korean Pat-
ent Application No. 10-2016-0092166, filed on Jul. 20,
2016, in the Korean Intellectual Property Office, the disclo-
sure of which is incorporated herein by reference in its
entirety.

BACKGROUND

1. Field

[0002] Methods and apparatuses consistent with the exem-
plary embodiments disclosed herein relate to an apparatus
and method for extracting a feature from a bio-signal in
order to detect bio-information, and an apparatus for detect-
ing bio-information using the method for extracting a fea-
ture.

2. Description of Related Art

[0003] In recent years, due to soaring medical costs, an
aging population structure, and a lack of human resources
for specialized medical services, research on IT-medical
convergence technologies is being conducted, in which IT
(information technology) and medical technology are com-
bined. In particular, monitoring of the health condition of the
human body is not being limited to being performed in a few
fixed places such as hospitals but is expanding into mobile
healthcare fields that monitor health conditions of users
anywhere and anytime in everyday life such as in homes or
offices. As representative examples of bio-signals that rep-
resent the health condition of individuals, there are ECG
(electrocardiography) signals, PPG (photoplethysmogra-
phy) signals, EMG (electromyography) signals, and the like,
and a variety of bio-signal sensors have been developed to
measure these signals in daily life. In particular, in the case
of a PPG sensor, it is possible to estimate blood pressure of
a human body by analyzing a pulse waveform that reflects
a cardiovascular condition or the like.

[0004] According to research results related to PPG bio-
signals, the overall PPG signals are a superposition of
propagation waves starting from the heart toward the distal
end portions of the body and reflection waves returning back
from the distal end portions. Also, it is known that infor-
mation through which the blood pressure can be estimated
can be obtained by extracting various features related to the
propagation waves or the reflection waves.

SUMMARY

[0005] This summary is provided to introduce a selection
of concepts in a simplified form that are further described
below in the detailed description. This summary is not
intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used as an aid
in determining the scope of the claimed subject matter.

[0006] According to an aspect of an exemplary embodi-
ment, there is provided an apparatus configured to extract a
feature from a bio-signal, the apparatus including: a bio-
signal acquirer configured to acquire the bio-signal; and a
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processor configured to analyze concavity and convexity of
a waveform of the bio-signal in intervals of the bio-signal,
and extract the feature from the bio-signal based on the
analyzed concavity and the analyzed convexity.

[0007] The processor may include: a convex-to-concave
difference (CCD) calculator configured to calculate a CCD
value based on the concavity and convexity of the waveform
of the bio-signal in the intervals, and a feature extractor
configured to extract the feature from the bio-signal based
on the calculated CCD value.

[0008] The CCD calculator may be configured to calculate
a difference in an upward convexity at a specific point in
time of one of the intervals and a previous point in time or
a difference in a downward convexity at a specific point in
time of the one interval and a next point in time as the CCD
value of the one interval.

[0009] The feature extractor may be configured to select a
preset number of the intervals in descending order of the
calculated CCD values, and extract the feature from each of
the selected intervals.

[0010] The processor may further include an interval
segmenter configured to segment the bio-signal into the
preset number of the intervals.

[0011] The interval segmenter may be configured to deter-
mine the preset number of the intervals to be segmented in
consideration of at least one of complexity of the apparatus,
performance of the apparatus, and accuracy of bio-informa-
tion included in the bio-signal.

[0012] The interval segmenter may be configured to adap-
tively adjust the number of the intervals to be segmented
according to a type of the waveform of the bio-signal.
[0013] The bio-signal may include at least one of an ECG
(electrocardiography) signal, a PPG (photoplethysmogra-
phy) signal, and an EMG (electromyography) signal.
[0014] According to an aspect of another exemplary
embodiment, there is a provided method for extracting a
feature from a bio-signal, the method including: acquiring
the bio-signal; analyzing concavity and convexity of a
waveform of the bio-signal in intervals of the bio-signal; and
extracting the feature from the bio-signal based on the
analyzed concavity and the analyzed convexity.

[0015] The analyzing may include calculating a convex-
to-concave difference (CCD) value based on the concavity
and the convexity of the waveform of the bio-signal in the
intervals, and the extracting may include extracting charac-
teristic points from the bio-signal based on the calculated
CCD values.

[0016] The extracting may include selecting a preset num-
ber of the intervals in descending order of the calculated
CCD values, and extracting the feature from the selected
intervals.

[0017] The method may further include segmenting the
bio-signal into the preset number of the intervals.

[0018] The segmenting may include adaptively adjusting
the number of the intervals to be segmented according to a
type of the waveform of the bio-signal.

[0019] According to an aspect of another exemplary
embodiment, there is provided an apparatus configured to
extract a feature from a bio-signal, the apparatus including:
a bio-signal acquirer configured to acquire the bio-signal;
and a processor configured to derive a secondary differential
signal of the bio-signal, analyze concavity and convexity of
a waveform of the secondary differential signal, and extract
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the feature from the bio-signal based on the analyzed
concavity and the analyzed convexity.

[0020] The processor may include a convex-to-concave
difference (CCD) calculator configured to calculate a dif-
ference between a local maximum value and a local mini-
mum value in the intervals as a CCD value, and a feature
extractor configured to extract the feature from the bio-
signal based on the calculated CCD values.

[0021] The feature extractor may be configured to select a
preset number of the intervals in descending order of the
calculated CCD values, and extract the feature based on a
local minimum point of the selected intervals.

[0022] The feature may include at least one of time
information of the local minimum point and amplitude
information of a bio-signal position corresponding to the
time information.

[0023] The processor may further include an interval
segmenter configured to segment the derived secondary
differential signal into a preset number of the intervals.

[0024] The the interval segmenter may be configured to
segment a portion of the waveform from a local maximum
point of the secondary differential signal to a next local
minimum point as one of the intervals.

[0025] The interval segmenter may be configured to merge
the segmented two or more intervals based on a difference
between a local minimum value and a next local maximum
value in the secondary differential signal.

[0026] According to an aspect of another exemplary
embodiment, there is provided a method for extracting a
feature from a bio-signal, the method including: acquiring
the bio-signal; deriving a secondary differential signal of the
bio-signal; analyzing concavity and convexity of a wave-
form of the secondary differential signal; and extracting the
feature from the bio-signal based on the analyzed concavity
and the analyzed convexity.

[0027] The analyzing may include calculating a difference
between a local maximum value and a local minimum value
in the intervals as a convex-to-concave difference (CCD)
value, and the extracting may include extracting the feature
from the bio-signal based on the calculated CCD values.

[0028] The extracting of the feature may include selecting
a preset number of intervals in descending order of the
calculated CCD values, and extracting the feature based on
a local minimum point of each of the selected intervals.

[0029] The method may further include segmenting the
derived secondary differential signal into a preset number of
the intervals.

[0030] The segmenting may include segmenting an inter-
val from a local maximum point of the secondary differential
signal to a next local minimum point as a single one of the
intervals.

[0031] The method may further include merging the seg-
mented two or more intervals based on a difference between
a local minimum value and a next local maximum value in
the secondary differential signal.

[0032] According to an aspect of another exemplary
embodiment, there is provided an apparatus configured to
detect bio-information, the apparatus including: a sensor
configured to irradiate a subject with light and detect the
light reflected by the subject, to measure a bio-signal; and a
processor configured to extract a feature from the bio-signal
based on concavity and convexity of a waveform of the
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bio-signal in intervals of the bio-signal when the bio-signal
is measured, and detect bio-information based on the
extracted feature.

[0033] In response to measuring the bio-signal, the pro-
cessor may be configured to derive a secondary differential
signal of the measured bio-signal, and segment the derived
secondary differential signal into the intervals based on a
local maximum point and a local minimum point of the
derived secondary differential signal.

[0034] The processor may be configured to select a preset
number of intervals from the segmented intervals, extract
time information of a local minimum point of the selected
intervals and amplitude information of a bio-signal position
corresponding to the time information, and detect the bio-
information by combining at least two pieces of the
extracted amplitude information.

[0035] The processor may be configured to monitor a
user’s health condition based on the bio-information, and
generate additional information according to the health
condition.

[0036] The the bio-information may include blood pres-
sure information, and the additional information may
include waming information.

[0037] The apparatus may further include: a display con-
figured to display the detected bio-information and the
additional information.

[0038] Other features and aspects will be apparent from
the following detailed description, the drawings, and the
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] FIG. 1 is a block diagram illustrating an apparatus
for extracting a feature of a bio-signal according to an
exemplary embodiment;

[0040] FIGS. 2A, 2B, and 2C are diagrams for describing
a general method for extracting a feature from a bio-signal;
[0041] FIG. 3 is a block diagram illustrating an exemplary
embodiment of a processing unit of the apparatus for
extracting a feature of a bio-signal according to the exem-
plary embodiment of FIG. 1;

[0042] FIG. 4 is a diagram for describing a method for
analyzing a waveform of a bio-signal, which is performed by
the processing unit according to the exemplary embodiment
of FIG. 3;

[0043] FIG. 5 is a block diagram illustrating another
exemplary embodiment of the processing unit of the appa-
ratus for extracting a feature of a bio-signal according to the
exemplary embodiment of FIG. 1;

[0044] FIGS. 6A, 6B, 6C, 6D, and 6E are diagrams for
describing a method for analyzing a waveform of a bio-
signal, which is performed by the processing unit according
to the exemplary embodiment of FIG. 5;

[0045] FIGS. 7A and 7B are diagrams for describing a
method for segmenting intervals of a waveform of a bio-
signal, which is performed by the processing unit according
to the exemplary embodiment of FIG. 5;

[0046] FIG. 8 is a flowchart illustrating a method for
extracting a feature of a bio-signal according to an exem-
plary embodiment;

[0047] FIG. 9 is a flowchart illustrating a method for
extracting a feature of a bio-signal according to another
exemplary embodiment;
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[0048] FIG. 10 is a block diagram illustrating an apparatus
for detecting bio-information according to an exemplary
embodiment;

[0049] FIG. 11 is a detailed block diagram illustrating a
processing unit of an apparatus for detecting bio-information
according to an exemplary embodiment; and

[0050] FIG. 12 is a flowchart illustrating a method for
detecting bio-information according to an exemplary
embodiment.

[0051] Throughout the drawings and the detailed descrip-
tion, unless otherwise described, the same drawing reference
numerals should be understood as referring to the same
elements, features, and structures. The relative size and
depiction of these elements may be exaggerated for clarity,
illustration, and convenience.

DETAILED DESCRIPTION

[0052] Advantages and characteristics of the technical
disclosure and methods for achieving them should become
apparent with reference to exemplary embodiments
described in detail below in addition to the accompanying
drawings. However, the scope of the disclosure is not limited
to the exemplary embodiments which will be described
below but may be implemented in various forms. Through-
out the specification, like elements refer to like reference
numerals.

[0053] It will be understood that, although the terms first,
second, etc., may be used herein to describe various ele-
ments, these elements should not be limited by these terms.
These terms are only used to distinguish one element from
another. As used herein, the singular forms “a”, “an” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. In addition, when a
unit “comprises” an element, the unit does not exclude
another element but may further comprise another element
unless the context clearly indicates otherwise. In addition,
terms such as “. . . unit”, “module”, and the like used herein
indicate a unit for performing at least one function or
operation and may be implemented by hardware or software
or a combination thereof.

[0054] Hereinafter, exemplary embodiments of an appa-
ratus and method for extracting a feature of a bio-signal and
an apparatus for detecting bio-information will be described
in detail with reference to the accompanying drawings. For
convenience of description, terms or expressions such as
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concavity, convexity, “downward convex”, “upward con-
vex”, “downward concave”, “upward concave”, etc., may be
used in various ways and in various combinations. However,
such terms and expressions may be defined with respect to
a case in which a waveform of a bio-signal is downward
convex. Thus, convexity may be described as a character-
istic in which the waveform is downward convex, and the
concavity may be described as a characteristic in which the
waveform is upward convex. In addition, “downward con-
vex” may have the same meaning as a waveform that is
upward concave, and “upward convex” may have the same
meaning as a waveform that is downward concave.

[0055] FIG. 1 is a block diagram illustrating an apparatus
for extracting a feature of a bio-signal according to an
exemplary embodiment. The apparatus 100 for extracting a
feature of a bio-signal may be installed in the form of a
hardware or software module in a terminal such as a
wearable device, a smart phone, a tablet PC, a desktop PC,
a notebook PC, etc., or a medical device such as a blood
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pressure measurement device, etc. Alternatively, the appa-
ratus 100 for extracting a feature of a bio-signal may be
implemented as an independent hardware device and, in this
case, may be utilized for research purposes for analyzing the
waveform of a bio-signal constituted of a sum of a plurality
of constituent pulses. However, the apparatus 100 for
extracting a feature of a bio-signal is not limited thereto, and
may be variously modified and implemented, depending on
the utilization purposes.

[0056] Referring to FIG. 1, an apparatus 100 for extracting
a feature of a bio-signal includes a bio-signal acquiring unit
110 (e.g., bio-signal acquirer) and a processing unit 120
(e.g., processor). The bio-signal acquiring unit 110 and the
processing unit 120 may be implemented by one or more
circuits, processors, memories, or a combination thereof.
[0057] The bio-signal acquiring unit 110 may acquire a
bio-signal of a subject to be used for extracting bio-infor-
mation of the subject and transmit the acquired bio-signal to
the processing unit 120. The bio-information may be blood
pressure, or the bio-signal may be an ECG (electrocardiog-
raphy) signal, a PPG (photoplethysmography) signal, an
EMG (electromyography) signal, or the like.

[0058] Hereinafter, for convenience of description,
description will be made assuming that the PPG signal
(hereinafter, referred to as “a pulse wave signal”) is the
bio-signal and the blood pressure is the bio-information.
However, bio-signal and bio-information are not to be
construed as being limited to the PPG signal and the blood
pressure.

[0059] As an example, the bio-signal acquiring unit 110
may coutrol a sensor according to a predetermined control
signal and receive a pulse wave signal of the subject from
the corresponding sensor. The control signal may be gener-
ated by a control module implemented in the apparatus 100
for extracting a feature. The control module may be imple-
mented as one function of the processing unit 120 and
generate the control signal based on a user’s input. The
sensor may drive a light source to irradiate the subject with
light when receiving the control signal and acquire the pulse
wave signal by detecting light which has been scattered or
reflected from the subject and then returned. When receiving
the pulse wave signal, the sensor may transmit the acquired
pulse wave signal to the bio-signal acquiring unit 110.
[0060] The sensor may be mounted in the apparatus 100
for extracting a feature or in other separate hardware
devices. When the sensor is mounted in a different hardware
device, the sensor and the apparatus 100 for extracting a
feature may be equipped with a communication module for
enabling wired and wireless communication and connected
to each other through the communication module, thereby
transmitting and receiving the control signal, the pulse wave
signal, and the like.

[0061] As another example, the bio-signal acquiring unit
110 may receive bio-signals, for example, from other exter-
nal devices. The other external devices may be devices
which are installed in a medical institution or the like to
measure a variety of bio-signals for detecting bio-informa-
tion and store the measured bio-signals. The other external
devices may transmit the bio-signal to the bio-signal acquir-
ing unit 110 when it is necessary or desired to extract a
feature from the measured bio-signal.

[0062] The processing unit 120 receives the bio-signal
from the bio-signal acquiring unit 110. The processing unit
120 may perform pre-processing such as filtering for remov-
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ing noise from the received bio-signal. For example, the
processing unit 120 may extract the feature by analyzing the
waveform of the bio-signal in every constant interval unit.
To this end, the processing unit 120 may segment the
waveform of the bio-signal into predetermined intervals and
extract the feature in consideration of concavity and con-
vexity for each of the segmented intervals. According to an
exemplary embodiment, the feature may be information
such as time, amplitude, or a combination thereof, but is not
limited thereto. The feature may include a variety of infor-
mation according to the type and characteristics of the
bio-signal.

[0063] Hereinafter, a variety of exemplary embodiments
of the processing unit 120 that extracts the feature from the
bio-signal will be described with reference to FIGS. 2A to 7.
[0064] FIGS. 2A, 2B, and 2C are diagrams for describing
a general method for extracting a feature from a bio-signal.
[0065] FIG. 2A shows a pulse wave signal (a solid line)
and constituent pulses (dotted lines) constituting the pulse
wave signal. As shown in FIG. 24, it can be seen that a
single waveform of the pulse wave signal is formed such that
five constituent pulses are superposed. According to an
exemplary embodiment, by appropriately combining infor-
mation such as time, amplitude, and the like corresponding
to the constituent pulses, it is possible to extract a feature
having high correlation with blood pressure. In general, as
the constituent pulses used for estimating blood pressure,
pulses up to the third pulse are mainly used. Usually, finding
pulses after the third pulse is difficult due to noise and they
have a low correlation with estimation of the blood pressure.
Also, pulses after the third pulse are not even observed for
some people.

[0066] FIG. 2B shows a general procedure of extracting a
feature using a bio-signal. In general, an apparatus for
extracting a feature from a bio-signal may search for a local
minimum point in a secondary differential signal of the
bio-signal. Next, the apparatus may acquire, as characteristic
points, time information T,,T,, and T corresponding to the
local minimum point and amplitude information P, P,, and
P, of the bio-signal corresponding to the time information
T,,T,, and T; and extract the feature for detecting bio-
information using the acquired characteristic points. Accord-
ing to an exemplary embodiment, the local minimum point
refers to a point that has a form in which the corresponding
signal is reduced and then increased again with respect to a
specific point when some intervals of the secondary differ-
ential signal are observed. This secondary differential signal
may be referred to as a downward convex form.

[0067] FIG. 2C shows a pulse wave signal (upper graph in
FIG. 2C) and a signal (lower graph in FIG. 2C) obtained by
secondarily differentiating the pulse wave signal. According
to an exemplary embodiment, the pulse wave signal is
obtained with a sampling frequency of 250 Hz, and a
horizontal axis corresponds to a sample index that increases
proportionally with time.

[0068] Assuming that the number of characteristic points
used for extracting a feature is 3, when a general method for
extracting a feature is used for such a pulse wave signal,
three time positions T, T,, and T corresponding to the local
minimum point of the secondary differential signal and
amplitude positions P,, P,, and P; of the pulse wave signal
corresponding to the time positions T,, T,, and T; are
obtained. However, the amplitude positions which should be
actually acquired from this pulse wave signal are P,, P5, and
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P,. The acquisition of incorrect amplitude positions is
caused by a very slightly upward convex form that is
generated due to a non-ideal change in the waveform in the
position P, that makes the position T, become the local
minimum point in the waveform of the secondary differen-
tial signal.

[0069] When the bio-signals are generally classified into a
front portion corresponding to systole of the heart and a rear
portion corresponding to diastole, the third amplitude gen-
erally corresponds to the top of the upward convex form in
the diastole. Also, there is a downward convex point ON,
which is physiologically called a dicrotic notch, at the time
immediately prior to the third amplitude position. In FIG. 2C
the amplitude position P, which is the top of the upward
convex form at a point in time next to a point in time
corresponding to the point DN at which the dicrotic notch
appears should actually be the third amplitude position. In
addition, an actual position of the second amplitude should
be P, before the dicrotic notch.

[0070] FIG. 3 is a block diagram illustrating an exemplary
embodiment of the processing unit 120 of the apparatus 100
for extracting a feature of a bio-signal according to the
exemplary embodiment of FIG. 1, and FIG. 4 is a diagram
for describing a method for analyzing the waveform of
bio-signal, which is performed by a processing unit 300
according to the exemplary embodiment of FIG. 3.

[0071] Referring to FIG. 3, the processing unit 300 may
include an interval segmenting unit 310 (e.g., interval seg-
menter), a CCD (convex-to-concave difference) calculating
unit 320 (e.g., CCD calculator), and a feature extracting unit
330 (e.g., feature extractor).

[0072] The interval segmenting unit 310 segments the
waveform of the acquired bio-signal into predetermined
intervals. According to an exemplary embodiment, the inter-
val segmenting unit 310 may segment the waveform of the
bio-signal to obtain a predetermined number of character-
istic points. The predetermined number may be set as 3 when
the blood pressure is measured from the pulse wave signal.
However, the predetermined number is not limited thereto
and may be adjustable according to the kind of the bio-
information and bio-signal to be detected, characteristics of
the waveform of the bio-signal, functions of the apparatus
100 or a device to which the apparatus 100 is applied, and
the like. In addition, the number of intervals to be segmented
may be set in consideration of complexity and performance
of the apparatus, accuracy of the bio-information to be
detected, and the like.

[0073] Meanwhile, the interval segmenting unit 310 may
adaptively adjust the predetermined number of intervals to
be segmented according to the shape of the waveform of the
acquired bio-signals. For example, a condition for a last
interval to be segmented may be set in advance based on
physiological characteristics of each of the constituent
pulses, and when the last interval to be segmented does not
satisfy the corresponding condition, segmentation may be
repeatedly performed until the corresponding condition is
satisfied.

[0074] In addition, the interval segmenting unit 310 may
allow an interval having a small degree to which the
waveform becomes downward convex and then upward
convex to be merged to a previous interval.

[0075] The CCD calculating unit 320 may analyze a
degree to which the waveform becomes downward convex
and then upward convex for each interval when the wave-
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form of the bio-signal is segmented into constant intervals,
thereby calculating a CCD value. The CCD calculating unit
320 may define a downward convex portion as a positive (+)
value in the bio-signal waveform and calculate a difference
in a downward convex degree at a specific point in time in
each interval and a point in time immediately after the
specific point in time as a CCD value of the corresponding
interval. For example, the CCD calculating unit 320 may
calculate a degree C1 to which the waveform of the entire
bio-signal is downward convex at a start point in time of
each interval and a degree C2 to which the waveform is
downward convex at an end point in time, and obtain a value
obtained by subtracting C2 from C1 as a CCD value.

[0076] For example, the CCD calculating unit 320 may
calculate a curvature at a start point in time and an end point
in time of each separated interval, and calculate a CCD
based on the calculated curvature at each interval. The CCD
calculating unit 320 may calculate, as a CCD of the corre-
sponding interval, a value obtained by subtracting the cur-
vature at the end point in time from the curvature at the start
point in time of the corresponding interval. At this point,
assuming that the waveform of the bio-signal is downward
convex is defined as a positive (+) value, when the start point
in time or the end point in time is upward convex, a negative
(-) curvature obtained by multiplying a value calculated at
the corresponding point in time by -1 may be used in
calculation of the CCD. According to an exemplary embodi-
ment, the curvature is a rate of change indicating the degree
of bending of a curved line or a curved surface, and when it
is assumed that a minute portion of the curved line is a
circular arc, a radius of the circular arc may be called a
radius of curvature, and the inverse number of the radius of
curvature may be called a curvature.

[0077] Referring to FIG. 4, a radius of curvature at a start
point in time of a first interval I1 is ry;, so that a curvature
k,, is 1/r;;, and a radius of curvature at an end point in time
is 1,5, so that a curvature k,, is 1/r;,. Accordingly, the
waveform of the bio-signal at the end point in time of the
first interval 11 is upward convex, and thus a CCD, of the
first interval 11 is calculated as being k,,-(-k,,) using a
value obtained by multiplying the curvature k,, by —1. The
waveform of the bio-signal at a start point in time is upward
convex, and thus a CCD, of a second interval 12 is calculated
as being (-k,,)-(k,,) using a negative value obtained by
multiplying a curvature k,, at the start point in time by -1.
In the same manner, a CCD; of a third interval I3 is
calculated as being k;,-(-k;,). and a CCD, of a fourth
interval 14 is calculated as being k,, -(-k,,). The curvatures
k,,,and k,, of the first interval I1 are larger than those of the
other intervals 12, I3, and I4, so that the CCD, has the largest
value, and the curvatures k,, and k,, at the start point in time
and the end point in time of the second interval 12 are small
and the start point in time is upward convex, so that the
CCD, is a negative value which is the smallest value. In
addition, the fourth interval 14 has a larger curvature than
that of the third interval I3, and thus the CCD, of the fourth
interval 14 is calculated to be larger than the CCD, of the
third interval 13.

[0078] The feature extracting unit 330 may select three
intervals I1, 13, 14 based on the CCD value of each interval
and extract a feature from the bio-signal of the selected
intervals. For example, the feature extracting unit 330 may
select the same number of intervals as the predetermined
number of characteristic points in descending order of the
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calculated CCD values. In addition, the feature extracting
unit 330 may extract time at a specific point of each of the
selected intervals, for example, a last point of each of the
selected intervals and amplitudes P1, P2 and P3 of the
bio-signals corresponding to the time, as the characteristic
points. In addition, the feature extracting unit 330 may
extract the feature F used for detecting the bio-information
using the extracted characteristic points as shown in Equa-
tion 1 below.

[0079] Referring to FIG. 4, since the CCD values are
calculated in order of the intervals 11, 14, 13, and 12 in this
manner, when assuming that the predetermined number of
the characteristic points is 3, the feature extracting unit 330
may select the remaining three intervals 11, 13, and 14, that
is, except for the second interval 12, according to the
descending order of the CCD value. The feature extracting
unit 330 may acquire amplitudes P1, P2, and P3 as the
characteristic points from the selected intervals I1, 13, and 14
and combine the amplitudes P1, P2, and P3 as shown in the
following Equation 1 and utilize the combined amplitudes as
a feature F for estimating the blood pressure.

F=(P1+P2)/P3

[0080] FIG. 5 is a block diagram illustrating another
exemplary embodiment of the processing unit 120 of the
apparatus 100 for extracting a feature of a bio-signal accord-
ing to the exemplary embodiment of FIG. 1. FIG. 6 is a
diagram for describing a method for analyzing a waveform
of a bio-signal, which is performed by a processing unit 500
according to the exemplary embodiment of FIG. 5, and FIG.
7 is a diagram for describing a method for segmenting
intervals of a waveform of a bio-signal, which is performed
by the processing unit 500 according to the exemplary
embodiment of FIG. 5.

[0081] Referring to FIG. 5, the processing unit 500 may
include an interval segmenting unit 510 (e.g., interval seg-
menter), a CCD calculating unit 520 (e.g., CCD calculator),
a feature extracting unit 530 (e.g., feature extractor), and a
secondary differential signal deriving unit 540 (e.g., second-
ary differential signal deriver).

[0082] When bio-signals are acquired, the secondary dif-
ferential signal deriving unit 540 derives a secondary dif-
ferential signal by secondarily differentiating the acquired
bio-signals. For example, when assuming that the secondary
differential signal is a digital sample index in which a time
value t is incremented by 1 in a bio-signal waveform
function g(t), the secondary differential signal deriving umt
540 may obtain a primary differential signal g'(t) and a
secondary differential signal g"(t) using the following Equa-
tions 2 and 3.

[Equation 1]

g'()=g(t)-g(--1) [Equation 2]

g'(=g0)-gt-1) [Equaticn 3]

[0083] The interval segmenting unit 510 may segment the
waveform of the secondary differential signal into predeter-
mined intervals based on a local maximum point and a local
minimum point. At this point, the number of intervals to be
segmented may be set to be larger than or equal to the
number of characteristic points desired to be acquired. The
number of characteristic points may be set in advance based
on the type of bio-information and bio-signals to be
detected. The number of intervals to be segmented and the
number of characteristic points to be acquired may be set in
advance as the appropriate number in consideration of the



US 2018/0020990 A1

complexity and performance of the apparatus, the type and
accuracy of the bio-information to be detected, the type of
the acquired bio-signals, and the like. According to an
exemplary embodiment, the local maximum point and the
local minimum point may respectively refer to a point
having the largest convexity and a point having the largest
concavity in a local interval of a secondary differential signal
waveform when the secondary differential signal waveform
is defined with respect to a downward convex degree.

[0084] The CCD calculating unit 520 calculates a CCD
value in each interval of the segmented secondary differen-
tial signal. For example, the CCD calculating unit 520 may
obtain a difference between a local maximum value LMax;
and a local minimum value LMin, in a segmented interval i
through the following Equation 4, and calculate the resulting
CCD,; as a CCD value of the interval i. According to an
exemplary embodiment, the local maximum value may be a
secondary differential value of the local maximum point, and
the local minimum value may be a secondary differential
value of the local minimum point.

CCD,;=LMax,~LMin,

[0085] The feature extracting unit 530 extracts a feature
from a bio-signal based on the CCD value calculated by the
CCD calculating unit 520. When the CCD values are cal-
culated for each of the intervals, the feature extracting unit
530 may align the CCD values in descending order, select
intervals corresponding to the predetermined number of
characteristic points according to the descending order of the
CCD value, and extract characteristic points from each of
the selected intervals. In addition, the feature extracting unit
530 may extract a feature used for detecting the bio-
information by utilizing the extracted characteristic points.

[0086] For example, the feature extracting unit 530 may
acquire one piece of time information and amplitude infor-
mation of the bio-signal corresponding to the time informa-
tion from each of the selected intervals as the characteristic
points. According to an exemplary embodiment, time at the
local minimum point of each of the selected intervals may be
acquired as the time information, and amplitude of a bio-
signal corresponding to the time may be acquired as the
amplitude information. However, the characteristic points
may be acquired in consideration of information of the local
maximum point. For example, an average, an intermediate
value, or the like between time at the local maximum point
and time at the local minimum point may be acquired as the
time information. The feature extracting unit 530 may
extract a feature by combining the amplitude information
acquired, as shown in Equation 1.

[0087] With reference to FIGS. 6A, 6B, 6C, 6D, and 6E,
a procedure of extracting a feature performed by the pro-
cessing unit 500 will be described. At this point, it is
assumed that the number of characteristic points desired to
be acquired is 3 and the number of intervals to be segmented
is 4. First, FIG. 6A shows a bio-signal which is acquired.
When a bio-signal is acquired, the secondary differential
signal deriving unit 540 may derive a secondary differential
signal by differentiating the bio-signal. Each of FIGS. 6B,
6C, and 6D show a secondary differential signal, and the
interval segmenting unit 510 may acquire local maximum
points Al, A2, A3, and A4 and local minimum points B,
B2, B3, and B4 by searching for the secondary differential
signal. In addition, when the local maximum points A1, A2,
A3, and A4 and the local minimum points B1, B2, B3, and

[Equation 4]
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B4 are acquired, the interval segmenting unit 510 may
segment a corresponding interval from the first local maxi-
mum point Al to the following local minimum point B1 into
a first interval A1-B1 and, in the same manner as in the first
interval A1-B1, segment, in the stated order, a second
interval A2-B2, a third interval A3-B3, and a fourth interval
Ad4-B4.

[0088] The CCD calculating unit 520 calculates a CCD
value with respect to each of the segmented intervals. The
CCD calculating unit 520 may calculate a value, obtained by
subtracting a secondary differential value of the local mini-
mum point from a secondary differential value of the local
maximum point of each interval, as the CCD value of the
corresponding interval.

[0089] The feature extracting unit 530 may select three
intervals corresponding to the number of characteristic
points to be acquired based on the calculated CCD value of
each interval as shown in FIG. 6D. At this point, a first
interval, a fourth interval, and a second interval may be
selected in descending order of the CCD value, for example,
in descending order of a difference between the local maxi-
mum value and the local minimum value. In addition, the
feature extracting unit 530 may acquire time information T,
T,, and T; corresponding to the local minimum point from
the selected three intervals and amplitude information P,
P,, and P, of positions corresponding to the time information
T,, T,, and T; from a bio-signal, as shown in FIG. 6E.
[0090] The interval segmenting unit 510 may adaptively
adjust the number of intervals to be segmented in consid-
eration of the type of a bio-signal waveform, that is, physi-
ological characteristics of each constituent pulse. For
example, in a case in which the number of intervals to be
segmented is 4, which is initially set in advance, when the
final fourth interval does not satisfy a preset condition, the
interval segmenting unit 510 may continue to segment until
the final fourth interval satisfies the condition. According to
an exemplary embodiment, the preset condition may be that
the local maximum value and the local minimum value
which are utilized in calculating the CCD value should have
a positive value and a negative value, respectively, but
exemplary embodiments are not limited thereto.

[0091] When segmenting a secondary differential signal
waveform into constant intervals, the interval segmenting
unit 510 may merge two or more intervals into a single
interval in consideration of the characteristics of the wave-
form and the like. When a high-frequency component which
irregularly fluctuates due to a non-ideal cause is contained in
the acquired bio-signal, the secondary differential signal
may unstably fluctuate. In this case, the interval segmenting
unit 510 may merge two or more segmented intervals on the
basis of a fluctuation of the waveform at two or more points
of the segmented interval in the secondary differential
signal.

[0092] For example, referring to FIG. 7A, FIG. 7A shows
the presence of severe fluctuation intervals F1, F2, and F3 in
a secondary differential signal due to an unstable waveform.
When the intervals F1, F2, and F3 in which the secondary
differential signal severely fluctuates are present in this
manner, the interval segmenting unit 510 may merge the
severe fluctuation intervals F1, F2, and F3 into a single
interval according to predetermined criteria.

[0093] FIG. 7B is an example describing a method for
merging fluctuation intervals in the secondary differential
signal. When segmenting first local maximum point A1 and
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local minimum point B1, second local maximum point A2
and local minimum point B2, and third local maximum point
A3 and local minimum point B3, respectively as a first
interval, a second interval, and a third interval in the stated
order, the interval segmenting unit 510 may determine
whether to merge an interval to be currently segmented into
a previous interval.

[0094] For example, when segmenting the first interval
and then segmenting the second interval, the interval seg-
menting unit 510 may calculate a difference between a
secondary differential value of the local maximum point A2
of the second interval and a secondary differential value of
the local minimum point B1 of the first interval as fluctua-
tion D1 of the second interval. If the calculated fluctvation
D1 of the second interval is smaller than a preset reference
value, the interval segmenting unit 510 may merge the
second interval into the first interval.

[0095] Similarly, when segmenting the third interval, the
interval segmenting unit 510 may calculate a difference
between a second differential value of the local maximum
point A3 of the third interval and a secondary differential
value of the local minimum point B2 of the second interval
as fluctuation D2 of the third interval. Next, when the
fluctuation D2 of the third interval is smaller than the
reference value, the interval segmenting unit 510 may merge
the third interval into the second interval.

[0096] When the fluctuation D1 of the second interval and
the fluctuation D2 of the third interval are all smaller than a
threshold value, the first interval, the second interval, and the
third interval may be merged into a single interval, and a
local maximum point and a local minimum point of the
merged interval are respectively the local maximum point
Al of the first interval and the local minimum point B3 of
the last interval before the corresponding intervals are
merged.

[0097] According to an exemplary embodiment, the ref-
erence value which is used to determine whether to merge
the corresponding intervals may be appropriately set in
consideration of a measurement condition of the bio-signal,
the performance of the apparatus, and the like. For example,
the reference value may be a value obtained by multiplying
two values: a first value for considering a case of different
measurement value depending on the measurement condi-
tion of the bio-signal and a value set in advance in consid-
eration of the performance of the apparatus, or the like.
According to an exemplary embodiment, the first value may
be a CCD value which is calculated with respect to a first
constituent pulse which is acquired in a relatively stable
manner but is not limited thereto.

[0098] According to the disclosed exemplary embodi-
ment, the intervals may be segmented and merged by
considering the fluctuation of the waveform while consid-
ering concavity and convexity by analyzing the waveform of
the bio-signal or the secondary differential signal for every
constant-interval unit, so that it is possible to reduce an error
that occurs when the characteristic points are extracted in
consideration of only the local minimum point from the
bio-signal which is non-ideally changed, as described above
with reference to FIGS. 2A to 2C.

[0099] FIG. 8 is a flowchart illustrating a method for
extracting a feature of a bio-signal according to an exem-
plary embodiment.

[0100] FIG. 8 is an exemplary embodiment of a method
performed by the apparatus 100 for extracting a feature. The
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apparatus 100 has been described in detail with reference to
FIGS. 1 to 4 and thereby will be simply described in order
to avoid repeated description.

[0101] First, in operation 810, the apparatus 100 for
extracting a feature may acquire a bio-signal. The apparatus
100 for extracting a feature may control a sensor for mea-
suring a bio-signal which is mounted in the apparatus 100 or
connected, either by a wire or wirelessly, to the apparatus
100, for example, a PPG sensor according to a predeter-
mined control signal, and thereby acquire a pulse wave
signal. Alternatively, the apparatus 100 for extracting a
feature may receive a bio-signal for detecting bio-informa-
tion from other devices which store the bio-signal.

[0102] Next, in operation 820, the apparatus 100 for
extracting a feature may segment the acquired bio-signal
into constant intervals. At this point, the number of intervals
to be segmented may be set to be larger than or equal to the
preset number of characteristic points. In addition, the
number of intervals to be segmented may be set according
to the type of the bio-signal, the type and accuracy of
bio-information to be detected, the performance of the
apparatus, and the like and adaptively adjusted according to
the type of the waveform of the bio-signal.

[0103] Next, the apparatus 100 for extracting a feature
may determine whether some segmented intervals should be
merged in operation 830 and merge the interval that should
be merged into a previous interval in operation 840. The
apparatus 100 for extracting a feature may determine
whether a specific interval should be merged into the pre-
vious interval on the basis of fluctuation of a waveform of
each interval. For example, the apparatus 100 for extracting
a feature may calculate fluctuation of a waveform of a
specific interval, compare the calculated fluctuation and a
predetermined reference value, and decide to merge the
specific interval into the previous interval when the fluctua-
tion is smaller than the predetermined reference value.
[0104] Operations 820 to 840 may be performed sequen-
tially or concurrently. For example, operation 830 and
operation 840 need not be performed after all intervals are
segmented in operation 820 and may be performed when-
ever a single interval is segmented in operation 820.
[0105] Next, in operation 850, the apparatus 100 for
extracting a feature may analyze concavity and convexity of
the waveform of the bio-signal in the segmented intervals.
For example, the apparatus 100 for extracting a feature may
calculate a CCD value indicating a degree to which the
waveform of the bio-signal is downward convex and then
upward convex in each interval. According to an exemplary
embodiment, when a case in which the waveform of the
bio-signal is downward convex is defined as a positive (+)
value, a difference in a downward convexity at a start point
in time and an end point in time of each interval may be
calculated as a CCD value of the corresponding interval.
[0106] Next, in operation 860, the apparatus 100 for
extracting a feature may extract a feature from the bio-signal
based on the analysis result. For example, the apparatus 100
for extracting a feature may select intervals corresponding to
the number of characteristic points to be extracted in
descending order of the calculated CCD values, and extract
the characteristic points from each of the selected intervals.
Next, the apparatus 100 for extracting a feature may extract
a feature used for detecting bio-information using the
extracted characteristic points. The characteristic points may
include time information and amplitude information, and the
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feature used for detecting bio-information may be extracted
by combining two or more characteristic points, for
example, amplitude information.

[0107] FIG. 9 is a flowchart illustrating a method for
extracting a feature of a bio-signal according to another
exemplary embodiment.

[0108] FIG. 9 is another exemplary embodiment of a
method performed by the apparatus 100 for extracting a
feature. The apparatus 100 has been described in detail with
reference to FIGS. 1, 5, and 7, and thereby will be simply
described in order to avoid repeated description.

[0109] First, in operation 910, the apparatus 100 for
extracting a feature may acquire a bio-signal in order to
detect bio-information such as blood pressure or the like. At
this point, the bio-signal may be a pulse wave signal or may
be various other types of bio-signals, as described above.
[0110] Next, in operation 920, the apparatus 100 for
extracting a feature may derive a secondary differential
signal by secondarily differentiating the acquired bio-signal.
According to an exemplary embodiment, the secondary
differential signal may be derived through the above-de-
scribed Equations 2 and 3.

[0111] Next, in operation 930, the apparatus 100 for
extracting a feature may segment the derived secondary
differential signal into constant intervals. At this point, the
apparatus 100 for extracting a feature may segment the
secondary differential signal into constant intervals based on
a local maximum point and a local minimum point in the
waveform of the secondary differential signal. In addition,
the apparatus 100 for extracting a feature may adaptively
adjust the preset number of intervals to be segmented in
consideration of the type of a bio-signal waveform, that is,
physiological characteristics of each constituent pulse.
[0112] Next, in operation 940, the apparatus 100 for
extracting a feature may determine whether to merge some
intervals of the segmented constant intervals. For example,
when a high-frequency component which irregularly shakes
due to a non-ideal cause is contained in the acquired
bio-signal, the secondary differential signal may unstably
shake. In this manner, in a case in which a feature is
extracted from the acquired bio-signal using a general
method, a searching error such as a characteristic point being
extracted at an inaccurate point may occur. In order to solve
this problem, the apparatus 100 for extracting a feature may
calculate a difference between a local maximum value of the
segmented interval and a local minimum value of a previous
interval as a fluctuation and determine whether to merge two
or more segmented intervals based on the calculated fluc-
tuation. That is, the apparatus 100 for extracting a feature
may compare the calculated fluctuation and a preset refer-
ence value with respect to a specific interval and decide to
merge the specific interval into a previous interval when the
fluctuation is smaller than the reference value.

[0113] Next, in operation 950, the apparatus 100 for
extracting a feature may merge some intervals determined to
be merged into a previous interval. When two or more
consecutive intervals are merged through the above-de-
scribed process, a local maximum point and a local mini-
mum point of the merged interval may be respectively a
local maximum point of the first interval and a local mini-
mum point of the last interval before the corresponding
intervals are merged.

[0114] Meanwhile, operations 930 to 950 may be per-
formed sequentially or concurrently. For example, operation
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940 and operation 950 may be sequentially performed after
all intervals are segmented in operation 930. Alternatively,
when a single interval is segmented in operation 930,
operations 940 and 950 may be immediately performed, and
operations 930 to 950 may be repeatedly performed until the
operations reach the number of intervals to be segmented.
[0115] Next, in operation 960, the apparatus 100 for
extracting a feature may calculate a CCD value for each
interval to be segmented. At this point, the CCD value may
be a difference between a local maximum value and a local
minimum value of each interval but is not limited thereto.
[0116] Next, in operation 970, when the CCD values are
calculated, the apparatus 100 for extracting a feature may
align the CCD values in descending order, and select inter-
vals corresponding to the number of characteristic points to
be acquired according to descending order of the CCD
values.

[0117] Next, the apparatus 100 for extracting a feature
may extract characteristic points from the selected intervals
in operation 980 and extract a feature for detecting bio-
information using the extracted characteristic points in
operation 990. For example, the apparatus 100 for extracting
a feature may acquire a time position corresponding to a
local minimum point in each of the selected intervals as time
information of the characteristic points and acquire ampli-
tude of a position corresponding to the time information in
the bio-signal as amplitude information of the characteristic
points. When the characteristic points such as the time
information, the amplitude information, and the like are
acquired, a feature used for detecting bio-information may
be extracted based on the acquired characteristic points or a
combination thereof.

[0118] FIG. 10 is a block diagram illustrating an apparatus
for detecting bio-information according to an exemplary
embodiment, and FIG. 11 is a detailed block diagram
illustrating a processing unit of an apparatus for detecting
bio-information according to an exemplary embodiment.
[0119] An apparatus 1000 for detecting bio-information
may be an apparatus for measuring bio-information of a
subject, such as blood pressure, in which various exemplary
embodiments of the above-described apparatus 100 for
extracting a feature of a bio-signal are mounted. For
example, the apparatus 1000 for detecting bio-information
may be a cuffless type-indirect blood pressure measuring
apparatus. The apparatus 1000 for detecting bio-information
may be implemented in the form of a wearable device which
can be worn by the subject. For example, the apparatus 1000
for detecting bio-information may be implemented in the
form of a wristwatch, a bracelet, and a wrist band. However,
the apparatus 1000 for detecting bio-information is not
limited thereto and can be implemented in the form of a ring,
glasses, a hair band, or the like.

[0120] Hereinafter, for convenience of description, bio-
information to be detected and a bio-signal to be measured
will be described as being blood pressure and a pulse wave
signal, respectively, although exemplary embodiments are
not limited thereto.

[0121] Referring to FIG. 10, the apparatus 1000 for detect-
ing bio-information may include a sensor 1010, a processing
unit 1020 (e.g., processor), a display unit 1030 (e.g., dis-
play), and a communication unit 1040 (e.g., communicator).
[0122] When a predetermined control signal is received,
the sensor 1010 may irradiate a subject with light by driving
a light source and measure a pulse signal by detecting light
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reflected or scattered from the subject. According to an
exemplary embodiment, the subject may be a living body
area that can be in contact with or adjacent to the sensor
1010, as a bio-information detecting target and may be a
portion of the human body in which a pulse wave can be
easily measured through PPG (photoplethysmography). For
example, the subject may be a surface area of the wrist
adjacent to the radial artery. When a pulse wave is measured
on the skin surface of the wrist through which the radial
artery passes, this technique may be affected relatively less
by external factors that cause error in a measurement such as
a thickness of the skin tissue inside the wrist, or the like. The
radial artery has been known to correspond to a blood vessel
with which accurate blood pressure can be measured com-
pared to other blood vessels inside the wrist. However, the
subject is not limited to being a surface area of the wrist
adjacent to the radial artery and may be a distal end portion
of the human body such as a finger, toe, or the like which has
high vascular density.

[0123] The processing unit 1020 may receive a control
command received from a user through an interface module
mounted in the apparatus 1000 for detecting bio-information
and process an operation corresponding to the control com-
mand. At this point, the interface module may be a display,
a microphone, a speaker, a haptic device, or the like which
is mounted in the apparatus 1000 for detecting bio-informa-
tion, but is not limited thereto. The processing unit 1020 may
perform various functions for performing interaction with
the user through the interface module. As an example, a
graphical user interface may be displayed on the display so
that the user may input the control command by touching the
display. As another example, a conversation agent function
and a voice recognition function may be mounted so that the
user may perform interaction such as an input of the control
command using voice through the microphone, the speaker,
or the like,

[0124] When the user inputs a control command for
requesting detection of bio-information, the processing unit
1020 may generate a signal for controlling the sensor 1010
and transmit the generated signal to the sensor 1010.
[0125] When a pulse wave signal is measured by the
sensor 1010, the processing unit 1020 may analyze the pulse
wave signal in every constant-interval unit and extract a
feature used for detecting the blood pressure. For example,
the processing unit 1020 may analyze concavity and con-
vexity of the pulse wave signal in every constant-interval
unit to extract characteristic points such as time information
or amplitude information from the pulse wave signal and
extract a feature using the extracted characteristic points.
[0126] Referring to FIG. 11, a processing unit 1100 may
include a bio-signal analyzing unit 1110 (e.g., bio-signal
analyzer) and bio-information detecting unit 1120 (e.g.,
bio-information detector).

[0127] The bio-signal analyzing unit 1110 may acquire a
secondary differential signal by secondarily differentiating
the pulse wave signal measured by the sensor 1010. In
addition, when the secondary differential signal is acquired,
the bio-signal analyzing unit 1110 may segment the second-
ary differential signal in every constant-interval unit, and
analyze concavity and convexity of the waveform in every
segmented-interval unit. At this point, the number of inter-
vals to be segmented may be set in advance to be larger than
or equal to the number of characteristic points desired to be
extracted in order to detect blood pressure. In addition, the
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bio-signal analyzing unit 1110 may adaptively adjust the
number of intervals to be segmented according to the type of
the waveform.

[0128] For example, the bio-signal analyzing unit 1110
may segment the secondary differential signal into constant
intervals based on a local maximum point having a locally
convex form (upward convex) and a local minimum point
having a locally concave form (downward convex) in the
secondary differential signal. The bio-signal analyzing unit
1110 may merge two or more segmented intervals in con-
sideration of a fluctuation of the waveform of the secondary
differential signal. The bio-signal analyzing unit 1110 may
calculate a difference between a secondary differential value
of a local maximum point of a current interval and a
secondary differential value of a local minimum point of a
previous interval as the fluctuation and merge the current
interval into the previous interval when the fluctuation is
smaller than a preset reference value.

[0129] The bio-signal analyzing unit 1110 may calculate a
CCD value corresponding to a difference between a second-
ary differential value of a local maximum point of each
interval and a secondary differential value of a local mini-
mum point thereof and select intervals from which charac-
teristic points are to be extracted in descending order of the
CCD values. The bio-signal analyzing unit 1110 may obtain
time information of the interval corresponding to the local
minimum point in the selected intervals and amplitude
information of a position corresponding to the time infor-
mation from a pulse wave signal.

[0130] When one or more characteristic points such as the
time information or the amplitude information is acquired,
the bio-information detecting unit 1120 may extract a feature
used for detecting the blood pressure based on at least one
of the acquired characteristic points or a combination thereof
and detect the blood pressure using the extracted feature. In
addition, the bio-information detecting unit 1120 may moni-
tor a health condition of a user based on the detected blood
pressure. When it is determined that there is abnormality in
the health condition based on the monitored result, the
bio-information detecting unit 1120 may generate additional
information such as a degree of risk for warning the user.
[0131] Referring again to FIG. 10, the interface unit 1030
may provide the blood pressure detected by the processing
unit 1020, the additional information such as the degree of
risk, warning information, and the like to the user through an
interface module which is mounted in the apparatus 1000 or
connected to the apparatus 1000 via wired and wireless
communications.

[0132] For example, the interface unit 1030 may display
blood pressure information or risk information for a health
condition on a display and provide the displayed information
to the user, and, at this point, may display the corresponding
information using colors defined in advance according to a
degree of risk as shown in Table 1 below so that the user may
easily recognize the health condition. In addition, the inter-
face unit 1030 may display a warning message or the like
defined in advance according to a degree of risk on the
display.

[0133] In addition, the interface unit 1030 may output the
blood pressure, the degree of risk, the warning information,
and the like in an auditory manner using a speaker. In
addition, when a haptic device 1s mounted in or connected
to the apparatus 1000, the interface unit 1030 may provide
the degree of risk or the warning information to the user
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through touch or vibration, or other types of feedback. The
blood pressure, the degree of risk, the warning information,
and the like may be provided to the user by combining two
or more visual and non-visual methods according to the type
of the interface module, the performance of the apparatus
1000, the purpose of providing information, and the like.

TABLE 1
Vibration/Pressure
Degree of risk Colors strength
High Red Strong
Medium Yellow Medium
Low Green Weak
[0134] The communication unit 1040 may transmit and

receive a variety of information to and from other external
devices by communicating with the other external devices
via a wireless communication. According to an exemplary
embodiment, the wireless communication may include Blu-
etooth communication, BLE (Bluetooth low energy) com-
munication, near field communication, WLAN (wireless
local area network) communication, Zighee communication,
IrDA (infrared data association) communication, WFD (Wi-
Fi Direct) communication, UWB (ultra wideband) commu-
nication, Ant+ communication, Wi-Fi communication, and
mobile communication, although exemplary embodiments
are not limited thereto.

[0135] The communication unit 1040 may transmit results
processed by the processing unit 1020 to other external
devices with higher performance to have the other external
devices perform desired operations. For example, the com-
munication unit 1040 may transmit the detected blood
pressure or the like to a smart phone, a tablet PC, a desktop
PC, a notebook PC, or the like so that a user may determine
the processed results through a larger display screen.

[0136] In addition, when a user inputs a control command
such as detection of blood pressure or the like through an
external device such as a smart phone or the like, the
communication unit 1040 may receive the control command
from the external device, and transmit the received control
command to the processing unit 1020.

[0137] The processing unit 1020 may store the processed
results, for example, the detected blood pressure informa-
tion, the generated additional information, blood pressure
history information, health condition monitoring informa-
tion, a variety of statistic information, and the like in an
external storage device mounted in or connected to the
apparatus 1000 for detecting bio-information and manage
the stored information. At this point, the storage device may
include at least one storage medium of a flash memory type,
a hard disk type, a multimedia card micro type, a card type
memory (e.g., SD or DX memory), RAM (random access
memory), SRAM (static random access memory), ROM
(read-only memory), EEPROM (electrically erasable pro-
grammable read-only memory), PROM (programmable
read-only memory), a magnetic memory, a magnetic disk,
and an optical disk, but is not limited thereto.

[0138] The apparatus 1000 for detecting bio-information
may include a main body, and the above-described compo-
nents 1010, 1020, 1030, and 1040 may be mounted in the
main body.
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[0139] FIG. 12 is a flowchart illustrating a method for
detecting bio-information according to an exemplary
embodiment.

[0140] FIG. 12 shows an exemplary embodiment of a
method for detecting bio-information which is performed by
the apparatus 1000 for detecting bio-information.

[0141] First, in operation 1210, the apparatus 1000 for
detecting bio-information may receive a request for detect-
ing bio-information from a user. For example, the user may
input a control command for requesting detection of bio-
information by operating an operation unit mounted in the
apparatus 1000 for detecting bio-information. Alternatively,
the apparatus 1000 for detecting bio-information may
receive the control command for requesting detection of
bio-information from other external devices.

[0142] Next, in operation 1220, the apparatus 1000 for
detecting bio-information may measure a bio-signal by
controlling a sensor according to the control command for
requesting detection of bio-information. At this point, the
sensor may irradiate a subject with light by driving a light
source according to the control signal and detect light
reflected or scattered from the subject to measure a bio-
signal, for example, a pulse wave.

[0143] Next, the apparatus 1000 for detecting bio-infor-
mation may derive a secondary differential signal by sec-
ondarily differentiating the acquired bio-signal in operation
1230, and segment the derived secondary differential signal
into constant intervals in consideration of a waveform of the
derived secondary differential signal in operation 1240. At
this point, the apparatus 1000 for detecting bio-information
may adaptively adjust the number of intervals to be seg-
mented in consideration of the waveform of the secondary
differential signal while segmenting corresponding intervals
based on a local maximum point and a local minimum point
of the secondary differential signal. In addition, the appara-
tus 1000 for detecting bio-information may merge the seg-
mented intervals in consideration of a fluctuation of the
waveform as described above.

[0144] Next, in operation 1250, the apparatus 1000 for
detecting bio-information may calculate a CCD value indi-
cating concavity and convexity of the segmented interval. At
this point, the CCD value may be obtained by calculating a
difference between secondary differential values of the local
maximum point and the local minimum point of each
interval.

[0145] Next, the apparatus 1000 for detecting bio-infor-
mation may select intervals corresponding to the number of
characteristic points based on the CCD value in operation
1260 and extract a feature of the bio-signal from the selected
intervals in operation 1270. According to an exemplary
embodiment, the apparatus 1000 for detecting bio-informa-
tion may extract time information corresponding to a local
minimum point of the selected interval and amplitude infor-
mation of the bio-signal corresponding to the time informa-
tion as characteristic points and extract a feature used for
detecting bio-information through the extracted characteris-
tic points or a combination thereof.

[0146] Next, in operation 1280, the apparatus 1000 for
detecting bio-information may detect bio-information by
utilizing the extracted feature. According to an exemplary
embodiment, the apparatus 1000 for detecting bio-informa-
tion may generate a degree of risk of a user’s health
condition by analyzing the detected bio-information, for
example, blood pressure information.
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[0147] Next, in operation 1290, the apparatus 1000 for
detecting bio-information may provide additional informa-
tion related to the detected bio-information, the degree of
risk to the user, and the like. According to an exemplary
embodiment, as described above, the information may be
provided to the user by a variety of visual or non-visual
methods.

[0148] The exemplary embodiments can be implemented
as computer readable codes in a computer readable record
medium. The computer readable record medium includes all
types of recording media in which computer readable data
are stored.

[0149] Examples of the computer readable recording
medium include a ROM, a RAM, a CD-ROM, a magnetic
tape, a floppy disk, and an optical data storage. Further, the
recording medium may be implemented in the form of a
carrier wave (for example, transmission through the Inter-
net). In addition, the computer readable recording medium
may be distributed to computer systems over a network, in
which computer readable codes may be stored and executed
in a distributed manner. Further, a functional program for
implementing the disclosures and an associated code and
code segment may be easily inferred by programmers in the
art to which the disclosures pertains.

[0150] A number of examples have been described above.
Nevertheless, it will 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.

What is claimed is:

1. An apparatus configured to extract a feature from a
bio-signal, the apparatus comprising;

a bio-signal acquirer configured to acquire the bio-signal,

and

a processor configured to analyze concavity and convex-
ity of a waveform of the bio-signal in intervals of the
bio-signal, and extract the feature from the bio-signal
based on the analyzed concavity and the analyzed
convexity.

2. The apparatus according to claim 1, wherein the

processor comprises:

a convex-to-concave difference (CCD) calculator config-
ured to calculate a CCD value based on the concavity
and convexity of the waveform of the bio-signal in the
intervals, and

a feature extractor configured to extract the feature from
the bio-signal based on the calculated CCD value.

3. The apparatus according to claim 2, wherein the CCD
calculator is configured to calculate a difference in an
upward convexity at a specific point in time of one of the
intervals and a previous point in time or a difference in a
downward convexity at a specific point in time of the one
interval and a next point in time as the CCD value of the one
interval.

4. The apparatus according to claim 2, wherein the feature
extractor is configured to select a preset number of the
intervals in descending order of the calculated CCD values,
and extract the feature from each of the selected intervals.

5. The apparatus according to claim 1, wherein the
processor further comprises:
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an interval segmenter configured to segment the bio-
signal into the preset number of the intervals.

6. The apparatus according to claim 5, wherein the
interval segmenter is configured to determine the preset
number of the intervals to be segmented in consideration of
at least one of complexity of the apparatus, performance of
the apparatus, and accuracy of bio-information included in
the bio-signal.

7. The apparatus according to claim 5, wherein the
interval segmenter is configured to adaptively adjust the
number of the intervals to be segmented according to a type
of the waveform of the bio-signal.

8. The apparatus according to claim 1, wherein the
bio-signal includes at least one of an ECG (electrocardiog-
raphy) signal, a PPG (photoplethysmography) signal, and an
EMG (electromyography) signal.

9. A method for extracting a feature from a bio-signal, the
method comprising:

acquiring the bio-signal;

analyzing concavity and convexity of a waveform of the
bio-signal in intervals of the bio-signal; and

extracting the feature from the bio-signal based on the
analyzed concavity and the analyzed convexity.

10. The method according to claim 9, wherein

the analyzing comprises calculating a convex-to-concave
difference (CCD) value based on the concavity and the
convexity of the waveform of the bio-signal in the
intervals, and

the extracting comprises extracting characteristic points
from the bio-signal based on the calculated CCD val-
ues.

11. The method according to claim 10, wherein the
extracting comprises selecting a preset number of the inter-
vals in descending order of the calculated CCD values, and
extracting the feature from the selected intervals.

12. The method according to claim 9, further comprising:

segmenting the bio-signal into the preset number of the
intervals.

13. The method according to claim 12, wherein the
segmenting comprises adaptively adjusting the number of
the intervals to be segmented according to a type of the
waveform of the bio-signal.

14. An apparatus configured to extract a feature from a
bio-signal, the apparatus comprising;

a bio-signal acquirer configured to acquire the bio-signal;

and

a processor configured to derive a secondary differential
signal of the bio-signal, analyze concavity and convex-
ity of a waveform of the secondary differential signal,
and extract the feature from the bio-signal based on the
analyzed concavity and the analyzed convexity.

15. The apparatus according to claim 14, wherein the

processor comprises:

a convex-to-concave difference (CCD) calculator config-
ured to calculate a difference between a local maxinum
value and a local minimum value in the intervals as a
CCD value, and

a feature extractor configured to extract the feature from
the bio-signal based on the calculated CCD values.

16. The apparatus according to claim 15, wherein the
feature extractor is configured to select a preset number of
the intervals in descending order of the calculated CCD
values, and extract the feature based on a local minimum
point of the selected intervals.
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17. The apparatus according to claim 16, wherein the
feature includes at least one of time information of the local
minimum point and amplitude information of a bio-signal
position corresponding to the time information.

18. The apparatus according to claim 14, wherein the
processor further comprises an interval segmenter config-
ured to segment the derived secondary differential signal
into a preset number of the intervals.

19. The apparatus according to claim 18, wherein the
interval segmenter is configured to segment a portion of the
waveform from a local maximum point of the secondary
differential signal to a next local minimum point as one of
the intervals.

20. The apparatus according to claim 18, wherein the
interval segmenter is configured to merge the segmented two
or more intervals based on a difference between a local
minimum value and a next local maximum value in the
secondary differential signal.

21. A method for extracting a feature from a bio-signal,
the method comprising:

acquiring the bio-signal;

deriving a secondary differential signal of the bio-signal;

analyzing concavity and convexity of a waveform of the

secondary differential signal; and

extracting the feature from the bio-signal based on the

analyzed concavity and the analyzed convexity.

22. The method according to claim 21, wherein the
analyzing comprises calculating a difference between a local
maximum value and a local minimum value in the intervals
as a convex-to-concave difference (CCD) value, and the
extracting comprises extracting the feature from the bio-
signal based on the calculated CCD values.

23. The method according to claim 22, wherein the
extracting of the feature includes selecting a preset number
of intervals in descending order of the calculated CCD
values, and extracting the feature based on a local minimum
point of each of the selected intervals.

24. The method according to claim 21, further compris-
ing:

segmenting the derived secondary differential signal into

a preset number of the intervals.

25. The method according to claim 24, wherein the
segmenting comprises segmenting an interval from a local
maximum point of the secondary differential signal to a next
local minimum point as a single one of the intervals.

26. The method according to claim 24, further compris-
ing:

merging the segmented two or more intervals based on a

difference between a local minimum value and a next
local maximum value in the secondary differential
signal.

27. An apparatus configured to detect bio-information, the
apparatus comprising;
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a sensor configured to irradiate a subject with light and
detect the light reflected by the subject, to measure a
bio-signal; and

a processor configured to extract a feature from the
bio-signal based on concavity and convexity of a
waveform of'the bio-signal in intervals of the bio-signal
when the bio-signal is measured, and detect bio-infor-
mation based on the extracted feature.

28. The apparatus according to claim 27, wherein, in
response to measuring the bio-signal, the processor is con-
figured to derive a secondary differential signal of the
measured bio-signal, and segment the derived secondary
differential signal into the intervals based on a local maxi-
mum point and a local minimum point of the derived
secondary differential signal.

29. The apparatus according to claim 28, wherein the
processor is configured to select a preset number of intervals
from the segmented intervals, extract time information of a
local minimum point of the selected intervals and amplitude
information of a bio-signal position corresponding to the
time information, and detect the bio-information by com-
bining at least two pieces of the extracted amplitude infor-
mation.

30. The apparatus according to claim 27, wherein the
processor is configured to monitor a user’s health condition
based on the bio-information, and generate additional infor-
mation according to the health condition.

31. The apparatus according to claim 30, wherein the
bio-information includes blood pressure information, and
the additional information includes warning information.

32. The apparatus according to claim 30, further com-
prising:

a display configured to display the detected bio-informa-

tion and the additional information.

33. A medical imaging apparatus, comprising:

a bio-signal acquirer configured to acquire a bio-signal;
and

a processor configured to segment a waveform of the
bio-signal into intervals, eliminate omit one of the
intervals based on the waveform, and calculate a fea-
ture of the bio-signal based on remaining intervals of
the intervals other than the eliminated interval.

34. The medical imaging apparatus according to claim 33,
wherein the bio-signal is a signal acquired from a living
subject, and the eliminated interval corresponds to a dicrotic
notch of the living subject.

35. The medical imaging apparatus according to claim 34,
wherein the processor is configured to determine the interval
to be eliminated based on concavity and convexity of the
waveform.
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