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Description
BACKGROUND
1. Field

[0001] Apparatuses and methods consistent with exemplary embodiments relate to an adaptive bio-signal feature
combining apparatus and method.

2. Description of the Related Art

[0002] Healthcare technology has attracted much attention due to the rapid entry into an aging society and relevant
social problems such as increase in medical expenses. Accordingly, not only medical devices that can be utilized by
hospitals and inspection agencies but also small-sized medical devices that can be carried by individuals such as
wearable devices are being developed. In addition, such a small-sized medical device is worn by a user in the form of
a wearable device capable of directly measuring cardiovascular health status such as blood pressure or the like, so that
the user can directly measure and manage cardiovascular health status.

[0003] Therefore, recently, studies on amethod of estimating a blood pressure by analyzing a bio-signal for minimization
of a device have been conducted.

SUMMARY

[0004] Theinventionis whatis claimed in the independent claims. Preferred embodiments are defined in the dependent
claims.

[0005] Accordingtoan aspectof an exemplary embodiment, there is provided an adaptive bio-signal feature combining
apparatus including: a feature extractor configured to extract first feature values and second feature values from a bio-
signal of an object; a stable interval determiner configured to determine at least one stable interval in the bio-signal; a
statistical variable calculator configured to calculate a statistical variable value of a first feature and a statistical variable
value of a second feature for each of the at least one stable interval based on the first and second feature values extracted
from the at least one stable interval; and a feature combiner configured to calculate an integrated combining coefficient
that is used to combine the first feature and the second feature, based on the statistical variable value of the first feature
and the statistical variable value of the second feature, wherein the feature extractor, the stable interval determiner, the
statistical variable calculator, and the feature combiner are included in one or more processors.

[0006] The bio-signal may include at least one of an electrocardiogram (ECG) signal, a photoplethysmogram (PPG)
signal, an electromyogram (EMG) signal, and a ballistocardiogram (BCG) signal.

[0007] The first feature may be related to a cardiac output and the second feature is related to a total peripheral
vascular resistance.

[0008] The first feature may include at least one of P04 /Parea, Pmax/P3, Psys/P3, P1/P3, Po/P3, and 1/T g/04, the second
feature may include at least one of 1/(T3Tgys), 1/(T3-Trax), 1/(T3-Tq), 1/(T3-Ty), Po/P4, and P3/P4, wherein T g4 denotes
a period of the bio-signal, T4 denotes a time of a peak point of a first component pulse constituting the bio-signal, P4
denotes an amplitude of the bio-signal at T, T, denotes a time of a peak point of a second component pulse constituting
the bio-signal, P, denotes an amplitude of the bio-signal at T,, T3 denotes a time of a peak point of a third component
pulse constituting the bio-signal, P5; denotes an amplitude of the bio-signal at T, T,,5, denotes a time of a peak point
of the bio-signal in a first interval, Py,,, denotes an amplitude of the bio-signal at Tp,,y, Tsys denotes an intermediate
time between T, and T,,,,, an arbitrary internally dividing point between T, and T4, or an arbitrary internally dividing
point between T4 and Ty, Pgys denotes an amplitude of the bio-signal at Ty, and P, denotes a sum of amplitudes of
the bio-signal in a second interval.

[0009] The stable interval determiner may determine the at least one stable interval based on an output value of an
acceleration or gyro sensor attached to the object.

[0010] The stable interval determiner may compare the output value of the acceleration or gyro sensor at a time of
bio-signal measurement with a predetermined threshold value, and, in response to the output value of the acceleration
or gyro sensor being maintained less than or equal to the threshold value for a predetermined time period, the stable
interval determiner may be further configured to determine that the predetermined time period is a stable interval.
[0011] The stable interval determiner may determine the at least one stable interval based on an amount of change
in the first feature or second feature extracted from the bio-signal.

[0012] The amount of change in the first feature or second feature may be defined as a fluctuation with respect to a
mean value of the corresponding first feature or second feature.

[0013] The fluctuation may include a variance, a standard deviation, and a mean absolute deviation.

sys’
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[0014] The stable interval determiner may compare the amount of change in the first feature or second feature extracted
during a time period with a predetermined threshold value and determine the time period as the stable interval when the
amount in change in the first feature or second feature is less than or equal to the predetermined threshold value.
[0015] The statistical variable may include a mean, a variance, a standard deviation, and a mean absolute deviation.
[0016] The feature combiner may calculate a combining coefficient of each stable interval based on the statistical
variable values of the first and second features which are calculated for each stable interval.

[0017] The feature combiner may calculate the combining coefficient of each stable interval by dividing the statistical
variable value of the first feature of each stable interval by the statistical variable value of the second feature of each
stable interval.

[0018] The feature combiner may calculate the integrated combining coefficient by arithmetically averaging the com-
bining coefficients calculated for each stable interval.

[0019] The feature combiner may calculate the feature combining coefficient by applying different weights to the
combining coefficients calculated for each stable interval and linearly combining the combining coefficients to which the
different weights are applied.

[0020] The feature combiner may apply a higher weight to a combining coefficient of a temporally later stable interval.
[0021] The feature combiner may linearly combine the first feature and the second feature based on the calculated
integrated combining coefficient.

[0022] The adaptive bio-signal feature combining apparatus may further include a controller configured to update the
integrated combining coefficient.

[0023] The controller may control the feature extractor, the stable interval determiner, the statistical variable calculator,
and the feature combiner to update the integrated combining coefficient according to a designated update period.
[0024] The controller may control the feature extractor, the stable interval determiner, the statistical variable calculator,
and the feature combiner to constantly update the integrated combining coefficient by overlapping the at least one stable
interval in a sliding-window scheme.

[0025] The adaptive bio-signal feature combining apparatus may further include a joint statistical variable calculator
configured to calculate a joint statistical variable value between the first feature and the second feature, wherein the
feature combiner calculates the integrated combining coefficient based on the statistical variable value of the first feature,
the statistical variable value of the second feature, and the joint statistical variable value.

[0026] The joint statistical variable may include a covariance and a correlation coefficient.

[0027] According to an aspect of another exemplary embodiment, there is provided an adaptive bio-signal feature
combining method including: extracting first feature values and second feature values from a bio-signal of an object;
calculating a statistical variable value of a first feature and a statistical variable value of a second feature based on the
first feature values and the second feature values which are extracted from at least one stable interval; and calculating
anintegrated combining coefficient thatis used to combine the first feature and the second feature based on the statistical
variable values of the first and second features.

[0028] Accordingto an aspect of still another exemplary embodiment, there is provided a blood pressure measurement
apparatus including: a stable interval determiner configured to determine a stable interval of a bio-signal of an object; a
statistical variable calculator configured to calculate a statistical variable value of a first feature and a statistical variable
value of a second feature, the first feature and the second feature being extracted from the stable interval of the bio-
signal; a feature combiner configured to calculate an integrated combining coefficient based on the statistical variable
values of the first and second features and combine the first feature and the second feature based on the calculated
integrated combining coefficient; and a blood pressure estimator configured to estimate a blood pressure of the object
based on the combined feature, wherein the stable interval determiner, the statistical variable calculator, the feature
combiner, and blood pressure estimator are included in one or more processors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The above and/or other aspects will be more apparent by describing certain exemplary embodiments, with
reference to the accompanying drawings, in which:

FIG. 1 is a diagram illustrating a bio-signal according to an exemplary embodiment;

FIG. 2 is a block diagram illustrating an adaptive bio-signal feature combining apparatus according to an exemplary
embodiment;

FIG. 3 is a graph for describing a first feature and a second feature of a bio-signal;

FIG. 4 illustrates graphs for describing a method of obtaining P,(P4, P,, P3) and T(T4, T,, T3) of FIG. 3;

FIG. 5 illustrates graphs for describing a method of obtaining P ,,, and T, of FIG. 3;

FIG. 6 is a diagram showing an example of change of a blood pressure and changes of the first feature and the
second feature extracted from the bio-signal;
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FIG. 7A is a diagram for describing the process of obtaining a combining coefficient of each feature;

FIG. 7B is a diagram for describing the process of obtaining an integrated combining coefficient;

FIG. 8is a block diagram is a block diagram illustrating an adaptive bio-signal feature combining apparatus according
to another exemplary embodiment;

FIG. 9 is a diagram illustrating an example of periodically updating an integrated combining coefficient;

FIG. 10 is a diagram illustrating an example of updating an integrated combining coefficient in a sliding-window
scheme;

FIG. 11 is a block diagram illustrating an adaptive bio-signal feature combining apparatus according to another
exemplary embodiment;

FIG. 12 is a flowchart illustrating an adaptive bio-signal feature combining method according to an exemplary
embodiment;

FIG. 13 is a flowchart illustrating operation in which the feature combining coefficient is calculated according to an
exemplary embodiment;

FIG. 14 is a flowchart illustrating an adaptive bio-signal feature combining method according to another exemplary

embodiment;

FIG. 15 is a flowchart illustrating an adaptive bio-signal feature combining method according to another exemplary
embodiment;

FIG. 16 is a flowchart illustrating an adaptive bio-signal feature combining method according to another exemplary
embodiment;

FIG. 17 is a flowchart illustrating an adaptive bio-signal feature combining method according to another exemplary
embodiment;

FIG. 18is a flowchart illustrating an adaptive bio-signal feature combining method according to stillanother exemplary
embodiment;

FIG. 19is aflowchartillustrating an adaptive bio-signal feature combining method according to yet another exemplary
embodiment;

FIG. 20 is a block diagram illustrating a blood pressure measurement apparatus according to an exemplary embod-
iment; and

FIG. 21 is a flowchart illustrating a blood pressure measurement method according to an exemplary embodiment;
DETAILED DESCRIPTION

[0030] Exemplary embodiments are described in greater detail below with reference to the accompanying drawings.
[0031] In the following description, like drawing reference numerals are used for like elements, even in different draw-
ings. The matters defined in the description, such as detailed construction and elements, are provided to assist in a
comprehensive understanding of the exemplary embodiments. However, it is apparent that the exemplary embodiments
can be practiced without those specifically defined matters. Also, well-known functions or constructions are not described
in detail since they would obscure the description with unnecessary detail.

[0032] It should be noted that in some alternative implementations, the functions/acts noted in the blocks may occur
outofthe order noted in the flowcharts. For example, two blocks shown in succession may in fact be executed substantially
concurrently or the blocks may sometimes be executed in the reverse order, depending upon the functionality/acts
involved.

[0033] Terms described in below are selected by considering functions in the embodiment and meanings may vary
depending on, for example, a user or operator’s intentions or customs. Therefore, in the following embodiments, when
terms are specifically defined, the meanings of terms should be interpreted based on definitions, and otherwise, should
be interpreted based on general meanings recognized by those skilled in the art.

[0034] As used herein, the singular forms are intended to include the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the terms "comprises" and/or "comprising," or "includes" and/or
"including" when used in this description, specify the presence of stated features, numbers, steps, operations, elements,
components or combinations thereof, but do not preclude the presence or addition of one or more other features, numbers,
steps, operations, elements, components or combinations thereof.

[0035] It will also be understood that the elements or components in the following description are discriminated in
accordance with their respective main functions. In other words, two or more elements may be made into one element
or one element may be divided into two or more elements in accordance with a subdivided function. Additionally, each
of the elements in the following description may perform a part or whole of the function of another element as well as
its main function, and some of the main functions of each of the elements may be performed exclusively by other
elements. Each element may be realized in the form of a hardware component, a software component, and/or a com-
bination thereof.

[0036] Meanwhile, an apparatus for providing a health status of the cardiovascular system described herein may be
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implemented as a software module or in the form of a hardware chip and be mounted in an electronic device. In this
case, the electronic device may include a mobile phone, a smart phone, a notebook computer, a personal digital assistant
(PDA), a portable multimedia player (PMP), a navigation system, an MP3 player, a digital camera, a wearable device,
etc., and the wearable device may include various types of wearable devices, such as a wristwatch type, a wristband
type, a ring type, a belt-type, a necklace type, an ankle band type, a thigh band type, a forearm band type, and the like.
However, the electronic device is not limited to the above mentioned examples, and the wearable device is also not
limited to the above-described examples.

[0037] FIG. 1isadiagramiillustrating a bio-signal according to an exemplary embodiment. Specifically, FIG. 1 illustrates
a photoplethysmogram (PPG) signal.

[0038] Referring to FIG. 1, a waveform of a PPG signal 100 may be a summation of a propagation wave 110, which
is caused by blood flow and propagates from the heart to peripheral parts of a body, and reflection waves 120 to 150,
which is caused by the blood flow and returns from the peripheral parts of the body. In the illustrated example, the PPG
signal 100 is a summation of five component pulses 110 to 150.

[0039] Change in blood pressure may depend on a cardiac output, which represents the amount of blood ejected by
the heart in a unit of time, and a total peripheral vascular resistance. It may be expressed as Equation 1.

BP = CO x TPR (D

[0040] Here, BPrepresents a blood pressure difference between the right and left ventricles, CO represents a cardiac
output, and TPR represents a total peripheral vascular resistance.

[0041] As the cardiac output or the total peripheral vascular resistance increases, so does the blood pressure. Thus,
when a feature related to the cardiac output and a feature related to the total peripheral vascular resistance are extracted
from the PPG signal 100 and a feature obtained by adequately combining the two extracted features is used in blood
pressure estimation, it may be possible to increase the accuracy in blood pressure estimation.

[0042] FIG. 2 is a block diagram illustrating an adaptive bio-signal feature combining apparatus according to an
exemplary embodiment.

[0043] Referring to FIG. 2, the adaptive bio-signal feature combining apparatus 200 includes a feature extractor 210,
a stable interval determiner 220, a statistical variable calculator 230, and a feature combiner 240. The adaptive bio-
signal feature combining apparatus 200 may be included in one or more processors.

[0044] The feature extractor 210 may extract first feature values and second feature values from a bio-signal. Here,
the bio-signal may be an electrical signal transmitted between cells in vivo and may include an electrocardiogram (ECG)
signal, a PPG signal, an electromyogram (EMG) signal, a ballistocardiogram (BCG) signal, etc.

[0045] According to one exemplary embodiment, a first feature may be a feature related to a cardiac output, and a
second feature may be a feature related to the total peripheral vascular resistance.

[0046] According to an exemplary embodiment, a time interval may be divided into two intervals by the time corre-
sponding to the third of numerous local maximum points included in a second-order differential bio-signal (also referred
to as reference time), and the time interval preceding the reference time may be determined as the systolic region and
the subsequent time interval may be determined as the diastolic region.

[0047] The first and second features will be described later in detail with reference to FIGS. 3 to 5.

[0048] The stable interval determiner 220 may determine at least one stable interval in the bio-signal. Here, the stable
interval may be an interval during which a blood pressure of an object is maintained stable and the bio-signal measured
from the object remains stable.

[0049] According to an exemplary embodiment, the stable interval determiner 220 may determine at least one stable
interval in the bio-signal using an output value of an acceleration or gyro sensor attached to the object. For example,
the stable interval determiner 220 may compare the output value of the acceleration or gyro sensor at the time of bio-
signal measurement with a predetermined threshold value, and, when the output value of the acceleration or gyro sensor
is maintained less than or equal to the threshold value for a specified period of time, the stable interval determiner 220
may determine that the specified time period is a stable interval. When the output value of the acceleration or gyro sensor
attached to the object exceeds the predetermined threshold value, the stable interval determiner 220 may determine
that the object is in motion, and the blood pressure or the bio-signal of the object cannot be remain stable. By contrast,
when the output value of the acceleration or gyro sensor attached to the object is maintained less than or equal to the
predetermined threshold value for the specified period of time, the stable interval determiner 220 may determine that
the object stays still or is in a stable state without a large movement, and may determine that the blood pressure or the
bio-signal of the object is maintained stable. Therefore, the stable interval determiner 220 may be allowed to identify the
stable interval of the bio-signal using the output value of the acceleration or gyro sensor attached to the object.

[0050] According to another exemplary embodiment, the stable interval determiner 220 may determine at least one
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stable interval in the bio-signal using the amount of change in the feature (e.g., the first feature or the second feature)
extracted from the bio-signal. Here, the amount of change in the feature may mean the fluctuation with respect to the
mean value of the corresponding feature. For example, the stable interval determiner 220 may calculate a variance, a
standard deviation, and/or a mean absolute deviation of the feature values (e.g., first feature values or second feature
values) extracted from a predetermined time interval of the bio-signal and calculate the amount of change in the feature
by dividing the calculated variance, standard deviation, or mean absolute deviation by the mean of the feature values.
The stable interval determiner 220 may compare the calculated amount of change in the feature with a predetermined
threshold value and determine a corresponding time interval as a stable interval when the calculated amount of change
in the feature is less than or equal to the predetermined threshold value.

[0051] The statistical variable calculator 230 may calculate statistical variable values of the first and second features
for each stable interval based on the first feature values and the second feature values extracted from the stable intervals
in the bio-signal. In this case, the statistical variable may include a mean, a variance, a standard deviation, a mean
absolute deviation, and the like.

[0052] For example, the statistical variable calculator 230 may calculate the statistical variable values of the first and
second features for each interval through Equation 2 and Equation 3.

M,
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[0053] Here, n denotes an index of a stable interval, x7,, denotes a statistical variable value of the first feature of the
n-th stable interval, x2,, denotes a statistical variable value of the second feature of the n-th stable interval, M,, denotes
the total number of the first feature values or the second feature values that are extracted from the n-th stable interval,
m denotes an index of the first feature value or the second feature value, f1,(m) denotes the m-th first feature value in
the n-th stable interval, and f2,(m) denotes the m-th second feature value in the n-th stable interval.

[0054] In another example, the statistical variable calculator 230 may calculate the statistical variable values of the
first and second features for each stable interval through Equation 4 and Equation 5.
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[0055] Here, n denotes an index of a stable interval, x/,, denotes a statistical variable value of the first feature of the
n-th stable interval, x2,, denotes a statistical variable value of the second feature of the n-th stable interval, M,, denotes
the total number of the first feature values or the second feature values that are extracted from the n-th stable interval,
m denotes an index of the first feature value or the second feature value, f1,(m) denotes the m-th first feature value in
the n-th stable interval, and f2,(m) denotes the m-th second feature value in the n-th stable interval.

[0056] In still another example, the statistical variable calculator 230 may calculate the statistical variable values of
the first and second features for each stable interval through Equation 6 and Equation 7.
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[0057] Here, n denotes an index of a stable interval, x7,, denotes a statistical variable value of the first feature of the
n-th stable interval, x2,, denotes a statistical variable value of the second feature of the n-th stable interval, M,, denotes
the total number of the first feature values or the second feature values that are extracted from the n-th stable interval,
m denotes an index of the first feature value or the second feature value, f1,(m) denotes the m-th first feature value in
the n-th stable interval, and f2,(m) denotes the m-th second feature value in the n-th stable interval.

[0058] In still another example, the statistical variable calculator 230 may calculate the statistical variable values of
the first and second features for each stable interval through Equation 8 and Equation 9.
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[0059] Here, n denotes an index of a stable interval, x7,, denotes a statistical variable value of the first feature of the
n-th stable interval, x2,, denotes a statistical variable value of the second feature of the n-th stable interval, M,, denotes
the total number of the first feature values or the second feature values that are extracted from the n-th stable interval,
m denotes an index of the first feature value or the second feature value, f1,(m) denotes the m-th first feature value in
the n-th stable interval, and f2,(m) denotes the m-th second feature value in the n-th stable interval.

[0060] The feature combiner 240 may combine the first feature and the second feature using the statistical variable
values of the first feature and the second feature which are calculated for each stable interval.

[0061] According to one exemplary embodiment, the feature combiner 240 may calculate a combining coefficient for
the first feature by averaging the statistical variable values of the first feature calculated for each stable interval and
calculate a combining coefficient for the second feature by averaging the statistical variable values of the second feature
calculated for each stable interval. In addition, the feature combiner 240 may combine the first feature and the second
feature using the combining coefficient of the first feature and the combining coefficient of the second feature.

[0062] Forexample, the feature combiner 240 may combine the first feature and the second feature using Equation 10.
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[0063] Here, f,,,;, denotes the combined feature, f1 denotes the first feature, f2 denotes the second feature, x1.,,,5
denotes the combining coefficient of the first feature, x1.,,,, denotes the combining coefficient of the second feature, n
denotes an index of the stable interval, x7,, denotes a statistical variable value of the first feature in the n-th stable interval,
and x2,, denotes a statistical variable value of the second feature in the n-th stable interval.

[0064] In another example, the feature combiner 240 may combine the first feature and the second feature using
Equation 11.
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[0065] Here, f,,,;, denotes the combined feature, f1 denotes the first feature, f2 denotes the second feature, x1.,,,
denotes the combining coefficient of the first feature, x1.,,,, denotes the combining coefficient of the second feature, n
denotes an index of the stable interval, x7,, denotes a statistical variable value of the first feature in the n-th stable interval,
and x2,, denotes a statistical variable value of the second feature in the n-th stable interval. In addition, u7 denotes a
scaling coefficient, and u2 denotes a bias. u1 and u2 may be variously set according to the performance and purpose
of the system.

[0066] In still another example, the feature combiner 240 may combine the first feature and the second feature using
Equation 12.
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[0067] Here, f,,,,;, denotes the combined feature, f1 denotes the first feature, f2 denotes the second feature, x1.,,,,
denotes the combining coefficient of the first feature, x1.,,,, denotes the combining coefficient of the second feature, n
denotes an index of the stable interval, x71,, denotes a statistical variable value of the first feature in the n-th stable interval,
and x2,, denotes a statistical variable value of the second feature in the n-th stable interval. In addition, a
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amplification coefficient for »~ Which may be a setting factor given in the system in order to compensate for an
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[0068] According to another exemplary embodiment, the feature combiner 240 may calculate a combining coefficient
of each stable interval based on the statistical variable values of the first and second features which are calculated for
each stable interval. For example, the feature combiner 240 may calculate the combining coefficient of each stable
interval by dividing the statistical variable value of the first feature of each stable interval by the statistical variable value
of the second feature of each stable interval. This is expressed as Equation 13.

imbalance which may occur in the degree of influence of

x1,
wy, = wwé-w
o L(13)

[0069] Here, W, denotes a combining coefficient of the n-th stable interval, x7,, denotes a statistical variable value of
the first feature in the n-th stable interval, and x2,, denotes a statistical variable value of the second feature in the n-th
stable interval.

[0070] In addition, the feature combiner 240 may calculate an integrated combining coefficient by combining the
combining coefficients calculated for each stable interval.

[0071] For example, the feature combiner 240 may calculate the integrated combining coefficient by arithmetically
averaging the combining coefficients of the stable intervals. This is expressed as Equation 14.

N

ZW (1)

[0072] Here, w,,,,, denotes an integrated combining coefficient, n denotes an index of a stable interval, and W,
denotes a combining coefficient of the n-th stable interval.
[0073] In another example, the feature combiner 240 may calculate the integrated combining coefficient by applying

different weights to the combining coefficients of the stable intervals and linearly combining the resulting combining
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coefficients. This is expressed as Equation 15.
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[0074] Here, w,,,,, denotes an integrated combining coefficient, n denotes an index of a stable interval, W,, denotes
a combining coefficient of the n-th stable interval, and «, denotes a weight of the n-th stable interval. In this case, «,
may be set such that a higher weight is applied to a combining coefficient of a temporally later stable interval, which is,
however, merely illustrative, and it is not limited thereto.

[0075] The feature combiner 240 may combine the first feature and the second feature based on the integrated
combining coefficient. According to one exemplary embodiment, the feature combiner 240 may linearly combine the first
and second features using the feature combining coefficient.

[0076] For example, the feature combiner 240 may combine the first and second features using Equation 16.

feomp = F1+ Weompf2 . {16)

[0077] Here, f,,,;, denotes the combined feature, f1 denotes the first feature, f2 denotes the second feature, and
W.omp denotes the integrated combining coefficient.
[0078] In another example, the feature combiner 240 may combine the first and second features using Equation 17.

feomb = ul(f1+ weompf2) + u2 (1)

[0079] Here, f_,,,;, denotes the combined feature, f1 denotes the first feature, 2 denotes the second feature, w,,
denotes the integrated combining coefficient, u71 denotes a scaling coefficient, and u2 denotes a bias. Here, u7 and u2
may be set variously according to the performance and purpose of the system.

[0080] Instillanother example, the feature combiner 240 may combine the first and second features using Equation 18.

feomp = w1{f1+ arompWeampf2) + 12 LA18)

[0081] Here, f_,,,;, denotes the combined feature, f1 denotes the first feature, 2 denotes the second feature, w,,,;,
denotes the integrated combining coefficient, u7 denotes a scaling coefficient, and u2 denotes a bias. a ., is an
amplification coefficient for the w,,,,, Which is a setting factor given in the system in order to compensate for an imbalance
which may occur in the degree of influence of w,,,*f2 versus f1 on f -

[0082] FIG. 3 is a graph for describing a first feature and a second feature of a bio-signal, FIG. 4 illustrates graphs for
describing a method of obtaining P,(P¢, P,, P3) and T,(T4, T,, T3) of FIG. 3, and FIG. 5 illustrates graphs for describing
a method of obtaining P, and T, of FIG. 3.

[0083] Referring to FIG. 3, the bio-signal 300 may be a superposition of three component pulses 310, 320, and 330.
In this case, reference numeral 300 denotes the bio-signal of one period T,¢ioq, 310 denotes a first component pulse,
320 denotes a second component pulse, and 330 denotes a third component pulse. In addition, T, denotes the time of
the peak point of the first component pulse 310, P, denotes the amplitude of the bio-signal 300 at T,, T, denotes the
time of the peak point of the second component pulse 320, P, denotes the amplitude of the bio-signal 300 at T,, Ty
denotes the time of the peak point of the third component pulse 330, P5 denotes the amplitude of the bio-signal 300 at
T, Trax denotes the time of the peak point of the bio-signal 300 in a predetermined interval (e.g., a first interval), P,
denotes the amplitude of the bio-signal 300 at Ty, Tsys denotes the intermediate time between T4 and T,y Pgys
denotes the amplitude of the bio-signal 300 at T, 14, denotes a setting factor (0 < tq4,< 1) (e.g., 0.7) of the system,
and P, denotes the sum of amplitudes of the bio-signal 300 between time 0 and 1y, Tyerioq (in @ second interval).
[0084] The first feature is a feature related to the cardiac output, and it may include, for example, P\ ,4,/Pareas Pmax/P3s
Psys/P3: P1/P3, Po/P3, 1/T g0, OF the like.

[0085] The second feature is a feature related to the total peripheral vascular resistance, and it may include 1/(T3-Tsys),
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U(T3-Tax), 1/(T3-Tq), 1/(T3-Ty), Ps/Py, Po/P4 or the like.

[0086] Meanwhile, T, is described as the intermediate time between T4 and Ty, in FIG. 3, but is not limited thereto.
For example, Tg,s may be an arbitrary internally dividing point between T4 and T, or an arbitrary internally dividing
point between T4 and T,.

[0087] Referring to FIG. 4, P,(P4, Py, P3) and T,(T4, T,, T3) of FIG. 3 may be obtained based on a second-order
differential signal 400 of the bio-signal 300. When the second-order differential signal 400 is obtained from the bio-signal
300, the second-order differential signal 400 may include a plurality of local minimum points min1, min2, and min3. When
the local minimum points min1 to min3 included in the second-order differential signal 400 are arranged in a time-order
sequence, the first local minimum point min1 corresponds to T4, the second local minimum point min2 corresponds to
T,, and the third local minimum point min3 corresponds to Ts. In addition, the amplitude of the bio-signal 300 at T,
corresponds to P4, the amplitude of the bio-signal 300 at T, corresponds to P,, and the amplitude of the bio-signal 300
at T4 corresponds to Pj.

[0088] Referring to FIG. 5, P, and T, of FIG. 3 may be obtained based on the second-order differential signal
400 of the bio-signal 300. When the second-order differential signal 400 is obtained from the bio-signal 300, the second-
order differential signal 400 may include a plurality of local maximum points max1, max2, and max3. When the local
maximum points max1to max3included in the second-order differential signal 400 are arranged in a time-order sequence
and the time corresponding to the third maximum point is T 4, @ range for searching P, may be determined to be
the range of 0 <time < T4, In this case, the time of the peak point of the bio-signal 300 in the range of 0 <time <T
corresponds to T, and the amplitude of the bio-signal 300 at T,,,,, corresponds to P, ,,.

[0089] FIG. 6 is a diagram showing an example of change of a blood pressure and changes of the first feature and
the second feature extracted from the bio-signal.

[0090] ReferringtoFIG.6,when ablood pressure value changes, the average change value of the first feature (denoted
as FEATURE 1) and the average change value of the second feature (denoted as FEATURE 2) may also change.
Specifically, when the cardiac output increases due to exercise or the like and the blood pressure, in turn, rises, the first
feature (FEATURE 1) related to the cardiac output, may increase greatly, whereas the second feature (FEATURE 2)
related to the total peripheral vascular resistance, may be substantially constant or decreases. In addition, when the
blood vessel resistance increases due to the tension of tissue and in turn the blood pressure increases, the second
feature (FEATURE 2) related to the total peripheral vascular resistance may increase greatly, whereas the first feature
(FEATURE 1) related to the cardiac output may be substantially constant or decreases. In other words, when the blood
pressure is out of the stable state, i.e., a stable interval, the balance between changes of the two features is generally
disturbed and the change of one feature is relatively larger than the other feature, which may result in change in blood
pressure.

[0091] FIG. 7Ais adiagram for describing the process of obtaining a combining coefficient of each feature. Specifically,
FIG. 7A is a diagram for describing the process of obtaining the combining coefficients of the first feature and the second
feature based on the first feature values and the second feature values which are extracted from two stable intervals.
[0092] Referring to FIGS. 2 and 7A, the feature extractor 210 may extract the first feature values and the second
feature values from the bio-signal, and the stable interval determiner 220 may determine the two stable intervals 410
and 420 from the bio-signal.

[0093] The statistical variable calculator 230 may calculate a statistical variable value x1, of the first feature based on
the first feature values in a first stable interval 410 and calculate a statistical variable value x2, of the second feature
based on the second feature values in the first stable interval 410. In addition, the statistical variable calculator 230 may
calculate a statistical variable value x1, of the first feature based on the first feature values in a second stable interval
420 and calculate a statistical variable value x2, of the second feature based on the second feature values in the second
stable interval 420. In this case, the statistical variable calculator 230 may calculate the statistical variable values x14
and x1, of the first feature and the statistical variable values x2; and x2, of the second feature using Equation 2 to
Equation 9.

[0094] The feature combiner 240 may calculate a combining coefficient x1.,,, of the first feature by arithmetically
averaging the statistical variable values x1, and x1, of the first feature and calculate a combining coefficient x2 ., of
the second feature by arithmetically averaging the statistical variable values x2,4 and x2, of the second feature.

[0095] Meanwhile, the feature combiner 240 may combine the first feature and the second feature using Equation 10
to Equation 12, based on the combining coefficient x1 .., of the first feature and the combining coefficient x2.,, of
the second feature.

[0096] FIG. 7B is a diagram for describing the process of obtaining an integrated combining coefficient. Specifically,
FIG. 7B is a diagram for describing the process of obtaining the integrated combining coefficient based on the first feature
values and the second feature values which are extracted from two stable intervals.

[0097] Referring to FIGS. 2 and 7B, the feature extractor 210 may extract the first feature values and the second
feature values from the bio-signal, and the stable interval determiner 220 determines the two stable intervals 410 and
420 from the bio-signal.
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[0098] The statistical variable calculator 230 may calculate a statistical variable x1, of the first feature based on the
first feature values in a first stable interval 410 and calculates a statistical variable x2, of the second feature based on
the second feature values in the first stable interval 410. In addition, the statistical variable calculator 230 may calculate
a statistical variable value x1, of the first feature based on the first feature values in a second stable interval 420 and
calculates a statistical variable value x2, of the second feature based on the second feature values in the second stable
interval 420. In this case, the statistical variable calculator 230 may calculate the statistical variable value x1, and x1,
of the first feature and the statistical variable value x2, and x2, of the second feature using Equation 2 to Equation 9.
[0099] The feature combiner 240 may calculate a combining coefficient w, of the first stable interval 410 based on the
statistical variable values x14 and x21 of the first and second features. In addition, the feature combiner 240 calculates
a combining coefficient w, of the second stable interval 420 based on the statistical variable values x1, and x2, of the
first and second features. In this case, the feature combiner 240 may calculate the combining coefficient w, of the first
stable interval 410 and the combining coefficient w, of the second stable interval 420 using Equation 13.

[0100] The feature combiner 240 may calculate an integrated combining coefficient w, ., by arithmetically averaging
the combining coefficients w4 and w, of the stable intervals.

[0101] Meanwhile, the feature combiner 240 may combine the first feature and the second feature using Equation 16
to Equation 18 based on the integrated combining coefficient wgmp-

[0102] FIG. 8 is a block diagram is a block diagram illustrating an adaptive bio-signal feature combining apparatus
according to another exemplary embodiment, FIG. 9 is a diagram illustrating an example of periodically updating an
integrated combining coefficient, and FIG. 10 is a diagram illustrating an example of updating an integrated combining
coefficient in a sliding-window scheme.

[0103] Referringto FIGS. 8to 10, the adaptive bio-signal feature combining apparatus 800 includes a feature extractor
810, a stable interval determiner 820, a statistical variable calculator 830, a feature combiner 840, and a controller 850.
The feature extractor 810, the stable interval determiner 820, the statistical variable calculator 830, the feature combiner
840, and the controller 850 may be included in one or more processors. In this case, the feature extractor 810, the stable
interval determiner 820, the statistical variable calculator 830, and the feature combiner 840 may operate in substantially
the same manner as the feature extractor 210, the stable interval determiner 220, the statistical variable calculator 230,
and the feature combiner 240 of FIG. 2, respectively, and thus detailed descriptions thereof will not be reiterated.
[0104] The controller 850 may constantly update a combining coefficient of a first feature and a combining coefficient
of a second feature, or may constantly update an integrated combining coefficient.

[0105] The features of the bio-signal may change according to changes in physiological characteristics of the human
body and changes in the surrounding environment (e.g., temperature, etc.). Accordingly, the controller 850 may control
the feature extractor 810, the stable interval determiner 820, the statistical variable calculator 830, and the feature
combiner 840 so that the combining coefficients of the first feature and the second feature can be constantly updated
or the integrated combining coefficient can be constantly updated by taking into account the features of the bio-signal.
[0106] According to one exemplary embodiment, the controller 850 may control the feature extractor 810, the stable
interval determiner 820, the statistical variable calculator 830, and the feature combiner 840 to periodically update the
integrated combining coefficient according to a designated update period, as shown in FIG. 9. In this case, the update
period may be set variously according to the performance or purpose of the system.

[0107] According to another exemplary embodiment, the controller 850 may control the feature extractor 810, the
stable interval determiner 820, the statistical variable calculator 830, and the feature combiner 840 so that the integrated
combining coefficient can be constantly updated by overlapping at least one stable interval in a sliding-window scheme,
as shown in FIG. 10.

[0108] Meanwhile, although FIGS. 9 and 10 illustrate that the integrated combining coefficient is constantly updated
for convenience of description, it is possible to constantly update the combining coefficients of the first and second
features according to an exemplary embodiment.

[0109] FIG. 11 is a block diagram illustrating an adaptive bio-signal feature combining apparatus according to another
exemplary embodiment.

[0110] Referringto FIG. 11, the adaptive bio-signal feature combining apparatus 1100 may include a feature extractor
1110, a stable interval determiner 1120, a statistical variable calculator 1130, a joint statistical variable calculator 1140,
and a feature combiner 1150. Here, the feature extractor 1110, the stable interval determiner 1120, and the statistical
variable calculator 1130 may operate in substantially the same manner as the feature extractor 210, the stable interval
determiner 220, and the statistical variable calculator 230 of FIG. 2, respectively, and thus detailed descriptions thereof
will not be reiterated.

[0111] The joint statistical variable calculator 1140 may calculate a joint statistical variable value between a first feature
and a second feature. In this case, the joint statistical variable may include a covariance or a correlation coefficient,
which is, however, merely illustrative, and it is not limited thereto.

[0112] As described above, since the change in blood pressure is minimized in an interval in which a user remains
stable by having a rest or the like, that is, a stable interval, a result of combination of the first and second features
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extracted from the bio-signal in the stable interval may be expected to have a small fluctuation. Therefore, the combining

coefficient may be adjusted such that a variance that indicates statistical fluctuation of a sum of f1 and wf2, which is the
combination result of the two features, is minimized. This may be expressed as Equation 19.

VIFL+wf2) = E[(f 1 +wf2y ] = (E[f 1+ wf2]¥®
w E[f1% 4 2WF1F2 + wif1%] = E[f 1% = 2wE[f1IE[ 2] = wh(E[/ 2] ¥
st P[] b ewlELfLf2] - EIF LB 2 + vifi) L(19)
[0113] Here, V[X] and E[X] denote a variance and a mean of variable X, respectively, f1 denotes a first feature, 2

denotes a second feature, and w denotes a combining coefficient.
[0114] Referring to Equation 19, it is shown that w that minimizes V[f1 + wf2] is obtained as Equation 20.

_Elfe] - EWIE?W] ~COV(fLf2)
. vIr2l BT .+-(20)

[0115] Here, COV(f1, f2) is a covariance between f1 and f2.

[0116] Referring to Equation 15, it is shown that the combining coefficient w can be obtained using the statistical
variable (variance) v/[f2] of the second feature and the covariance COV(f1, f2) between the first feature and the second
feature.

[0117] Equation 20 is expanded as shown in Equation 21.

x1x2 _COV(f1,f2)  x1

i i 5
WETVIF T xxe x2 " Pru 2D

[0118] Here, x7 and x2 denote a statistical variable of the first feature and a statistical variable of the second feature,
respectively, oz ¢ denotes the correlation coefficient between the first feature and the second feature.

[0119] Referring to FIG. 21, it is shown that the combining coefficient w is obtained using the statistical variable x7 of
the first feature, the statistical variable x2 of the second feature, and the correlation coefficient pf, r, between the first
feature and the second feature.

[0120] Thefeature combiner 1150 may calculate the combining coefficient of each stable interval based on the statistical
variable of the first feature, the statistical variable of the second feature, and the joint statistical variable (e.g., a covariance,
a correlation coefficient, or the like) between the first feature and the second feature. For example, the feature combiner
1150 may calculate the combining coefficient of each stable interval using Equation 20 or Equation 21.

[0121] The feature combiner 1150 may calculate the integrated combining coefficient by combining the combining
coefficients calculated for each stable interval. For example, the feature combiner 1150 may calculate the integrated
combining coefficient using Equation 14 or Equation 15.

[0122] The feature combiner 1150 may generate a combined feature by combining the first feature and the second
feature based on the integrated combining coefficient. For example, the feature combiner 1150 may combine the first
and second features using Equation 16 to Equation 18.

[0123] FIG. 12 is a flowchart illustrating an adaptive bio-signal feature combining method according to an exemplary
embodiment. The adaptive bio-signal feature combining method of FIG. 12 may be performed by the adaptive bio-signal
feature combining apparatus 200 of FIG. 2.

[0124] Referring to FIGS. 2 and 12, the adaptive bio-signal feature combining apparatus 200 extracts first feature
values and second feature values are extracted from a bio-signal of an object, in operation 1210. Here, the first feature
and the second feature have been described specifically with reference to FIGS. 2 to 5, and hence detailed descriptions
thereof will be omitted.

[0125] The adaptive bio-signal feature combining apparatus 200 determines at least one stable interval in the bio-
signal, as depicted in operation 1220.

[0126] According to one exemplary embodiment, the adaptive bio-signal feature combining apparatus 200 may de-
termine at least one stable interval in the bio-signal using an acceleration sensor or a gyro sensor which is attached to
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an object. In a case where the adaptive bio-signal feature combining apparatus 200 and the acceleration or gyro sensor
are included in a smartwatch or a smartphone, the acceleration or gyro sensor may detect the motion of a user who is
wearing the smartwatch or holding the smartphone, and the adaptive bio-signal feature combining apparatus 200 may
determine the stable interval based on the detected motion. For example, the adaptive bio-signal feature combining
apparatus 200 may compare an output value of the acceleration sensor or the gyro sensor with a predetermined threshold
value, and, when the output value of the acceleration or gyro sensor is maintained less than or equal to the threshold
value for a specified period of time, the adaptive bio-signal feature combining apparatus 200 may determine that the
specified time period is a stable interval.

[0127] According to another exemplary embodiment, the adaptive bio-signal feature combining apparatus 200 may
determine at least one stable interval in the bio-signal using the amount of change in the feature (e.g., the first feature
or the second feature) extracted from the bio-signal. Here, the amount of change in the feature may mean the fluctuation
with respect to the mean value of the corresponding feature. For example, the adaptive bio-signal feature combining
apparatus 200 may calculate a variance, a standard deviation, a mean absolute deviation, etc. of the feature values
(e.g., first feature values or second feature values) extracted from a predetermined time interval of the bio-signal and
calculate the amount of change in the feature by dividing the calculated variance, standard deviation, or mean absolute
deviation by the mean of the feature values. The adaptive bio-signal feature combining apparatus 200 may compare
the calculated amount of change in the feature with a predetermined threshold value and determine the corresponding
time interval as a stable interval when the calculated amount of change in the feature is less than or equal to the
predetermined threshold value.

[0128] The adaptive bio-signal feature combining apparatus 200 calculates a statistical variable value of the first feature
and a statistical variable value of the second feature for each stable interval based on the first feature values and the
second feature values, in operation 1230. In this case, the statistical variable may include a mean, a variance, a standard
deviation, a mean absolute deviation, and the like. For example, the adaptive bio-signal feature combining apparatus
200 may calculate the statistical variable values of the first and second features using Equation 2 to Equation 9.
[0129] The adaptive bio-signal feature combining apparatus 200 calculates an integrated combining coefficient based
on the statistical variable values of the first and second features which are calculated for each stable interval, in operation
1240.

[0130] Hereinafter, operation 1240 in which the integrated combining coefficient is calculated will be described in detail
with reference to FIG. 13.

[0131] FIG. 13is aflowchart illustrating operation in which the integrated combining coefficient is calculated, according
to an exemplary embodiment.

[0132] Referring to FIGS. 2 and 13, the adaptive bio-signal feature combining apparatus 200 calculates the combining
coefficient of each stable interval based on the statistical variable values of the first and second features which are
calculated for each stable interval, in operation 1310. For example, the adaptive bio-signal feature combining apparatus
200 may calculate the combining coefficient of each stable interval using Equation 13.

[0133] The adaptive bio-signal feature combining apparatus 200 calculates the integrated combining coefficient by
combining the combining coefficients calculated for each stable interval, in operation 1320. For example, the adaptive
bio-signal feature combining apparatus 200 may calculate the integrated combining coefficient using Equation 14 or
Equation 15.

[0134] FIG. 14 is a flowchart illustrating an adaptive bio-signal feature combining method according to another exem-
plary embodiment. The adaptive bio-signal feature combining method of FIG. 14 may be performed by the adaptive bio-
signal feature combining apparatus 200 of FIG. 2. Here, operations 1410 to 1440 may be substantially the same as
operations 1210 to 1240 of FIG. 12, and thus detailed descriptions thereof will be omitted.

[0135] In operation 1450, the adaptive bio-signal feature combining apparatus 200 combines the first feature and the
second feature based on the integrated combining coefficient. For example, the adaptive bio-signal feature combining
apparatus 200 may combine the first feature and the second feature using Equation 16 to Equation 18.

[0136] FIG. 15is a flowchart illustrating an adaptive bio-signal feature combining method according to another exem-
plary embodiment. The adaptive bio-signal feature combining method of FIG. 15 may be performed by the adaptive bio-
signal feature combining apparatus 800 of FIG. 8. Here, operations 1510 to 1540 may be substantially the same as
operations 1210 to 1240 of FIG. 12, and thus detailed descriptions thereof will be omitted.

[0137] In 1550, the adaptive bio-signal feature combining apparatus 800 constantly updates the integrated combining
coefficient.

[0138] Accordingtoone embodiment, the adaptive bio-signal feature combining apparatus 800 may repeatedly perform
operations 1510 to 1540 so as to periodically update the integrated combining coefficient according to a designated
update period, as shown in FIG. 9.

[0139] According to another exemplary embodiment, the adaptive bio-signal feature combining apparatus 800 may
repeatedly perform operations 1510 to 1540 to constantly update the integrated combining coefficient by overlapping at
least one stable interval in a sliding-window scheme, as shown in FIG. 10.
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[0140] FIG. 16 is a flowchart illustrating an adaptive bio-signal feature combining method according to another exem-
plary embodiment. The adaptive bio-signal feature combining method of FIG. 16 may be performed by the adaptive bio-
signal feature combining apparatus 1100 of FIG. 11. Here, operations 1610 to 1630 may be substantially the same as
operations 1210 to 1230 of FIG. 12, and thus detailed descriptions thereof will be omitted.

[0141] Inoperation 1640, the adaptive bio-signal feature combining apparatus 1100 calculates a joint statistical variable
value between the first feature and the second feature. In particular, the joint statistical variable may include a covariance
or a correlation coefficient, which is, however, merely illustrative, and it is not limited thereto.

[0142] Inoperation 1650, the adaptive bio-signal feature combining apparatus 1100 calculates the combining coefficient
of each stable interval based on the statistical variable of the first feature, the statistical variable of the second feature,
and the joint statistical variable between the first feature and the second feature, and calculates the feature combining
coefficient by combining the combining coefficients calculated for each stable interval. For example, the adaptive bio-
signal feature combining apparatus 1100 may calculate the combining coefficient of each stable interval using Equation
20 or Equation 21, and calculates the integrated combining coefficient using Equation 14 or Equation 15.

[0143] FIG. 17 is a flowchart illustrating an adaptive bio-signal feature combining method according to another exem-
plary embodiment. The adaptive bio-signal feature combining method of FIG. 17 may be performed by the adaptive bio-
signal feature combining apparatus 200 of FIG. 2. Here, operations 1710 to 1730 may be substantially the same as
operations 1210 to 1230 of FIG. 12, and thus detailed descriptions thereof will be omitted.

[0144] In operation 1740, the adaptive bio-signal feature combining apparatus 200 calculates a combining coefficient
of the first feature by averaging statistical variable values of the first feature calculated for each stable interval, and
calculates a combining coefficient of the second feature by averaging statistical variable values of the second feature
calculated for each stable interval.

[0145] FIG. 18 is a flowchart illustrating an adaptive bio-signal feature combining method according to still another
exemplary embodiment. The adaptive bio-signal feature combining method of FIG. 18 may be performed by the adaptive
bio-signal feature combining apparatus 200 of FIG. 2. Here, operations 1810 to 1840 may be substantially the same as
operations 1710 to 1740 of FIG. 17, and thus detailed descriptions thereof will be omitted.

[0146] In operation 1850, the adaptive bio-signal feature combining apparatus 200 combines a first feature and a
second feature based on combining coefficients of the respective features. For example, the adaptive bio-signal feature
combining apparatus 200 may combine the first feature and the second feature using Equation 10 to Equation 12.
[0147] FIG. 19 is a flowchart illustrating an adaptive bio-signal feature combining method according to yet another
exemplary embodiment. The adaptive bio-signal feature combining method of FIG. 19 may be performed by the adaptive
bio-signal feature combining apparatus 800 of FIG. 8. Here, operations 1910 to 1940 may be substantially the same as
operations 1710 to 1740 of FIG. 17, and thus detailed descriptions thereof will be omitted.

[0148] In operation 1950, the adaptive bio-signal feature combining apparatus 800 constantly updates combining
coefficients of each of features.

[0149] According to one exemplary embodiment, the adaptive bio-signal feature combining apparatus 800 may re-
peatedly perform operations 1910 to 1940 to periodically update a combining coefficient of a first feature and a combining
coefficient of a second feature according to a designated update period as shown in FIG. 9.

[0150] According to another exemplary embodiment, the adaptive bio-signal feature combining apparatus 800 may
repeatedly perform operations 1910 to 1940 to constantly update the combining coefficient of the first feature and the
combining coefficient of the second feature by overlapping at least one stable interval in a sliding-window scheme, as
shown in FIG. 10.

[0151] FIG. 20 is a block diagram illustrating one embodiment of a blood pressure measurement apparatus.

[0152] Referring to FIG. 20, the blood pressure measurement apparatus 2000 includes a stable interval determiner
2010, a statistical variable calculator 2020, a feature combiner 2030, and a blood pressure estimator 2040. Here, the
stable interval determiner 2010, the statistical variable calculator 2020, and the feature combiner 2030 may operate in
substantially the same manner as the stable interval determiner 220, the statistical variable calculator 230, and the
feature combiner 240, respectively, and thus detailed descriptions thereof will be omitted.

[0153] The blood pressure estimator 2040 may estimate a blood pressure of an object based on the combined feature.
In particular, the blood pressure estimator 2040 may use Equation 22.

Blood Pressure = af gmp + b R k)

[0154] Here, a denotes a scale factor and b denotes an offset. a and b may be calculated in advance using a statistical
scheme or through a calibration process. f.,,, may be calculated using Equation 10 to Equation 12 or Equation 16 to
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Equation 18.

[0155] According to the exemplary embodiments, a blood pressure measurement apparatus may estimate a blood
pressure level from a PPG bio-signal (e.g., a sum of a propagation wave 110 and reflection waves 120 to 150), even
without using reference blood pressure levels. In order to estimate the blood pressure level, the blood pressure meas-
urement apparatus may calculate a statistical variable of each of a plurality of features obtained from stable intervals of
the PPG bio-signal, derive a feature combining coefficient based on the statistical variable, and linearly combine the
features based on the feature combining coefficient. According to the blood pressure measurement apparatus, the blood
pressure level is estimated adaptively in accordance with time and user changes, unlike in a related-art method of a
blood pressure estimation that uses linear regression which requires a reference blood pressure level. According to the
related-art method, the reference blood pressure level needs to be updated or re-obtained when users are changed so
that the reference blood pressure level reflects unique biological characteristics of a new user.

[0156] FIG.21isaflowchartillustratinga blood pressure measurement method accordingto an exemplary embodiment.
[0157] The blood pressure measurement method of FIG. 21 may be performed by the blood pressure measurement
apparatus 2000 of FIG. 20. Here, operations 2110 to 2140 may be substantially the same as operations 1420 to 1450
of FIG. 14, and thus detailed descriptions thereof will be omitted.

[0158] In operation 2150, the blood pressure measurement apparatus 2000 may estimate a blood pressure of an
object based on a combined feature. At this time, the blood pressure measurement apparatus 2000 may use Equation 22.
[0159] While not restricted thereto, an exemplary embodiment can be embodied as computer-readable code on a
computer-readable recording medium. The computer-readable recording medium is any data storage device that can
store data that can be thereafter read by a computer system. Examples of the computer-readable recording medium
include read-only memory (ROM), random-access memory (RAM), CD-ROMs, magnetic tapes, floppy disks, and optical
data storage devices. The computer-readable recording medium can also be distributed over network-coupled computer
systems so that the computer-readable code is stored and executed in a distributed fashion. Also, an exemplary em-
bodiment may be written as a computer program transmitted over a computer-readable transmission medium, such as
a carrier wave, and received and implemented in general-use or special-purpose digital computers that execute the
programs. Moreover, it is understood that in exemplary embodiments, one or more units of the above-described appa-
ratuses and devices can include circuitry, a processor, a microprocessor, etc., and may execute a computer program
stored in a computer-readable medium.

[0160] The foregoing exemplary embodiments are merely exemplary and are not to be construed as limiting. The
presentteaching can be readily applied to other types of apparatuses. Also, the description of the exemplary embodiments
is intended to be illustrative, and not to limit the scope of the claims, and many alternatives, modifications, and variations
will be apparent to those skilled in the art.

Claims
1. An adaptive bio-signal feature combining apparatus comprising:

a feature extractor configured to extract first feature values and second feature values from a bio-signal of an
object;

a stable interval determiner configured to determine at least one stable interval in the bio-signal;

a statistical variable calculator configured to calculate a statistical variable value of a first feature and a statistical
variable value of a second feature for each of the at least one stable interval based on the first and second
feature values extracted from the at least one stable interval; and

a feature combiner configured to calculate a integrated combining coefficient that is used to combine the first
feature and the second feature, based on the statistical variable value of the first feature and the statistical
variable value of the second feature,

wherein the feature extractor, the stable interval determiner, the statistical variable calculator, and the feature
combiner are included in one or more processors.

2. The adaptive bio-signal feature combining apparatus of claim 1, wherein the bio-signal comprises at least one of
an electrocardiogram, ECG, signal, a photoplethysmogram, PPG, signal, an electromyogram, EMG, signal, and a
ballistocardiogram, BCG, signal, and/or the first feature indicates a cardiac output and the second feature indicates
a total peripheral vascular resistance.

3. The adaptive bio-signal feature combining apparatus of claim or 2, wherein the first feature comprises at least one

Of Prax/Parear Pmax/P3, Psys/P3, P1/P3, Po/P3, and, and 1/T,qoq, the second feature comprises at least one of
(T3 Teys), V(T3 Trax), 1(T3-Tq), 1(T3-Ty), Po/Py, and P3/P4, wherein Tpg 04 denotes a period of the bio-signal,
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T, denotes a time of a peak point of a first component pulse constituting the bio-signal, P, denotes an amplitude of
the bio-signal at T4, T, denotes a time of a peak point of a second component pulse constituting the bio-signal, P,
denotes an amplitude of the bio-signal at T,, T5 denotes a time of a peak point of a third component pulse constituting
the bio-signal, P; denotes an amplitude of the bio-signal at T, T, denotes a time of a peak point of the bio-signal
in a first interval, P,,, denotes an amplitude of the bio-signal at Ty, Ts,s denotes an intermediate time between
T4 and T, an arbitrary internally dividing point between T, and T,,,, or an arbitrary internally dividing point
between T, and T,, Py, denotes an amplitude of the bio-signal at T, and P, denotes a sum of amplitudes of
the bio-signal in a second interval.

The adaptive bio-signal feature combining apparatus of one of claims to 3, wherein the stable interval determiner
is further configured to determine the at least one stable interval based on one or more of an output value of a sensor
that detects a motion of the object, and an amount of change in the first feature or second feature extracted from
the bio-signal.

The adaptive bio-signal feature combining apparatus of claim 4, wherein the stable interval determiner is further
configured to compare the output value of the sensor at a time of bio-signal measurement with a predetermined
threshold value, and in response to the output value of the sensor being maintained less than or equal to the
predetermined threshold value for a predetermined time period, the stable interval determiner is further configured
to determine that the predetermined time period is a stable interval.

The adaptive bio-signal feature combining apparatus of claim 4, wherein the amount of change in the first feature
or second feature is defined as a fluctuation with respect to a mean value of the corresponding first feature or second
feature,

wherein the amount of change in the first feature or second feature is defined as a fluctuation that comprises a
variance, a standard deviation, and a mean absolute deviation, and/or

wherein the stable interval determiner is further configured to compare the amount of change in the first feature or
second feature extracted during a time period with a predetermined threshold value and determine the time period
as the stable interval when the amount in change in the first feature or second feature is less than or equal to the
predetermined threshold value.

The adaptive bio-signal feature combining apparatus of one of claims to 6, wherein the statistical variable comprises
a mean, a variance, a standard deviation, and a mean absolute deviation.

The adaptive bio-signal feature combining apparatus of one of claims 1 to 7, wherein the feature combiner is further
configured to calculate a combining coefficient of each stable interval based on the statistical variable values of the
first and second features which are calculated for each stable interval, and/or to linearly combine the first feature
and the second feature based on the calculated integrated combining coefficient.

The adaptive bio-signal feature combining apparatus of claim 8, wherein the feature combiner is further configured
to perform one or more of:

calculate the combining coefficient of each stable interval by dividing the statistical variable value of the first
feature of each stable interval by the statistical variable value of the second feature of each stable interval;
calculate the integrated combining coefficient by arithmetically averaging the combining coefficients calculated
for each stable interval;

calculate the integrated combining coefficient by applying different weights to the combining coefficients calcu-
lated for each stable interval and linearly combining the combining coefficients to which the different weights
are applied; and

apply a higher weight to a combining coefficient of a temporally later stable interval.

The adaptive bio-signal feature combining apparatus of one of claims to 9, further comprising a controller configured
to update the integrated combining coefficient.

The adaptive bio-signal feature combining apparatus of claim 10, wherein the controller is further configured to
control the feature extractor, the stable interval determiner, the statistical variable calculator, and the feature combiner
to update the integrated combining coefficient according to a designated update period, or to constantly update the
integrated combining coefficient by overlapping the at least one stable interval in a sliding-window scheme.
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12. The adaptive bio-signal feature combining apparatus of one of claims 1 to 11, further comprising:

a joint statistical variable calculator configured to calculate a joint statistical variable value between the first
feature and the second feature,

wherein the feature combiner is further configured to calculate the integrated combining coefficient based on
the statistical variable value of the first feature, the statistical variable value of the second feature, and the joint
statistical variable value,

wherein the joint statistical variable preferably comprises a covariance and a correlation coefficient.

13. The adaptive bio-signal feature combining apparatus one of claims to 12, further comprising:

a blood pressure estimator configured to estimate a blood pressure of the object based on the combined feature,
wherein the blood pressure estimator is included in the one or more processors.

14. An adaptive bio-signal feature combining method comprising:

extracting first feature values and second feature values from a bio-signal of an object;

calculating a statistical variable value of a first feature and a statistical variable value of a second feature based
on the first feature values and the second feature values which are extracted from at least one stable interval; and
calculating an integrated combining coefficient that is used to combine the first feature and the second feature
based on the statistical variable values of the first and second features.

15. A computer-readable storage medium storing instructions that, when executed by one or more processors, perform
an adaptive bio-signal feature combining method comprising:

extracting first feature values and second feature values from a bio-signal of an object;

determining at least one stable interval in the bio-signal;

calculating a statistical variable value of a first feature and a statistical variable value of a second feature for
each of the at least one stable interval based on the first and second feature values extracted from the at least
one stable interval; and

calculating a combining coefficient of the first feature based on the statistical variable value of the first feature,
calculating a combining coefficient of the second feature based on the statistical variable value of the second
feature, and combining the first feature and the second feature based on the combining coefficients of the first
feature and the second feature.
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