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BIO-SIGNAL FEATURE SCALING
APPARATUS AND METHOD

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims the priority from Korean
Patent Application No. 10-2016-0181374, filed on Dec. 28,
2016, in the Korean Intellectual Property Office, the entire
disclosure of which is incorporated herein by reference for

all purposes.
BACKGROUND

1. Field

[0002] Apparatus and method consistent with example
embodiments relate to a bio-signal feature scaling apparatus
and method.

2. Description of Related Art

[0003] Healthcare technology has been gaining attention
due to the rapid entry into an aging society and social
problems such as increase in medical expenses. Accordingly,
not only medical devices that may be utilized by hospitals
and inspection agencies but also portable small-sized medi-
cal devices such as wearable devices are being developed. In
addition, such portable small-sized medical device may be
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, to enable the user to directly
measure and manage the user’s cardiovascular health status.
[0004] Therefore, recently, studies on a method and appa-
ratus to estimate a health status such as a blood pressure by
analyzing a bio-signal with a portable small-sized device
have been conducted.

SUMMARY

[0005] One or more example embodiments provide a
bio-signal feature scaling apparatus and method.

[0006] According to an aspect of an example embodiment,
there is provided a bio-signal feature scaling apparatus
including a processor configured to execute instructions to:
extract a feature from a bio-signal of an object; estimate a
cause of change in a bio-state of the object; calibrate a scale
factor based on the estimated cause of change in the bio-
state; and scale the extracted feature by applying the cali-
brated scale factor to the extracted feature.

[0007] The bio-signal may include at least one from
among an electrocardiogram signal, a photoplethysmogram
signal, an electromyogram signal, and a ballistocardiogram
signal.

[0008] The cause of change in the bio-state may include at
least one from among breath-holding, anaerobic exercise,
aerobic exercise, and stress.

[0009] The processor may be further configured to mea-
sure a breathing pattern comprising a respiration rate of the
object and estimate the cause of change in the bio-state
based on the measured breathing pattern.

[0010] The processor may be further configured 1o the
breathing pattern of the object using a respiration sensor
attached to the object.

[0011] The processor may be further configured to mea-
sure the breathing pattern of the object by analyzing the
bio-signal.
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[0012] The processor may be further configured to mea-
sure the breathing pattern of the object by analyzing a heart
rate or inter beat interval (IBI) obtained from the bio-signal,
or analyzing at least one from among a low frequency
fluctuation component comprising an amplitude component
of the bio-signal.

[0013] The processor may be further configured to cali-
brate the scale factor based on a model that defines a
relationship between a cause of change in a bio-state and
calibration of a scale factor.

[0014] According to another aspect of an example
embodiment, there is provided a bio-signal feature scaling
method including: extracting a feature from a bio-signal of
an object; estimating a cause of change in bio-state of the
object; calibrating a scale factor based on the estimated
cause of change in the bio-state; and scaling the extracted
feature by applying the calibrated scale factor to the
extracted feature.

[0015] The bio-signal feature scaling method, wherein the
bio-signal may include at least one from among an electro-
cardiogram signal, a photoplethysmogram signal, an elec-
tromyogram signal, and a ballistocardiogram signal.
[0016] The bio-signal feature scaling method, wherein the
cause of change in the bio-state may include at least one
from among breath-holding, anaerobic exercise, aerobic
exercise, and stress.

[0017] The bio-signal feature scaling method, wherein the
estimating of the cause of change in the bio-state comprises
measuring a breathing pattern comprising a respiration rate
of the object and estimating the cause of change in the
bio-state based on the measured breathing pattern.

[0018] The bio-signal feature scaling method, wherein the
measuring of the breathing pattern may include measuring
the breathing pattern of the object using a respiration sensor
attached to the object.

[0019] The bio-signal feature scaling method, wherein the
measuring of the breathing pattern may include measuring
the breathing pattern of the object by analyzing the bio-
signal.

[0020] The bio-signal feature scaling method, wherein the
measuring of the breathing pattern may include measuring
the breathing pattern of the object by analyzing a heart rate
or inter beat interval (IBI) obtained from the bio-signal, or
analyzing at least one from among a low frequency fluctua-
tion component comprising an amplitude component of the
bio-signal.

[0021] The bio-signal feature scaling method, wherein the
calibrating of the scale factor may include calibrating the
scale factor based on a model that defines a relationship
between a cause of change in a bio-state and calibration of
a scale factor.

[0022] According to another aspect of an example
embodiment, there is provided a bio-signal feature scaling
apparatus including: a processor configured to execute
instructions to: extract a plurality of features from a bio-
signal of an object; estimate a cause of change in a bio-state
of the object; calibrate weights to be applied to the features,
respectively, based on the estimated cause of change in the
bio-state; combine the plurality of features by applying the
calibrated weights to the respective features; calibrate a
stored scale factor based on the estimated cause of change in
the bio-state; and scale the combined plurality of features by
applying the calibrated scale factor to the combined feature.
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[0023] The bio-signal may include at least one from
among an electrocardiogram signal, a photoplethysmogram
signal, an electromyogram signal, and a ballistocardiogram
signal.

[0024] The processor may be further configured to mea-
sure a breathing pattern comprising a respiration rate of the
object and estimate the cause of change in the bio-state
based on the measured breathing pattern.

[0025] The processor may be further configured to cali-
brate the weights to be applied to the features, respectively,
using a model that defines a relationship between a cause of
change in bio-state and calibration of a combining coefli-
cient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The above and/or other aspects will become appar-
ent and more readily appreciated from the following detailed
description of example embodiments, taken in conjunction
with the accompanying drawings, in which like reference
numerals refer to like elements, and wherein:

[0027] FIG.1is a diagram for describing a blood pressure
trend tracking method according to an example embodi-
ment;

[0028] FIG. 2 illustrates example graphs showing trends
of changes in a blood pressure, a feature, and a difference in
scale factors according to a cause of blood pressure change
according to an example embodiment;

[0029] FIG. 3 is a block diagram illustrating a bio-signal
feature scaling apparatus according to an example embodi-
ment;

[0030] FIG. 4 is a graph for describing features of a
photoplethysmorgram (PPG) signal for blood pressure trend
tracking according to an example embodiment;

[0031] FIG. 5 illustrates graphs for describing a scale
factor calibration method according to an example embodi-
ment;

[0032] FIG. 6 is a block diagram illustrating a bio-signal
feature scaling apparatus according to an example embodi-
ment;

[0033] FIG. 7 is a block diagram illustrating a bio-signal
feature scaling apparatus according to an example embodi-
ment;

[0034] FIG. 8 is a flowchart illustrating a bio-signal fea-
ture scaling method according to an example embodiment;
[0035] FIG. 9 is a flowchart illustrating a bio-signal fea-
ture scaling method according to an example embodiment;
and

[0036] FIG. 10 is a flowchart illustrating a bio-signal
feature scaling method according to an example embodi-
ment.

DETAILED DESCRIPTION

[0037] The following detailed description is provided to
assist the reader in gaining a comprehensive understanding
of the methods, apparatuses and/or systems described herein
according to one or more example embodiments. Various
changes, modifications, and equivalents of the systems,
apparatuses and/or methods described herein will suggest
themselves to those of ordinary skill in the art, and it is to
be understood that the example embodiments are not
intended to limit the present disclosure to particular modes
of practice, and it is to be appreciated that all modification,
equivalents, and alternatives that do not depart from the
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spirit and technical scope of the present disclosure are
encompassed in the present disclosure. In the following
description, a detailed description of known functions and
configurations incorporated herein will be omitted.

[0038] Throughout the drawings and the detailed descrip-
tion, unless otherwise described, the same drawing reference
numerals will be understood to refer to the same elements,
features, and structures. The relative size and depiction of
these elements may be exaggerated for clarity, illustration,
and convenience

[0039] It should be noted that in some alternative imple-
mentations, the functions/acts noted in the blocks may occur
out of the order noted in the flowcharts. For example, two
blocks shown in succession may in fact be executed sub-
stantially concurrently or the blocks may sometimes be
executed in the reverse order, depending upon the function-
ality/acts involved.

[0040] The terms used in the present specification are used
for the purpose of describing the example embodiments, and
not for the purpose of limiting and/or restricting the present
disclosure. Therefore, in the following example embodi-
ments, unless specifically defined, the meanings of terms
should be interpreted based on general meanings recognized
by those skilled in the art.

[0041] 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.

[0042] 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 combination
thereof.

[0043] Meanwhile, an apparatus for providing a health
status of the cardiovascular system described herein may be
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.
[0044] FIG. 1 is a diagram for describing a blood pressure
trend tracking method according to an example embodi-
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ment. According to an example embodiment, the blood trend
tracking method may use a pulse wave analysis (PWA)
technique which analyzes a photoplethysmogram (PPG)
signal and estimates a blood pressure. Since the PWA is a
technique that does not directly measure a blood pressure,
unlike a cuff’ sphygmomanometer, it may not be easy to
estimate the absolute value of an object’s blood pressure, but
it may be possible to estimate the trend of change in blood
pressure, that is, a trend of increasing/decreasing blood
pressure of a specific object. The blood pressure trend
tracking method may consist of largely two processes of: (1)
extracting a feature, that corresponds to the trend of change
in blood pressure, from a PPG signal; and (2) scaling the
feature to map the amount of change in the extracted feature
to the amount of change in blood pressure.

[0045] A graph 110 of FIG. 1 shows an example process
of extracting a feature from the PPG signal, and a graph 120
shows a process of scaling the amount of change in feature
to map it to the amount of change in blood pressure
according to an example embodiment.

[0046] Referring to the graph 110, a feature 140 extracted
from the PPG signal increases as a reference blood pressure
130 increases, and decreases as the reference blood pressure
130 decreases. However, the graph 110 shows that there is
a discrepancy between the amount of change in feature 140
and the amount of change in reference blood pressure 130.
[0047] Referring to the graph 120, when the feature 140 is
scaled so that the fluctuation of feature 140 is mapped to the
fluctuation of the reference blood pressure 130, it may be
possible to estimate the amount of change in reference blood
pressure 130 from the scaled feature 150.

[0048] The process of scaling the feature 140 to map the
fluctuation of the feature 140 to the fluctuation of the
reference blood pressure 130 includes a process of estimat-
ing a scale factor. A method of estimating a scaling factor
according to an example embodiment may include (1) a
statistics-based universal scaling factor estimation method,
(2) a statistics-based custom scale factor estimation method,
and (3) a calibration-based scale factor estimation method.
[0049] The statistics-based universal scale factor estima-
tion method is a method that simultaneously measures a
reference blood pressure and a feature used to estimate a
blood pressure and obtain a scale factor by statistically
analyzing the relationship between the reference blood pres-
sure and the feature. The statistics-based universal scale
factor estimation method may be niore convenient for a user
because a calibration process using a separate reference
sphygmomanometer is unnecessary when a user uses a
sphygmomanometer, but an error of the scale factor may
increase for an outlier user who falls outside of the statistics.
In addition, causes of blood pressure change may vary, and
when the cause of blood pressure change changes, the scale
factor may also change within individuals. The statistics-
based universal scale factor estimation method may not
accurately reflect an individual’s cause of change in blood
pressure.

[0050] The statistics-based custom scale factor estimation
method is a method which obtains a customized scale factor
by applying personal information of a user (e.g., height, age,
weight, sex, blood pressure, vascular health, etc.) to a scale
factor obtained using a statistics-based universal scale factor
estimation method. The statistics-based custom scale factor
estimation method may reduce an error of scale factor which
occurs to the outlier user who falls outside the statistics, but
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like the statistics-based universal scale factor estimation
method, it may not accurately reflect an individual’s cause
of blood pressure change.

[0051] The calibration-based scale factor estimation
method is a method in which an individual user directly
extracts a scale factor between a blood pressure and a feature
by simultaneously measuring a reference blood pressure and
the feature that corresponds to the trend of change in blood
pressure. The calibration-based scale factor estimation
method may allow the calibration of a scale factor through
the continuous blood pressure measurement, but it may not
be applied to a small-sized device capable of non-intrusive
calibration and blood pressure measurement because a ref-
erence sphygmomanometer is needed for a reference blood
pressure measurement and perform the calibration process.
[0052] FIG. 2 illustrates example graphs showing trends
of changes in a blood pressure, a feature, and a difference in
scale factors according to a cause of blood pressure change
according to an example embodiment. FIG. 2 shows a blood
pressure change trend, a feature change trend, and a scale
factor during an anaerobic exercise and a blood pressure
change trend, a feature change trend, and a scale factor
during an aerobic exercise.

[0053] Referring to FIG. 2, trends of changes in the
systolic blood pressure (SBP) 210 and a diastolic blood
pressure (DBP) 220 during anaerobic exercise differ from
trends of changes in the SBP 210 and the DBP 220 during
aerobic exercise. Specifically, both the SBP and the DBP 220
rise during the anaerobic exercise, whereas during the aero-
bic exercise, the SBP 210 rises, but the DBP 220 does not
change significantly.

[0054] In addition, the amount of change in a feature 230
(e.g., heart rate) during the aerobic exercise is greater than
the amount of change in the feature 230 during the anaerobic
exercise, and thus, a scale factor S1 during the anaerobic
exercise may be greater than a scale factor S2 during the
aerobic exercise.

[0055] That is, to increase the accuracy of blood pressure
trend tracking, the scale factor needs to be calibrated accord-
ing to a cause of change in the blood pressure (e.g.,
anaerobic exercise/aerobic exercise).

[0056] FIG. 3 is a block diagram illustrating a bio-signal
feature scaling apparatus according to an example embodi-
ment.

[0057] Referring to FIG. 3, the bio-signal feature scaling
apparatus 300 according to an example embodiment may
include a feature extractor 310, a bio-state change cause
estimator 320, a scale factor calibrator 330, and a feature
scaler 340.

[0058] The feature extractor 310 extracts a feature that
corresponds to the change of bio-state from a bio-signal of
an object. In this case, the bio-signal may be an electrical
signal transmitted between cells in vivo and may include an
electrocardiogram (ECG) signal, a PPG signal, an electro-
myogram (EMG) signal, a ballistocardiogram (BCG) signal,
etc. In addition, the bio-state may include various vital signs
including, for example, a blood pressure.

[0059] The bio-state change cause estimator 320 may
estimate a cause of change in the bio-state of the object.
Here, the cause of change in the bio-state may include
breath-holding, anaerobic exercise, aerobic exercise, stress,
and the like.

[0060] According to an example embodiment, the bio-
state change cause estimator 320 may measure a breathing
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pattern including a respiration rate of the object, and esti-
mate a cause of change in the bio-state on the basis of the
measured breathing pattern. In this case, the bio-state change
cause estimator 320 may estimate the cause of change in the
bio-state using a model (respiration-cause relation model)
which defines the relationship between the breathing pattern
and the cause of change in the bio-state. The respiration-
cause relation model may be established in advance using
various model creation mechanisms (e.g., machine learning)
and be stored in advance in an internal database or an
external database of the bio-signal feature scaling apparatus
100.

[0061] The bio-state change cause estimator 320 may use
various methods of measuring the breathing pattern of the
object.

[0062] According to an example embodiment, the bio-

signal change cause estimator 320 may directly measure the
breathing pattern of the object using a respiration sensor
attached to the object.

[0063] According to an example embodiment, the bio-
signal change cause estimator 320 may indirectly measure
the breathing pattern of the object by analyzing a bio-signal,
such as an ECG signal, a PPG signal, an EMG signal, or a
BCG signal. For example, the bio-state change cause esti-
mator 320 may indirectly measure the breathing pattern of
the object by analyzing a low frequency fluctuation com-
ponent, i.e., an amplitude component, or the heart rate or
inter beat interval (IBI) obtained from the bio-signal.
[0064] According to an example embodiment, the bio-
state change cause estimator 320 may measure the breathing
pattern of the object using both the respiration sensor and the
bio-signal.

[0065] The scale factor calibrator 330 may calibrate the
previously stored scale factor on the basis of the cause of
change in the bio-state. In this case, the scale factor repre-
sents a ratio between the change in the feature and the
change in the bio-state, and may be either experimentally or
theoretically derived and stored in advance in the internal
database or external database of the bio-signal feature scal-
ing apparatus 100.

[0066] According to an example embodiment, the scale
factor calibrator 330 may calibrate the previously stored
scale factor using a model (cause-scale factor calibration
relation model) which defines a relationship between the
cause of change in the bio-state and the calibration of the
scale factor. In this case, the cause-scale factor calibration
relation model may be established in advance using various
model creation mechanisms (e.g., machine learning) and
may be stored in advance in the internal database or the
external database of the bio-signal feature scaling apparatus
100.

[0067] The feature scaler 340 may scale the feature by
applying the calibrated scale factor to the feature.

[0068] By doing so, the bio-signal feature scaling appa-
ratus 300 may adaptively change the scale factor of the
feature to be used for bio-state trend tracking according to
various causes of change in the bio-state, and accordingly, it
may be possible to more accurately monitor various bio-
states, such as blood pressure, using the operations of the
bio-signal feature scaling apparatus 300.

[0069] FIG. 4 is an example graph showing features of a
PPG signal for blood pressure trend tracking.

[0070] A change in blood pressure may depend on, for
example, a cardiac output, which represents the amount of
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blood ejected by the heart in a unit of time, and a total
peripheral resistance. It may be expressed as Equation 1.

ABP=COxTPR (1)

[0071] ABP represents a blood pressure difference
between the right and left ventricles, CO represents a cardiac
output, and TPR represents a total peripheral resistance.
[0072] As the cardiac output or the total peripheral resis-
tance increases, the blood pressure may also increase. There-
fore, features of the PPG signal 400 may include a first
feature which is highly correlated with the cardiac output
and a second feature which is highly correlated with the total
peripheral resistance. In this case, the first feature may be
related to the amplitude of a feature point and the second
feature may be related to the time of the feature point.
[0073] Referring to FIG. 4, a waveform of a PPG signal
400 may be a summation of a propagation wave 410
propagating from the heart to the peripheral parts of a body
and reflection waves 420 and 430 returning from the periph-
eral parts of the body to the heart. That is, the PPG signal
400 may be a summation of three or more component pulses
410 to 430. In this case, reference numeral 400 denotes the
PPG signal of one period T, 410 denotes a first com-
ponent pulse, 420 denotes a second component pulse, and
430 denotes a third component pulse. In addition, T, denotes
the time of the peak point of the first component pulse 410,
P, denotes the amplitude of the PPG signal 400 at T, T,
denotes the time of the peak point of the second component
pulse 420, P, denotes the amplitude of the PPG signal 400
at T,, T; denotes the time of the peak point of the third
component pulse 430, P; denotes the amplitude of the PPG
signal 400 at T,, T, . denotes the time of the peak point of
the PPG signal 400 in a predetermined interval (a first
interval), P, denotes the amplitude of the PPG signal 400
at T, T,,, denotes the intermediate time between T, and
T piaxs Pyys denotes the amplitude of the PPG signal 400 at
T,,. T, denotes a setting factor ((O=t,,=1)(eg., 0.7) of
the system, and P, denotes the sum of amplitudes of the
PPG signal 400 between time 0 and t,,,*T,,.,,,, (a second
interval).

[0074] The first feature is a feature highly correlated with
the cardiac output, that is, a feature related to the amplitude
of a feature point, and may include, for example, P, /P
P, /P3Py /Ps, P /Ps, Po/Py, or the like.

[0075] The second feature is a feature highly correlated
with the total peripheral resistance, that is, a feature related
to the time of a feature point, and may include 1/(T;-T
1/(T5-T .00, 1/(T5=T)), 1/(T5-T5,), or the like.

[0076] Meanwhile, T, is shown as an intermediate time
between T, and T, _in FIG. 4, but embodiments are not
limited thereto. For example, T, may be any internally
dividing point in time between T, and T, __or any internally
dividing point in time between T, and Ts.

[0077] FIG. 5 illustrates example graphs for describing a
scale factor calibration method. FIG. 5 shows an example in
which a bio-signal is a PPG signal and a bio-state is a blood
pressure.

[0078] Referring to FIGS. 3 and 5, the feature extractor
310 may extract a feature 510 which corresponds to the
change in the blood pressure from the PPG signal of the
object.

[0079] The bio-state change cause estimator 320 may
measure the respiration rate 520 of the object and may
estimate a cause of blood pressure change of the object using

area’
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the respiration-cause relation model on the basis of the
measured respiration rate 520. As shown in FIG. 5, when the
respiration rate 520 is equal to or less than a first threshold
521, the bio-state change cause estimator 320 determines
that the cause of blood pressure change is breath-holding;
when the respiration rate 520 exceeds the first threshold 521
and is less than a second threshold 522, the bio-state change
cause estimator 320 determines that the cause of blood
pressure change is anaerobic exercise; and when the respi-
ration rate 520 exceeds the second threshold 522, the bio-
state change cause estimator 320 determines that the cause
of blood pressure change is aerobic exercise.

[0080] The scale factor calibrator 330 may calibrate a
scale factor using the cause-scale factor calibration relation
model on the basis of the estimated cause of blood pressure
change. As shown in FIG. 5, the scale factor calibrator 330
does not calibrate the scale factor 530 when the cause of
blood pressure change is breath-holding or anaerobic exet-
cise, and when the cause of blood pressure change is aerobic
exercise, the scale factor calibrator 330 reduces the scale
factor 530.

[0081] The feature scaler 340 scales the feature 510 by
applying the calibrated scale factor 530 to the feature 510.
Reference numeral 540 denotes a scaled feature.

[0082] As shown in FIG. 5, since the scaled feature 540
reflects the cause of blood pressure change, the scaled
feature 540 corresponds to the change of blood pressure 550
according to each cause of blood pressure change.

[0083] FIG. 6 is a block diagram illustrating a bio-signal
feature scaling apparatus according to an example embodi-
ment.

[0084] Referring to FIG. 6, the bio-signal feature scaling
apparatus 600 may include a feature extractor 610, a feature
combiner 620, a bio-state change cause estimator 630, a
scale factor calibrator 640, and a feature scaler 650.
[0085] The feature extractor 610 may extract a plurality of
features from a bio-signal of an object. In this case, as
described with reference to FIG. 4, the features may include
a first feature highly correlated with a cardiac output and a
second feature highly correlated with a total peripheral
resistance.

[0086] The feature combiner 620 may combine the plu-
rality of extracted features. For example, the feature com-
biner 620 may apply different weights to the respective
features and linearly combine the weight-applied features. In
this case, the weights applied to the respective features may
be experimentally or theoretically derived and stored in
advance in an internal database or an external database of the
bio-signal feature scaling apparatus 600.

[0087] The bio-state change cause estimator 630 may
estimate a cause of change in the bio-state of the object, the
scale factor calibrator 640 may calibrate a previously stored
scale factor on the basis of the estimated cause of change in
the bio-state, and the feature scaler 650 may scale the
combined feature by applying the calibrated scale factor to
the combined feature. The bio-state change cause estimator
630, the scale factor calibrator 640, and the feature scaler
650 correspond to the bio-state change cause estimator 320,
the scale factor calibrator 330, and the feature scaler 340 of
FIG. 3, respectively, and thus detailed descriptions thereof
will be omitted.

[0088] FIG. 7 is a block diagram illustrating a bio-signal
feature scaling apparatus according to an example embodi-
ment.
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[0089] Referring to FIG. 7, the bio-signal feature scaling
apparatus 700 may include a feature extractor 710, a bio-
state change cause estimator 720, a combining coeflicient
calibrator 730, a feature combiner 740, a scale factor cali-
brator 750, and a feature scaler 760. In this case, the feature
extractor 710, the bio-state change cause estimator 720, the
feature combiner 740, the scale factor calibrator 750, and the
feature scaler 760 correspond to the feature extractor 610,
the bio-state change cause estimator 630, the feature com-
biner 620, the scale factor calibrator 640, and the feature
scaler 650 of FIG. 6, respectively, and thus detailed descrip-
tions thereof will be omitted.

[0090] The combining coefficient calibrator 730 may cali-
brate the different weights to be applied to the respective
features on the basis of the cause of change in the bio-state
which is estimated by the bio-state change cause estimator
720. According to an example embodiment, the combining
coeflicient calibrator 730 may calibrate the weights to be
applied to the respective features using a model (cause-
combining coeflicient calibration relation model) which
defines a relationship between the cause of change in the
bio-state and the calibration of the combining coefficient.
For example, when the cause of change in the bio-state is
breath-holding, the combining coeflicient calibrator 730
may reduce a weight of a first feature which is highly
correlated with the cardiac output and increase a weight of
a second feature which is highly correlated with the total
peripheral resistance among the plurality of features. In
addition, when the cause of change in the bio-state is aerobic
exercise, the combining coeflicient calibrator 730 may
increase the weight of the first feature which is correlated
with the cardiac output and reduce the weight of the second
feature which is highly correlated with the total peripheral
resistance among the plurality of features. Further, when the
cause of change in the bio-state is anaerobic exercise, the
bio-state change cause estimator 720 may reduce the weight
of the first feature and increase the weight of the second
feature, or increase the weight of the first feature and reduce
the weight of the second feature according to the respiration
rate. In this case, the adjustment amount of each weight may
be determined based on the respiration rate.

[0091] FIG. 8 is a flowchart illustrating a bio-signal fea-
ture scaling method according to an example embodiment.
[0092] The bio-signal feature scaling method of FIG. 8
may be performed by the bio-signal feature scaling appara-
tus 300 of FIG. 3.

[0093] Referring to FIGS. 3 and 8, the bio-signal feature
scaling apparatus 300 may extract a feature that follows the
change of bio-state from a bio-signal of an object, as shown
in 810. In this case, the bio-signal may be an electrical signal
transmitted between cells in vivo and may include an ECG
signal, a PPG signal, an EMG signal, a BCG signal, etc. In
addition, the bio-state may include various vital signs
including blood pressure.

[0094] The bio-signal feature scaling apparatus 300 may
estimate a cause of change in the bio-state of the object, as
shown in 820. According to an example embodiment, the
bio-signal feature scaling apparatus 300 may measure a
breathing pattern including a respiration rate of the object,
and may estimate a cause of change in the bio-state on the
basis of the measured breathing pattern. In this case, the
bio-signal feature scaling apparatus 300 may estimate the
cause of change in the bio-state using a respiration-cause
relation model.
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[0095] The bio-signal feature scaling apparatus 300 may
measure the breathing pattern of the object using various
methods.

[0096] According to an example embodiment, the bio-
signal feature scaling apparatus 300 may directly measure
the breathing pattern of the object using a respiration sensor
attached to the object.

[0097] According to an example embodiment, the bio-
signal feature scaling apparatus 300 may indirectly measure
the breathing pattern of the object by analyzing a bio-signal,
such as an ECG signal, a PPG signal, an EMG signal, or a
BCG signal. For example, the bio-signal feature scaling
apparatus 300 may indirectly measure the breathing pattern
of the object by analyzing a low frequency fluctuation
component, i.e., an amplitude component, or the heart rate
or inter beat interval (IBI) obtained from the bio-signal.
[0098] According to an example embodiment, the bio-
signal feature scaling apparatus 300 may measure the
breathing pattern of the object using both the respiration
sensor and the bio-signal.

[0099] The bio-signal feature scaling apparatus 300 may
calibrate the previously stored scale factor on the basis of the
cause of change in the bio-state, as shown in 830. According
to an example embodiment, the bio-signal feature scaling
apparatus 300 may calibrate the scale factor using the
cause-scale factor calibration relation model.

[0100] The bio-signal feature scaling apparatus 300 may
scale the feature by applying the calibrated scale factor to the
feature, as shown in 840.

[0101] FIG. 9 is a flowchart illustrating a bio-signal fea-
ture scaling method according to an example embodiment.
[0102] The bio-signal feature scaling method of FIG. 9
may be performed by the bio-signal feature scaling appara-
tus 600 of FIG. 6.

[0103] Referring to FIGS. 6 and 9, the bio-signal feature
scaling apparatus 600 may extract a plurality of features that
correspond to the change of bio-state from a bio-signal of an
object, as shown in 910. In this case, as described with
reference to FIG. 4, the features may include a first feature
highly correlated with a cardiac output and a second feature
highly correlated with a total peripheral resistance.

[0104] The bio-signal feature scaling apparatus 600 may
combine the plurality of extracted features, as shown in 920.
For example, the bio-signal feature scaling apparatus 600
may apply different weights to the respective features and
linearly combine the weight-applied features.

[0105] The bio-signal feature scaling apparatus 600 may
estimate a cause of change in the bio-state of the object, as
shown in 930, calibrate a previously stored scale factor on
the basis of the estimated cause of change in the bio-state,
as shown in 940, and scale the combined feature by applying
the calibrated scale factor to the combined feature, as shown
in 950.

[0106] FIG. 10 is a flowchart illustrating a bio-signal
feature scaling method according to an example embodi-
ment.

[0107] The bio-signal feature scaling method of FIG. 10
may be performed by the bio-signal feature scaling appara-
tus 700 of FIG. 7.

[0108] Referring to FIGS. 7 and 10, the bio-signal feature
scaling apparatus 700 may extract a plurality of features that
correspond to the change of bio-state from a bio-signal of an
object, as shown in 1010.
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[0109] The bio-signal feature scaling apparatus 700 may
estimate a cause of change in the bio-state of the object, as
shown in 1020. According to an example embodiment, the
bio-signal feature scaling apparatus 700 may measure a
breathing pattern including a respiration rate of the object,
and estimate a cause of change in the bio-state on the basis
of the measured breathing pattern. In this case, the bio-signal
feature scaling apparatus 700 may estimate the cause of
change in the bio-state using a respiration-cause relation
model.

[0110] The bio-signal feature scaling apparatus 700 may
calibrate different weights to be applied to the respective
features on the basis of the estimated cause of change in the
bio-state, as shown in 1030. According to an example
embodiment, the bio-signal feature scaling apparatus 700
may calibrate the weights to be applied to the respective
features using a cause-combining coeflicient calibration
relation model. For example, when the cause of change in
the bio-state is breath-holding, the bio-signal feature scaling
apparatus 700 may reduce a weight of a first feature which
is highly correlated with the cardiac output and increase a
weight of a second feature which is highly correlated with
the total peripheral resistance among the plurality of fea-
tures. In addition, when the cause of change in the bio-state
is aerobic exercise, the bio-signal feature scaling apparatus
700 may increase the weight of the first feature which is
highly correlated with the cardiac output and reduce the
weight of the second feature which is highly correlated with
the total peripheral resistance among the plurality of fea-
tures. Further, when the cause of change in the bio-state is
anaerobic exercise, the bio-signal feature scaling apparatus
700 may reduce the weight of the first feature and increase
the weight of the second feature, or increase the weight of
the first feature and reduce the weight of the second feature
according to the respiration rate. In this case, the adjustment
amount of each weight may be determined based on the
respiration rate.

[0111] The bio-signal feature scaling apparatus 700 may
combine the plurality of features by applying the different
calibrated weights to the respective features, as shown in
1040.

[0112] The bio-signal feature scaling apparatus 700 may
calibrate a previously stored scale factor on the basis of the
estimated cause of change in the bio-state, as shown in 1050,
and may scale the combined feature by applying the cali-
brated scale factor to the combined feature, as shown in
1060.

[0113] The example embodiments may be implemented
with, for example, a processor and instructions such as
computer readable codes stored in a computer readable
record medium. When the instructions are executed by one
or more processors, the one or more processors may perform
a function corresponding to the instructions. The computer
readable record medium includes all types of record media
in which computer readable data are stored. Examples of the
computer readable record medium may include a ROM, a
RAM, a CD-ROM, a magnetic tape, a floppy disk, and an
optical data storage. Further, the record medium may be
implemented in the form of a carrier wave such as Internet
transmission. In addition, the computer readable record
medium may be distributed to computer systems over a
network, in which computer readable codes may be stored
and executed in a distributed manner.
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[0114] Example embodiments have been described above.
Nevertheless, the exemplary embodiments are not limited
thereto, and various modifications may be made without
departing from the gist and scope of the present disclosure
as described by the appended claims, and their equivalents.

What is claimed is:

1. A bio-signal feature scaling apparatus comprising:

a processor configured to execute instructions to:

extract a feature from a bio-signal of an object;

estimate a cause of change in a bio-state of the object;

calibrate a scale factor based on the estimated cause of
change in the bio-state; and

scale the extracted feature by applying the calibrated scale

factor to the extracted feature.

2. The bio-signal feature scaling apparatus of claim 1,
wherein the bio-signal comprises at least one from among an
electrocardiogram signal, a photoplethysmogram signal, an
electromyogram signal, and a ballistocardiogram signal.

3. The bio-signal feature scaling apparatus of claim 1,
wherein the cause of change in the bio-state comprises at
least one from among breath-holding, anaerobic exercise,
aerobic exercise, and stress.

4. The bio-signal feature scaling apparatus of claim 1,
wherein the processor is further configured to measure a
breathing pattern comprising a respiration rate of the object
and estimate the cause of change in the bio-state based on
the measured breathing pattern.

5. The bio-signal feature scaling apparatus of claim 4,
wherein the processor is further configured to measure the
breathing pattern of the object using a respiration sensor
attached to the object.

6. The bio-signal feature scaling apparatus of claim 4,
wherein the processor is further configured to measure the
breathing pattern of the object by analyzing the bio-signal.

7. The bio-signal feature scaling apparatus of claim 6,
wherein the processor is further configured to measure the
breathing pattern of the object by analyzing a heart rate or
inter beat interval (IBI) obtained from the bio-signal, or
analyzing at least one from among a low frequency fluctua-
tion component comprising an amplitude component of the
bio-signal.

8. The bio-signal feature scaling apparatus of claim 1,
wherein the processor is further configured to calibrate the
scale factor based on a model that defines a relationship
between a cause of change in a bio-state and calibration of
a scale factor.

9. A bio-signal feature scaling method comprising:

extracting a feature from a bio-signal of an object;

estimating a cause of change in bio-state of the object;
calibrating a scale factor based on the estimated cause of
change in the bio-state; and

scaling the extracted feature by applying the calibrated

scale factor to the extracted feature.

10. The bio-signal feature scaling method of claim 9,
wherein the bio-signal comprises at least one from among an
electrocardiogram signal, a photoplethysmogram signal, an
electromyogram signal, and a ballistocardiogram signal.
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11. The bio-signal feature scaling method of claim 9,
wherein the cause of change in the bio-state comprises at
least one from among breath-holding, anaerobic exercise,
aerobic exercise, and stress.

12. The bio-signal feature scaling method of claim 9,
wherein the estimating of the cause of change in the bio-state
comprises measuring a breathing pattern comprising a res-
piration rate of the object and estimating the cause of change
in the bio-state based on the measured breathing pattern.

13. The bio-signal feature scaling method of claim 12,
wherein the measuring of the breathing pattern comprises
measuring the breathing pattern of the object using a respi-
ration sensor attached to the object.

14. The bio-signal feature scaling method of claim 12,
wherein the measuring of the breathing pattern comprises
measuring the breathing pattern of the object by analyzing
the bio-signal.

15. The bio-signal feature scaling method of claim 12,
wherein the measuring of the breathing pattern comprises
measuring the breathing pattern of the object by analyzing a
heart rate or inter beat interval (IBI) obtained from the
bio-signal, or analyzing at least one from among a low
frequency fluctuation component comprising an amplitude
component of the bio-signal.

16. The bio-signal feature scaling method of claim 9,
wherein the calibrating of the scale factor comprises cali-
brating the scale factor based on a model that defines a
relationship between a cause of change in a bio-state and
calibration of a scale factor.

17. A bio-signal feature scaling apparatus comprising:

a processor configured to execute instructions to:

extract a plurality of features from a bio-signal of an

object;

estimate a cause of change in a bio-state of the object;

calibrate weights to be applied to the features, respec-

tively, based on the estimated cause of change in the
bio-state;

combine the plurality of features by applying the cali-

brated weights to the respective features;

calibrate a stored scale factor based on the estimated

cause of change in the bio-state; and

scale the combined plurality of features by applying the

calibrated scale factor to the combined feature.

18. The bio-signal feature scaling apparatus of claim 17,
wherein the bio-signal comprises at least one from among an
electrocardiogram signal, a photoplethysmogram signal, an
electromyogram signal, and a ballistocardiogram signal.

19. The bio-signal feature scaling apparatus of claim 17,
wherein the processor is further configured to measure a
breathing pattern comprising a respiration rate of the object
and estimate the cause of change in the bio-state based on
the measured breathing pattern.

20. The bio-signal feature scaling apparatus of claim 17,
wherein the processor is further configured to calibrate the
weights to be applied to the features, respectively, by using
a model that defines a relationship between a cause of
change in a bio-state and calibration of a combining coef-
ficient.
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