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(57) ABSTRACT

An apparatus and a method for providing a health status of
a cardiovascular system are provided. The apparatus
includes a body oscillation measurer configured to measure
body oscillation data, and a processor configured to estimate
a health status of a cardiovascular system, based on the
measured body oscillation data.
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APPARATUS AND METHOD FOR
PROVIDING HEALTH STATUS OF
CARDIOVASCULAR SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Korean Pat-
ent Application No. 10-2016-0147600, filed on Nov. 7,2016
in the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference in its entirety.

BACKGROUND

1. Field

[0002] Apparatuses and methods consistent with example
embodiments relate to an apparatus and method for provid-
ing a health status of a cardiovascular system.

2. Description of Related Art

[0003] Healthcare technology has attracted much attention
due to the rapid entry into an aging society and relevant
social problems such as 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.

[0004] 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.

[0005] Therefore, research is being conducted for a new
technique that allows a person without professional knowl-
edge to continuously measure and be provided with cardio-
vascular health status in a non-intrusive/unobstructive man-
ner, without any additional equipment manipulation.

SUMMARY

[0006] This summary is provided to introduce a selection
of concepts in a simplified form that are further described
below in the Detailed Description. This summary is not
intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used as an aid
in determining the scope of the claimed subject matter.
[0007] According to an aspect of an example embodiment,
there is provided an apparatus for providing a health status
of a cardiovascular system, the apparatus including a body
oscillation measurer configured to measure body oscillation
data, and a processor configured to estimate a health status
of a cardiovascular system, based on the measured body
oscillation data.

[0008] The body oscillation measurer may be further
configured to measure the body oscillation data, using any
one or any combination of an acceleration sensor, a piezo-
electric film, a load cell, a radar, and a photoplethysmogram
Sensor.

[0009] The health status of the cardiovascular system may
include any one or any combination of a blood pressure, a
cardiac output, a blood vessel elasticity, and a peripheral
resistance.

[0010] The processor may include a segmentator config-
ured to divide the measured body oscillation data into
predetermined time intervals, a feature calculator configured
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to calculate a feature from the divided body oscillation data,
and a health status estimator configured to estimate the
health status of the cardiovascular system, using the calcu-
lated feature and a cardiovascular system health status
estimation model.

[0011] The feature may include any one or any combina-
tion of a signal energy, a sum of absolute values of signals,
a sum of envelope values, a number of peaks, a standard
deviation of amplitudes, and a number of level crossings.

[0012] The apparatus may further include a contact pres-
sure measurer configured to measure contact pressure data
of the apparatus in contact with a body part.

[0013] The contact pressure measurer may be further
configured to measure the contact pressure data, using any
one or any combination of an acceleration sensor, a piezo-
electric film, a load cell, a radar, and a photoplethysmogram
Sensor.

[0014] The processor may include a body oscillation cali-
brator configured to calibrate the measured body oscillation
data, based on the measured contact pressure data, a seg-
mentator configured to divide the calibrated body oscillation
data into predetermined time intervals, a feature calculator
configured to calculate a feature from the divided body
oscillation data, and a health status estimator configured to
estimate the health status of the cardiovascular system, using
the calculated feature and a cardiovascular system health
status estimation model.

[0015] The body oscillation calibrator may be further
configured to search a calibration coeflicient database to
determine a body oscillation calibration coefficient corre-
sponding to the measured contact pressure data, and adjust
any one or any combination of a gain, a slope, and an offset
of the measured body oscillation data, based on the deter-
mined body oscillation calibration coeflicient.

[0016] The processor may include a segmentator config-
ured to divide the measured body oscillation data into
predetermined time intervals, a feature calculator configured
to calculate a feature from the divided body oscillation data,
a feature calibrator configured to calibrate the calculated
feature, based on the measured contact pressure data, and a
health status estimator configured to estimate the health
status of the cardiovascular system, using the calibrated
feature and a cardiovascular system health status estimation
model.

[0017] The feature calibrator may be further configured to
search a calibration coeflicient database to determine a
feature calibration coefficient corresponding to the measured
contact pressure data, and adjust any one or any combination
of a gain, a slope, and an offset of the calculated feature,
based on the determined feature calibration coeflicient.

[0018] The apparatus may further include an actuator
configured to adjust a contact pressure of the apparatus in
contact with the body part, and the processor may include a
contact pressure controller configured to generate a control
signal for driving the actuator such that the measured contact
pressure data reaches a predetermined contact pressure. The
body oscillation measurer may be further configured to
measure the body oscillation data in response to the mea-
sured contact pressure data reaching the predetermined
contact pressure. The processor may further include a seg-
mentator configured to divide the measured body oscillation
data into predetermined time intervals, a feature calculator
configured to calculate a feature from the divided body
oscillation data, and a health status estimator configured to
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estimate the health status of the cardiovascular system, using
the calculated feature and a cardiovascular system health
status estimation model.

[0019] The apparatus may be implemented as a wearable
device.
[0020] According to an aspect of another example

embodiment, there is provided a method of providing a
health status of a cardiovascular system, the method includ-
ing measuring body oscillation data, and estimating a health
status of a cardiovascular system, based on the measured
body oscillation data.

[0021] The health status of the cardiovascular system may
include any one or any combination of a blood pressure, a
cardiac output, a blood vessel elasticity, and a peripheral
resistance.

[0022] The method may further include dividing the mea-
sured body oscillation data into predetermined time inter-
vals, and calculating a feature from the divided body oscil-
lation data. The estimating may include estimating the health
status of the cardiovascular system, using the calculated
feature and a cardiovascular system health status estimation
model.

[0023] The feature may include any one or any combina-
tion of a signal energy, a sum of absolute values of signals,
a sum of envelope values, a number of peaks, a standard
deviation of amplitudes, and a number of level crossings.
[0024] The method may further include measuring contact
pressure data of an apparatus in contact with a body part,
calibrating the measured body oscillation data, based on the
measured contact pressure data, dividing the calibrated body
oscillation data into predetermined time intervals, and cal-
culating a feature from the divided body oscillation data.
The estimating may include estimating the health status of
the cardiovascular system, using the calculated feature and
a cardiovascular system health status estimation model.
[0025] The method may further include measuring contact
pressure data of an apparatus in contact with a body part,
dividing the measured body oscillation data into predeter-
mined time intervals, calculating a feature from the divided
body oscillation data, and calibrating the calculated feature,
based on the measured contact pressure data. The estimating
may include estimating the health status of the cardiovas-
cular system, using the calibrated feature and a cardiovas-
cular system health status estimation model.

[0026] The method may further include measuring contact
pressure data of an apparatus in contact with a body part,
adjusting a contact pressure of the apparatus in contact with
the body part such that the measured contact pressure data
reaches a predetermined contact pressure. The measuring
may include measuring the body oscillation data in response
to the measured contact pressure data reaching the prede-
termined contact pressure. The method may further include
dividing the measured body oscillation data into predeter-
mined time intervals, and calculating a feature from the
divided body oscillation data. The estimating may include
estimating the health status of the cardiovascular system,
using the calculated feature and a cardiovascular system
health status estimation model.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The above and/or other aspects will be more appar-
ent by describing example embodiments with reference to
the accompanying drawings, in which:
[0028] FIG. 1 is a block diagram illustrating an apparatus
for providing a health status of the cardiovascular system,
according to an example embodiment;
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[0029] FIG. 2 is a block diagram illustrating an apparatus
for providing a health status of a cardiovascular system,
according to another example embodiment;

[0030] FIG. 3 is a block diagram illustrating an apparatus
for providing a health status of a cardiovascular system,
according to still another example embodiment;

[0031] FIG. 4 is a block diagram illustrating an apparatus
for providing a health status of a cardiovascular system,
according to yet another example embodiment;

[0032] FIG. 5 is a block diagram illustrating an apparatus
for providing a health status of a cardiovascular system,
according to still another example embodiment;

[0033] FIG. 6 is a block diagram illustrating an apparatus
for providing a health status of a cardiovascular system,
according to yet another example embodiment;

[0034] FIG. 7 is a flowchart illustrating a method of
providing a health status of a cardiovascular system, accord-
ing to an example embodiment;

[0035] FIG. 8 is a flowchart illustrating a method of
providing a health status of a cardiovascular system, accord-
ing to another example embodiment;

[0036] FIG. 9 is a flowchart illustrating a method of
providing a health status of a cardiovascular system, accord-
ing to still another example embodiment;

[0037] FIG. 10 is a flowchart illustrating a method of
providing a health status of a cardiovascular system, accord-
ing to yet another example embodiment;

[0038] FIG. 11 is a flowchart illustrating a method of
providing a health status of a cardiovascular system, accord-
ing to still another example embodiment;

[0039] FIG. 12 is a flowchart illustrating a method of
providing a health status of a cardiovascular system, accord-
ing to yet another example embodiment; and

[0040] FIG. 13 is a perspective view of a wrist wearable
device.

DETAILED DESCRIPTION
[0041] The following detailed description is provided to

assist the reader in gaining a comprehensive understanding
of the methods, apparatuses and/or systems described
herein. 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.
In the following description, a detailed description of known
functions and configurations incorporated herein will be
omitted when it may obscure the subject matter with unnec-
essary detail.

[0042] Insome alternative implementations, the functions/
acts noted in the blocks may occur out of the order noted in
the flowcharts. For example, two blocks shown in succes-
sion may in fact be executed substantially concurrently or
the blocks may sometimes be executed in the reverse order,
depending upon the functionality/acts involved.

[0043] Terms described in below are selected by consid-
ering functions in example embodiments and meanings may
vary depending on, for example, a user or operator’s inten-
tions or customs. Therefore, in the following example
embodiments, when terms are specifically defined, the
meanings of terms may be interpreted based on definitions,
and otherwise, may be interpreted based on meanings rec-
ognized by those skilled in the art.

[0044] 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
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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.

[0045] 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 ancther 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.

[0046] 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.

[0047] An apparatus for providing a health status of the
cardiovascular system described herein may be imple-
mented 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.

[0048] FIG. 1 is a block diagram illustrating an apparatus
100 for providing a health status of a cardiovascular system,
according to an example embodiment.

[0049] Referring to FIG. 1, the apparatus 100 for provid-
ing a health status of a cardiovascular system includes a
body oscillation measurer 110 and a processor 120.

[0050] The body oscillation measurer 110 may measure
user’s body oscillation data. Here, the body oscillation may
refer to an oscillation caused by the blood flow or pulsation
of the user’s body. According to an example embodiment,
the body oscillation measurer 110 may measure the body
oscillation data using an acceleration sensor, a piezoelectric
film, a load cell, a radar, a photoplethysmogram (PPG)
sensor, or the like.

[0051] The processor 120 may estimate a health status of
the user’s cardiovascular system on the basis of the mea-
sured body oscillation data. Here, the health status of the
cardiovascular system may refer to information related to
the cardiovascular system, such as a blood pressure, a
cardiac output, a blood vessel elasticity, and a peripheral
resistance.
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[0052] 1In addition, the processor 120 may perform pre-
processing to remove noise from the body oscillation data
using various noise cancellation algorithms.

[0053] The processor 120 may include a segmentator 121,
a feature calculator 122, a health status estimator 123, and a
cardiovascular system health status estimation model 124.
[0054] The segmentator 121 may divide the measured
body oscillation data into predetermined time intervals.
Here, the predetermined time may be set to a time interval
(e.g., 5 seconds) or may be set to a user’s input value or a
default value in consideration of the heartbeat cycle.
[0055] The feature calculator 122 may calculate a feature
from the divided body oscillation data. Here, the feature may
refer to an oscillation characteristic of the body oscillation
and may include a signal energy, a sum of absolute values of
signals, a sum of envelope values, a number of peaks, a
standard deviation of amplitudes, a number of level cross-
ings, and the like. When a level in level crossing becomes 0,
the level crossing may be zero crossing.

[0056] The health status estimator 123 may estimate the
health status of the user’s cardiovascular system using the
calculated feature and the cardiovascular system health
status estimation model 124.

[0057] The cardiovascular system health status estimation
model 124 may define a relationship between at least one
feature and each health status of the cardiovascular system.
The cardiovascular system health status estimation model
124 may be implemented in the form of a mathematical
algorithm or a matching table, but is not limited to any
particular form.

[0058] The cardiovascular system health status estimation
model] 124 may be built in advance and stored in a storage
device. In this case, the storage device may include any one
or any combination of a flash memory type, a hard disk type,
a multimedia card micro type, a card type memory (e.g., SD
or XD memory), a random access memory (RAM), a static
random access memory (SRAM), a read only memory
(ROM), an electrically erasable programmable read only
memory (EEPROM), a programmable read only memory
(PROM), a magnetic memory, a magnetic disk, and an
optical disk.

[0059] FIG. 2 is a block diagram illustrating an apparatus
200 for providing a health status of a cardiovascular system,
according to another example embodiment.

[0060] Referring to FIG. 2, the apparatus 200 for provid-
ing a health status of a cardiovascular system includes a
body oscillation measurer 210, a contact pressure measurer
220, and a processor 230.

[0061] The body oscillation measurer 210 may measure a
user’s body oscillation data. According to an example
embodiment, the body oscillation measurer 210 may mea-
sure the body oscillation data using the acceleration sensor,
a piezoelectric film, a load cell, radar, a PPG sensor, or the
like.

[0062] The contact pressure measurer 220 may measure
contact pressure data of the apparatus 200 in contact with the
user’s body part. According to an example embodiment, the
contact pressure may measure the contact pressure data
using an acceleration sensor, a piezoelectric film, a load cell,
radar, a PPG sensor, or the like.

[0063] The processor 230 may calibrate the measured
body oscillation data on the basis of the measured contact
pressure data and estimate the health status of the user’s
cardiovascular system on the basis of the calibrated body
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oscillation data. In addition, the processor 230 may perform
preprocessing to remove noise from the body oscillation
data using various noise cancellation algorithms.

[0064] The processor 230 may include a body oscillation
calibrator 231, a segmentator 232, a feature calculator 233,
a health status estimator 234, a calibration coefficient data-
base (DB) 235, and a cardiovascular system health status
estimation model 236.

[0065] The body oscillation calibrator 231 may calibrate
the measured body oscillation data measured by the body
oscillation measurer 210 on the basis of the contact pressure
data measured by the contact pressure measurer 220. For
example, the body oscillation calibrator 231 may search the
calibration coeflicient DB 235 to calculate a body oscillation
calibration coeflicient that corresponds to contact pressure
data, and may adjust a gain, a slope, and an offset of the body
oscillation data on the basis of the calculated body oscilla-
tion calibration coefficient.

[0066] The segmentator 232 may divide the calibrated
body oscillation data into predetermined time intervals.
Here, the predetermined time may be set to a time interval
(e.g., five seconds) or may be set to a user’s input value or
a default value in consideration of the heartbeat cycle.
[0067] The feature calculator 233 may calculate a feature
from the divided body oscillation data, and the health status
estimator 234 may estimate the health status of the user’s
cardiovascular system using the calculated feature and the
cardiovascular system health status estimation model 236.
[0068] The calibration coefficient DB 235 may be a set of
data defining relationships between contact pressures and
body oscillation calibration coeflicients and may be experi-
mentally derived and established in advance.

[0069] The cardiovascular system health status estimation
model 236 may define relationships between at least one
feature and each cardiovascular system health status. The
cardiovascular system health status estimation model 236
may be implemented in the form of a mathematical algo-
rithm or a matching table, but is not limited to any particular
form.

[0070] FIG. 3 is a block diagram illustrating an apparatus
300 for providing a health status of a cardiovascular system,
according to still another example embodiment.

[0071] Referring to FIG. 3, the apparatus 300 for provid-
ing a health status of a cardiovascular system includes a
body oscillation measurer 310, a contact pressure measurer
320, and a processor 330.

[0072] The body oscillation measurer 310 may measure a
user’s body oscillation data, and the contact pressure mea-
surer 320 may measure contact pressure data of the appa-
ratus 300 in contact with the user’s body part. For example,
the body oscillation measurer 310 and the contact pressure
measurer 320 may measure the body oscillation data and the
contact pressure data using an acceleration sensor, a piezo-
electric film, a load cell, radar, a PPG sensor, or the like,
respectively.

[0073] The processor 330 may calibrate a feature calcu-
lated from the measured body oscillation data on the basis of
the measured contact pressure data and estimate the health
status of the user’s cardiovascular system on the basis of the
calibrated feature. In addition, the processor 330 may pet-
form preprocessing to remove noise from the body oscilla-
tion data using various noise cancellation algorithms.
[0074] The processor 330 may include a segmentator 331,
a feature calculator 332, a feature calibrator 333, a health
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status estimator 334, a calibration coefficient DB 335, and a
cardiovascular system health status estimation model 336.
[0075] The segmentator 331 may divide the measured
body oscillation data into predetermined time intervals.
Here, the predetermined time may be set to a time interval
(e.g., five seconds) or may be set to a user’s input value or
a default value in consideration of the heartbeat cycle.
[0076] The feature calculator 332 may estimate a feature
from the divided body oscillation data.

[0077] The feature calibrator 333 may calibrate the feature
calculated by the feature calculator 332 on the basis of the
contact pressure data measured by the contact pressure
measurer 320. For example, the feature calibrator 333 may
search the calibration coefficient DB 335 to calculate a
feature calibration coefficient that corresponds to the mea-
sured contact pressure data and may adjust a gain, a slope,
an offset, and the like of the feature on the basis of the
calculated feature calibration coefficient.

[0078] The health status estimator 334 may estimate the
health status of the user’s cardiovascular system using the
calibrated feature and the cardiovascular system health
status estimation model 336.

[0079] The calibration coeflicient DB 335 may be a set of
data defining relationships between contact pressures and
body oscillation calibration coefficients and may be experi-
mentally derived and established in advance.

[0080] The cardiovascular system health status estimation
model 336 may define relationships between at least one
feature and each cardiovascular system health status. The
cardiovascular system health status estimation model 336
may be implemented in the form of a mathematical algo-
rithm or a matching table, but is not limited to any particular
form.

[0081] FIG. 4 is a block diagram illustrating an apparatus
400 for providing a health status of a cardiovascular system,
according to yet another example embodiment.

[0082] Referring to FIG. 4, the apparatus 400 for provid-
ing a health status of a cardiovascular system includes a
body oscillation measurer 410, a contact pressure measurer
420, a processor 430, and an actuator 440.

[0083] The body oscillation measurer 410 may measure a
user’s body oscillation data, and the contact pressure mea-
surer 420 may measure contact pressure data of the appa-
ratus 400 in contact with the user’s body part.

[0084] The processor 430 may generate a control signal
for driving the actuator 440 such that the contact pressure of
the apparatus 400 for the user’s body part reaches a prede-
termined contact pressure. In addition, the processor 430
may estimate the health status of the user’s cardiovascular
system on the basis of the body oscillation data measured at
the time when the contact pressure of the apparatus 400
reaches the predetermined contact pressure. Also, the pro-
cessor 430 may perform preprocessing to remove noise from
the body oscillation data using various noise cancellation
algorithms.

[0085] The processor 430 may include a contact pressure
controller 431, a segmentator 432, a feature calculator 433,
a health status estimator 434, and a cardiovascular system
health status estimation model 435.

[0086] The contact pressure controller 431 may generate a
control signal for driving the actuator 440 such that the
contact pressure of the apparatus 400 for the user’s body part
reaches a predetermined contact pressure. In this case, the
predetermined contact pressure may be experimentally



US 2018/0125422 Al

derived as an optimal contact pressure that allows the most
accurate estimation of a cardiovascular system health status
on the basis of a feature of the body oscillation data.

[0087] The segmentator 432 may divide body oscillation
data into predetermined time intervals, wherein the oscilla-
tion data is measured at the time when the contact pressure
of the apparatus 400 for the user’s body part reaches the
predetermined contact pressure. Here, the predetermined
time may be set to a time interval (e.g., five seconds) or may
be set to a user’s input value or a default value in consid-
eration of the heartbeat cycle.

[0088] The feature calculator 433 may calculate a feature
from the divided body oscillation data.

[0089] The health status estimator 434 may estimate a
health status of the user’s cardiovascular system using the
calculated feature and the cardiovascular system health
status estimation model 435.

[0090] The cardiovascular system health status estimation
model 435 may define relationships between at least one
feature and each cardiovascular system health status. The
cardiovascular system health status estimation model 435
may be implemented in the form of a mathematical algo-
rithm or a matching table, but is not limited to any particular
form.

[0091] The actuator 440 may adjust the contact pressure of
the apparatus 400 according to a control signal of the
processor 430 using a pneumatic pump, a metal wire, or the
like.

[0092] FIG. 5 is a block diagram illustrating an apparatus
500 for providing a health status of a cardiovascular system,
according to still another example embodiment.

[0093] Referring to FIG. 5, the apparatus 500 for provid-
ing a health status of a cardiovascular system includes a
body oscillation measurer 210, a contact pressure obtainer
510, and a processor 230. Here, the body oscillation mea-
surer 210 and the processor 230 are the same as those
described with reference to FIG. 2, and hence the detailed
descriptions thereof will be omitted.

[0094] The contact pressure obtainer 510 may receive
contact pressure data of the apparatus 500 in contact with a
user’s body part at the time of measuring body oscillation
data from a contact pressure measurement apparatus 10. In
this case, the contact pressure obtainer 510 may use various
communication technologies, such as Bluetooth communi-
cation, Bluetooth low energy (BLE) communication, neat-
field communication (NFC), wireless local area network
(WLAN) communication, ZigBee communication, infrared
data association (IrDA) communication, Wi-Fi direct
(WFD) communication, ultra-wideband (UWB) communi-
cation, Ant+ communication, Wi-Fi communication, radio
frequency identification (RFID) communication, 3G com-
munication, 4G communication, 5G communication, or the
like.

[0095] The contact pressure measurement apparatus 10 is
an apparatus for measuring contact pressure data of the
apparatus 500 for the user’s body part, and may include
various cardiovascular system health status measurement
apparatus (e.g., a blood pressure monitors and the like) that
measure a health status of a cardiovascular system by
applying a pressure to a user’s wearable device or the user’s
body part. The contact pressure measurement apparatus 10
may include a communication interface capable of wired/
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wireless communication and transmit the contact pressure
data measured by the contact pressure obtainer 510 via the
communication interface.

[0096] FIG. 6 is a block diagram illustrating an apparatus
600 for providing a health status of a cardiovascular system,
according to yet another example embodiment.

[0097] Referring to FIG. 6, the apparatus 600 for provid-
ing a health status of a cardiovascular system includes a
body oscillation measurer 310, a contact pressure obtainer
510, and a processor 330. Here, the body oscillation mea-
surer 310 and the processor 330 are the same as those
described with reference to FIG. 3, the contact pressure
obtainer 510 is the same as that described with reference to
FIG. 5, and thus the detailed descriptions thereof will be
omitted.

[0098] FIG. 7 is a flowchart illustrating a method of
providing a health status of a cardiovascular system, accord-
ing to an example embodiment.

[0099] Referring to FIGS. 1 and 7, the apparatus 100 for
providing a health status of a cardiovascular system mea-
sures body oscillation data, as depicted in 710. Here, the
body oscillation may refer to oscillation caused by the blood
flow or pulsation of the user’s body part. According to an
example embodiment, the apparatus 100 may measure the
body oscillation data using an acceleration sensor, a piezo-
electric film, a load cell, radar, a PPG sensor, an acoustic
vibration sensor, a mechanomyography sensor, or the like.
[0100] The apparatus 100 removes noise from the body
oscillation data, using various noise cancellation algorithms,
as depicted in 720.

[0101] The apparatus 100 divides the measured body
oscillation data into predetermined time intervals, as
depicted in 730. Here, the predetermined time may be set to
a time interval (e.g., five seconds) or may be set to a user’s
input value or a default value in consideration of the
heartbeat cycle.

[0102] The apparatus 100 calculates a feature from the
divided body oscillation data, as depicted in 740.

[0103] The apparatus 100 may estimate a health status of
the user’s cardiovascular system, using the calculated fea-
ture and the cardiovascular system health status estimation
mode] 124, as depicted in 750.

[0104] Here, the cardiovascular system health status esti-
mation model 124 may be implemented in the form of a
mathematical algorithm or a matching table, but is not
limited to any particular form.

[0105] FIG. 8 is a flowchart illustrating a method of
providing a health status of a cardiovascular system, accord-
ing to another example embodiment.

[0106] Referring to FIGS. 2 and 8. the apparatus 200 for
providing a health status of a cardiovascular system mea-
sures a user’s body oscillation data and contact pressure data
of the apparatus 200 in contact with the user’s body part, as
depicted in 810. According to an example embodiment, the
apparatus 200 may measure the body oscillation data and/or
the contact pressure data using the acceleration sensor, a
piezoelectric film, a load cell, radar, a PPG sensor, or the
like.

[0107] The apparatus 200 removes noise from the body
oscillation data, using various noise cancellation algorithms,
as depicted in 820.

[0108] The apparatus 200 calibrates the measured body
oscillation data on the basis of the measured contact pressure
data, as depicted in 830. For example, the apparatus 200 may
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search the calibration coefficient DB 235 to calculate a
feature calibration coefficient that corresponds to the mea-
sured contact pressure data and may adjust a gain, a slope,
an offset, and the like of the feature on the basis of the
calculated feature calibration coefficient. The calibration
coeflicient DB 235 may be a set of data defining relation-
ships between contact pressures and body oscillation cali-
bration coefficients and may be experimentally derived and
established in advance.

[0109] The apparatus 200 divides the calibrated body
oscillation data into predetermined time intervals, as
depicted in 840. Here, the predetermined time may be set to
a time interval (e.g., five seconds) or may be set to a user’s
input value or a default value in consideration of the
heartbeat cycle.

[0110] The apparatus 200 calculates a feature from the
divided body oscillation data, as depicted in 850.

[0111] The apparatus 200 may estimate a health status of
the user’s cardiovascular system, using the calculated fea-
ture and the cardiovascular system health status estimation
model 236, as depicted in 860.

[0112] FIG. 9 is a flowchart illustrating a method of
providing a health status of a cardiovascular system, accord-
ing to still another example embodiment.

[0113] Referring to FIGS. 3 and 9, the apparatus 300 for
providing a health status of a cardiovascular system mea-
sures a user’s body oscillation data and contact pressure data
of the apparatus 300 in contact with the user’s body part, as
depicted in 910. For example, the apparatus 300 may
measure the body oscillation data and/or the contact pressure
data using the acceleration sensor, a piezoelectric film, a
load cell, radar, a PPG sensor, or the like.

[0114] The apparatus 300 removes noise from the body
oscillation data, using various noise cancellation algorithms,
as depicted in 920.

[0115] The apparatus 300 divides the measured body
oscillation data into predetermined time intervals, as
depicted in 930. Here, the predetermined time may be set to
a time interval (e.g., 5 seconds) or may be set to a user’s
input value or a default value in consideration of the
heartbeat cycle.

[0116] The apparatus 300 calculates a feature from the
divided body oscillation data, as depicted in 940.

[0117] The apparatus 300 calibrates the calculated feature
on the basis of the measured contact pressure data, as
depicted in 950. For example, the apparatus 300 may search
the calibration coefficient DB 335 to calculate a feature
calibration coefficient that corresponds to the measured
contact pressure data and may adjust a gain, a slope, an
offset, and the like of the feature on the basis of the
calculated feature calibration coefficient. Here, the calibra-
tion coefficient DB 335 may be a set of data defining
relationships between contact pressures and body oscillation
calibration coeflicients and may be experimentally derived
and established in advance.

[0118] The apparatus 300 estimates a health status of the
user’s cardiovascular system, using the calibrated feature
and the cardiovascular system health state estimation model
336, as depicted in 960.

[0119] FIG. 10 is a flowchart illustrating a method of
providing a health status of a cardiovascular system, accord-
ing to yet another example embodiment.

[0120] Referring to FIGS. 4 and 10, the apparatus 400 for
providing a health status of a cardiovascular system mea-
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sures a user’s body oscillation data and contact pressure data
of the apparatus 400 in contact with the user’s body part, as
depicted in 1010. For example, the apparatus 400 may
measure the body oscillation data and/or the contact pressure
data using the acceleration sensor, a piezoelectric film, a
load cell, radar, a PPG sensor, or the like.

[0121] The apparatus 400 adjusts the contact pressure of
the apparatus 400 for the user’s body part by generating a
control signal for driving the actuator 440 such that the
contact pressure reaches a predetermined contact pressure,
as depicted in 1020. In this case, the predetermined contact
pressure may be experimentally derived as an optimal
contact pressure that allows the most accurate estimation of
a cardiovascular system health status on the basis of a
feature of the body oscillation data.

[0122] The apparatus 400 divides the measured body
oscillation data into predetermined time intervals, wherein
the body oscillation data is measured at the time when the
contact pressure of the apparatus 400 for the user’s body part
reaches the predetermined contact pressure, as depicted in
1030. Here, the predetermined time may be set to a time
interval (e.g., 5 seconds) or may be set to a user’s input value
or a default value in consideration of the heartbeat cycle.

[0123] The apparatus 400 calculates a feature from the
divided body oscillation data, as depicted in 1040.

[0124] The apparatus 400 may estimate a health status of
the user’s cardiovascular system, using the calculated fea-
ture and the cardiovascular system health status estimation
model 435, as depicted in 1050.

[0125] The cardiovascular system health status estimation
model 336 may define relationships between at least one
feature and each cardiovascular system health status. The
cardiovascular system health status estimation model 336
may be implemented in the form of a mathematical algo-
rithm or a matching table, but is not limited to any particular
form.

[0126] FIG. 11 is a flowchart illustrating a method of
providing a health status of a cardiovascular system, accord-
ing to still another example embodiment.

[0127] Referring to FIGS. 5 and 11, the apparatus 500 for
providing a health status of a cardiovascular system mea-
sures a user’s body oscillation data, as depicted in 1110.
According to an example embodiment, the apparatus 500
may measure the body oscillation data using the acceleration
sensor, a piezoelectric film, a load cell, radar, a PPG sensor,
or the like.

[0128] The apparatus 500 receives contact pressure data of
the apparatus 500 in contact with a user’s body part at the
time of measuring the body oscillation data from the contact
pressure measurement apparatus 10, as depicted in 1120.

[0129] The apparatus 500 removes noise from the body
oscillation data, using various noise cancellation algorithms,
as depicted in 1130.

[0130] The apparatus 500 calibrates the measured body
oscillation data on the basis of the received contact pressure
data, as depicted in 1140. For example, the apparatus 500
may search the calibration coeflicient DB 235 to calculate a
feature calibration coeflicient that corresponds to the mea-
sured contact pressure data and may adjust a gain, a slope,
an offset, and the like of the feature on the basis of the
calculated feature calibration coeflicient. In this case, the
calibration coeflicient DB 235 may be a set of data defining
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relationships between contact pressures and body oscillation
calibration coeflicients and may be experimentally derived
and established in advance.

[0131] The apparatus 500 divides the calibrated body
oscillation data into predetermined time intervals, as
depicted in 1150. Here, the predetermined time may be set
to a time interval (e.g., 5 seconds) or may be set to a user’s
input value or a default value in consideration of the
heartbeat cycle.

[0132] The apparatus 500 calculates a feature from the
divided body oscillation data, as depicted in 1160.

[0133] The apparatus 500 may estimate a health status of
the user’s cardiovascular system, using the calculated fea-
ture and the cardiovascular system health status estimation
model 236, as depicted in 1170.

[0134] FIG. 12 is a flowchart illustrating a method of
providing a health status of a cardiovascular system, accord-
ing to yet another example embodiment.

[0135] Referring to FIGS. 6 and 12, the apparatus 600 for
providing a health status of a cardiovascular system mea-
sures a user’s body oscillation data, as depicted in 1210.
According to an example embodiment, the apparatus 600
may measure the body oscillation data using the acceleration
sensor, a piezoelectric film, a load cell, radar, a PPG sensor,
or the like.

[0136] The apparatus 600 receives contact pressure data of
the apparatus 600 in contact with a user’s body part at the
time of measuring the body oscillation data from the contact
pressure measurement apparatus 10, as depicted in 1220.
[0137] The apparatus 600 removes noise from the body
oscillation data, using various noise cancellation algorithms,
as depicted in 1230.

[0138] The apparatus 600 divides the measured body
oscillation data into predetermined time intervals, as
depicted in 1240. Here, the predetermined time may be set
to a time interval (e.g., five seconds) or may be set to a user’s
input value or a default value in consideration of the
heartbeat cycle.

[0139] The apparatus 600 calculates a feature from the
divided body oscillation data, as depicted in 1250.

[0140] The apparatus 600 calibrates the calculated feature
on the basis of the received contact pressure data, as
depicted in 1260. For example, the apparatus 600 may
search the calibration coefficient DB 335 to calculate a
feature calibration coefficient that corresponds to the mea-
sured contact pressure data and may adjust a gain, a slope,
an offset, and the like of the feature on the basis of the
calculated feature calibration coeflicient.

[0141] The apparatus 600 estimates a health status of the
user’s cardiovascular system, using the calibrated feature
and the cardiovascular system health state estimation model
336, as depicted in 1270.

[0142] FIG. 13 is a perspective view of a wrist wearable
device 1300.
[0143] Referring to FIG. 13, the wrist wearable device

1300 includes a strap 1310 and a main body 1320.

[0144] The strap 1310 may be formed in the form of a
flexible band. However, aspects of the present disclosure are
not limited to thereto. That is, the strap 1310 may include a
plurality of strap members, each of which may be bent to
wrap around the user’s wrist

[0145] The main body 1320 may have the above-described
apparatus 100, 200, 300, 400, 500, or 600 mounted therein.
In addition, a battery for supplying power to the wrist
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wearable device 1300 and the apparatus 100, 200, 300, 400,
500, or 600 may be installed inside the main body 1320.
[0146] The wrist wearable device 1300 may further
include an input interface 1321 and a display 1322, which
are mounted in the main body 1320. The input interface
1321 may receive various operation signals from a user. The
display 1322 may display data processed by the wrist
wearable device 1300 and/or the apparatus 100, 200, 300,
400, 500, or 600 and processing result data.

[0147] The current example embodiments can be imple-
mented as computer readable codes in a computer readable
record medium. Codes and code segments constituting the
computer program can be easily inferred by a skilled com-
puter programmer in the art. The computer readable record
medium includes all types of record media in which com-
puter readable data are stored. Examples of the computer
readable record medium 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.

[0148] A number of examples have been described above.
Nevertheless, it will be understood that various modifica-
tions may be made. For example, suitable results may be
achieved if the described techniques are performed in a
different order and/or if components in a described system,
architecture, device, or circuit are combined in a different
manner and/or replaced or supplemented by other compo-
nents or their equivalents. Accordingly, other implementa-
tions are within the scope of the following claims.

What is claimed is:

1. An apparatus for providing a health status of a cardio-
vascular system, the apparatus comprising:

a body oscillation measurer configured to measure body

oscillation data; and

a processor configured to estimate a health status of a

cardiovascular system, based on the measured body
oscillation data.

2. The apparatus of claim 1, wherein the body oscillation
measurer is further configured to measure the body oscilla-
tion data, using any one or any combination of an accelera-
tion sensot, a piezoelectric film, a load cell, a radar, and a
photoplethysmogram sensor.

3. The apparatus of claim 1, wherein the health status of
the cardiovascular system comprises any one or any com-
bination of a blood pressure, a cardiac output, a blood vessel
elasticity, and a peripheral resistance.

4. The apparatus of claim 1, wherein the processor com-
prises:

a segmentator configured to divide the measured body

oscillation data into predetermined time intervals;

a feature calculator configured to calculate a feature from

the divided body oscillation data; and

a health status estimator configured to estimate the health

status of the cardiovascular system, using the calcu-
lated feature and a cardiovascular system health status
estimation model.

5. The apparatus of claim 4, wherein the feature comprises
any one or any combination of a signal energy, a sum of
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absolute values of signals, a sum of envelope values, a
number of peaks, a standard deviation of amplitudes, and a
number of level crossings.

6. The apparatus of claim 1, further comprising a contact
pressure measurer configured to measure contact pressure
data of the apparatus in contact with a body part.

7. The apparatus of claim 6, wherein the contact pressure
measurer is further configured to measure the contact pres-
sure data, using any one or any combination of an accel-
eration sensor, a piezoelectric film, a load cell, a radar, and
a photoplethysmogram sensor.

8. The apparatus of claim 6, wherein the processor com-
prises:

a body oscillation calibrator configured to calibrate the
measured body oscillation data, based on the measured
contact pressure data;

a segmentator configured to divide the calibrated body
oscillation data into predetermined time intervals;

a feature calculator configured to calculate a feature from
the divided body oscillation data; and

a health status estimator configured to estimate the health
status of the cardiovascular system, using the calcu-
lated feature and a cardiovascular system health status
estimation model.

9. The apparatus of claim 8, wherein the body oscillation

calibrator is further configured to:

search a calibration coefficient database to determine a
body oscillation calibration coefficient corresponding
to the measured contact pressure data; and

adjust any one or any combination of a gain, a slope, and
an offset of the measured body oscillation data, based
on the determined body oscillation calibration coefli-
cient.

10. The apparatus of claim 6, wherein the processor

comprises:

a segmentator configured to divide the measured body
oscillation data into predetermined time intervals;

a feature calculator configured to calculate a feature from
the divided body oscillation data;

a feature calibrator configured to calibrate the calculated
feature, based on the measured contact pressure data;
and

a health status estimator configured to estimate the health
status of the cardiovascular system, using the calibrated
feature and a cardiovascular system health status esti-
mation model.

11. The apparatus of claim 10, wherein the feature cali-

brator is further configured to:

search a calibration coeflicient database to determine a
feature calibration coefficient corresponding to the
measured contact pressure data; and

adjust any one or any combination of a gain, a slope, and
an offset of the calculated feature, based on the deter-
mined feature calibration coefficient.

12. The apparatus of claim 6, further comprising an
actuator configured to adjust a contact pressure of the
apparatus in contact with the body part,

wherein the processor comprises:

a contact pressure controller configured to generate a
control signal for driving the actuator such that the
measured contact pressure data reaches a predeter-
mined contact pressure,

wherein the body oscillation measurer is further con-
figured to measure the body oscillation data in
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response to the measured contact pressure data
reaching the predetermined contact pressure;

a segmentator configured to divide the measured body
oscillation data into predetermined time intervals;

a feature calculator configured to calculate a feature
from the divided body oscillation data; and

a health status estimator configured to estimate the
health status of the cardiovascular system, using the
calculated feature and a cardiovascular system health
status estimation model.

13. The apparatus of claim 1, wherein the apparatus is
implemented as a wearable device.

14. A method of providing a health status of a cardiovas-
cular system, the method comprising:

measuring body oscillation data; and

estimating a health status of a cardiovascular system,

based on the measured body oscillation data.

15. The method of claim 14, wherein the health status of
the cardiovascular system comprises any one or any com-
bination of a blood pressure, a cardiac output, a blood vessel
elasticity, and a peripheral resistance.

16. The method of claim 14, further comprising:

dividing the measured body oscillation data into prede-

termined time intervals; and

calculating a feature from the divided body oscillation

data,

wherein the estimating comprises estimating the health

status of the cardiovascular system, using the calcu-
lated feature and a cardiovascular system health status
estimation model.

17. The method of claim 16, wherein the feature com-
prises any one or any combination of a signal energy, a sum
of absolute values of signals, a sum of envelope values, a
number of peaks, a standard deviation of amplitudes, and a
number of level crossings.

18. The method of claim 14, further comprising:

measuring contact pressure data of an apparatus in contact

with a body part;

calibrating the measured body oscillation data, based on

the measured contact pressure data;

dividing the calibrated body oscillation data into prede-

termined time intervals; and

calculating a feature from the divided body oscillation

data,

wherein the estimating comprises estimating the health

status of the cardiovascular system, using the calcu-
lated feature and a cardiovascular system health status
estimation model.

19. The method of claim 14, further comprising:

measuring contact pressure data of an apparatus in contact

with a body part;

dividing the measured body oscillation data into prede-

termined time intervals;

calculating a feature from the divided body oscillation

data; and

calibrating the calculated feature, based on the measured

contact pressure data,

wherein the estimating comprises estimating the health

status of the cardiovascular system, using the calibrated
feature and a cardiovascular system health status esti-
mation model.

20. The method of claim 14, further comprising;

measuring contact pressure data of an apparatus in contact

with a body part;
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adjusting a contact pressure of the apparatus in contact
with the body part such that the measured contact
pressure data reaches a predetermined contact pressure,

wherein the measuring comprises measuring the body
oscillation data in response to the measured contact
pressure data reaching the predetermined contact pres-
sure;

dividing the measured body oscillation data into prede-
termined time intervals; and

calculating a feature from the divided body oscillation
data,

wherein the estimating comprises estimating the health
status of the cardiovascular system, using the calcu-
lated feature and a cardiovascular system health status
estimation model.
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