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(7) ABSTRACT

A blood pressure measuring apparatus and a method of
operating the same are provided. The blood pressure mea-
suring apparatus includes: a strap; and a main body that is
rotatably connected to the strap, wherein the main body
includes: a first pulse wave measurer configured to measure
a first pulse wave; a second pulse wave measurer that is
spaced apart from the first pulse wave measurer at a regular
interval and is configured to measure a second pulse wave;
and a blood pressure measurer configured to analyze the first
pulse wave and the second pulse wave and determine a
blood pressure based on the analyzed first pulse wave and
the analyzed second pulse wave.

9 Claims, 7 Drawing Sheets
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1
BLOOD PRESSURE MEASURING
APPARATUS AND METHOD OF OPERATING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from Korean Patent
Application No. 10-2015-0083617, filed on Jun. 12,2015 in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference in its entirety.

BACKGROUND

1. Field

Apparatuses and methods consistent with exemplary
embodiments relate to a blood pressure measuring technol-
ogy.

2. Description of the Related Art

With a growing interest in personal health, various types
of biometric information detection devices are being devel-
oped, and devices specifically designed for healthcare are
being developed with the widespread use of various wear-
able devices that may be directly worn by subjects.

A cuff-less blood pressure sensor is a blood pressure
sensor of an indirect measurement method, in which blood
pressure is measured by a Pulse Transit Time (PTT) method
using an optical signal and an electrocardiogram (ECG)
signal, or by a Pulse Wave Analysis (PWA) method that
analyzes pulse waves based on an optical signal.

However, the PTT method is cumbersome in that touches
of both hands are required, and an ECG signal is further
needed in addition to a pulse wave signal. The PWA method,
which analyzes only a waveform of pulse waves, may not
enable accurate blood pressure measurement.

SUMMARY

Exemplary embodiments address at least the above prob-
lems and/or disadvantages and other disadvantages not
described above. Also, the exemplary embodiments are not
required to overcome the disadvantages described above,
and may not overcome any of the problems described above.

According to an aspect of an exemplary embodiment,
there is provided a blood pressure measuring apparatus
including: a strap; and a main body that is rotatably con-
nected to the strap, the main body including: a first pulse
wave measurer configured to measure a first pulse wave; a
second pulse wave measurer that is spaced apart from the
first pulse wave measurer and is configured to measure a
second pulse wave; and a blood pressure measurer config-
ured to analyze the first pulse wave and the second pulse
wave and determine a blood pressure based on the analyzed
first pulse wave and the analyzed second pulse wave.

The main body may be detachably connected to the strap.

The main body may be configured to rotate in a range
between 180 degrees and zero degree.

The first pulse wave measurer may be disposed on a side
end of a bottom surface of the main body, and the second
pulse wave measurer may be disposed on another side end
of the bottom surface of the main body.

The blood pressure measuring apparatus may be a wrist-
watch wearable device.

Each of the first pulse wave measurer and the second
pulse wave measurer may be configured to emit light to a
subject that reflects the light. The first pulse wave measurer
may be configured to sense the light reflected from the
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subject to measure the first pulse wave, and the second pulse
wave measurer may be configured to sense the light reflected
from the subject to measure the second pulse wave.

The blood pressure measurer may include: a feature point
extractor configured to extract a first feature point from the
first pulse wave and a second feature point from the second
pulse wave, the second feature point corresponding to the
first feature point; and a blood pressure calculator configured
to determine the blood pressure based on the first feature
point and the second feature point.

The blood pressure calculator may determine a pulse
wave velocity between the first feature point and the second
feature point, and determine the blood pressure based on the
determined pulse wave velocity.

The blood pressure calculator may determine the pulse
wave velocity by determining a time difference between the
first feature point and the second feature point, and by
dividing a distance between the first pulse wave measurer
and the second pulse wave measurer by the determined time
difference.

According to an aspect of another exemplary embodi-
ment, there is provided a method of operating a blood
pressure measuring apparatus that includes a strap and a
main body that is rotatably connected to the strap, the
method including: sensing rotation of the main body; mea-
suring a first pulse wave by a first pulse wave measurer that
is disposed on the main body; measuring a second pulse
wave by a second pulse wave measurer that is spaced apart
from the first pulse wave measurer and disposed on the main
body; analyzing the first pulse wave and the second pulse
wave; and determining a blood pressure based on the
analyzed first pulse wave and the analyzed second pulse
wave.

The main body may be detachably connected to the strap.

The sensing the rotation may include sensing a degree of
rotation of the main body in relation to the strap. The
measuring the first pulse wave and the measuring the second
pulse wave may be initiated in response to the sensed degree
of rotation being approximately 90 degrees.

The first pulse wave measurer may be disposed on a side
end of a bottom surface of the main body and the second
pulse wave measurer may be disposed on another side end
of the bottom surface of the main body.

The blood pressure measuring apparatus may be a wrist-
watch wearable device.

The measuring the first pulse wave may include: emitting
light to a subject by the first pulse wave measurer, the light
being reflected by the subject; sensing the light reflected
from the subject; and measuring the first pulse wave from
the sensed light.

The determining blood pressure may include: extracting a
first feature point from the first pulse wave; extracting a
second feature point from the second pulse wave, the second
feature point corresponding to the first feature point; and
determining the blood pressure based on the first feature
point and the second feature point.

The determining blood pressure may include: determining
a pulse wave velocity based on the first feature point and the
second feature point; and determining the blood pressure
based on the determined pulse wave velocity.

The determining the pulse wave velocity may include:
determining a time difference between the first feature point
and the second feature point; and determining the pulse
wave velocity by dividing a distance between the first pulse
wave measurer and the second pulse wave measurer by the
determined time difference.
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BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 1A is a plan view of a blood pressure measuring
apparatus;

FIG. 1B is a bottom view of the blood pressure measuring
apparatus.

FIG. 1C is a cross-sectional view taken along line A-B of
FIG. 1A;

FIG. 2 is a block diagram illustrating a main body 120
according to an exemplary embodiment;

FIG. 3 is a diagram illustrating an example of applying a
blood pressure measuring apparatus 100;

FIG. 4 is a block diagram illustrating the main body 120
according to another exemplary embodiment; and

FIG. 5 is a flowchart illustrating a method of operating a
blood pressure measuring apparatus 100 according to an
exemplary embodiment.

DETAILED DESCRIPTION

Exemplary embodiments are described in greater detail
below with reference to the accompanying drawings.

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

FIG. 1A is a plan view of a blood pressure measuring
apparatus. FIG. 1B is a bottom view of the blood pressure
measuring apparatus. FIG. 1C is a cross-sectional view
taken along line A-B of FIG. 1A.

The blood pressure measuring apparatus 100 may mea-
sure blood pressure of a subject in a non-invasive manner.
For example, the blood pressure measuring apparatus 100 is
a cufl-less type blood pressure measuring apparatus, which
measures blood pressure by emitting light on a subject, i.e.,
a body part of a user wearing the blood pressure measuring
apparatus 10, measuring pulse waves by sensing reflected or
diffused light, and analyzing the measured pulse waves.

Referring to FIGS. 1A to 1C, a main body 120 of the
blood pressure measuring apparatus 100 is rotatably con-
nected to a strap 110. For example, as illustrated in FIG. 1C,
an upper portion 121 and a lower portion 122 of the main
body 120 are connected to each other by a connection
member 123, and the main body 120 is connected to the
strap 110 by the connection member 123, such that the main
body 120 may rotate 180 degrees or less about a center axis
124. However, the main body 120 is not limited thereto, and
may be configured to rotate about other positions (e.g., both
ends of the main body, etc.) than the center axis.

Further, the main body 120 may be detachably connected
to the strap 110.

The blood pressure measuring apparatus 100 may be a
wearable device to be worn on a subject. For example, the
blood pressure measuring apparatus 100 may be a wrist-
watch type, a bracelet type, or a wristband type. However,
the blood pressure measuring apparatus 100 is not limited
thereto, and may be a ring type, a glasses type, a hairband
type, and the like.
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Two pulse wave measurers 210 and 220, which are spaced
apart from each other, may be disposed on a bottom surface
of the main body 120. Although two pulse wave measurers
210 and 220 are illustrated, but the present embodinent is
not limited thereto, and three or more pulse wave measurers
may be provided according to usage and purpose of a
system.

In the case where the blood pressure measuring apparatus
100 is a wristwatch type wearable device, the blood pressure
measuring apparatus 100 may be used as a watch in ordinary
times, and when measuring blood pressure, the blood pres-
sure measuring apparatus may be positioned over the radial
artery of a human’s wrist and may rotate 90 degrees. In
response to a user’s instruction to measure blood pressure,
the blood pressure measuring apparatus 100 measures pulse
waves at two points, which are spaced apart by a certain
distance, by using the two pulse wave measurers 210 and
220 disposed on the bottom surface of the main body 120,
and blood pressure may be measured based on the measured
pulse waves.

FIG. 2 is a block diagram illustrating a main body 120
according to an exemplary embodiment.

Referring to FIG. 2, a main body 120q includes a first
pulse wave measurer 210, a second pulse wave measurer
220, and a blood pressure measurer 230.

The first pulse wave measurer 210 and the second pulse
wave measurer 220 may measure pulse waves of a subject
270. As described above, the first pulse wave measurer 210
and the second pulse wave measurer 220 may be spaced
apart. For example, the first pulse wave measurer 210 and
the second pulse wave measurer 220 may be disposed on a
left-end side and a right-end side of the bottom surface of the
main body 120, and vice versa.

The first pulse wave measurer 210 may include a light
emitter 211 and a light receiver 212. The second pulse wave
measurer 220 may include a light emitter 221 and a light
receiver 222. The light emitters 211 and 221 may emit light
onto the subject 270. The emitted right may be diffused or
reflected from the subject, and the light receivers 212 and
222 may detect the diffused or reflected light. The first pulse
wave measurer 210 and the second pulse wave measurer 220
may acquire pulse waves from a detected optical signal.

In one exemplary embodiment, a light emitting diode
(LED) or a laser diode may be used as the light emitters 211
and 221. A photo diode, a photo transistor (PTr), or a
charge-couple device (CCD) may be used as the light
receivers 212 and 222.

The subject 270 is a subject of which blood pressure is to
be measured, and may be a body part that may contact or
may be adjacent to the first pulse wave measurer 210 and the
second pulse wave measurer 220 of the blood pressure
measuring apparatus 100, or a body part of which pulse
waves may be easily measured by using photoplethysmog-
raphy (PPG). For example, the subject 270 may be an area
on a wrist that is adjacent to the radial artery. In the case of
measuring pulse waves on a position of the wrist over the
radial artery, there may be relatively less external factors,
such as the thickness of the skin tissue of the wrist, which
may cause measurement errors. The radial artery is known
to be a position where blood pressure may be measured more
accurately than other arteries. However, the subject 270 is
not limited thereto, and may be distal body portions, such as
fingers and toes, which have a high density of blood vessels.

The blood pressure measurer 230 may measure blood
pressure by analyzing pulse waves measured by the first
pulse wave measurer 210 (hereinafter referred to as a first
pulse wave) and pulse waves measured by the second pulse
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wave measurer 220 (hereinafter referred to as a second pulse
wave). To this end, the blood pressure measurer 230 may
include a feature point extractor 231 and a blood pressure
calculator 232.

The feature point extractor 231 may extract a feature point
from the first pulse wave (hereinafter referred to as a first
feature point), and may extract a feature point corresponding
to the first feature point from the second pulse wave (here-
inafter referred to as a second feature point), in which the
feature points may be a start point, a maximum point, a
minimum point, and the like.

The blood pressure calculator 232 may calculate blood
pressure based on the first feature point and the second
feature point. For example, the blood pressure calculator 232
may calculate a pulse wave velocity based on the first feature
point and the second feature point, and may calculate blood
pressure based on the calculated pulse wave velocity and a
blood pressure estimation equation. The blood pressure
estimation equation defines a relationship between blood
pressure and the pulse wave velocity, and may be stored in
a database or in an external memory.

FIG. 3 is a diagram illustrating an example of applying a
blood pressure measuring apparatus according to an exem-
plary embodiment.

Referring to FIGS. 2 and 3, the blood pressure apparatus
100 may be used as a wristwatch at ordinary time, but once
a user positions the main body 120 of the blood pressure
measuring device 100 over the radial artery of the wrist,
rotates the main body 120 by 90 degrees, and inputs an
instruction to measure blood pressure, the blood pressure
measuring apparatus 100 may measure pulse waves by using
the two pulse wave measurers 210 and 220 disposed on the
bottom surface of the main body 120. A waveform 310
indicates the first pulse wave measured by the first pulse
wave measurer 210, and a waveform 320 indicates the
second pulse wave measured by the second pulse wave
measurer 220.

The feature point extractor 231 extracts the first feature
point 311 from the first pulse wave, and extracts the second
feature point 321 corresponding to the first feature point 311
from the second pulse wave.

The blood pressure calculator 232 calculates a pulse wave
velocity by calculating a time difference At between the first
feature point 311 and the second feature point 321, and by
dividing a distance between the first pulse wave measurer
210 and the second pulse wave measurer 220 by the calcu-
lated time difference At.

Since the pulse wave velocity is increased when blood
vessel elasticity is reduced, the pulse wave velocity may be
a good indicator to show the blood vessel elasticity and a
change in blood pressure, and may be used to establish a
correlation between the pulse wave velocity and blood
pressure.

The blood pressure calculator 232 may calculate blood
pressure by using a blood pressure estimation equation that
defines a relationship between the pulse wave velocity and
blood pressure.

FIG. 4 is a block diagram illustrating the main body 120
according to another exemplary embodiment.

Referring to FIG. 4, when compared to the main body
120q illustrated in FIG. 2, a main body 1205 may further
include a memory 410, a user interface 420, and a commu-
nicator 430 selectively.

The memory 410 may store programs to process and
control the blood pressure measurer 230, and may store
input/output data. For example, the memory 410 may store
programs for pulse wave analysis and blood pressure cal-
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6

culation performed by the blood pressure measurer 230,
and/or information on a blood pressure estimation equation.
Further, the memory 410 may store pulse wave measure-
ment results of the pulse wave measurers 210 and 220. The
blood pressure measurer 230 may read the pulse wave
measurement results from the memory and process the
results.

The memory 410 may include at least one storage
medium among flash memory type, hard disk type, multi-
media card micro type, card type memory (e.g., SD or XD
memory, etc.), random access memory (RAM), static ran-
dom access memory (SRAM), read-only memory (ROM),
electrically erasable programmable read only memory (EE-
PROM), programmable read only memory (PROM), mag-
netic memory, magnetic disks, optical discs, and the like.

The user interface 420 is an interface between the blood
pressure measuring apparatus 100 and a user, and/or an
interface between the blood pressure measuring apparatus
100 and other external device, and may include an input and
an output. The user may be a subject of which blood pressure
is to be measured, i.e., the subject 270, but may be a concept
wider than the subject 270.

Information for operating the blood pressure measuring
apparatus 100 is input through the user interface 420, and
measurement results of blood pressure may be output
through the user interface 420. The user interface 420 may
include, for example, a button, a connector, a keypad, a
display, and the like, and may further include a sound output
component or a vibration motor.

The communicator 430 may communicate with external
devices. For example, the communicator 430 may transmit
measurement results of blood pressure to an external device,
or may receive various types of information useful for
measuring blood pressure from an external device.

The external device may be medical equipment using
information on the measured blood pressure, a printer to
print out results, or a display to display information on the
measured blood pressure. In addition, the external device
may be a smartphone, a mobile phone, a personal digital
assistant (PDA) device, a laptop computer, a personal com-
puter (PC), and other mobile or non-mobile computing
devices.

The communicator 430 may communicate with external
devices by using Bluetooth communication, Bluetooth Low
Energy communication, Near Field Communication (NFC),
WLAN communication, Wi-Fi Direct (WFD) communica-
tion, Ultra Wideband (UWB) communication, Ant+ com-
munication, Wi-Fi communication, Radio Frequency Iden-
tification (RFID) communication, and the like. However, the
communicator 430 is merely illustrative, and is not limited
thereto.

FIG. 5 is a flowchart illustrating a method of operating a
blood pressure measuring apparatus according to an exem-
plary embodiment.

Referring to FIG. 5, the blood pressure measuring appa-
ratus 100 may sense rotation of the main body 120, and
receives an instruction to measure blood pressure in opera-
tion 510. The blood pressure measuring apparatus 100 may
sense a degree of rotation of the main body 120 in relation
to the strap 110. For example, when the blood pressure
measuring apparatus 100 determines that the degree of
rotation is approximately 90 degrees and therefore the main
body is perpendicular to the strap 110, the blood pressure
measuring apparatus 100 may generate an instruction to
measure the blood pressure. Alternatively, the instruction to
measure the blood pressure may be input by a user after the
main body 120 is rotated to be perpendicular to the strap 110.
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The blood pressure apparatus 100 measures the first pulse
wave at a first point by using the first pulse wave measurer
210, and measures the second pulse wave at a second point
by using the second pulse wave measurer 220 in 520. For
example, the blood pressure measuring apparatus 100 emits
light on a subject by using the first pulse wave measurer 210,
and senses light reflected from the subject 270 to measure
the first pulse wave. The blood pressure measuring apparatus
100 emits light on the subject 270, and senses light reflected
from the subject 270 to measure the second pulse wave.

In this case, the first pulse wave measurer 210 and the
second pulse wave measurer 220 may be spaced apart from
each other at a regular interval. For example, the first pulse
wave measurer 210 and the second pulse wave measurer 220
may be disposed on both ends of the bottom surface of the
main body 120.

The blood pressure measuring apparatus 100 extracts
feature points by analyzing the first pulse wave and the
second pulse wave in 530. For example, the blood pressure
measuring apparatus 100 may extract the first feature point
by analyzing the first pulse wave, and may extract the
second feature point corresponding to the first feature point
by analyzing the second pulse wave. The feature points may
include a start point, a maximum point, a minimum point,
and the like.

The blood pressure measuring apparatus 100 may calcu-
late a pulse wave velocity based on the first feature point and
the second feature point in 540. For example, the blood
pressure measuring apparatus 100 may calculate the pulse
wave velocity by calculating a time difference At between
the first feature point and the second feature point, and by
dividing a distance between the first pulse wave measurer
210 and the second pulse wave measurer 220 by the calcu-
lated time difference At.

The blood pressure measuring apparatus 100 may esti-
mate blood pressure by using the calculated pulse wave
velocity and a blood pressure estimation equation.

Since pulse wave velocity is increased when blood vessel
elasticity is reduced, the pulse wave velocity may be a good
indicator to show the blood vessel elasticity and a change in
blood pressure. The blood pressure estimation equation
defines a relationship between blood pressure and the pulse
wave velocity.

While not restricted thereto, an exemplary embodiment
can be realized as a computer-readable code written on a
computer-readable recording medium. Codes and code seg-
ments needed for realizing the present disclosure can be
easily deduced by computer programmers of ordinary skill
in the art. The computer-readable recording medium may be
any type of recording device in which data is stored in a
computer-readable manner. Examples of the computer-read-
able recording medium include a read-only memory (ROM),
a random-access memory (RAM), a CD-ROM, a magnetic
tape, a floppy disc, an optical disk, and the like. Further, the
computer-readable recording medium can be distributed
over a plurality of computer systems connected to a network
so that a computer-readable recording medium is written
thereto and executed therefrom in a decentralized manner.
Also, an exemplary embodiment may be written as a com-
puter program transmitted over a computer-readable trans-
mission medium, such as a carrier wave, and received and
implemented in general-use or special-purpose digital com-
puters that execute the programs. Moreover, it is understood
that in exemplary embodiments, one or more units of the
above-described apparatuses and devices can include cir-
cuitry, a processor, a microprocessor, efc., and may execute
a computer program stored in a computer-readable medium.
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The foregoing exemplary embodiments are merely exem-
plary and are not to be construed as limiting. The present
teaching can be readily applied to other types of apparatuses.
Also, the description of the exemplary embodiments is
intended to be illustrative, and not to limit the scope of the
claims, and many alternatives, modifications, and variations
will be apparent to those skilled in the art.

What is claimed is:

1. A blood pressure measuring apparatus, comprising:

a strap; and

a main body that is rotatably connected to the strap, the
main body comprising:

a first pulse wave measurer configured to measure a
first pulse wave using a first light emitter and a first
light receiver;

a second pulse wave measurer that is spaced apart from
the first pulse wave measurer and is configured to
measure a second pulse wave using a second light
emitter and a second light receiver; and

a processor configured to analyze the first pulse wave
and the second pulse wave, and determine a blood
pressure based on the analyzed first pulse wave and
the analyzed second pulse wave,

wherein the main body is configured to rotate from a first
position in which a lengthwise direction of the main
body is parallel to a lengthwise direction of the stray to
a second position in which the lengthwise direction of
the main body is perpendicular to the lengthwise direc-
tion of the strap, while the main body stays connected
to the strap.

2. The apparatus of claim 1, wherein the main body is

detachably connected to the strap.

3. The apparatus of claim 1, wherein the main body is
configured to rotate in a range between 180 degrees and zero
degree while the main body stays connected to the strap.

4. The apparatus of claim 1, wherein the first pulse wave
measurer is disposed on a side end of a bottom surface of the
main body, and the second pulse wave measurer is disposed
on another side end of the bottom surface of the main body.

5. The apparatus of claim 1, wherein the blood pressure
measuring apparatus is a wristwatch wearable device.

6. The apparatus of claim 1, wherein each of the first pulse
wave measurer and the second pulse wave measurer is
configured to emit light to a subject that reflects the light,
and

the first pulse wave measurer is configured to sense the
light reflected from the subject to measure the first
pulse wave, and

the second pulse wave measurer is configured to sense the
light reflected from the subject to measure the second
pulse wave.

7. The apparatus of claim 1, wherein the processor com-

prises:

a feature point extractor configured to extract a first
feature point from the first pulse wave and a second
feature point from the second pulse wave, the second
feature point corresponding to the first feature point;
and

a blood pressure calculator configured to determine the
blood pressure based on the first feature point and the
second feature point.

8. The apparatus of claim 7, wherein the blood pressure
calculator is further configured to determine a pulse wave
velocity between the first feature point and the second
feature point, and determine the blood pressure based on the
determined pulse wave velocity.
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9. The apparatus of claim 8, wherein the blood pressure
calculator is further configured to determine the pulse wave
velocity by determining a time difference between the first
feature point and the second feature point, and by dividing
a distance between the first pulse wave measurer and the 5
second pulse wave measurer by the determined time differ-
ence.
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