US 20140364747A1

12) Patent Application Publication (o) Pub. No.: US 2014/0364747 Al

a9y United States

WOO et al.

(43) Pub. Date: Dec. 11, 2014

(54) METHOD FOR MEASURING BLOOD
PRESSURE, AND APPARATUS FOR
MEASURING BLOOD PRESSURE BASED ON
SAID METHOD

(71)  Applicant: UMEDIX CORPORATION
LIMITED, Suwon-city Gyeonggi-do
(KR)

(72) Inventors: Sung Hun WOQ, Suwon-city
Gyeonggi-do (KR); Yun Young CHOI,
Seoul (KR); Yun Seok CHANG, Seoul
(KR)

(21) Appl. No.: 14/469,658
(22) Filed: Aug. 27,2014

Related U.S. Application Data

(63) Continuation of application No. PCT/KR2012/
009676, filed on Nov. 15, 2012.

Publication Classification

(51) Int.CL
AGIB 5/022 (2006.01)
AG61B 5/00 (2006.01)
(52) US.CL
CPC oo AG1B 5/022 (2013.01); A61B 5/7275
(2013.01)
USPC oooooooee e 600/490
(7) ABSTRACT

According to an aspect of the present invention, there is
provided a blood pressure measuring apparatus including a
pressure sensor unit configured to sense an atmospheric pres-
sure, an applied pressure, and a blood pressure of a blood
vessel delivered to a skin and output an electrical signal
indicating a result of sensing the pressures, while in contact
with the skin; a signal division unit configured to receive the
electrical signal and divide the electrical signal into a divided
electrical signal which includes a direct current (DC) signal
and an alternating current (AC) signal; a signal processor unit
configured to process the divided electrical signal; and a
blood pressure calculation unit configured to calculate the

(30) Foreign Application Priority Data applied pressure using the processed electrical signal and
calculate a blood pressure average using the calculated
Mar. 8,2012  (KR) cooeereereecceneee 10-2012-0023995 applied pressure and a swing value of the electrical.
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METHOD FOR MEASURING BLOOD
PRESSURE, AND APPARATUS FOR
MEASURING BLOOD PRESSURE BASED ON
SAID METHOD

TECHNICAL FIELD

[0001] The present invention relates to apparatuses and
methods of measuring blood pressure.

BACKGROUND ART

[0002] With a conventional method and apparatus for mea-
suring blood pressure, it is difficult to directly measure the
pressure of blood pumped from the heart. Thus, methods of
indirectly measuring blood pressure have been used. A Korot-
koff method is a representative method among these methods.
In the Korotkoff method, the humeral region of a patient is
wound with a band, the band is expanded by injecting air into
the band until blood does not flow through blood vessels, and
the blood pressure of the patient is measured using sound
generated by gradually reducing pressure applied to the band.
That is, when pressure is applied to the band by injecting air
into the band and the amount of the air is gradually reduced,
the sound of the pulse of the artery is heard similar to the
sound heard when an object is feebly tapped. In this case, the
pressure at this moment is systolic pressure which is blood
pressure when the heart contracts. Then, when the amount of
the air injected into the band is further reduced, there is a
moment that the sound of the pulse increases more and then
suddenly vanishes. The blood pressure at this moment is
diastolic pressure, i.e., pressure in the blood vessels when the
ventricles of the heart contract and expand again.

[0003] As another example, the SPO2 method has been also
used to measure blood pressure. In the SPO2 method, oxygen
saturation in a capillary vessel is measured and the blood
pressure of a subject is determined based on the level of
hemoglobin in blood flow.

DETAILED DESCRIPTION OF THE INVENTION

Technical problem

[0004] The conventional methods described above are,
however, accompanied by various problems. First, in the
Korotkoff method, blood pressure is measured by pressing
down on the humeral region ofa subject so that blood may not
flow through blood vessels and gradually reducing pressure
applied to the humeral region. However, blood cannot be
delivered to human tissues while the humeral region is pres-
surized. Thus, oxygen and nutrients are not supplied to the
human tissues and the capillary vessels are thus ruptured,
thereby causing terminus tissues to necrotize. Accordingly, it
is impractical to perform the Korotkoff method on even nor-
mal persons five times or more per day. In particular, serious
problems may occur when the Korotkoff method is per-
formed on a diabetic.

[0005] Also, in the SPO2 method of measuring oxygen
saturation, the level of hemoglobin is not closely related to
blood pressure and thus the difference between individuals is
large. In particular, in the case of a pregnant woman with a
fetus, a hemoglobin level is high but blood pressure is low.
Thus, it is not practical to apply the SPO2 method to the
pregnant woman. In the case of a diabetic, the viscosity of
blood is high and blood pressure of the diabetic is difficult to
precisely measure with the SPO2 method. Thus, there is a
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need to develop an apparatus and method for measuring blood
pressure which is useful for persons whose blood pressure
need to be continuously monitored.

[0006] To solve the above conventional problems, one of
the objectives of the present invention is to provide an appa-
ratus and method for continuously measuring and monitoring
blood pressure. Another objective of the present invention is
to provide an apparatus and method for precisely measure the
blood pressure of a particular subject, such as a diabetic, a
pregnant woman, etc.

Technical solution

[0007] According to an aspect of the present invention,
there is provided a blood pressure measuring apparatus
including a pressure sensor unit configured to sense an atmo-
spheric pressure, an applied pressure, and a blood pressure of
a blood vessel delivered to a skin and output an electrical
signal indicating a result of sensing the pressures, while in
contact with the skin; a signal division unit configured to
receive the electrical signal and divide the electrical signal
into a divided electrical signal which includes a direct current
(DC) signal and an alternating current (AC) signal; a signal
processor unit configured to process the divided electrical
signal; and a blood pressure calculation unit configured to
calculate the applied pressure using the processed electrical
signal and calculate a blood pressure average using the cal-
culated applied pressure and a swing value of the electrical
signal.

[0008] In one embodiment, the pressure sensor unit may
include a housing including a concave structure; and a pres-
sure sensor installed in the housing and configured to sense a
pressure in the concave structure.

[0009] In one embodiment, the pressure sensor unit may
sense the atmospheric pressure and the applied pressure, out-
puta DC signal indicating a result of sensing the atmospheric
pressure and the applied pressure, sense the pressure of the
blood vessel delivered to the skin, and output an AC signal
indicating a result of sensing the delivered pressure.

[0010] In one embodiment, the signal processor unit may
include an amplifier configured to amplify an input signal;
and an analog-to-digital converter (ADC) configured to per-
form digital conversion on the amplified input signal.

[0011] In one embodiment, the signal processor unit may
include an amplifier configured to amplify an input signal; a
level shifter configured to shift a level of the input signal; and
a plurality of analog-to-digital converters (ADCs) configured
to perform digital conversions on outputs of the amplifier and
the level shifter.

[0012] In one embodiment, the signal division unit may
include a high-pass filter unit configured to remove a DC
signal from an output signal of the pressure sensor unit and
output an AC signal.

[0013] In one embodiment, the high-pass filter unit may
include at least one of a first or higher order high-pass filter
and a capacitor.

[0014] In one embodiment, the blood pressure calculation
unit may include an arithmetic unit configured to calculate a
blood pressure average by performing an arithmetic opera-
tion on the calculated applied pressure and the swing value of
the electrical signal; a memory unit configured to store the
applied pressure and the swing value of the electrical signal;
an input/output (I/O) unit configured to receive a signal from
the signal processor unit and output a value calculated by the
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arithmetic unit; and a control unit configured to control the
arithmetic unit, the memory unit, and the /O unit.

[0015] In one embodiment, the apparatus may further
include a display unit configured to display the blood pres-
sures calculated by the blood pressure calculation unit.
[0016] In one embodiment, the apparatus may further
include a communication unit configured to communicate
with at least one of an external server and a terminal through
wired/wireless communication to transmit the pressures cal-
culated by the blood pressure calculation unit.

[0017] Inone embodiment, the blood pressure calculation
unit may calculate the swing value from the difference
between a maximum value and a minimum value of the elec-
trical signal, and calculate the applied pressure by subtracting
the atmospheric pressure from a pressure sensed by and out-
put from the pressure sensor unit.

[0018] In one embodiment, the blood pressure calculation
unit may calculate a rate of transfer of pressure via subcuta-
neous tissue, based on the applied pressure.

[0019] In one embodiment, the blood pressure calculation
unit may calculate the blood pressure average from a slope of
a straight line formed by coordinate pairs including the cal-
culated applied pressure and the swing value of the electrical
signal.

[0020] In one embodiment, the blood pressure calculation
unit may calculate a pulse pressure by dividing a value, which
1s obtained by subtracting a second constant from the product
of the blood pressure average and a first constant, by the
applied pressure.

[0021] According to another aspect of the present inven-
tion, there is provided a blood pressure measuring apparatus
including a pressure sensor unit configured to sense an atmo-
spheric pressure, an applied pressure, and a blood pressure of
a blood vessel delivered to a skin and output an electrical
signal indicating a result of sensing the pressures, while in
contact with the skin; a signal division unit configured to
receive the electrical signal and divide the electrical signal
into a divided electrical signal which includes a direct current
(DC) signal and an alternating current (AC) signal; a signal
processor unit configured to process the divided electrical
signal; and a blood pressure calculation unit configured to
calculate the applied pressure using the processed electrical
signal and calculate a pulse pressure using the calculated
applied pressure and a swing value of the electrical signal.
[0022] In one embodiment, the pressure sensor unit may
include a housing including a concave structure; and a pres-
sure sensor installed in the housing and configured to sense a
pressure in the concave structure.

[0023] In one embodiment, the pressure sensor unit may
sense the atmospheric pressure and the applied pressure, out-
puta DC signal indicating a result of sensing the atmospheric
pressure and the applied pressure, sense the pressure of the
blood vessel delivered to the skin, and output an AC signal
indicating a result of sensing the delivered pressure.

[0024] In one embodiment, the signal processor unit may
include an amplifier configured to amplify an input signal;
and an analog-to-digital converter (ADC) configured to per-
form digital conversion on the amplified input signal.

[0025] In one embodiment, the signal processor unit may
include an amplifier configured to amplify an input signal; a
level shifter configured to shift a level of the input signal; and
a plurality of analog-to-digital converters (ADCs) configured
to perform digital conversions on outputs of the amplifier and
the level shifter into digital signals.
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[0026] In one embodiment, the signal division unit may
include a high-pass filter unit configured to remove a DC
signal from an output signal of the pressure sensor unit and
output an AC signal.

[0027] Inone embodiment, the blood pressure calculation
unit may include an arithmetic unit configured to calculate a
pulse pressure by performing an arithmetic operation on the
calculated applied pressure and the swing value of the elec-
trical signal; a memory unit configured to store the applied
pressure and the swing value of the electrical signal; an input/
output (I/O) unit configured to receive a signal from the signal
processor unit and output a value calculated by the arithmetic
unit; and a control unit configured to control the arithmetic
unit, the memory unit, and the I/O unit.

[0028] In one embodiment, the apparatus may further
include a display unit configured to display the calculated
pressures.

[0029] In one embodiment, the apparatus may further
include a communication unit configured to communicate
with at least one of an external server and a terminal through
wired/wireless communication to transmit the calculated
pressures.

[0030] In one embodiment, the blood pressure calculation
unit may calculate the swing value from the difference
between a maximum value and a minimum value of the elec-
trical signal, and calculate the applied pressure by subtracting
the atmospheric pressure from a pressure sensed by and out-
put from the pressure sensor unit.

[0031] In one embodiment, the blood pressure calculation
unit may calculate a rate of transfer of pressure via subcuta-
neous tissue, based on the applied pressure.

[0032] In one embodiment, the blood pressure calculation
unit may calculate a blood pressure average from a slope of a
segment formed by coordinate pairs of the calculated applied
pressure and the swing value of the electrical signal, and
calculates the pulse pressure by dividing a value, which is
obtained by subtracting a fourth constant from a product of
the blood pressure average and a third constant, by the applied
pressure and multiplying a division result by the swing value.

[0033] According to another aspect of the present inven-
tion, there is provided a blood pressure measuring method
including sensing an atmospheric pressure, an applied pres-
sure, and a blood pressure of a blood vessel delivered to a skin
and outputting an electrical signal indicating a result of sens-
ing the pressures; dividing the electrical signal into a divided
electrical signal which includes a direct current (DC) signal
and an alternating current (AC) signal; processing the divided
electrical signal; calculating the applied pressure using the
processed electrical signal; and calculating a blood pressure
average using the calculated applied pressure and a swing
value of the processed electrical signal.

[0034] In one embodiment, the sensing and the outputting
include sensing the atmospheric pressure and the applied
pressure, outputting a DC signal indicating a result of sensing
the atmospheric pressure and the applied pressure, sensing
the pressure of the blood vessel delivered to the skin, and
outputting an AC signal indicating a result of sensing the
delivered pressure.

[0035] In one embodiment, the processing of the divided
electrical signal may comprise amplifying the divided elec-
trical signal or shifting levels of the divided electrical signal;
and performing digital conversions on the amplified or level-
shifted electrical signal.



US 2014/0364747 Al

[0036] Inoneembodiment, the method may further include
communicating with at least one of an external server and a
terminal through wired/wireless communication to transmit
the calculated average blood pressure.

[0037] In one embodiment, the calculating of the blood
pressure average may include calculating the swing value by
calculating the difference between a maximum value and a
minimum value of the electrical signal; and calculating the
applied pressure by subtracting the atmospheric pressure
from a pressure sensed by and output from the pressure sen-
SOr.

[0038] In one embodiment, the calculating of the blood
pressure average may include calculating a rate of transfer of
pressure via subcutaneous tissue using the applied pressure.
[0039] In one embodiment, the calculating of the blood
pressure average may include calculating coordinate pairs
including the calculated applied pressure and the swing value;
and calculating the blood pressure average from a slope of a
segment formed by the coordinate pairs.

[0040] In one embodiment. after the calculating of the
blood pressure average, the method may further include cal-
culating a pulse pressure by dividing a value, which is
obtained by subtracting a second constant from the product of
the blood pressure average and a first constant, by the applied
pressure.

Advantageous Effects

[0041] According to one embodiment of the present inven-
tion, the blood pressure of a subject can be continuously
measured. According to one embodiment of the present
invention, the blood pressure of a particular subject, e.g., a
diabetic, a pregnant woman, etc., can be precisely measured.
According to one embodiment of the present invention, a
blood pressure system that is easy to carry and is always
wearable is provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] FIG. 1is a brief block diagram of a blood pressure
measuring apparatus according to one embodiment of the
present invention.

[0043] FIG.2isadiagram schematically illustrating a pres-
slre Sensor.
[0044] FIG. 3 is a diagram schematically illustrating signal

division units according to various embodiments of the
present invention.

[0045] FIG. 4 is a schematic block diagram of a blood
pressure calculation unit according to one embodiment of the
present invention.

[0046] FIG. S5 is a graph illustrating a blood pressure aver-
age calculation method according to one embodiment of the
present invention.

[0047] FIG. 6 is a graph illustrating a pulse pressure calcu-
lation method according to one embodiment of the present
invention.

[0048] FIG. 7 is a brief flowchart of a blood pressure mea-
suring method according to one embodiment of the present
invention.

MODE OF THE INVENTION

[0049] The following descriptions about the present inven-
tion are merely embodiments for describing the present
invention in a structural/functional view and the scope of the
invention should not be construed as being limited to the
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embodiments set forth herein. That is, various changes may
be made in these exemplary embodiments without departing
from the principles and spirit of the invention, the scope of
which is defined in the claims and their equivalents.

[0050] The terminology used herein should be understood
as described below.

[0051] Itwill beunderstood that, although the terms “first,”
“second,” “third,” etc., may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another element, component, region, layer or section.
Thus, a first element, component, region, layer or section
discussed below could be termed a second element, compo-
nent, region, layer or section without departing from the
teachings of the present invention.

[0052] It will be understood that when an element or layer
is referred to as being “on” another element or layer, the
element or layer can be directly on another element or layer or
intervening elements or layers. In contrast, when an element
is referred to as being “in contact with” another element or
layer, there are no intervening elements or layers present.
Other expressions describing the relationship between ele-
ments or layers, such as “via”, “directly via”, “between,”
“directly between,” “adjacent to,” and “directly adjacent to”
should be understood likewise.

[0053] As used herein, the singular forms “a,” “an,” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. It will be further
understood that the terms “comprise” and/or “include”, when
used in this specification, specify the presence of stated fea-
tures, integers, steps, operations, elements, and/or compo-
nents, but do not preclude the presence or addition of one or
more other features, integers, steps, operations, elements,
components, and/or groups thereof.

[0054] Operations included in a process may be performed
differently from the described order unless specified other-
wise. That is, the operations may be performed in the
described order, performed substantially at the same time, or
performed in an order opposite to the described order.
[0055] In the drawings referred to describe the embodi-
ments set forth herein, sizes, heights, thicknesses, etc. of
layers and regions may be exaggerated for clarity and should
not understood as being enlarged or reduced in a certain ratio.
Also, in the drawings, some elements may be intentionally
reduced and some elements are intentionally enlarged in
terms of size, height, or thickness thereof

[0056] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0057] A method of measuring blood pressure according to
an embodiment of the present invention will now be described
with reference to the accompanying drawings. FIGS. 1 to 5
are diagrams illustrating a blood pressure measuring appara-
tus according to an embodiment of the present invention. FIG.
1 is a brief block diagram of a blood pressure measuring
apparatus 1000 according to one embodiment of the present
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invention. Referring to FIG. 1, the blood pressure measuring
apparatus 1000 according to one embodiment of the present
invention includes a pressure sensor unit 100, a signal divi-
sion unit 200, a signal processor unit 300, and a blood pres-
sure calculation unit 400. According to the one embodiment,
the blood pressure measuring apparatus 1000 further includes
a communication unit 500.

[0058] FIG. 2 is a diagram schematically illustrating the
pressure sensor unit 100. Referring to FIGS. 1 and 2, the
pressure sensor unit 100 senses atmospheric pressure Patm,
applied pressure Ppress, and pressure Pskin of a blood vessel
delivered to the skin of a subject and outputs an electrical
signal indicating a result of sensing the pressures, in a state in
which the pressure sensor unit 100 is in contact with the skin
101 of a subject. In one embodiment, the pressure sensor unit
100 includes a housing 120 having a concave structure, and a
pressure sensor 140 which is installed in the housing 120,
senses the pressure of air contained between the concave
structure of the housing 120 and the skin 101 and the blood
pressure in a blood vessel 102 which is delivered to the skin
101, and then outputs an electrical signal indicating a result of
sensing the pressure of air and the blood pressure. In one
embodiment, the pressure sensor 140 senses atmospheric
pressure Patm, the applied pressure Ppress, and pressure
Pskin applied to the skin 101 by the blood vessel 102 via a
subcutaneous tissue 103. Since in general, the atmospheric
pressure Patm has a constant value of 760 mmHg, an electri-
cal signal output from the pressure sensor 140 when the
pressure sensor 140 senses the atmospheric pressure Patm has
a direct current (DC) component. The pressure Pskin deliv-
ered to the skin 101 means the blood pressure in the blood
vessel 102 which is applied to the pressure sensor 140 via the
blood vessel 102, the subcutaneous tissue 103, and the skin
101. Since the pressure of the blood vessel 102 is periodically
switched between a systolic pressure which is a maximum
pressure and a diastolic pressure which is a minimum pres-
sure as the heart contracts and relaxes, the pressure Pskin
delivered to the skin 101 is also periodically switched
between a maximum level and a minimum level. Also, a
variation in the form of the pressure Pskin according to time
is similar to that in the form of the blood pressure in the blood
vessel 102 according to time. Thus, the electrical signal out-
put from the pressure sensor 140 when the pressure sensor
140 senses the pressure Pskin delivered to the skin 101 isina
form of an alternating current (AC) signal that changes
according to time. The applied pressure Ppress means a pres-
sure sensed by the pressure sensor 140, such as a pressure
when the pressure sensor unit 100 is pressed by a finger of a
user or the like or a pressure that increases or decreases when
apart of the body of the subject who wears the pressure sensor
unit 100 moves, except for the atmospheric pressure Patm and
the pressure Pskin of the blood vessel 102 delivered to the
skin 101. In the present disclosure, the applied pressure
Ppress is a generic term for any applied pressure except for the
atmospheric pressure Patm and the pressure Pskin delivered
to the skin 101. Thus, an electrical signal output from the
pressure sensor 140 when the pressure sensor 140 senses the
applied pressure Ppress is in the form of a DC signal that does
not change or slightly changes according to time. Thus, a
signal output from the pressure sensor unit 100 when the
pressure sensor unit 100 senses the atmospheric pressure
Patm and the applied pressure Ppress is in the form of a DC
signal, and a signal output from the pressure sensor unit 100
when the pressure sensor unit 100 senses the pressure Pskin
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delivered to the skin 101 is in the form of an AC signal.
Accordingly, an overall signal s output from the pressure
sensor unit 100 is in the form in which the DC signal and the
AC signal overlap each other. Reference numeral “104” that
is not described here denotes a bone that may present in
subcutaneous tissue.

[0059] FIG. 3 isa diagram schematically illustrating signal
division unit 200 according to various embodiments of the
present invention. Referring to FIGS. 1 and 3, according to an
embodiment of the present invention, the signal s output from
the pressure sensor unit 100 is divided into a DC signal 7,
which is output from the pressure sensor unit 100 when the
pressure sensor unit 100 senses the atmospheric pressure
Patm and the applied pressure Ppress, and an AC signal y',
which is output from the pressure sensor unit 100 when the
pressure sensor unit 100 senses the pressure Pskin delivered
to the skin 101, through the signal division unit 200. The DC
signal z' output from the pressure sensor unit 100 when the
pressure sensor unit 100 senses the atmospheric pressure
Patm and the applied pressure Ppress is generated through
overlapping of a value according to the atmospheric pressure
Patm and a value according to the applied pressure Ppress.
The applied pressure Ppress is calculated by subtracting the
atmospheric pressure Patm from a total pressure. In one
embodiment, the signal division unit 200 may include a high-
pass filter (HPF) unit 220 that separates only the AC signal y'
from the electrical signal s output from the pressure sensor
unit 100, and a low-pass filter (LPF) unit 240 that separates
only the DC signal 7' from the electrical signal s output from
the pressure sensor unit 100. In another embodiment, the
signal division unit 200 includes only the HPF unit 220 that
separates only the AC signal y' from the electrical signal s
output from the pressure sensor unit 100 as illustrated in FIG.
3(b), since the intensity of the AC signal y' is less than that of
the DC signal 7' in the electrical signal s output from the
pressure sensor unit 100. In one embodiment, the HPF unit
220 or the LPF unit 240 may be embodied as at least one
among a first-order filter, a second-order filter, and a higher-
order filter. In another embodiment, the HPF unit 220 may be
embodied as a capacitor 220' that blocks direct current as
illustrated in FIG. 3(c).

[0060] Referring back to FIG. 1, the signal processor unit
300 processes the electrical signal. In one embodiment, the
signal processor unit 300 includes an amplifier 320a that
amplifies the input

[0061] AC signal y', an analog-to-digital converter (ADC)
340¢ that converts the amplified AC signal y' into a digital
signal, an amplifier/level shifter 3205 that amplifies the DC
signal 7' to a level sufficient to convert the DC signal 7' into a
digital signal or that shifts a level of the DC signal 7/, and an
ADC 3406 that converts an output signal into a digital signal.
In one embodiment, a signal s output from the signal division
unit 200 may be the DC signal 7' and the AC signal y', or a
signal obtained by overlapping the DC signal 7' and the AC
signal y'. These signals may be directly converted into digital
signals, but the AC signal y' has a far narrower swing width
than the DC signal 7' and thus is difficult to be converted into
a digital signal having a maximum resolution. Thus, the AC
signal y' is amplified by the amplifier 320a having a gain
appropriate to be used as the maximum resolution. A digital
signal y having a high resolution may be formed by inputting
the amplified AC signal y' to the ADC 340a. Also, the ampli-
fier/level shifter 3205 converts the DC signal z' input to the
signal processor unit 300 to a level appropriate to convert the
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DC signal 7' into a digital signal, and inputs the converted DC
signal 7' to the ADC 3405. The converted DC signal 7' is
converted into a digital signal z by the ADC 3405. Although
an arithmetic operation may be described below in a manner
similar to a manner in which it is performed on an analog
signal, the arithmetic operation is performed on a digital
signal.

[0062] FIG. 4 is a schematic block diagram of the blood
pressure calculation unit 400 according to one embodiment of
the present invention. FIG. 5 is a graph illustrating a blood
pressure average calculation method according to one
embodiment of the present invention. A structure of the blood
pressure calculation unit 400 and an operation of the blood
pressure calculation unit 400 for calculating a blood pressure
average will now be described with reference to FIGS. 1, 4,
and 5. The blood pressure calculation unit 400 receives elec-
trical signals y and z that are digitized by the signal processor
unit 300, calculates an applied pressure Ppress, and calculates
ablood pressure average based on the applied pressure Ppress
and swing values of the electrical signals y and z. In one
embodiment, the blood pressure calculation unit 400 includes
an input/output (I/O) unit 420 including an input sub-unit
420a to which the electrical signals y and z that are processed
by the signal processor unit 300 are input and an output
sub-unit 4204 that outputs the calculated blood pressure aver-
age; an arithmetic unit 440 that calculates the blood pressure
average based on a signal converted into a digital signal by the
signal processor unit300; a memory unit 460 that stores input
values and an arithmetic result value; and a control unit 480
that controls the I/0 unit 420, the arithmetic unit 440, and the
memory unit 460. In one embodiment, the blood pressure
calculation unit 400 is embodied as one microcontroller unit
(MCU) chip. In another embodiment, at least one among the
arithmetic unit 440, the memory unit 460, the I/O unit 420,
and the control unit 480 is embodied as a separate chip. In one
embodiment, the arithmetic unit 440 calculates a blood pres-
sure, etc. according to an algorithm implemented in hard-
ware. In another embodiment, the arithmetic unit 440 calcu-
lates a blood pressure, etc. according to an algorithm
implemented in software. Operations which will be described
below using blood pressure calculation units according to
embodiments of the present invention are intended to help
understand the concept of the present invention but are not
intended to limit the scope of the invention by the embodi-
ments set forth herein. Thus, those of ordinary skill in the art
could accomplish the present invention in different forms
based on the concept of the present invention and thus the
scope of the present invention should be understood as cov-
ering equivalents falling within the inventive concept dis-
closed herein.

[0063] In one embodiment, the input sub-unit 420a of the
1/Ounit 420 receives a pressure signal y that was delivered to
the skin of a subject and converted into a digital signal, and a
signal z which is a sum of the atmospheric pressure Patm and
the applied pressure Ppress. The control unit 480 outputs the
signals y and 7 to the arithmetic unit 440. The arithmetic unit
440 calculates the applied pressure Ppress from the signal z
which is a sum of the atmospheric pressure Patm and the
applied pressure Ppress. That is, if a pressure value of the DC
signal z input to the I/O unit 420 is P, P=Patm+Ppress. Thus,
the applied pressure Ppress may be calculated by subtracting
the atmospheric pressure Patm from the input pressure value
P.

Dec. 11,2014

[0064] Also, the signal y obtained by sensing pressure
delivered to the skin of a subject has a maximum value and a
minimum value according to a variation in a blood pressure in
a blood vessel. The arithmetic unit 440 calculates a swing
value dy that is the difference between the maximum and
minimum values of the signal y obtained by sensing pressure
delivered to the skin in each of predetermined periods, e.g.,
between systolic periods or between diastolic periods, and
forms coordinate pairs indicated by “o” and “W” in FIG. 5,
based on the swing value dy and the applied pressure Ppress
in each of the periods. The control unit 480 stores the coor-
dinate pairs in the memory unit 460, and the arithmetic unit
440 obtains straight lines Xavgl and Xavg2 from the stored
coordinate pairs according to an averaging algorithm such as
a recursive averaging algorithm or the like. In the case of the
straight line Xavgl of FIG. 5, the lower the applied pressure
Ppress, the less the swing value dy of the signal y obtained by
sensing the pressure delivered to the skin, and the higher the
applied pressure Ppress, the greater the swing value dy. That
is, when the pressure delivered to the skin is measured while
increasing pressure applied onto a blood pressure meter,
blood vessels and subcutaneous tissues are pressed to
increase the rate of transfer of pressure via the subcutaneous
tissues, thereby increasing a swing width dy of the pressure
applied to the skin.

[0065] The inventor of the present invention found that the
slope of a straight line formed by the swing value dy in a
specific time period and the applied pressure Ppress is pro-
portional to a blood pressure average of a subject, and the
blood pressure average may be calculated from the slope of
the straight line. That is, a blood pressure average of a subject
corresponding to a line with a steep slope such as the straight
line Xavg?2 is higher than that of a subject corresponding to a
line with a slight slope such as the straight line Xavgl.
According to the inventor of the present invention, the rela-
tion between the slope of a line measured as described above
and a blood pressure average is expressed by Equation 1
below.

_ (slope + 0.1173)
T 0.001933

[Equation 1]

X g+ Dlood pressure average, slope: slope of straight line

[0066] Thus, the arithmetic unit 440 forms a straight line by
performing an arithmetic operation on the coordinate pairs
stored in the memory unit 460 according to an averaging
algorithm such as the recursive averaging algorithm. Since
the blood pressure of a human being and an applied pressure
are finite values, the coordinate pairs have finite values and
thus the slope of the straight line converges to a finite value
even when an averaging algorithm such as the recursive aver-
aging algorithm is performed. The recursive averaging algo-
rithm is one example of an averaging algorithm available in
one embodiment of the present invention. Thus, the present
invention is not limited thereto and a straight line may be
formed using various averaging algorithms. The arithmetic
unit 440 may calculate a slope value of the formed straight
line, and calculate the blood pressure average of the subject
based on Equation 1 above using the slope value. In one
embodiment, the control unit 480 stores a blood pressure
average measured by the arithmetic unit 440 in the memory
unit 460. In one embodiment, the control unit 480 transmits a
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blood pressure average calculated by the arithmetic unit 440
to the output sub-unit 4205 of the I/O unit 420.

[0067] A method of calculating a blood pressure average
will be described below. The signal y obtained by sensing the
pressure delivered to the skin is expressed by Equation 2
below.

Y=xxAXSXG+Y0 [Equation 2]

[0068] x: pressure of blood pressure,
[0069] A: rate of transfer of pressure of subcutaneous
tissue
[0070] S: sensitivity of pressure of sensor, G: gain of
amplifier
[0071] y0: offset values of sensor and amplifier
[0072] Thus, the swing value dy of the signal y obtained by

sensing the pressure applied to the skin is expressed by Equa-
tion 3 below.

dy=dxxAxSxG

[0073] In Equation 3, the swing value dy is proportional to
a pulse pressure dx, that is the difference dx between a sys-
tolic pressure which is a maximum blood pressure and a
diastolic pressure which is a minimum pressure, and is cal-
culated by the product of the pulse pressure dx, the rate A of
transfer of pressure via a subcutaneous tissue, the sensitivity
S of a sensor to pressure, and the gain G of an amplifier. In
general, it is medically known that the higher the blood pres-
sure average of a person, the higher the pulse pressure dx.
Thus, when an applied pressure Ppress1 is the same, the
higher the blood pressure average, the greater the swing value
dy should be. However, an experiment result revealed that
when the same applied pressure Ppress was applied to the
subject corresponding to the straight line Xavg2 of a high
average blood pressure and the subject corresponding to the
straight line Xavgl of a low average blood pressure, a swing
value dyl of the straight line Xavgl was greater than a swing
value dy2 of the straight line Xavg2. This is because the rate
A of transfer of pressure of a subject having a relatively high
blood pressure via a blood vessel and subcutaneous tissue is
lower than the rate of transfer of pressure of the subject having
a relatively low blood pressure. Thus, in the case of the
straight line Xavgl, even if the same applied pressure Ppress
is applied, the swing value dy was large. Thus, with the
pressure sensor unit 100 that senses a pressure at a constant
sensitivity S and the signal processor unit 300 that processes
an electrical signal with a constant gain G, a blood pressure
average Xavg and the rate of transfer of pressure via subcu-
taneous tissue may be measured through an arithmetic calcu-
lation using a swing value dy of an electrical signal obtained
by sensing pressure delivered to the skin of a subject and an
applied pressure.

[0074] FIG. 6 is a graph illustrating a pulse pressure calcu-
lation method according to one embodiment of the present
invention. An operation of the blood pressure calculation unit
400 for calculating a pulse pressure dx will now be described
with reference to FIGS. 1, 4, and 6. The blood pressure
calculation unit 400 calculates a blood pressure average by
performing the operation described above. The inventor of
the present invention found that a relation between a value
dy/dx, which is obtained by dividing a swing value dy of an
electrical signal obtained by sensing applied pressure Ppress
and pressure Pskin delivered to the skin of a subject, by a
pulse pressure dx, which swings between a systolic pressure
which is a maximum blood pressure and a diastolic pressure
which is a minimum blood pressure, and the applied pressure

[Equation 3]
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Ppress is expressed in the form of a straight line as illustrated
in FIG. 6. The relation between the value dy/dx and the
applied pressure Ppress is expressed by Equation 4 below.

dy [Equation 4]
P press = A X E

[0075] In Equation 4, a slope a is relevant to the blood
pressure average. The relation between the slope a and the
blood pressure average is expressed by Equation 5 below.

a=0.07811x(Xavg)-4.449 X: blood pressure average
[0076] Thus, the pulse pressure dx may be calculated in

conjunction with Equations 4 and 5, as shown in Equation 6
below.

[Equation 5]

0.07811X Xgyy —4.449 [Equation 6]

dx=dyx
J Ppress

[0077] Thus, the pulse pressure dx may be calculated by
calculating Equation 6 using the swing value dy, the applied
pressure Ppress, and the blood pressure average Xavg stored
in the memory unit 460 during the calculation of a blood
pressure average. Accordingly, a maximum blood pressure
Xmax which is a systolic pressure may be calculated by
adding half the pulse pressure dx to the blood pressure aver-
age Xavg, and a minimum blood pressure Xmin which is a
diastolic pressure may be calculated by subtracting half the
pulse pressure dx from the blood pressure average Xavg. To
perform the arithmetic operation, the control unit 480 trans-
mits to the arithmetic unit 440 information regarding the
blood pressure average Xavg and information regarding a
coordinate pair of the swing value dy and the applied pressure
Ppress stored in the memory unit 460. The arithmetic unit 440
calculates Equation 6 based on the transmitted information,
and stores the calculated pulse pressure dx, the maximum
blood pressure Xmax, the minimum blood pressure Xmin,
etc. in the memory unit 460. Also, the control unit 480 trans-
mits the calculated average blood pressure, the pulse pressure
dx, the maximum blood pressure Xmax, the minimum blood
pressure Xmin to the output sub-unit 4205 of the I/O unit 420
to transmits these values to the outside or to display them on
a blood pressure display unit.

[0078] Referring to FIG. 1, in one embodiment, the com-
munication unit 500 transmits a blood pressure average, a
pulse pressure, a maximum/minimum blood pressures, etc.,
which are received from the I/O unit 420, to at least one
among an external server (not shown), a terminal (not shown),
and a display device (not shown) of the pressure sensor umt
100 by communicating the at least one through at least one of
wired communication and wireless communication. In one
embodiment, the communication unit 500 may communicate
with the external server or the terminal using at least one
communication protocol among Wifi, Bluetooth, ZigBee,
infrared (IR) communication. However, the present invention
is not limited thereto. In another embodiment, the communi-
cation unit 500 may communicate with a server outside a
blood pressure measuring apparatus through wireless/wired
communication to transmit the blood pressure average, the
pulse pressure, etc. to the server. Thus, the server may con-
tinuously monitor a blood pressure state of a subject by com-
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municating with a blood pressure measuring apparatus
according to an embodiment of the present invention. In
another embodiment, the communication unit 500 may trans-
mit the blood pressure average, the pulse pressure, etc. to an
external terminal by communicating with the external termi-
nal through wireless/wired communication. In one embodi-
ment, a terminal may be one ofa mobile phone, a smartphone,
apersonal digital assistant (PDA), and a tablet personal com-
puter (PC) capable of communicating with a blood pressure
measuring apparatus according to an embodiment of the
present invention. In another embodiment, the communica-
tion unit 500 transmits blood pressures, such as a calculated
average blood pressure, a maximum blood pressure, a mini-
mum blood pressure, etc. to a display unit (not shown) of the
pressure sensor unit 100 to display the blood pressures on the
display unit. In one embodiment, the display unit may be a
liquid crystaldisplay (LCD)device formed on a surface of the
pressure sensor unit 100 and capable of displaying the mea-
sured blood pressure thereon. Thus, a subject is able to con-
veniently monitor his/her blood pressure state via a terminal
atany time and thus prevent an accident from occurring due to
an increase or a decrease in his/her blood pressure.

[0079] A blood pressure measuring method according to an
embodiment of the present invention will be described with
reference to the accompanying drawings below. Overlapping
portions between the blood pressure measuring method and
the above blood pressure measuring apparatus are omitted
here for convenience of explanation. FIG. 7 is a brief flow-
chart of a blood pressure measuring method according to one
embodiment of the present invention. Referring to FIG. 7, a
pressure sensor unit is placed on a portion of a subject, the
blood pressure of whom is to be measured, to sense atmo-
spheric pressure Patm, applied pressure Ppress, and the pres-
sure of a blood vessel delivered to the skin of the subject and
to output an electrical signal indicating a result of sensing the
pressures (S100). An electrical signal output by sensing the
atmospheric pressure Patm and the applied pressure Ppress is
in the form of a DC signal, a variation in the intensity of which
is zero or small according to time, and an electrical signal
output by sensing the pressure in the blood vessel delivered to
the skin is in the form of an AC signal.

[0080] The output electrical signal is divided into a DC
signal and an AC signal (S200). In one embodiment, the
electrical signal output by sensing the atmospheric pressure
Patm, the applied pressure Ppress, and the pressure of the
blood vessel delivered to the skin is a signal obtained by
overlapping the DC signal and the AC signal. Thus, only the
AC signal may be obtained by filtering the electrical signal
using a high-pass filter or a capacitor. In another embodiment,
only the DC signal may be obtained by filtering the electrical
signal using a low-pass filter. In another embodiment, an AC
signal may be obtained using a high-pass filter or a capacitor,
and a signal obtained by overlapping a DC component with an
AC component may be used, since the magnitude of an AC
component is lower than that of a DC component in the
electrical signal output from the pressure sensor unit.

[0081] Next, the DC signal and the AC signal are processed
(8300). In one embodiment, the processing of the DC signal
and the AC signal (S300) includes a process of amplifying the
magnitude of the AC signal to correspond to the resolution of
an ADC and a process of converting the amplified AC signal
into a digital signal having a constant resolution. In one
embodiment, the processing of the DC signal and the AC
signal (8300) includes a process of amplifying the DC signal
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or shifting the level of the DC signal, and converting the
resultant DC signal into a digital signal. In one embodiment,
asignal converted into a digital signal has a resolution having
256 levels ranging from 0 to 255 when data obtained through
the ADC is 8 bits long, and has aresolution having 1024 levels
ranging from 0 to 1023 when data obtained through the ADC
is 10 bits long.

[0082] Next, the applied pressure Ppress and a swing value
of the AC signal are calculated using the processed DC and
AC signals (S400). In one embodiment, the pressure sensor
unit senses a pressure which is the sum of the atmospheric
pressure Patm and the applied pressure Ppress, and the
applied pressure Ppress is calculated by subtracting the atmo-
spheric pressure Patm from the sensed pressure. In one
embodiment, a swing value dy of the electrical signal is
calculated. As described above, the processed electrical sig-
nal swings due to avariation in the pressure applied to the skin
rather than a variation in the atmospheric pressure Patm or the
applied pressure Ppress. In one embodiment, the calculated
applied pressure and swing value are stored in a memory in
the form of a coordinate pair.

[0083] A blood pressure average Xavg is calculated using
the applied pressure Ppress and the swing value dy of the
processed electrical signal (S500). As described above, a
slope of a straight line formed by coordinate pairs of the
swing value dy and the applied pressure Ppress in target time
periods is proportional to a blood pressure average of the
subject, and the blood pressure average may be measured
from the slope of the straight line. That is, a blood pressure
average is lower when a straight line with a slight slope is
formed by coordinate pairs of the swing value dy and the
applied pressure Ppress in the target time periods than when a
straight line with a steep slope is formed by coordinate pairs
of the swing value dy and the applied pressure Ppress in the
target time periods. The relation between the slope of such a
straight line and a blood pressure average is shown in Equa-
tion 1 above. Thus, a blood pressure average of the subject
may be calculated by calculating the slope of the straight line
formed by coordinate pairs of the swing value dy and the
applied pressure Ppress and calculating Equation 1 based on
the calculated slope.

[0084] A pulse pressure dx, a maximum blood pressure
Xmax, and a minimum blood pressure Xmin are calculated
using the blood pressure average Xavg, the swing value dy,
and the slope (S600). As described above, the relation
between a value dy/dx obtained by dividing the swing value
dy by the pulse pressure dx and the applied pressure Ppress
may be expressed in the form of a straight line as illustrated in
FIG. 6, and the pulse pressure dx may be expressed as Equa-
tion 6 above, based on Equations 4 and 5. Thus, the pulse
pressure dx may be calculated by calculating Equation 6
using the swing value dy, the applied pressure Ppress, and the
blood pressure average Xavg which are stored in the memory
unit 460 during the calculation of the blood pressure average
Xavg, the maximum blood pressure Xmax may be calculated
by adding half the pulse pressure dx to the blood pressure
average Xavg, and the minimum blood pressure Xmin may be
calculated by subtracting half the pulse pressure dx from the
blood pressure average Xavg. Next, whether the blood pres-
sure is to be measured or not is determined (S700), and the
blood pressure is continuously measured or measurement of
the blood pressure is ended.

[0085] In one embodiment, the calculated blood pressures
such as the blood pressure average Xavg, pulse pressure dx,
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the maximum blood pressure Xmax, and the minimum blood
pressure Xmin are transmitted to an external server through
wired/wireless communication. The blood pressure of the
subject may be monitored at any time at a location distant
from the subject, based on the calculated blood pressures
transmitted to the external server. In another embodiment, the
calculated blood pressures such as the blood pressure average
Xavg, the pulse pressure dx, the maximum blood pressure
Xmax, and the minimum blood pressure Xmin are transmit-
ted to a terminal through wired/wireless communication.
Based on the calculated blood pressures transmitted to the
terminal, the subject is able to conveniently measure his/her
blood pressure at any time, thereby preventing in advance an
accident from occurring, due to a sharp change in his/her
blood pressure.

[0086] With a blood pressure measuring apparatus and
method according to the present invention, a blood pressure
average, a pulse pressure, a maximum blood pressure, and a
minimum blood pressure can be calculated by measuring a
variation in a swing value dy ina situation in which an applied
pressure Ppress changes. Also, the precision of measuring a
blood pressure can be improved through continuous data
sampling.

[0087] The present invention has been particularly shown
and described with reference to the embodiments illustrated
in the appended drawings. The embodiments are, however,
provided as examples only used for a better understanding of
the present invention. It would be obvious to those of ordinary
skill in the art that the above embodiments are to cover all
modifications, equivalents, and alternatives falling within the
scope of the invention. Accordingly, it will be understood that
various changes in form and details may be made therein
without departing from the spirit and scope of the following
claims.

1. An apparatus for measuring blood pressure, the appara-
tus comprising:

a pressure sensor unit configured to sense an atmospheric
pressure, an applied pressure, and a blood pressure of a
blood vessel delivered to a skin and output an electrical
signal indicating a result of sensing the pressures, while
in contact with the skin;

a signal division unit configured to receive the electrical
signal and divide the electrical signal into a divided
electrical signal which includes a direct current (DC)
signal and an alternating current (AC) signal,

a signal processor unit configured to process the divided
electrical signal; and

a blood pressure calculation unit configured to calculate
the applied pressure using the processed electrical signal
and calculate a blood pressure average using the calcu-
lated applied pressure and a swing value of the electrical
signal.

2. The apparatus of claim 1, wherein the pressure sensor

unit comprises:

a housing including a concave structure; and

apressure sensor installed in the housing and configured to
sense a pressure in the concave structure.

3. The apparatus of claim 1, wherein the pressure sensor
unit senses the atmospheric pressure and the applied pressure,
outputs a DC signal indicating a result of sensing the atmo-
spheric pressure and the applied pressure, senses the pressure
of the blood vessel delivered to the skin, and outputs an AC
signal indicating a result of sensing the delivered pressure.
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4. The apparatus of claim 1, wherein the signal processor
unit comprises:

an amplifier configured to amplify an input signal; and

an analog-to-digital converter (ADC) configured to per-

form digital conversion on the amplified input signal.

5. The apparatus of claim 1, wherein the signal processor
unit comprises:

an amplifier configured to amplify an input signal;

alevel shifter configured to shift a level of the input signal;

and

a plurality of analog-to-digital converters (ADCs) config-

ured to perform digital conversion on outputs of the
amplifier and the level shifter.

6. The apparatus of claim 1, wherein the signal division
unit comprises a high-pass filter unit configured to remove a
DC signal from an output signal of the pressure sensor unit
and output an AC signal.

7. The apparatus of claim 6, wherein the high-pass filter
unit comprises at least one of a first or higher order high-pass
filter and a capacitor.

8. The apparatus of claim 1, wherein the blood pressure
calculation unit comprises:

an arithmetic unit configured to calculate a blood pressure

average by performing an arithmetic operation on the
calculated applied pressure and the swing value of the
electrical signal;

amemory unit configured to store the applied pressure and

the swing value of the electrical signal,

an input/output (I/O) unit configured to receive a signal

from the signal processor unit and output a value calcu-
lated by the arithmetic unit; and

a control unit configured to control the arithmetic unit, the

memory unit, and the 1/0 unit.

9. The apparatus of claim 1, further comprising a display
unit configured to display the blood pressures calculated by
the blood pressure calculation unit.

10. The apparatus of claim 1, further comprising a com-
munication unit configured to communicate with at least one
of an external server and a terminal through wired/wireless
commuication to transmit the pressures calculated by the
blood pressure calculation unit to at least one of the external
server and the terminal.

11. The apparatus of claim 1, wherein the blood pressure
calculation unit calculates the swing value from the differ-
ence between a maximum value and a minimum value of the
electrical signal, and calculates the applied pressure by sub-
tracting the atmospheric pressure from a pressure sensed by
and output from the pressure sensor unit.

12. The apparatus of claim 11, wherein the blood pressure
calculation unit calculates a rate of transfer of pressure via
subcutaneous tissue, based on the applied pressure.

13. The apparatus of claim 1, wherein the blood pressure
calculation unit calculates the blood pressure average from a
slope of a straight line formed by coordinate pairs including
the calculated applied pressure and the swing value of the
electrical signal.

14. The apparatus of claim 13, wherein the blood pressure
calculation unit calculates a pulse pressure by dividing a
value, which is obtained by subtracting a second constant
from the product of the blood pressure average and a first
constant, by the applied pressure.

15. An apparatus for measuring blood pressure, the appa-
ratus comprising:
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a pressure sensor unit configured to sense an atmospheric
pressure, an applied pressure, and a blood pressure of a
blood vessel delivered to a skin and output an electrical
signal indicating a result of sensing the pressures, while
in contact with the skin;

a signal division unit configured to receive the electrical
signal and divide the electrical signal into a divided
electrical signal which includes a direct current (DC)
signal and an alternating current (AC) signal,

a signal processor unit configured to process the divided
electrical signal; and

a blood pressure calculation unit configured to calculate
the applied pressure using the processed electrical signal
and calculate a pulse pressure using the calculated
applied pressure and a swing value of the electrical
signal.

16. The apparatus of claim 15, wherein the pressure sensor

unit comprises:

a housing including a concave structure; and

apressure sensor installed in the housing and configured to
sense a pressure in the concave structure.

17. The apparatus of claim 15, wherein the pressure sensor
unit senses the atmospheric pressure and the applied pressure,
outputs a DC signal indicating a result of sensing the atmo-
spheric pressure and the applied pressure, senses the pressure
of the blood vessel delivered to the skin, and outputs an AC
signal indicating a result of sensing the delivered pressure.

18. The apparatus of claim 15, wherein the signal processor
unit comprises:

an amplifier configured to amplify an input signal; and

an analog-to-digital converter (ADC) configured to per-
form digital conversion on the amplified input signal.

19. The apparatus of claim 15, wherein the signal processor
unit comprises:

an amplifier configured to amplify an input signal;

alevel shifter configured to shift a level of the input signal;
and

a plurality of analog-to-digital converters (ADCs) config-
ured to perform digital conversions on outputs of the
amplifier and the level shifter.

20. The apparatus of claim 15, wherein the signal division
unit comprises a high-pass filter unit configured to remove a
DC signal from an output signal of the pressure sensor unit
and output an AC signal.

21. The apparatus of claim 15, wherein the blood pressure
calculation unit comprises:

an arithmetic unit configured to calculate a pulse pressure
by performing an arithmetic operation on the calculated
applied pressure and the swing value of the electrical
signal;

amemory unit configured to store the applied pressure and
the swing value of the electrical signal,

an input/output (I/0) unit configured to receive a signal
from the signal processor unit and output a value calcu-
lated by the arithmetic unit; and

a control unit configured to control the arithmetic unit, the
memory unit, and the /O unit.

22. The apparatus of claim 15, further comprising a display

unit configured to display the calculated pressures.

23. The apparatus of claim 15, further comprising a com-
munication unit configured to communicate with at least one
of an external server and a terminal through wired/wireless
communication to transmit the calculated pressures to at least
one of the external server and the terminal.
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24. The apparatus of claim 15, wherein the blood pressure
calculation unit calculates the swing value from the differ-
ence between a maximum value and a minimum value of the
electrical signal, and calculates the applied pressure by sub-
tracting the atmospheric pressure from a pressure sensed by
and output from the pressure sensor unit.

25. The apparatus of claim 24, wherein the blood pressure
calculation unit calculates a rate of transfer of pressure via
subcutaneous tissue, based on the applied pressure.

26. The apparatus of claim 24, wherein the blood pressure
calculation unit calculates a blood pressure average from a
slope of a segment formed by coordinate pairs of the calcu-
lated applied pressure and the swing value of the electrical
signal, and calculates the pulse pressure by dividing a value,
which is obtained by subtracting a fourth constant from a
product of the blood pressure average and a third constant, by
the applied pressure and multiplying a division result by the
swing value.

27. A method of measuring blood pressure, the method
comprising:

sensing an atmospheric pressure, an applied pressure, and

ablood pressure of ablood vessel delivered to a skin and
outputting an electrical signal indicating a result of sens-
ing the pressures;

dividing the electrical signal into a divided electrical signal

which includes a direct current (DC) signal and an alter-
nating current (AC) signal,

processing the divided electrical signal,

calculating the applied pressure using the processed elec-

trical signal; and

calculating a blood pressure average using the calculated

applied pressure and a swing value of the processed
electrical signal.

28. The method of claim 27, wherein the sensing and the
outputting comprise sensing the atmospheric pressure and the
applied pressure, outputting a DC signal indicating a result of
sensing the atmospheric pressure and the applied pressure,
sensing the pressure of the blood vessel delivered to the skin,
and outputting an AC signal indicating a result of sensing the
delivered pressure.

29. The method of claim 27, wherein the processing of the
divided electrical signal comprises:

amplifying the divided electrical signal or shifting levels of

the divided electrical signal; and

performing digital conversions on the amplified or level-

shifted electrical signal.

30. The method of claim 27, further comprising commu-
nicating with at least one of an external server and a terminal
through wired/wireless communication to transmit the calcu-
lated average blood pressure to at least one of the external
server and the terminal.

31. The method of claim 27, wherein the calculating of the
blood pressure average comprises:

calculating the swing value by calculating the difference

between a maximum value and a minimum value of the
electrical signal; and

calculating the applied pressure by subtracting the atmo-

spheric pressure from a pressure sensed by and output
from the pressure sensor.

32. The method of claim 31, wherein the calculating of the
blood pressure average comprises calculating a rate of trans-
fer of pressure via subcutaneous tissue using the applied
pressure.
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33. The method of claim 31, wherein the calculating of the
blood pressure average comprises:

calculating coordinate pairs including the calculated

applied pressure and the swing value; and

calculating the blood pressure average from a slope of a

segment formed by the coordinate pairs.

34. The method of claim 31, after the calculating of the
blood pressure average, further comprising calculating a
pulse pressure by dividing a value, which is obtained by
subtracting a second constant from the product of the blood
pressure average and a first constant, by the applied pressure.
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