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Description
[Technical Field]

[0001] The present invention relates to a hemady-
namometer and a mobile terminal including the same,
and more particularly to a hemadynamometer capable
of simply and accurately measuring a blood pressure,
and a mobile terminal including the same.

[Background Art]

[0002] In modern society, the percentage of patients
suffering from vascular diseases is increasing due to an
increase in the percentage of the elderly and dietary hab-
its.

[0003] In this regard, research into various schemes
for measurement of a blood pressure is being conducted.
The blood pressure measurement schemes may include
an invasive scheme and a non-invasive scheme. Since
the invasive scheme entails userinconvenience, the non-
invasive scheme, which is based on a pressure, has re-
cently commanded attention.

[0004] DE 102004 011681 A1 discloses a blood pres-
sure monitor which comprises a first transmitter/receiver
pair, a second transmitter/receiver pair and a pressuri-
zation unit for changing a radial dimension of a blood
vessel. The first and second transmitter/receiver pairs
are configured to detect a pulse signal at locations of a
body where each of the first and second transmitter/re-
ceiver pairs is disposed. The pulse signals are observed
over time while changing the pressure exerted by the
pressurization unit on the blood vessel. A systolic pres-
sure is determined by a sudden rise of the pulse signal
detected by the second/transmitter receiver pair and a
maximum pulse signal value detected by the first trans-
mitter/receiver pair while the pressure exerted by the
pressurization unit decreases. It is also disclosed to de-
termine a phase difference over time between the pulse
signal detected by the first transmitter/receiver pair and
the second transmitter/receiver pair in dependence on
the pressure exerted by the pressurization unit, and to
determine the systolic pressure and the diastolic pres-
sure based on the determined phase difference over
time.

[0005] However, the pressure-based non-invasive
scheme has an issue in that it is difficult to accurately
measure a blood pressure and an associated device is
inconvenient to carry.

[Disclosure]

[Technical Problem]

[0006] Therefore, the present invention has been
made in view of the above problems, and it is an object

of the present invention to provide a hemadynamometer
capable of simply and accurately measuring a blood
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pressure, and a mobile terminal including the same.
[Technical Solution]

[0007] The presentinvention is defined by the subject-
matter of independent claim 1. In accordance with an
aspect of the present invention, the above and other ob-
jects can be accomplished by the provision of a hema-
dynamometer including a first pulse wave sensor and a
second pulse wave sensor disposed apart from each oth-
er, each of the first pulse wave sensor and the second
pulse wave sensor converting a pulse wave signal cor-
responding to a blood pressure into an electric signal, a
pressurization unit disposed between the first pulse wave
sensor and the second pulse wave sensor to apply a
pressure to a wristto change a diameter of ablood vessel,
and a controller to measure the blood pressure based on
firstand second pulse wave signals detected respectively
by the first pulse wave sensor and the second pulse wave
sensor before a predetermined pressure is applied to the
wrist by the pressurization unit, and third and fourth pulse
wave signals detected respectively by the first pulse
wave sensor and the second pulse wave sensor after the
predetermined pressure is applied to the wrist by the
pressurization unit.

[0008] In accordance with another aspect of the
present invention, there is provided a mobile terminal in-
cluding a communication unit, a display to display infor-
mation received from the communication unit, a blood
pressure measurement unit including a first pulse wave
sensor and a second pulse wave sensor disposed apart
from each other, each of the first pulse wave sensor and
the second pulse wave sensor converting a pulse wave
signal corresponding to a blood pressure into an electric
signal, and a pressurization unit disposed between the
first pulse wave sensor and the second pulse wave sen-
sor to apply a pressure to a wrist to change a diameter
of a blood vessel, and a controller to measure the blood
pressure based on first and second pulse wave signals
detected respectively by the first pulse wave sensor and
the second pulse wave sensor before a predetermined
pressure is applied to the wrist by the pressurization unit,
and third and fourth pulse wave signals detected respec-
tively by the first pulse wave sensor and the second pulse
wave sensor after the predetermined pressure is applied
to the wrist by the pressurization unit.

Brief Description of Drawings

[0009] The above andotherobjects, features and other
advantages of the present invention will be more clearly
understood from the following detailed description taken
in conjunction with the accompanying drawings, in which:

FIG. 1 is a view illustrating an example of a hema-
dynamometer according to an embodiment of the
present invention;

FIG. 2 is a view referred to for comparison with the
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hemadynamometer of FIG. 1;

FIGS. 3A to 3C are views referred to for describing
various blood vessels and blood flow velocities in
the blood vessels;

FIGS. 4A to 4C are views referred to for describing
a principle of superposition of pulse waves;

FIG. 5 is a block diagram schematically showing an
internal configuration of the hemadynamometer of
FIG. 1;

FIG.6Aisaviewillustrating a shape of ablood vessel
before a predetermined pressure is applied to the
hemadynamometer of FIG. 1;

FIG. 6B is a view illustrating a shape of the blood
vessel after the predetermined pressure is applied
to the hemadynamometer of FIG. 1;

FIG. 6C is awaveform diagram of pulse wave signals
detected by first and second pulse wave sensors in
the shapes of FIGS. 6A and 6B;

FIGS. 7A to 7D are views illustrating various audio
outputs of the hemadynamometer of FIG. 1;

FIG. 8 is a view illustrating an example of a hema-
dynamometer according to another embodiment of
the present invention;

FIG. 9A is a view illustrating that a mobile terminal
equipped with the hemadynamometer of FIG. 1 is
worn on a wrist;

FIG. 9B is a perspective view of the wearable mobile
terminal of FIG. 9A; and

FIG. 10 is a block diagram showing an internal con-
figuration of the wearable mobile terminal of FIG. 9A
or 9B.

Best Mode for Carrying out the Invention

[0010] Exemplary embodiments of the present inven-
tion will be described with reference to the attached draw-
ings.

[0011] The terms "module" and "unit" used in descrip-
tion of components are used herein to aid in understand-
ing of the components and thus should not be miscon-
strued as having specific meanings or roles. Accordingly,
the terms "module" and "unit" may be used interchange-
ably.

[0012] A hemadynamometer and a mobile terminal
equipped with the hemadynamometer described in this
specification are a hemadynamometer simply attachable
to a case and available for medication counseling, and
a mobile terminal equipped with the hemadynamometer.
Hereinafter, the hemadynamometer and the mobile ter-
minal equipped with the hemadynamometer will be de-
scribed in detail.

[0013] FIG. 1 illustrates an example of a hemady-
namometer according to an embodiment of the present
invention.

[0014] Referring to FIG. 1, the hemadynamometer ac-
cording to the present embodiment, denoted by refer-
ence numeral 100, includes a first pulse wave sensor
130 and a second pulse wave sensor 135 disposed apart
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from each other. Each of the first pulse wave sensor 130
and the second pulse wave sensor 135 converts a pulse
wave signal corresponding to a blood pressure into an
electric signal. The hemadynamometer 100 further in-
cludes a pressurization unit 187 disposed between the
first pulse wave sensor 130 and the second pulse wave
sensor 135 for applying a pressure to a wrist 700 to
change a diameter of a blood vessel.

[0015] The hemadynamometer 100 measures the
blood pressure based on first and second pulse wave
signals detected respectively by the first pulse wave sen-
sor 130 and the second pulse wave sensor 135 before
a predetermined pressure is applied to the wrist 700 by
the pressurization unit 187, and third and fourth pulse
wave signals detected respectively by the first pulse
wave sensor 130 and the second pulse wave sensor 135
after the predetermined pressure is applied to the wrist
700 by the pressurization unit 187.

[0016] The first pulse wave sensor 130, the second
pulse wave sensor 135 and the pressurization unit 187
in the hemadynamometer 100 are attached to a band
115 wearable on the wrist 700.

[0017] To measure a blood pressure at a radial artery
702, the hemadynamometer 100 may be worn such that
the first pulse wave sensor 130, the second pulse wave
sensor 135 and the pressurization unit 187 are disposed
near the radial artery 702. Each of the first pulse wave
sensor 130 and the second pulse wave sensor 135 in
the hemadynamometer 100 may convert a pulse wave
signal detected on the radial artery 702 in the wrist 700
into an electric signal, which may then be transmitted to
a controller (denoted by reference numeral 170 in FIG.
5) included in the hemadynamometer 100.

[0018] The hemadynamometer 100 separates first to
fourth forward wave signals and first to fourth backward
wave signals respectively from the first to fourth pulse
wave signals, and measure a blood pressure based on
at least one of a difference in pulse width or a difference
in peak value between the first and third backward wave
signals and a difference in pulse width or a difference in
peak value between the second and fourth forward wave
signals.

[0019] The hemadynamometer 100 may measure the
blood pressure in proportion to the difference in pulse
width or the difference in peak value.

[0020] The hemadynamometer 100 may outputa mes-
sage for adjustment of positions of the first pulse wave
sensor 130, the second pulse wave sensor 135 and the
pressurization unit 187, or a remeasurement notification
message when the difference in pulse width is less than
or equal to a first predetermined value, the difference in
peak value is less than or equal to a second predeter-
mined value, or the first to fourth pulse wave signals have
levels less than or equal to a third predetermined value.
[0021] The hemadynamometer 100 may measure the
blood pressure based on the first and second pulse wave
signals detected respectively by the first pulse wave sen-
sor 130 and the second pulse wave sensor 135 in a state
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in which a first pressure is transmitted to the wrist 700
by the pressurization unit 187, and the third and fourth
pulse wave signals detected respectively by the first
pulse wave sensor 130 and the second pulse wave sen-
sor 135 in a state in which a second pressure is trans-
mitted to the wrist 700 by the pressurization unit 187.
[0022] FIG. 2is referred to for comparison with the he-
madynamometer 100 of FIG. 1.

[0023] A hemadynamometer 200 of FIG. 2 is a general
hemadynamometer provided in a hospital or the like, and
includes a pulse wave sensor 230 and a pressurization
unit 287 attached to an arm of a user.

[0024] The pulse wave sensor 230 and the pressuri-
zation unit 287 are used in the following manner. That is,
the pressurization unit 287 is operated to apply a maxi-
mum pressure, and then the pulse wave sensor 230 is
operated to measure pulse waves at the same position
while the pressure is gradually lowered.

[0025] A blood pressure is measured using a variation
in pulse wave at a particular position with a variation in
pressure.

[0026] The use of the hemadynamometer 200 does
not consider a variation in ambient temperature or body
temperature and requires time to change a pressure, re-
sulting in user inconvenience. In particular, the hemady-
namometer 200 is difficult to carry.

[0027] In order to solve the above-described issues,
the present invention proposes the hemadynamometer
100 as in FIG. 1.

[0028] The hemadynamometer 100 according to the
presentembodiment may easily and accurately measure
a blood pressure by including the first pulse wave sensor
130 and the second pulse wave sensor 135 which are
disposed apartfrom each other, and each converta pulse
wave signal corresponding to the blood pressure into an
electric signal, and the pressurization unit 187 which is
disposed between the first pulse wave sensor 130 and
the second pulse wave sensor 135 to apply a pressure
to the wrist 700 to change a diameter of a blood vessel.
[0029] Inparticular,itis possible to estimate a diameter
of ablood vessel by detecting pulse waves at two or more
positions in the blood vessel while changing the diameter
of the blood vessel using the pressurization unit 187, and
it is possible to measure the blood pressure based on
the estimated diameter.

[0030] Therefore, itis possible to easily and accurately
measure the blood pressure reflecting an ambient tem-
perature change or a body temperature change without
a separate device.

[0031] Inaddition, the first and second pulse wave sen-
sors 130 and 135, the pressurization unit 187, and the
like are attached to the band 115, so that the hemady-
namometer 100 may be conveniently worn on the wrist
700 or the like.

[0032] Hereinafter, adescriptionwill be given of abasic
principle of a scheme of measuring the blood pressure
describedinthe presentinvention with reference to FIGS.
3A to 4C.
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[0033] FIGS. 3A to 3C are referred to for describing
various blood vessels and blood flow velocities in the
blood vessels.

[0034] FIG. 3Aillustrates a blood vessel 310 having a
radius r, FIG. 3B illustrates a blood vessel 320 having a
radius r/2, and FIG. 3C illustrates a blood vessel 330
having a radius r and including blood clots 332.

[0035] FIG. 3A is referred to for describing the blood
vessel 310 and a blood flow velocity in the blood vessel
310.

[0036] Ina basic principle of hemodynamics, the blood
vessel 310 may be regarded as a pipe having a resist-
ance and an elasticity.

[0037] Ablood flow F passing through the blood vessel
310is proportional to a blood pressure P, and is inversely
proportional to a blood flow resistance R. That is, the
blood flow F may be expressed by an equation F = P/R.
When the equation is transformed into an equation P =
F x R (blood pressure = blood flow x blood flow resist-
ance), the blood pressure P increases as the blood flow
F or the blood flow resistance R increases, and decreas-
es as the blood flow F or the blood flow resistance R
decreases.

[0038] Poiseuille’s law is a significant law in hemody-
namics. Poiseuille’s law is expressed by the following
Equation 1.

[Equation 1]

AP

Q R
Here, Q denotes a blood flow velocity, AP denotes a dif-
ference in blood pressure between a position K1 and a
position K2, and R denotes a blood flow resistance.
[0039] According to Poiseuille’s law of Equation 1, the
blood flow velocity Q is proportional to the difference in
blood pressure AP in a unit section (length L), and is
inversely proportional to the blood flow resistance R.
[0040] The blood flow F or the blood flow velocity Q
may be expressed by the following Equation 2.

[Equation 2]

AP-v' 1

For(Q= T

Here, n denotes a viscosity of blood, L denotes a length
of the blood vessel 310 between the position K1 and the
position K2, AP denotes the difference in blood pressure
between the position K1 and the position K2, and r de-
notes a radius of the blood vessel 310.
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[0041]
1 and 2.

Equations 3 and 4 are obtained using Equations

[Equation 3]

AP AP-r*-z

0= R n-L-8

[Equation 4]
_n-L-3

R
rter

[0042] According to Equation 4, the blood flow resist-
ance R is proportional to the viscosity n and the length
L of the blood vessel 310, and is inversely proportional
to the radius r of the blood vessel 310 to the power of four.
[0043] When Poiseuille’s law is applied to a blood ves-
sel system of a common person, a difference in blood
pressure AP may be regarded as being constant since a
constant arterial blood pressure is maintained for a short
period of time. Similarly, the viscosity 1 of blood that var-
ies with a haematocrit and a temperature may be regard-
ed as being almost constant. When the length L of the
blood vessel 310 is known and is regarded as being con-
stant, only the radius r of the blood vessel 310is avariable
in the equation related to the blood flow resistance R.
[0044] The radius r of the blood vessel 310 is the only
factor that changes the blood flow resistance R, and is a
significant variable of the blood pressure P.
[0045] For example, when an ambient temperature
rapidly decreases as a person moves from the inside
where it is warn to the outside where it is cold, a blood
vessel muscle contracts to maintain a body temperature
due to a homeostatic mechanism. As a result, when the
blood vessel 320 has a radius decreased to 1/2 of the
radius r as shown in FIG. 3B, the blood flow F decreases
to 1/16 thereof corresponding to 1/2 to the power of four
on the assumption that the blood pressure P is constant.
[0046] Then, itis difficult to supply a body with oxygen
and nutrients as needed and thus, the blood pressure P
inevitably increases to supply a sufficient blood flow. As
a result of this principle, brain hemorrhage and cerebral
aneurysm frequently occur in winter.
[0047] Meanwhile, referringto FIG. 3C, when the blood
clots 332 are generated in the blood vessel 330, and a
portion corresponding to the blood clots 332 has a diam-
eter r, that is, the blood vessel 330 substantially has a
radius r/2, the blood flow F decreases to 1/16 thereof
corresponding to 1/2 to the power of four on the assump-
tion that the blood pressure P is constant as shown in
FIG. 3B. Then, it is difficult to supply a body with oxygen
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and nutrients as needed and thus, the blood pressure P
inevitably increases to supply a sufficient blood flow.
[0048] FIG.4AtoFIG. 4C are referred to for describing
a principle of superposition of pulse waves.

[0049] FIG. 4A illustrates a direction of a blood flow in
a blood vessel 400.

[0050] The blood vessel 400 has a diameter which is
the thickest and largest at the origin of the aorta, and is
continuously decreasing toward peripheral blood ves-
sels. In this instance, a backward wave or reflected wave
signal and a forward wave signal of a peripheral blood
vessel portion generated due to a blood flow resistance
R are simultaneously observed.

[0051] A pulse wave observed at an arbitrary middle
point 406 is a mixed wave, and has a waveform in which
a forward wave signal FW overlaps a backward wave
signal RW.

[0052] The arbitrary middle point 406 may correspond
to a radial artery portion of the wrist 700.

[0053] FIG. 4B illustrates that a forward wave signal
FW 412 and a backward wave signal RW 414 generated
at the middle point 406 of FIG. 4A are conceptually sep-
arated from each other.

[0054] In practice, the signals are indicated as a mixed
wave (cuff pulse wave) 410 as illustrated in FIG. 4C.
[0055] In the present invention, signal processing is
performed on the mixed wave 410 to separate the mixed
wave 410 into the forward wave signal 412 and the back-
ward wave signal 414, and a blood pressure is measured
using a difference in pulse width or peak value and the
like between the forward wave signal 412 and the back-
ward wave signal 414. In this instance, the separation
into the forward wave signal 412 and the backward wave
signal 414 may be performed based on at least one of a
variation in slope and a variation in amplitude of the mixed
wave. The separation into the forward wave signal 412
and the backward wave signal 414 may be performed by
the controller 170.

[0056] A scheme of measuring the blood pressure us-
ing the hemadynamometer 100 according to the present
embodiment will be described in detail with reference to
FIG. 6A and the following figures.

[0057] FIG. 5 schematically shows an internal config-
uration of the hemadynamometer 100 of FIG. 1.

[0058] Referringto FIG.5, the hemadynamometer 100
may include the first pulse wave sensor 130, the second
pulse wave sensor 135, a communication unit 145, a
memory 140, an audio output unit 160, the controller 170,
a display 180, the pressurization unit 187, and a power
supply unit 190. When the components are implemented
in a practical application, two or more components may
be combined into one component, or a component may
be divided into two or more components.

[0059] The first pulse wave sensor 130 and the second
pulse wave sensor 135 are disposed apart from each
other. In particular, the sensors are preferably disposed
opposite each other around the pressurization unit 187.
[0060] The first pulse wave sensor 130 and the second
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pulse wave sensor 135 may be attached to the band 115
together with the pressurization unit 187. In particular,
the first pulse wave sensor 130, the second pulse wave
sensor 135 and the pressurization unit 187 are preferably
disposed near the radial artery 702 of the wrist 700 of
FIG. 1.

[0061] Thefirst pulse wave sensor 130 and the second
pulse wave sensor 135 detect pulse wave signals at a
first position and a second position, respectively, of the
radial artery 702. In particular, each of the sensors con-
verts a pulse wave signal corresponding to a blood pres-
sure into an electric signal.

[0062] Each of the pulse wave signals detected by the
first pulse wave sensor 130 and the second pulse wave
sensor 135 is transmitted to the controller 170.

[0063] In particular, the first pulse wave sensor 130
and the second pulse wave sensor 135 transmits the first
and second pulse wave signals, respectively, to the con-
troller 170. Here, the first and second pulse wave signals
are detected before a predetermined pressure is applied
to the wrist 700 by the pressurization unit 187. In addition,
the first pulse wave sensor 130 and the second pulse
wave sensor 135 transmits the third and fourth pulse
wave signals, respectively, to the controller 170. Here,
the third and fourth pulse wave signals are detected after
the predetermined pressure is applied to the wrist 700
by the pressurization unit 187.

[0064] Each of the first to fourth pulse wave signals is
divided into a forward wave signal and a backward wave
signal as described with reference to FIGS. 4A to 4C.
The signals is separated by the controller 170.

[0065] The communication unit 145 may provide an
interface for communication with an external device. To
this end, the communication unit 145 may include at least
one of a mobile communication module (not illustrated),
a wireless Internet module (not illustrated), a near field
communication module (not illustrated), a global posi-
tioning system (GPS) module (not illustrated), and the
like.

[0066] For example, the communication unit 145 may
perform Bluetooth communication, wireless fidelity
(WiFi) communication, or the like, thereby transmitting
information about a blood pressure measured by the con-
troller 170 to a paired mobile terminal. In this instance,
the mobile terminal may be a smart phone or the like
capable of performing voice communication.

[0067] The memory 140 may store a program for
processing or control of the controller 170 in the hema-
dynamometer 100, and perform a function of temporarily
storing input or output data.

[0068] In particular, the memory 140 may store the in-
formation about the blood pressure measured by the con-
troller 170 in the hemadynamometer 100 together with
time information. Furthermore, the memory 140 may
store user information.

[0069] The audio output unit 160 may output the infor-
mation about the measured blood pressure as an audio.
The audio output unit 160 may output a message for ad-
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justment of positions of the first pulse wave sensor 130,
the second pulse wave sensor 135 and the pressurization
unit 187 as an audio, or output a remeasurement notifi-
cation message as an audio.

[0070] The audio output unit 160 may output informa-
tion necessary for an operation of the hemadynamometer
as an audio.

[0071] The pressurization unit 187 is disposed be-
tween the first pulse wave sensor 130 and the second
pulse wave sensor 135. The pressurization unit 187 ap-
plies a pressure to the wrist 700 to change a diameter of
a blood vessel.

[0072] When aninputunit 185 receives an inputfor the
measurement of the blood pressure, the pressurization
unit 187 may be expanded. For example, when the pres-
surization unit 187 is an inflatable unit, the pressurization
unit 187 is expanded using a pump, thereby decreasing
the diameter of the blood vessel.

[0073] Each of the first pulse wave sensor 130 and the
second pulse wave sensor 135 detects a pulse wave
signal according to a variation in diameter of the blood
vessel, and the controller 170 may calculate the blood
pressure based on the pulse wave signal according to
the variation in diameter of the blood vessel.

[0074] The controller 170 may control operations of the
respective units in the hemadynamometer 100 to control
an overall operation of the hemadynamometer 100.
[0075] For example, the controller 170 measures the
blood pressure based on the first and second pulse wave
signals detected respectively by the first pulse wave sen-
sor 130 and the second pulse wave sensor 135 before
a predetermined pressure is applied to the wrist 700 by
the pressurization unit 187, and the third and fourth pulse
wave signals detected respectively by the first pulse
wave sensor 130 and the second pulse wave sensor 135
after the predetermined pressure is applied to the wrist
700 by the pressurization unit 187.

[0076] The controller 170 separates the first to fourth
forward wave signals and the first to fourth backward
wave signals respectively from the first to fourth pulse
wave signals based on at least one of a variation in slope
and a variation in amplitude of each of the pulse wave
signals, and measure the blood pressure based on at
least one of a difference in pulse width or a difference in
peak value between the first and third backward wave
signals and a difference in pulse width or a difference in
peak value between the second and fourth forward wave
signals.

[0077] The controller 170 may measure the blood pres-
sure in proportion to the difference in pulse width or the
difference in peak value.

[0078] When the difference in pulse width is less than
or equal to the first predetermined value, the difference
in peak value is less than or equal to the second prede-
termined value, or the first to fourth pulse wave signals
have levels less than or equal to the third predetermined
value, the controller 170 may control a display 180 or the
audio output unit 160 to output the message for adjust-
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ment of positions of the first pulse wave sensor 130, the
second pulse wave sensor 135 and the pressurization
unit 187, or the remeasurement notification message.
[0079] The controller 170 may measure the blood pres-
sure based on the first and second pulse wave signals
detected respectively by the first pulse wave sensor 130
and the second pulse wave sensor 135 in a state in which
the first pressure is transmitted to the wrist 700 by the
pressurization unit 187, and the third and fourth pulse
wave signals detected respectively by the first pulse
wave sensor 130 and the second pulse wave sensor 135
in a state in which the second pressure is transmitted to
the wrist 700 by the pressurization unit 187.

[0080] The display 180 may display text, an image, or
the like.

[0081] In particular, the display 180 may output the in-
formation about the blood pressure.

[0082] The display 180 may output the message for
adjustment of positions of the first pulse wave sensor
130, the second pulse wave sensor 135 and the pres-
surization unit 187, or the remeasurement notification
message.

[0083] The inputunit 185 may include a button and the
like to allow an input for the measurement of the blood
pressure.

[0084] The power supply unit 190 may supply power
necessary for an operation of each component under
control of the controller 170.

[0085] FIG. 6A illustrates a shape of the blood vessel
before a predetermined pressure is applied to the hema-
dynamometer 100 of FIG. 1.

[0086] ReferringtoFIG.6A, the pressurization unit 187
in the hemadynamometer 100 is positioned near the ra-
dial artery 702, and the predetermined pressure is to be
applied. Therefore, the blood vessel has a diameter 2r
at the pressurization unit 187.

[0087] In this instance, each of the first pulse wave
sensor 130 and the second pulse wave sensor 135 may
measure a pulse wave signal.

[0088] FIG. 6B illustrates a shape of the blood vessel
after the predetermined pressure is applied to the hema-
dynamometer 100 of FIG. 1.

[0089] Referringto FIG. 6B, the pressurization unit 187
in the hemadynamometer 100 is positioned near the ra-
dial artery 702, and the predetermined pressure is ap-
plied. Therefore, the blood vessel at the pressurization
unit 187 may have a diameter Lx, which is less than 2r.
[0090] In this instance, each of the first pulse wave
sensor 130 and the second pulse wave sensor 135 may
measure a pulse wave signal.

[0091] When itis presumed that the blood flow is con-
stant without an environmental change based on Poi-
seuille’s law, pulse waves similar to each other are ob-
served at positions of the first pulse wave sensor 130
and the second pulse wave sensor 135 before the pres-
sure is applied as illustrated in FIG. 6A.

[0092] When the pressure is applied as illustrated in
FIG. 6B, the diameter of the blood vessel decreases to
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Lx due to the pressure, and the radius of the blood vessel
decreases. Thus, a difference in blood pressure AP in-
creases to send a constant blood flow.

[0093] Therefore, at the first position K1 where the first
pulse wave sensor 130 is positioned, the blood flow re-
sistance R increases due to a decreased blood vessel
diameter at the pressurization unit 187 and thus a back-
ward wave has an increased peak value and an in-
creased pulse width.

[0094] However, at the second position K2 where the
second pulse wave sensor 135 is positioned, the blood
flow velocity temporarily increases near a bottleneck due
to Beroulli’s law. Thus, a forward wave has an increased
peak value and a decreased pulse width.

[0095] In the present invention, a relative change of a
blood vessel diameter is deduced based on a variation
in pulse width and amplitude of each of a forward wave
and a backward wave in response to a pressure applied,
and the blood pressure may be deduced using a form
and velocity analysis (pulse transition time (PTT)) of a
pulse wave by deducing the change of the diameter.
[0096] The controller 170 may calculate a blood vessel
diameter that decreases as a pulse width of a backward
wave at the first position K1 where the first pulse wave
sensor 130 is positioned increases after a pressure is
applied, and the controller 170 may calculate a blood
vessel diameter that decreases as amplitude of a forward
wave at the second position K2 where the second pulse
wave sensor 135 is positioned increases after the pres-
sure is applied.

[0097] Accordingly, the controller 170 may calculate
the blood pressure that increases when a blood vessel
diameter decreases as a pulse width of a backward wave
at the first position K1 where the first pulse wave sensor
130 is positioned increases after a pressure is applied,
and the controller 170 may calculate the blood pressure
that increases when a blood vessel diameter decreases
as an amplitude of a forward wave at the second position
K2 where the second pulse wave sensor 135 is posi-
tioned increases after the pressure is applied.

[0098] Thisis ameasurementscheme distinct from the
hemadynamometer 200 of FIG. 2 using a pulse wave
sensor, and allows accurate and simple measurement
ofthe blood pressure. In addition, the hemadynamometer
100 may be worn on the wrist 700 or the like, and thus
is portable. Thus, user convenience is enhanced.
[0099] FIG. 6C illustrates pulse wave signals detected
by first and second pulse wave sensors in the shapes of
FIGS. 6A and 6B.

[0100] Referring to FIG. 6C, FIG. 6C(a) depicts a first
forward wave signal Sfa1 and a first backward wave sig-
nal Sba1 extracted from the first pulse wave signal which
is detected by the first pulse wave sensor 130 before a
pressure is applied at T1.

[0101] FIG. 6C(b) depicts a third forward wave signal
Sfb1 and a third backward wave signal Sbb1 extracted
from the third pulse wave signal which is detected by the
first pulse wave sensor 130 after the pressure is applied
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at T2.

[0102] The controller 170 may measure a pressure
based on a difference in pulse width or a difference in
peak value between the first and third backward wave
signals.

[0103] When FIG. 6C(a) is compared with FIG. 6C(b),
a peak value Pfa1 of the first forward wave signal Sfa1
and a peak value Pfb1 of the third forward wave signal
Sfb1 are not significantly different from each other and
thus are not used when a blood pressure is measured.

[0104] When FIG. 6C(a) is compared with FIG. 6C(b),
apeak value Pba1 of the first backward wave signal Sba1
and a peak value Pbb1 of the third backward wave signal
Sbb1 are significantly different from each other and thus
are used when a blood pressure is measured. It is pos-
sible to measure a blood pressure in proportion to a dif-
ference between the peak value Pba1 of the first back-
ward wave signal Sba1 and the peak value Pbb1 of the
third backward wave signal Sbb1.

[0105] When FIG. 6C(a) is compared with FIG. 6C(b),
a pulse width Wba1 of the first backward wave signal
Sba1 and a pulse width Wbb1 of the third backward wave
signal Sbb1 are significantly different from each other
and thus are used when a blood pressure is measured.
It is possible to measure a blood pressure in proportion
to a difference between the pulse width Wba1 of the first
backward wave signal Sba1 and the pulse width Wbb1
of the third backward wave signal Sbb1.

[0106] Itis possible to measure ablood pressure based
on both the difference between the peak value Pba1 of
the first backward wave signal Sba1 and the peak value
Pbb1 of the third backward wave signal Sbb1 and the
difference between the pulse width Wba1 of the first back-
ward wave signal Sba1 and the pulse width Wbb1 of the
third backward wave signal Sbb1.

[0107] FIG. 6C(c) depicts a second forward wave sig-
nal Sfa2 and a second backward wave signal Sba2 ex-
tracted from the second pulse wave signal which is de-
tected by the second pulse wave sensor 135 before the
pressure is applied at T1.

[0108] FIG. 6C(d)depicts a fourth forward wave signal
Sfb2 and a fourth backward wave signal Sbb2 extracted
from the second pulse wave signal which is detected by
the second pulse wave sensor 135 after the pressure is
applied at T2.

[0109] The controller 170 may measure a pressure
based on a difference in pulse width or a difference in
peak value between the second and fourth forward wave
signals.

[0110] When FIG. 6C(c) is compared with FIG. 6C(d),
a peak value or a pulse width of the second backward
wave signal Sba2 and a peak value or a pulse width of
the fourth backward wave signal Sbb2 are not significant-
ly different from each other and thus are not used when
a blood pressure is measured.

[0111] When FIG. 6C(c) is compared with FIG. 6C(d),
a peak value Pfa2 of the second forward wave signal
Sfa2 and a peak value Pfb2 of the fourth forward wave
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signal Sfb2 are significantly different from each other and
thus are used when a blood pressure is measured. It is
possible to measure a blood pressure in proportion to a
difference between the peak value Pfa2 of the second
forward wave signal Sfa2 and the peak value Pfb2 of the
fourth forward wave signal Sfb2.

[0112] When FIG. 6C(c) is compared with FIG. 6C(d),
a pulse width Wfa2 of the second forward wave signal
Sfa2 and a pulse width Wfb2 of the fourth forward wave
signal Sfb2 are significantly different from each other and
thus are used when a blood pressure is measured. It is
possible to measure a blood pressure in proportion to a
difference between the pulse width Wfa2 of the second
forward wave signal Sfa2 and the pulse width Wfb2 of
the fourth forward wave signal Sfb2.

[0113] Itispossible to measure ablood pressure based
on both the difference between the pulse width Wfa2 of
the second forward wave signal Sfa2 and the pulse width
Wifb2 of the fourth forward wave signal Sfb2 and the dif-
ference between the peak value Pfa2 of the second for-
ward wave signal Sfa2 and the peak value Pfb2 of the
fourth forward wave signal Sfb2.

[0114] Itis possible to detect the firstand second pulse
wave signals by the first pulse wave sensor 130 and the
second pulse wave sensor 135, respectively, after a first
pressure is applied, detectthe third and fourth pulse wave
signals by the first pulse wave sensor 130 and the second
pulse wave sensor 135, respectively, afterasecond pres-
sure is applied, and measure a blood pressure based on
at least one of pulse widths and peak values of the first
to fourth pulse wave signals.

[0115] According to a scheme of analyzing a pulse
wave signal of FIG. 6C, the controller 170 may estimate
or calculate a thickness of a blood vessel according to
Equations 1 to 4 based on a variation in pulse width or a
variation in peak value of a forward wave signal or aback-
ward wave signal, and measure or calculate a blood pres-
sure based on the thickness.

[0116] FIGS. 7A to 7D illustrate various audios of the
hemadynamometer 100 of FIG. 1.

[0117] FIG. 7A illustrates that an audio 710 saying
"Tighten the band" is output from the audio output unit
160 of the hemadynamometer 100.

[0118] For example, when an input for measurement
of the blood pressure is received in response to a user
operating the input unit 185, the controller 170 may per-
form a control operation to output the audio 710 saying
"Tighten the band".

[0119] Theaudio 710 may be outputwhen auserwears
the band.
[0120] FIG. 7B illustrates that an audio 720 saying

"Blood pressure is being measured" is output from the
audio output unit 160 of the hemadynamometer 100.

[0121] For example, the controller 170 may perform a
control operation to output the audio 720 saying "Blood
pressure is being measured" when pulse wave signals
are detected by the first pulse wave sensor 130 and the
second pulse wave sensor 135 while or after a pressure



15 EP 3 179 904 B1 16

is applied to an area in which the pressurization unit 187
is located in response to the pressurization unit 187 op-
erating. The audio may allow a user to recognize that the
blood pressure is being measured. In this instance, it is
preferable that the user minimize motion.

[0122] FIG. 7C illustrates that an audio 730 saying
"Blood pressure is XXXX" is output from the audio output
unit 160 of the hemadynamometer 100.

[0123] When blood pressure measurement is complet-
ed, the controller 170 may perform a control operation to
output blood pressure information as an audio or a video
through the audio output unit 160 or the display 180.
[0124] When the blood pressure measurementis com-
pleted, the controller 170 may transmit the blood pres-
sure information to a mobile terminal 600 paired there-
with. Thus, the mobile terminal 600 may manage the
measured blood pressure information of a user.

[0125] For example, a health related application for a
user installed in the mobile terminal 600 may store and
manage information about frequently measured blood
pressures, and display the blood pressure information
using a graphical user interface for a predetermined pe-
riod of time.

[0126] FIG. 7D illustrates that an audio 740 saying
"Blood pressure will be measured again” is output from
the audio output unit 160 of the hemadynamometer 100.
[0127] For example, the controller 170 may perform a
control operation to output the audio 740 saying "Blood
pressure will be measured again" when a difference in
pulse width between the first and third backward wave
signals or a difference in pulse width between the second
and fourth forward wave signals is less than or equal to
a first predetermined value, a difference in peak value
between the first and third backward wave signals or a
difference in peak value between the second and fourth
forward wave signals is less than or equal to a second
predetermined value, or the first to fourth pulse wave
signals have levels less than or equal to a third prede-
termined value.

[0128] In this instance, the controller 170 may perform
a control operation to output a message for adjustment
of positions of the first pulse wave sensor 130, the second
pulse wave sensor 135 and the pressurization unit 187
such as the audio 710 saying "Tighten the band" of FIG.
7A as an audio or a video through the audio output unit
160 or the display 180. Thus, a user may adjust a position
or a size of the band worn on the wrist 700 to measure
the blood pressure again. As a result, the pressurization
unit 187 and the like may be positioned on the radial
artery 702.

[0129] As illustrated in FIGS. 7A to 7D, when various
audio messages are output, user convenience may be
enhanced. Messages corresponding to FIGS. 7A to 7D
may be displayed on the display unit 180.

[0130] FIG. 8 illustrates an example of a hemady-
namometer according to another embodiment of the
present invention.

[0131] Referring to FIG. 8, the hemadynamometer of
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FIG. 8, denoted by reference numeral 100b, is similar to
the hemadynamometer 100 of FIG. 1, and is different
from the hemadynamometer 100 in that second and third
pressurization units 188 and 189 are additionally provid-
ed.

[0132] The second and third pressurization units 188
and 189 are disposed opposite each other around a pres-
surization unit 187, a first pulse wave sensor 130 is dis-
posed between the pressurization unit 187 and the sec-
ond pressurization unit 188, and a second pulse wave
sensor 135 is disposed between the pressurization unit
187 and the third pressurization unit 189.

[0133] According to this configuration, the first pulse
wave sensor 130 is disposed between the pressurization
unit 187 and the second pressurization unit 188, and the
second pulse wave sensor 135 is disposed between the
pressurization unit 187 and the third pressurization unit
189, so that the first and second pulse wave sensors 130
and 135 further stick to a wrist 700. Therefore, it is pos-
sible to more accurately measure the blood pressure at
a radial artery 702.

[0134] FIG. 9A illustrates that a mobile terminal
equipped with the hemadynamometer 100 of FIG. 1 is
worn on the wrist 700.

[0135] Referring to FIG. 9A, the wearable mobile ter-
minal, denoted by reference numeral 600, may be a smart
watch capable of displaying time information, and dis-
playing a portion of information received by a separate
smartphone through communication with the smart-
phone.

[0136] The wearable mobile terminal 600 of FIG. 9A
may be a mobile terminal capable of independently re-
ceiving and transmitting a call separately from a smart-
phone.

[0137] FIG. 9B llustrates the wearable mobile terminal
600 of FIG. 9A.

[0138] Referring to FIG. 9B, the wearable mobile ter-
minal 600 includes a main body 601 provided with the
display unit 680, and a band 115 connected to the main
body 601 and wearable on the wrist 700. In general, the
wearable mobile terminal 600 may have a characteristic
which is the same as or similar to a characteristic of the
mobile terminal 100 of FIG. 1.

[0139] The main body 601 includes a case that forms
an appearance. As illustrated in FIG. 9B, the case may
include a first case 601a having an internal space to ac-
commodate various electronic components and a sec-
ond case 601b. The presentinvention is not limited there-
to, and a single case may have the internal space to
implement the unibody mobile terminal 600.

[0140] The wearable mobile terminal 600 may perform
wireless communication, and the main body 601 may
have an antenna installed to perform the wireless com-
munication. The performance of the antenna may be ex-
tended using the case. For example, the case, which
includes a conductive material, may be electrically con-
nected to the antenna to extend a ground area or a ra-
diation area.
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[0141] The main body 601 may include the display unit
680 disposed on a front surface to output information,
and the display unit 680 may be implemented as a touch-
screen having a touch sensor. As illustrated in FIG. 9B,
a window (not shown) of the display unit 680 may be
mounted on the first case 601a to form a front surface of
a terminal body together with the first case 601a.
[0142] The mainbody 601 may include an audio output
unit 653, a camera 621, a microphone 623, a user input
unit 630, and the like. When the display unit 680 is im-
plemented as a touchscreen, the display unit 680 may
function as the user input unit 630. Therefore, the main
body 601 may not have a separate key.

[0143] The band 115 is worn on the wrist 700 to sur-
round the wrist 700, and may be formed using a flexible
material to be easily worn. For example, the band 115
may be made of a material such as leather, rubber, sili-
con, synthetic resin, or the like. In addition, the band 115
may be attached to and detached from the main body
601, and be replaced by various forms of bands accord-
ing to user preference.

[0144] In addition, the band 115 may be used to extend
the performance of the antenna. For example, the band
may include a ground extension unit (notillustrated) elec-
trically connected to the antennato extend a ground area.
[0145] The band 115 may include a fastener 602. The
fastener 602 may be implemented by a buckle, a hook
structure for snap-fit, Velcro (trade name), or the like.
The fastener 602 may include a flexible section or mate-
rial. FIG. 9B illustrates an example in which the fastener
602 is implemented by a buckle.

[0146] FIG. 10 shows an internal configuration of the
wearable mobile terminal 600 of FIG. 9A or 9B.

[0147] Referring to FIG. 10, the mobile terminal 600
may include a wireless communication unit 610, an au-
dio/video (A/V) input unit 620, a user input unit 630, a
sensing unit 640, an output unit 650, a memory 660, an
interface unit 625, a controller 670, and a power supply
unit 690.

[0148] The wireless communication unit 610 may in-
clude a broadcast reception module 611, a mobile com-
munication module 613, a wireless Internet module 615,
a sound communication unit 617, a GPS module 619,
and the like.

[0149] The broadcast reception module 611 may re-
ceive at least one of a broadcast signal and broadcast
related information from an external broadcast manage-
ment server through a broadcast channel.

[0150] The broadcast signal and/or the broadcast re-
lated information received through the broadcast recep-
tion module 611 may be stored in the memory 660.
[0151] The mobile communication module 613 trans-
mits and receives a radio signal to and from at least one
of a base station, an external terminal, and a server in a
mobile communication network. Here, the radio signal
may include a voice call signal, a video call signal, or
various forms of data based on transmission and recep-
tion of a text/ multimedia message.
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[0152] The wireless Internet module 615 refers to a
module for wireless Internet access. The wireless Inter-
net module 615 may be provided on the inside or the
outside of the mobile terminal 600.

[0153] The sound communication unit 617 may per-
form sound communication. The sound communication
unit 617 may output a sound by additionally providing
predetermined information data to audio data to be output
in a sound communication mode. In addition, the sound
communication unit 617 may extract predetermined in-
formation data from a sound received from the outside
in a sound communication mode.

[0154] The GPS module 619 may receive location in-
formation from a plurality of GPS satellites.

[0155] The A/V inputunit 620 is used to input an audio
or a video, and may include a camera 621, a microphone
623, and the like.

[0156] The userinputunit630generateskeyinputdata
which is input to control an operation of a terminal by a
user. To this end, the user input unit 630 may include a
keypad, adome switch, a touch pad (static pressure/elec-
trostatic), and the like. In particular, when the touch pad
forms a multilayer structure with the display unit 680, the
touch pad may be referred to as a touchscreen.

[0157] The sensing unit 640 may generate a sensing
signal for control of an operation of the mobile terminal
600 by detecting a current state of the mobile terminal
600 such as anopen or closed state of the mobile terminal
600, a position of the mobile terminal 600, contact be-
tween a user and the mobile terminal 600, and the like.
[0158] The sensing unit 640 may include a proximity
sensor 641, a pressure sensor 643, a motion sensor 645,
and the like. The motion sensor 645 may detect a motion,
a location, and the like of the mobile terminal 600 using
an acceleration sensor, a gyro sensor, a gravity sensor,
and the like. In particular, the gyro sensor is a sensor for
measurement of angular velocity, and may detect a ro-
tation direction (angle) with respect to a reference direc-
tion.

[0159] The outputunit650 may include the display unit
680, an audio output unit 653, an alarm unit 655, a haptic
module 657, and the like.

[0160] The display unit 680 displays and outputs infor-
mation processed by the mobile terminal 600. For exam-
ple, information received from the wireless communica-
tion unit 610 is displayed.

[0161] As described in the foregoing, when the display
unit 680 and the touch pad form a multilayer structure,
and are configured as a touchscreen, the display unit680
may be used as an input device capable of inputting in-
formation by user touch in addition to an output device.
[0162] The audio output unit 653 outputs audio data
received from the wireless communication unit 610 or
stored in the memory 660. The audio output unit 653 may
include a speaker, a buzzer, and the like.

[0163] With regard to the present embodiment, the au-
dio output unit 653 may output information related to a
measured blood pressure as an audio. Alternatively, the
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audio output unit 653 may output a message for adjust-
ment of positions of a first pulse wave sensor 130, a sec-
ond pulse wave sensor 135 and a pressurization unit 187
as an audio, or output aremeasurement notification mes-
sage as an audio.

[0164] The audio output unit 653 may output informa-
tion necessary for an operation ofthe hemadynamometer
100 as an audio.

[0165] The alarm unit 655 outputs a signal for notifica-
tion of event occurrence of the mobile terminal 600. For
example, a signal may be output as a vibration.

[0166] The haptic module 657 generates various tac-
tile effects perceivable by a user. A vibration effect is a
representative example of a tactile effect generated by
the haptic module 657.

[0167] The memory 660 may store a program for
processing and control of the controller 670, and perform
a function of temporarily storing input or output data (for
example, a phone book, a message, a static image, a
moving image, and the like).

[0168] The interface unit 625 functions as an interface
with all external devices connected to the mobile terminal
600. The interface unit 625 may receive data or power
from an external device to deliver the data or power to
each component in the mobile terminal 600, and allow
data in the mobile terminal 600 to be transmitted to an
external device.

[0169] The hemadynamometer 100 described with ref-
erence to FIGS. 1 to 7D may be included in the mobile
terminal 600 as a blood pressure measurement unit 100.
The blood pressure measurement unit 100 includes the
first pulse wave sensor 130, the second pulse wave sen-
sor 135 and the pressurization unit 187, which will not be
further described by referring to FIGS. 1 to 7D.

[0170] The hemadynamometer 100b described with
reference to FIG. 8 may be employed in the mobile ter-
minal 600.

[0171] Ingeneral,the controller 670 controls the overall
operation of the mobile terminal 600 by controlling an
operation of each unit. For example, the controller 670
may perform related control and processing for a voice
call, data communication, a video call, and the like. In
addition, the controller 670 may include a multimedia re-
production module 681 for reproduction of multimedia.
The multimedia reproduction module 681 may be con-
figured as hardware in the controller 670, and be config-
ured as software separately from the controller 670.
[0172] ltis possible to control an operation of the blood
pressure measurement unit 100 related to the present
invention.

[0173] For example, the controller 670 may measure
a blood pressure based on first and second pulse wave
signals detected respectively by the first pulse wave sen-
sor 130 and the second pulse wave sensor 135 before
a predetermined pressure is applied to the wrist 700 by
the pressurization unit 187, and third and fourth pulse
wave signals detected respectively by the first pulse
wave sensor 130 and the second pulse wave sensor 135

10

15

20

25

30

35

40

45

50

55

1"

after the predetermined pressure is applied to the wrist
700 by the pressurization unit 187.

[0174] The controller 670 may separate first to fourth
forward wave signals and first to fourth backward wave
signals respectively from the first to fourth pulse wave
signals, and measure the blood pressure based on at
least one of a difference in pulse width or a difference in
peak value between the first and third backward wave
signals and a difference in pulse width or a difference in
peak value between the second and fourth forward wave
signals.

[0175] The controller 670 may measure the blood pres-
sure in proportion to the difference in pulse width or the
difference in peak value.

[0176] The controller 670 may control the display unit
680 or the audio output unit 653 to output a message for
adjustment of positions of the first pulse wave sensor
130, the second pulse wave sensor 135 and the pres-
surization unit 187, or aremeasurement notification mes-
sage when the difference in pulse width is less than or
equal to a first predetermined value, the difference in
peak value is less than or equal to a second predeter-
mined value, or the first to fourth pulse wave signals have
levels less than or equal to a third predetermined value.
[0177] The controller 670 may measure the blood pres-
sure based on the first and second pulse wave signals
detected respectively by the first pulse wave sensor 130
and the second pulse wave sensor 135 in a state in which
afirst pressure is applied to the wrist 700 by the pressur-
ization unit 187, and the third and fourth pulse wave sig-
nals detected respectively by the first pulse wave sensor
130 and the second pulse wave sensor 135 in a state in
which a second pressure is applied to the wrist 700 by
the pressurization unit 187.

[0178] With regard to the presentembodiment, the dis-
play unit 680 may output blood pressure information.
[0179] The display unit 680 may output a message for
adjustment of positions of the first pulse wave sensor
130, the second pulse wave sensor 135 and the pres-
surization unit 187, or output a remeasurement notifica-
tion message.

[0180] The power supply unit 690 receives external
power and internal power under control of the controller
670, and supplies power necessary for an operation of
each component.

[0181] The block diagram of the mobile terminal 600
shown in FIG. 10 is a block diagram for the present em-
bodiment. The respective components of the block dia-
gram may be combined, additionally provided, or omitted
according to specifications of the mobile terminal 600
which is actually implemented. Two or more components
may be combined into one component, or a component
may be divided into two or more components as neces-
sary. In addition, a function performed by each block is
for describing the present embodiment, and a specific
operation or device does not limit the scope of the present
invention.

[0182] The configurations and schemes of the embod-
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iments described above are not applied in a restricted
manner to the hemadynamometer and the mobile termi-
nal equipped with the hemadynamometer according to
the embodiments of the presentinvention. All or a portion
of the embodiments may be selectively combined so that
the embodiments may be variously changed.

[0183] The hemadynamometer and the mobile termi-
nal including the same according to the embodiments of
the present invention may simply and accurately meas-
ure a blood pressure by including a first pulse wave sen-
sor and a second pulse wave sensor which are disposed
apart from each other, and each convert a pulse wave
signal corresponding to the blood pressure into an elec-
tric signal, a pressurization unit which is disposed be-
tween the first pulse wave sensor and the second pulse
wave sensor to apply a pressure to a wrist to change a
diameter of a blood vessel, and a controller to measure
the blood pressure based on first and second pulse wave
signals detected respectively by the first pulse wave sen-
sor and the second pulse wave sensor before a prede-
termined pressure is applied to the wrist by the pressur-
ization unit, and third and fourth pulse wave signals de-
tected respectively by the first pulse wave sensor and
the second pulse wave sensor after the predetermined
pressure is applied to the wrist by the pressurization unit.
[0184] Inparticular,itis possible to estimate a diameter
of ablood vessel by detecting pulse waves at two or more
positions in the blood vessel while changing the diameter
of the vessel using the pressurization unit, and it is pos-
sible to measure the blood pressure based on the esti-
mated diameter.

[0185] Therefore, itis possible to easily and accurately
measure the blood pressure by applying a variation in
ambient temperature or body temperature without a sep-
arate device.

[0186] Inaddition, the hemadynamometer may be con-
veniently worn on the wrist or the like, so that the first
and second pulse wave sensors, the pressurization unit,
and the like are attached to a band.

[0187] Although the preferred embodiments of the
presentinvention have been disclosed for illustrative pur-
poses, the present invention is not limited to the embod-
iments described above, and those skilled in the art will
appreciate that various modifications are possible, with-
outdeparting from the scope of the invention as disclosed
in the accompanying claims.

Claims
1. A hemadynamometer (100) comprising:

a first pulse wave sensor (130) and a second
pulse wave sensor (135) disposed apart from
each other, each of the first pulse wave sensor
(130) and the second pulse wave sensor (135)
being configured to convert a pulse wave signal
corresponding to a blood pressure into an elec-
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tric signal;

a pressurization unit (187) disposed between
thefirst pulse wave sensor (130) and the second
pulse wave sensor (135) and configured to apply
a pressure to a wrist (700) to change a diameter
of a blood vessel; and

a controller (170) configured to measure the
blood pressure based on first and second pulse
wave signals detected respectively by the first
pulse wave sensor (130) and the second pulse
wave sensor (135) before a predetermined pres-
sure is applied to the wrist by the pressurization
unit (187), and third and fourth pulse wave sig-
nals detected respectively by the first pulse
wave sensor (130) and the second pulse wave
sensor (135) after the predetermined pressure
is applied to the wrist by the pressurization unit
(187),

characterized in thatthe controller (170)is con-
figured to separate first to fourth forward wave
signals and first to fourth backward wave signals
from the first to fourth pulse wave signals, and
measure the blood pressure based on at least
one of a difference in pulse width or a difference
in peak value between the first and third back-
ward wave signals and a difference in pulse
width or a difference in peak value between the
second and fourth forward wave signals.

The hemadynamometer (100) according to claim 1,
wherein the first pulse wave sensor (130), the sec-
ond pulse wave sensor (135) and the pressurization
unit (187) are attached to a band (115) wearable on
the wrist (700),

wherein each of the first pulse wave sensor (130)
and the second pulse wave sensor (135) is config-
ured to convert a pulse wave signal detected at a
radial artery in the wrist (700) into an electric signal.

The hemadynamometer (100) according to claim 1,
wherein the controller (170)is configured to measure
the blood pressure in proportion to the difference in
pulse width or the difference in peak value.

The hemadynamometer (100) according to claim 1,
wherein the first pulse wave sensor (130), the sec-
ond pulse wave sensor (135) and the pressurization
unit (187) are attached to a band (115) wearable on
the wrist (700),

wherein the controller (700) is configured to perfom
a control operation to output a message for adjust-
ment of positions of the first pulse wave sensor (130),
the second pulse wave sensor (135) and the pres-
surization unit (187), or a remeasurement notifica-
tion message when the difference in pulse width is
less than or equal to a first predetermined value, the
difference in peak value is less than or equal to a
second predetermined value, or the first to fourth
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pulse wave signals have levels less than or equal to
a third predetermined value.

The hemadynamometer (100) according to claim 1,
wherein the controller (170)is configured to measure
the blood pressure based on the first and second
pulse wave signals detected respectively by the first
pulse wave sensor (130) and the second pulse wave
sensor (135) in a state in which a first pressure is
transmitted to the wrist (700) by the pressurization
unit (187), and the third and fourth pulse wave signals
detected respectively by the first pulse wave sensor
(130) and the second pulse wave sensor (135) in a
state in which a second pressure is transmitted to
the wrist (700) by the pressurization unit (187).

The hemadynamometer (100) according to claim 1,
further comprising a second pressurization unit (188)
and a third pressurization unit (189) disposed apart
from each other around the pressurization unit (187),
wherein the first pulse wave sensor (130) is disposed
between the pressurization unit (187) and the sec-
ond pressurization unit (188), and the second pulse
wave sensor (135) is disposed between the pressur-
ization unit (187) and the third pressurization unit
(189).

The hemadynamometer (100) according to claim 1,
further comprising an audio output unit (160) config-
ured to output information about the measured blood
pressure as an audio.

The hemadynamometer (100) according to claim 1,
further comprising a communication unit (145) con-
figured to transmit information about the measured
blood pressure to a paired mobile terminal.

A mobile terminal (600) comprising:

a communication unit (610);

adisplay (660) configured to display information
received from the communication unit (610);
and the hemadynamometer (100) according to
any of claims 1 to 5.

The mobile terminal (600) according to claim 9,
wherein the display (660) is attached to a band (115)
wearable on the wrist (700),

wherein the first pulse wave sensor (130), the sec-
ond pulse wave sensor (135) and the pressurization
unit (187) are disposed on a rear surface of the dis-
play (660).

Patentanspriiche

1.

Hamodynamometer (100) mit :
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einem ersten Pulswellensensor (130) und ei-
nem zweiten Pulswellensensor (135), die ge-
trennt voneinander angeordnet sind, wobei so-
wohl der erste Pulswellensensor (130) als auch
der zweite Pulswellensensor (135) dazu einge-
richtet ist, ein einem Blutdruck entsprechendes
Pulswellensignal in ein elektrisches Signal um-
zuwandeln;

einer zwischen dem ersten Pulswellensensor
(130) und dem zweiten Pulswellensensor (135)
angeordneten  Druckbeaufschlagungseinheit
(187), die dazu eingerichtet ist, einen Druck an
ein Handgelenk (700) anzulegen, um einen
Durchmesser eines Blutgefafles zu dndern; und
einer Steuerung (170), die dazu eingerichtet ist,
den Blutdruck zu messen basierend auf jeweils
von dem ersten Pulswellensensor (134) und
dem zweiten Pulswellensensor (135) erfassten
ersten und zweiten Pulswellensignalen, bevor
ein vorbestimmter Druck durch die Druckbeauf-
schlagungseinheit (187) an das Handgelenk an-
gelegt wird, und jeweils von dem ersten Puls-
wellensensor (130) und dem zweiten Pulswel-
lensensor (135) erfassten dritten und vierten
Pulswellensignalen, nachdem der vorbestimm-
te Druck an das Handgelenk durch die Druck-
beaufschlagungseinheit (187) angelegt wird,
dadurch gekennzeichnet, dass

die Steuerung (170) dazu eingerichtet ist, erste
bis vierte Vorwartswellensignale und erste bis
vierte Rickwartswellensignale von den ersten
bis vierten Pulswellensignalen abzutrennen,
und den Blutdruck basierend auf einem Unter-
schied in der Pulsbreite und/oder einem Unter-
schied des Maximalwerts zwischen dem ersten
und dem dritten Riickwartswellensignal und ei-
nem Unterschied in der Pulsbreite und/oder ei-
nem Unterschied des Maximalwerts zwischen
dem zweiten und dem vierten Vorwartswellen-
signal zu messen.

Hamodynamometer (100) nach Anspruch 1, wobei
der erste Pulswellensensor (130), der zweite Puls-
wellensensor (135) und die Druckbeaufschlagungs-
einheit (187) an einem Band (115) befestigt sind,
das an dem Handgelenk (700) tragbar ist,

wobei sowohl der erste Pulswellensensor (130) als
auch der zweite Pulswellensensor (135) dazu ein-
gerichtet ist, ein an einer Speichenarterie im Hand-
gelenk (700) erfasstes Pulswellensignal in ein elek-
trisches Signal umzuwandeln.

Hamodynamometer (100) nach Anspruch 1, wobei
die Steuerung (170) dazu eingerichtet ist, den Blut-
druck im Verhaltnis zu dem Unterschied in der Puls-
breite oder dem Unterschied des Maximalwerts zu
messen.
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Hamodynamometer (100) nach Anspruch 1, wobei
der erste Pulswellensensor (130), der zweite Puls-
wellensensor (135) und die Druckbeaufschlagungs-
einheit (187) an einem Band (115) befestigt sind,
das an dem Handgelenk (700) tragbar ist,

wobei die Steuerung (700) dazu eingerichtet ist, ei-
nen Steuervorgang auszufiihren, um eine Meldung
zur Einstellung von Positionen des ersten Pulswel-
lensensors (130), des zweiten Pulswellensensors
(135) und der Druckbeaufschlagungseinheit (187)
auszugeben, oder eine Benachrichtigungsmeldung
zum erneuten Messen, wenn der Unterschied in der
Pulsbreite kleiner oder gleich einem ersten vorbe-
stimmten Wert ist, der Unterschied des Maximal-
werts kleiner oder gleich einem zweiten vorbestimm-
ten Wert ist, oder die Pegel der ersten bis vierten
Pulswellensignale kleiner oder gleich einem dritten
vorbestimmten Wert sind.

Hamodynamometer (100) nach Anspruch 1, wobei
die Steuerung (170) dazu eingerichtet ist, den Blut-
druck basierend auf den jeweils von dem ersten
Pulswellensensor (130) und dem zweiten Pulswel-
lensensor (135) erfassten ersten und zweiten Puls-
wellensignalen zu messen, in einem Zustand, in dem
ein erster Druck durch die Druckbeaufschlagungs-
einheit (187) auf das Handgelenk (700) tbertragen
wird, und den jeweils von dem ersten Pulswellen-
sensor (130) und dem zweiten Pulswellensensor
(135) erfassten dritten und vierten Pulswellensigna-
len, in einem Zustand, in dem ein zweiter Druck von
der Druckbeaufschlagungseinheit (187) auf das
Handgelenk (700) tbertragen wird.

Hamodynamometer (100) nach Anspruch 1, ferner
umfassend eine zweite Druckbeaufschlagungsein-
heit (188) und eine dritte Druckbeaufschlagungsein-
heit (189), die getrennt voneinander um die Druck-
beaufschlagungseinheit (187) herum angeordnet
sind,

wobei der erste Pulswellensensor (130) zwischen
der Druckbeaufschlagungseinheit (187) und der
zweiten Druckbeaufschlagungseinheit (188) ange-
ordnet ist, und der zweite Pulswellensensor (135)
zwischen der Druckbeaufschlagungseinheit (187)
und der dritten Druckbeaufschlagungseinheit (189)
angeordnet ist.

Hamodynamometer (100) nach Anspruch 1, ferner
umfassend eine Audioausgabeeinheit (160), die da-
zu eingerichtet ist, Informationen iber den gemes-
senen Blutdruck als einen Ton auszugeben.

Hamodynamometer (100) nach Anspruch 1, ferner
umfassend eine Kommunikationseinheit (145), die
dazu eingerichtet ist, Informationen Uber den ge-
messenen Blutdruck an ein gekoppeltes mobiles
Endgerat zu Gbermitteln.
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9.

Mobiles Endgerat (600) mit:

einer Kommunikationseinheit (610 );

einer Anzeige (660), die dazu eingerichtet ist,
von der Kommunikationseinheit (610) erhaltene
Informationen anzuzeigen;

und dem Hamodynamometer (100) nach einem
der Anspriiche 1 bis 5.

10. Mobiles Endgerat (600) nach Anspruch 9, wobei die

Anzeige (660) an einem Band (115) befestigt ist, das
an dem Handgelenk (700) tragbar ist,

wobei der erste Pulswellensensor (130), der zweite
Pulswellensensor (135) und die Druckbeaufschla-
gungseinheit (187) auf einer Riickseite der Anzeige
(660) angeordnet sind.

Revendications

1.

Hémodynamometre (100) comprenant :

un premier capteur d’'onde de pouls (130) et un
second capteur d’'onde de pouls (135) éloignés
'un de l'autre, le premier capteur d’'onde de
pouls (130) etle second capteur d’'onde de pouls
(135) étant congus pour convertir un signal d’on-
de de pouls correspondant en une pression ar-
térielle en signal électrique ;

une unité de mise sous pression (187) disposée
entre le premier capteur d’onde de pouls (130)
et le second capteur d’onde de pouls (135) et
congue pour appliquer une pression sur le poi-
gnet (700) ; et

un organe de commande (170) congu pour me-
surer la pression artérielle sur la base des pre-
mier et second signaux d’onde de pouls détec-
tés respectivement par le premier capteur d’on-
de de pouls (130) et le second capteur d’onde
de pouls (135) avant qu’une pression prédéfinie
ne soit appliquée sur le poignet par I'unité de
mise sous pression (187), et des troisieme et
quatrieme signaux d’onde de pouls détectés
respectivement par le premier capteur d’'onde
de pouls (130) et le second capteur d’'onde de
pouls (135) aprés que la pression prédéfinie est
appliquée sur le poignet par I'unité de mise sous
pression (187),

caractérisé en ce que

I’'organe de commande (170) est congu pour séparer
le premier, le deuxieme, troisieme et quatriéme si-
gnal d’onde de pouls avant et le premier, deuxiéme,
troisieme quatrieme signal arriere a partir du pre-
mier, du deuxiéme, du troisieme , du quatriéme si-
gnal d’onde de pouls, et pour mesurer la pression
artérielle sur la base d’au moins une différence de
largeur d’impulsion et/ou une différence de valeur
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créte entre le premier et le troisieme signal d’'onde
arriére et une différence de largeur d’'impulsion et/ou
une différence de valeur créte entre le second et le
quatrieme signal d’'onde avant.

Hémodynamometre (100) selon la revendication 1,
le premier capteur d’'onde de pouls (130), le second
capteur d’onde de pouls (135) et 'unité de mise sous
pression (187) étant fixés a un bracelet (115) pou-
vant étre porté au poignet (700),

le premier capteur d’onde de pouls (130) etle second
capteur d’onde de pouls (135) étant congus pour
convertirun signal d’'onde de pouls détecté au niveau
d'une artére radiale au poignet (700) en un signal
électrique.

Hémodynamometre (100) selon la revendication 1,
I'organe de commande (170) étant congu pour me-
surer la pression artérielle en proportion a la diffé-
rence de largeur d’'impulsion ou de différence de va-
leur créte.

Hémodynamometre (100) selon la revendication 1,
le premier capteur d’'onde de pouls (130), le second
capteur d’'onde de pouls (135) et 'unité de mise sous
pression (187) étant fixés a un bracelet (115) pou-
vant étre porté au poignet (700),

I'organe de commande (700) étant congu pour pro-
céder a une opération de commande pour délivrer
un message destiné a régler des positions du pre-
mier capteur d’'onde de pouls (187) ou un message
de notification de mesure lorsque la différence de
largeur d’'impulsion est inférieure ou égale a une pre-
miere valeur prédéfinie, la différence de valeur créte
étantinférieure ou égale a une deuxiéme valeur pré-
définie ou le premier, le deuxieme, le troisieme et le
quatrieme signal d’onde de pouls ayant des niveaux
inférieurs ou égaux a une troisieme valeur prédéfi-
nie.

Hémodynamometre (100) selon la revendication 1,
I'organe de commande (170) étant congu pour me-
surer la pression artérielle sur la base du premier et
du deuxiéme signal d'onde de pouls détectés res-
pectivement par le premier capteur d'onde de pouls
(130) et du second capteur d’'onde de pouls (135)
dans un état dans lequel une premiére pression est
transmise au poignet (700) par I'unité de mise sous
pression (187), et le troisieme et le quatrieme signal
d’onde de pouls détectés respectivement par le pre-
mier capteur d’'onde de pouls (130) et le second cap-
teur d’'onde de pouls (135) dans un état dans lequel
une seconde pression est transmise au poignet
(700) par I'unité de mise sous pression (187).

Hémodynamometre (100) selon la revendication 1,
comprenant en outre une deuxiéme unité de mise
sous pression (187) et une troisieme unité de mise
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sous pression (188), et le second capteur d'onde de
pouls (135) étant disposé entre I'unité de mise sous
pression (187) et la troisieme unité de mise sous
pression (189).

Hémodynamomeétre (100) selon la revendication 1,
comprenant en outre une unité de sortie audio (160)
congu pour transmettre des informations concernant
la pression artérielle mesurée a un terminal mobile
apparié.

Hémodynamomeétre (100) selon la revendication 1,
comprenant en outre une unité de communication
(145) congue pour transmettre des informations con-
cernant la pression artérielle mesurée a un terminal
mobile appariée.

Terminal mobile (100) comprenant :

une unité de communication (610) ;

un écran (660) congu pour afficher des informa-
tions regues en provenance de l'unité de com-
munication (610) ;

et 'hémodynamometre (100) selon 'une quel-
conque des revendications 1 a 5.

Terminal mobile (600) selon la revendication 9,
I’écran (660) étant fixé a un bracelet (115) pouvant
étre porté au poignet (700),

le premier capteur d’onde de pouls (130), le second
capteur d’onde de pouls (135) et I'unité de mise sous
pression (187) étant disposés sur une face arriere
de I'écran (660).
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[Fig. 3b]
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[Fig. 4b]
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[Fig. 6a]
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[Fig. 6b]
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[Fig. 7a]
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[Fig. 7b]
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[Fig. 7c]
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[Fig. 7d]
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[Fig. 8]
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[Fig. 9a]
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