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(57) ABSTRACT

Provided are a blood pressure estimation apparatus, a sphyg-
momanometer, a blood pressure estimation system, and a
blood pressure estimation method which allow continuous
blood pressure measurement without adding stress to a
subject’s body. A plurality of sensors and a controller are
included. The plurality of sensors each detect a pulse wave
of a subject without applying, to the subject, pressure that is
greater than predetermined pressure, and the controller cal-
culates an estimated value of subject’s blood pressure con-
tinuously, based on a measured value of the subject’s blood
pressure acquired from a sphygmomanometer and on output
of the sensors.
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BLOOD PRESSURE ESTIMATION
APPARATUS, SPHYGMOMANOMETER,
BLOOD PRESSURE ESTIMATION SYSTEM,
AND BLOOD PRESSURE ESTIMATION
METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit
of Japanese Patent Application No. 2016-62493 filed Mar.
25, 2016, the entire contents of which are incorporated
herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to a blood pressure
estimation apparatus, a sphygmomanometer, a blood pres-
sure estimation system, and a blood pressure estimation
method.

BACKGROUND

[0003] An example of an existing measurement apparatus
measures biological information from a test site, such as a
wrist, of a subject.

SUMMARY

[0004] According to one embodiment of the present dis-
closure, a blood pressure estimation apparatus includes a
plurality of sensors that each detects a pulse wave of a
subject without applying, to the subject, pressure that is
greater than predetermined pressure. The blood pressure
estimation apparatus also includes a controller that calcu-
lates an estimated value of subject’s blood pressure continu-
ously, based on a measured value of the subject’s blood
pressure acquired from a sphygmomanometer and on output
of the sensors.

[0005] According to one embodiment of the present dis-
closure, a sphygmomanometer includes a plurality of sen-
sors that each detects a pulse wave of a subject without
applying, to the subject, pressure that is greater than prede-
termined pressure; and a blood pressure measurement unit.
The sphygmomanometer also includes a controller that
calculates an estimated value of subject’s blood pressure
continuously, based on a measured value of the subject’s
blood pressure acquired from the blood pressure measure-
ment unit and on output of the sensors.

[0006] According to one embodiment of the present dis-
closure a blood pressure estimation system includes a sphyg-
momanometer; and a blood pressure estimation apparatus.
The blood pressure estimation apparatus includes a plurality
of sensors that each detects a pulse wave of a subject without
applying, to the subject, pressure that is greater than prede-
termined pressure. The blood pressure estimation apparatus
also includes a controller that calculates an estimated value
of subject’s blood pressure continuously, based on a mea-
sured value of the subject’s blood pressure acquired from the
sphygmomanometer and on output of the sensors.

[0007] According to one embodiment of the present dis-
closure, a blood pressure estimation method includes detect-
ing a pulse wave of a subject by a plurality of sensors
without applying, to the subject, pressure that is greater than
predetermined pressure. The blood pressure estimation
method also includes calculating an estimated value of
subject’s blood pressure continuously, based on a measured
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value of the subject’s blood pressure acquired from a
sphygmomanometer and on output of the sensors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] In the accompanying drawings:

[0009] FIG. 1isa perspective view illustrating an example
of configuration of a blood pressure estimation apparatus
according to Embodiment 1;

[0010] FIG. 2 illustrates an example of a configuration of
a sensor holder;

[0011] FIG. 3 is a functional block diagram illustrating an
example of a schematic configuration of a blood pressure
estimation apparatus illustrated in FIG. 1;

[0012] FIG. 4 is a schematic view illustrating an artery of
a human right arm;

[0013] FIGS. 5A and 5B each illustrate an example of a
pulse wave calculated based on response information
acquired from a sensor unit;

[0014] FIG. 6 illustrates an example of a schematic con-
figuration of a blood pressure estimation system including a
blood pressure estimation apparatus illustrated in FIG. 1;
[0015] FIG. 7 is a flowchart illustrating an example of a
procedure of estimating subject’s blood pressure;

[0016] FIG. 8 is a flowchart illustrating an example of a
procedure of monitoring an estimated value of subject’s
blood pressure;

[0017] FIG. 9 is a graph illustrating a result of experiment
regarding a relation between contact pressure applied to a
wrist and PWV in a short wrist’s distance;

[0018] FIG. 10 illustrates average blood pressure sepa-
rated by age;
[0019] FIG. 11 is a schematic view of a sphygmomanom-

eter according to Embodiment 2;

[0020] FIG. 12 is a functional block diagram illustrating
an example of a schematic configuration of a sphygmoma-
nometer illustrated in FIG. 11; and

[0021] FIG. 13 is a flowchart illustrating an example of a
procedure of monitoring blood pressure by using a sphyg-
momanometer illustrated in FIG. 11.

DETAILED DESCRIPTION

[0022] In blood pressure measurement using a cuff sphyg-
momanometer, cuff pressure causes congestion. Accord-
ingly, in view of stress to a subject’s body, blood pressure
cannot be measured continuously by using a cuff sphygmo-
manometer.

[0023] The present disclosure is to provide a blood pres-
sure estimation apparatus, a sphygmomanometer, a blood
pressure estimation system, and a blood pressure estimation
method which allow continuous blood pressure measure-
ment without adding stress to the subject’s body.

[0024] A blood pressure estimation apparatus, a sphygmo-
manometer, a blood pressure estimation system, and a blood
pressure estimation method according to one of embodi-
ments of the present disclosure allow continuous blood
pressure measurement without adding stress to the subject’s
body.

[0025] Embodiment of the present disclosure will be
described below with reference to the drawings.

Embodiment 1

[0026] FIG. 1isa perspective view illustrating an example
of a configuration of a blood pressure estimation apparatus
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100 according to Embodiment 1. The blood pressure esti-
mation apparatus 100 includes a sensor holder 110, a display
130, and a mounted portion 140. The sensor holder 110
includes a first sensor unit 120a and a second sensor unit
1205. Each of the first sensor unit 120a and the second
sensor unit 1205 may also be called sensor unit 120.
[0027] The mounted portion 140 is used to mount the
blood pressure estimation apparatus 100 on a subject’s body
(e.g., arm, wrist, or ankle). The mounted portion 140 is, for
example, a band made of resin, such as rubber. The mounted
portion 140 may also be in the form of a clip or the like. The
mounted portion 140, which allows the blood pressure
estimation apparatus 100 to be mounted on the subject’s
body, may include a variety of configurations.

[0028] FIG. 2 illustrates an example of a configuration of
the sensor holder 110. In FIG. 2, an X-Y coordinate is
defined. A positive X axis direction is defined as a right
direction. A positive Y axis direction is defined as an upper
direction. As illustrated in FIG. 2, the sensor holder 110
includes a first opening 113a and a second opening 1134,
which oppose to the subject’s body. In the first opening
113a, the first sensor unit 120a is disposed. In the second
opening 1135, the second sensor unit 1205 is disposed.
[0029] The first sensor unit 120a and the second sensor
unit 1205 serve as sensors that measure biological informa-
tion of the subject. The first sensor unit 120a and the second
sensor unit 1205 may measure the biological information of
the subject while contacting a test site of the subject. In the
present embodiment, the blood pressure estimation appara-
tus 100 includes the two sensor units 120. However, the
blood pressure estimation apparatus 100 may include three
or more sensor units 120. As illustrated in FIG. 2, the first
sensor unit 120a and the second sensor unit 1205 are
disposed at a predetermined distance (AD) along the Y axis
direction in FIG. 2. The first sensor unit 120q is disposed
further in the positive Y axis direction than the second sensor
unit 12056. The predetermined distance may, for example, be
from 10 to 30 mm. A positional relation between the first
sensor unit 120a and the second sensor unit 1205 is not
limited to the example illustrated in FIG. 2.

[0030] The first sensor unit 120a includes two light emit-
ters 121a-1 and 121a-2 and a light receiver 123a. The light
emitters 121a-1 and 121a-2 and the light receiver 123a are
disposed along the X axis. The second sensor unit 1205
includes, for example, two light emitters 1215-1 and 1215-2
and a light receiver 123h. The light emitters 1215-1 and
1215-2 and the light receiver 1235 are disposed along the X
axis. Each of the light emitters 121a-1, 121a-2, 1215-1, and
1215-2 may also be called light emitter 121. Each of the light
receivers 123a and 123b may also be called light receiver
123. The number of the light emitters 121 included in each
sensor unit 120 is not limited to two. Furthermore, the
number of the light receivers 123 included in each sensor
unit 120 is not limited to one. The greater the number of the
light emitters 121 included in each sensor unit 120, the more
precise the biological information measured by the sensor
unit 120. The light emitters and the light receivers 123 may
also be disposed in other ways than illustrated in the
example of FIG. 2.

[0031] Each light emitter 121 includes a light emitting
element, such as a Light Emitting Diode (LED) or a Laser
Diode (LD). The light emitter 121 may include one, or two
or more light emitting elements. Each light receiver 123
includes a light receiving element, such as a Photodiode
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(PD) or a Phototransistor (PT). The light receiver 123 may
include one, or two or more light receiving elements.
[0032] [Functional Block]

[0033] FIG. 3 is a functional block diagram illustrating an
example of a schematic configuration of the blood pressure
estimation apparatus 100 illustrated in FIG. 1. The blood
pressure estimation apparatus 100 includes the first sensor
unit 120q, the second sensor unit 1205, the display 130, a
controller 160, a power source 170, a memory 180, and a
communicator 190. In the present embodiment, the first
sensor unit 1204, the second sensor unit 1205, the controller
160, the power source 170, the memory 180, and the
communicator 190 may be configured to be included in the
sensor holder 110 and the display 130.

[0034] The controller 160 is connected to function blocks
of the blood pressure estimation apparatus 100. The con-
troller 160 is a processor that controls and manages the
functional blocks of the blood pressure estimation apparatus
100 and the blood pressure estimation apparatus 100 overall.
The controller 160 may be a processor, such as a Central
Processing Unit (CPU), that executes a program prescribing
control procedures. Such a program may, for example, be
stored in a storage medium, such as the memory 180.
[0035] The blood pressure estimation apparatus 100
includes at least one processor for providing control and
processing capability to perform various functions as
described in further detail below. In accordance with various
embodiments, the at least one processor may be imple-
mented as a single integrated circuit (IC) or as multiple
communicatively coupled IC’s and/or discrete circuits. It is
appreciated that the at least one processor can be imple-
mented in accordance with various known technologies. In
one embodiment, the processor includes one or more circuits
or units configurable to perform one or more data computing
procedures or processes by executing instructions stored in
an associated memory, for example. In other embodiments,
the processor may be implemented as firmware (e.g. discrete
logic components) configured to perform one or more data
computing procedures or processes. In accordance with
various embodiments, the processor may include one or
more processors, controllers, microprocessors, microcon-
trollers, application specific integrated circuits (ASICs),
digital signal processors, programmable logic devices, field
programmable gate arrays, or any combination of these
devices or structures, or other known devices and structures,
to perform the functions described herein.

[0036] The controller 160 acquires the biological infor-
mation of the subject measured by the sensor units 120.
Based on the biological information of the subject, the
controller 160 may calculate an estimated value of subject’s
blood pressure. A method of calculating the estimated value
of the subject’s blood pressure is described later below.
When the controller 160 calculates the estimated value of
the subject’s blood pressure, the controller 160 constitutes
an estimation unit.

[0037] The power source 170 supplies power to the blood
pressure estimation apparatus 100 as a whole. The power
source 170 includes, for example, a lithium-ion battery, a
control circuit for charging and discharging the lithium-ion
battery, and the like. The power source 170 may also be a
circuit through which power is supplied from an external
power source.

[0038] The memory 180 may be configured with a semi-
conductor memory, a magnetic memory, or the like. The
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memory 180 stores various information and programs for
operating the blood pressure estimation apparatus 100. The
memory 180 also functions as a working memory. The
memory 180 may store therein the biological information
acquired from the first sensor unit 120e¢ and the second
sensor unit 1204.

[0039] The communicator 190 transmits and receives vari-
ous data to and from an external apparatus, such as a server
300 (refer to FIG. 6), through wired or wireless communi-
cation. For example, the communicator 190 communicates
with an external apparatus, such as a server, that stores the
biological information of the subject and transmits, to the
external apparatus, the biological information measured by
the blood pressure estimation apparatus 100.

[0040] The display 130 displays the estimated value or the
like of the subject’s blood pressure calculated by the con-
troller 160. The display 130 may, for example, be a liquid
crystal, an Electro-Luminescence (EL), an inorganic EL, or
a Light Emission Diode (LED) display.

[0041] <Control of Sensor Units>

[0042] The controller 160 outputs, to each of the sensor
units 120, control information for causing the corresponding
light emitters 121 to emit measuring light. The control
information for causing measuring light emission is, for
example, a single for applying voltage to the LEDs or LDs.
The controller 160 acquires, from the sensor unit 120,
response information pertaining to light received by the light
receiver 123. The response information pertaining to the
received light is, for example, a voltage signal that the PD
or the PT outputs.

[0043] When the blood pressure estimation apparatus 100
is mounted on the subject’s body, the measuring light
emitted from the light emitters 121 of the sensor unit 120
irradiate the test site of the subject. The measuring light is
scattered from the test site. The light (scattered light) scat-
tered from the test site enters the light receiver 123. The light
receiver 123 outputs the response information pertaining to
the received scattered light. The controller 160 is configured
to calculate the biological information pertaining to the test
site with use of the response information acquired from the
light receiver 123.

[0044] When the test site is an artery, the controller 160 is
configured to calculate a pulse wave with use of the response
information acquired form the sensor unit 120. A pulse wave
refers to changes in volume of a blood vessel caused by
inflow of blood as captured as a waveform from a body
surface. That is to say, in the present embodiment, the sensor
unit 120 is configured to detect the pulse wave due to
changes in light intensity received by the light receiver 123.
The controller 160 is configured to acquire the pulse wave
as the biological information optically with use of the sensor
unit 120.

[0045] In the above configuration, each sensor unit 120 is
described to include the two light emitters 121 and the single
light receiver 123. However, measurement may also be
performed when each sensor 120 is configured to include a
single light emitter 121 and the single light receiver 123. In
comparison of the above configurations, precision of the
measurement may be improved in the configuration with the
two light emitters 121 and the single light receiver 123.
[0046] Each of the light emitters 121 emits, for example,
any of green light (with a wavelength of 495 to 570 nm), red
light (with a wavelength of 620 to 750 nm), and near infrared
light (with a wavelength of 750 to 1600 nm). Light with a
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long wavelength penetrates to a deeper level of the body
than light with a short wavelength. In measurement of the
biological information with use of a light emitting element
that emits near infrared light, measurement accuracy may be
improved.

[0047] FIG. 4 is a schematic view illustrating an artery of
a human right arm. In FIG. 4, a right hand palm faces to the
front side. The artery of the right arm includes parts from a
brachial artery 81 to a palmar artery 84 through an ulnar
artery 82 and a radial artery 83. As represented by a broken
line in FIG. 4, the blood pressure estimation apparatus 100
is mounted on a subject’s wrist. The mounting position of
the blood pressure estimation apparatus 100 is adjusted so
that the first sensor vnit 1204 and the second sensor unit
1205 are aligned with the ulnar artery 82 or the radial artery
83.

[0048] In FIG. 4, the first sensor unit 120a and the second
sensor unit 1205 are both disposed in alignment with the
radial artery 83. The first sensor unit 120a and the second
sensor unit 1205 are configured to acquire pulse waves of the
radial artery 83 at positions located a predetermined distance
away from each other. The predetermined distance equals a
distance between the first sensor unit 120a and the second
sensor unit 1205,

[0049] The first sensor unit 120a and the second sensor
unit 1205 may both be disposed in alignment with the ulnar
artery 82. In this case, the first sensor unit 1204 and the
second sensor unit 1206 are configured to acquire pulse
waves of the ulnar artery 82 at positions located the prede-
termined distance away from each other.

[0050] <Measurement of Pulse Wave Velocity>

[0051] In the present embodiment, a pulse wave transit
velocity (which may also be called Pulse Wave Velocity:
PWYV) is measured by acquiring, for one artery, pulse waves
at positions located the predetermined distance away from
each other. For example, when the first sensor unit 120a and
the second sensor unit 1205 are disposed in alignment with
the radial artery 83, the controller 160 calculates, for the
radial artery 83, the pulse wave velocity. That is to say, the
controller 160 measures the Pulse Wave Velocity (PWV) in
a short wrist’s distance with use of the pulse waves calcu-
lated based on the response information acquired from the
first sensor unit 120a and the second sensor unit 1205.
[0052] FIGS. 5A and 5B each illustrate an example of the
pulse wave calculated based on the response information
acquired from the corresponding sensor unit 120. The first
sensor unit 120a and the second sensor unit 1205 in the
blood pressure estimation apparatus 100 are assumed to be
disposed in alignment with the radial artery 83.

[0053] FIG. 5A illustrates a pulse wave A acquired in the
first sensor unit 120a, which contacts a first test site on the
radial artery 83. FIG. 5B illustrates a pulse wave B acquired
in the second sensor unit 1205, which contacts a second test
site on the radial artery 83. A horizontal axis and a vertical
axis in each of FIGS. 5A and 5B respectively represent time
and the magnitude (power) of the pulse wave. FIGS. 5A and
5B are time-synchronized with each other. In FIG. 5A, time
at which the pulse wave A reaches a peak value is repre-
sented by a dashed line. In FIG. 5B, time at which the pulse
wave B reaches a peak value is represented by a dashed line.
In FIG. 5B, the time at which the pulse wave A reaches the
peak value is also represented by a dashed line. A difference
between the time corresponding to the two dashed lines in
FIG. 5B equals time over which the pulse wave transits from
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the first test site to the second test site. The time over which
the pulse wave transits form the first test site to the second
test site may be also called Pulse Transit Time (PTT). In the
example of FIGS. 5A and 5B, the Pulse Transit Time (PTT)
is AT (seconds).

[0054] As illustrated in FIG. 2, the first sensor unit 120a
and the second sensor unit 1205 are disposed at a distance
of AD (m). That is to say, the distance from the first test site
to the second test site is AD (m). In this case, the pulse wave
velocity (m/second) in the radial artery 83 is calculated by
the following formula (1).

(PWV)=AD/AT (1)

[0055] Although the pulse wave velocity in the radial
artery 83 has been described, the pulse wave velocity in the
ulnar artery 82 is also calculated similarly. Furthermore, the
controller 160 may calculate the pulse transit time, with time
at which the pulse wave reaches a bottom value as reference.
The controller 160 may also calculate the pulse transit time,
with time of an inflection point at which the pulse wave rises
toward the peak value as reference.

[0056]

[0057] A pulse wave refers to a waveform representing
changes in volume of a blood vessel caused by inflow of
blood. The pulse wave velocity is used as an index of blood
vessel stiffness. Blood vessel stiffness correlates with
elevated blood pressure. That is to say, the pulse wave
velocity correlates with the blood pressure. Taking advan-
tage of the correlated relation between the pulse wave
velocity and the blood pressure, the controller 160 is con-
figured to calculate an estimated value of the subject’s blood
pressure from the pulse wave velocity. Generally, the rela-
tion between Blood Pressure (BP) and the Pulse Wave
Velocity (PWV) is represented by the following formula (2).

(BPy=(PWV)xa+h 2)

<Blood Pressure Estimation>

(where a and b: coeflicients)

[0058] The controller 160 may be configured to determine
the coeflicients (a and b) in the formula (2) by using
measured values of the subject’s blood pressure and the
pulse wave velocities of the subject. A measured value of
blood pressure may be systolic blood pressure (maximum
blood pressure) or diastolic blood pressure (minimum blood
pressure). A measured value of blood pressure may also be
average blood pressure. The average blood pressure is
represented by the following formula (3) with use of the
maximum blood pressure and the minimum blood pressure.

{Average blood pressure)=(Maximum blood pres-
sure+Minimum blood pressurex2)/3 (3)

[0059] In the present embodiment, a measured value of
subject’s blood pressure is measured by using a sphygmo-
manometer 200 (refer to FI1G. 6), which is separate from the
blood pressure estimation apparatus 100. FIG. 6 illustrates
an example of a schematic configuration of a blood pressure
estimation system 10 according to the present embodiment.
The blood pressure estimation system 10 includes the blood
pressure estimation apparatus 100 and the sphygmomanom-
eter 200. The sphygmomanometer 200 may, for example, be
a so-called cuff sphygmomanometer, which measures blood
pressure by using a cuff (arm band) to apply pressure to an
artery of a human upper arm, wrist, or the like. The sphyg-
momanometer 200 may be any other type of sphygmoma-
nometer.
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[0060] The blood pressure estimation apparatus 100 and
the sphygmomanometer 200 may communicate with each
other directly through wired or wireless communication.
The blood pressure estimation apparatus 100 and the sphyg-
momanometer 200 may also communicate with each other
via an external apparatus, such as the server 300 illustrated
in FIG. 6.

[0061] <<Blood Pressure Estimation Flow>>

[0062] FIG. 7 is a flowchart illustrating an example of a
procedure (which may also be called blood pressure esti-
mation method) of estimating the subject’s blood pressure.
[0063] Firstly, the controller 160 acquires, from the first
sensor unit 120 and the second sensor unit 12054, the
biological information in the first test site and the second site
of the subject. Based on the biological information in the
first test site and the second test site, the controller 160
calculates pulse waves as illustrated in FIGS. 5A and 5B.
The controller 160 calculates the Pulse Transit Time (PTT)
from the first test site to the second test site (Step S11). The
controller 160 stores, in the memory 180, the Pulse Transit
Time (PTT) as a PTT calibration value.

[0064] Subsequently, the controller 160 acquires, from the
sphygmomanometer 200, a measured value of the subject’s
blood pressure (Step S12). The controller 160 stores, in the
memory 180, the measured value of the blood pressure as a
blood pressure calibration value.

[0065] Subsequently. the controller 160 determines
whether a predetermined number of pairs of the PTT cali-
bration value and the blood pressure calibration value have
been acquired (Step S13). The predetermined number may
be determined suitably. The greater the predetermined num-
ber is, the more precise the coeflicients of the formula for
estimating the blood pressure are. This improves precision in
the blood pressure estimation.

[0066] When determining that the predetermined number
of pairs of the PTT calibration value and the blood pressure
calibration value have not been acquired (Step S13: NO), the
controller 160 returns to Step S11.

[0067] When determining that the predetermined number
of pairs of the PTT calibration value and the blood pressure
calibration value have been acquired (Step S13: YES), the
controller 160 determines a blood pressure estimation for-
mula based on the PTT calibration values and the blood
pressure calibration values (Step S14). The blood pressure
estimation formula is determined by calculating the coeffi-
cients (a and b) in the aforementioned formula (2). When
calculating the coeflicients in the formula (2), the controller
160 converts the PTT calibration value to the Pulse Wave
Velocity (PWV). The controller 160 may also determine a
blood pressure estimation formula based on a relation
between the blood pressure and the pulse transit time as
represented by the following formula (4).

(BP=(PTT)xc+d “@

(c and d: coeflicients)

In this case, the controller 160 calculates the coeflicients (c
and d) based on the PTT calibration values and the blood
pressure calibration values.

[0068] Subsequently. the controller 160 acquires, from the
first sensor unit 120a and the second sensor unit 1205, the
biological information in the first test site and the second test
site of the subject. Based on the biological information in the
first test site and the second test site, the controller 160
calculates pulse waves as illustrated in FIGS. 5A and 5B.
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The controller 160 calculates the Pulse Transit Time (PTT)
from the first test site to the second site (Step S15). The
controller 160 stores, in the memory 180, the Pulse Transit
Time (PTT).

[0069] The controller 160 calculates an estimated value of
the blood pressure from the Pulse Transit Time (PTT) with
use of the formula (4) (Step S16). The controller 160 may
also calculate the estimated value of the blood pressure with
use of the formula (2). In this case, the controller 160
converts the Pulse Transit Time (PTT) to the Pulse Wave
Velocity (PWV). After calculating the estimated value of the
blood pressure, the controller 160 returns to Step S15. The
controller 160 repeats Steps S15 and S16 and calculates
estimated values of the blood pressure continuously. The
controller 160 may also end the flowchart of FIG. 7 after
calculating the estimated value of the blood pressure.

[0070] As described with reference to the flowchart of
FIG. 7 on the above, the controller 160 is configured to
calculate the estimated value of the subject’s blood pressure.
With the blood pressure estimation method according to the
present embodiment, unlike the blood pressure measurement
using the so-called cuff sphygmomanometer, pressure is not
applied to the artery. In this way, the blood pressure is
estimated without causing congestion during blood pressure
measurement. In the event of congestion during blood
pressure measurement, blood pressure is hardly measured
successively or continuously due to significant stress to the
subject’s body. On the other hand, the blood pressure
estimation method according to the present embodiment
reduces stress to the subject’s body and allows continuous
blood pressure estimation.

[0071] With the blood pressure estimation method accord-
ing to the present embodiment, by using the pulse transit
time obtained with every heartbeat, an interval between each
calculation of the estimated value of the blood pressure may
be one heartbeat in the shortest. In contrast, other types of
measurement as in the so-called cuff sphygmomanometer
that measure blood pressure by applying pressure to the
artery involves the need for considering stress to the sub-
ject’s body due to occurrence of congestion or the like.
Accordingly, the interval between each blood pressure mea-
surement using the cuff sphygmomanometer or the like is
normally 5 minutes or more. The blood pressure estimation
method according to the present embodiment reduces stress
to the subject’s body and accordingly, allows continuous
blood pressure estimation at a regular cycle of less than 5
minutes.

[0072] [Blood Pressure Monitoring Using Blood Pressure
Estimation Apparatus]

[0073] Since the blood pressure estimation apparatus 100
is configured to estimate the subject’s blood pressure con-
tinuously, it may be used to monitor the subject’s blood
pressure. FIG. 8 is a flowchart illustrating an example of a
procedure of the controller 160 to monitor an estimated
value of the subject’s blood pressure.

[0074] Firstly, the controller 160 determines a blood pres-
sure estimation formula (Step S21). The controller 160 is
configured to determine the blood pressure estimation for-
mula similarly to Steps S11 through S13 in FIG. 7. The
blood pressure estimation formula may be the one repre-
sented by the formula (2), which uses the Pulse Wave
Velocity (PWV), or the one represented by the formula (4),
which uses the Pulse Transit Time (PTT).
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[0075] Subsequently. the controller 160 sets a predeter-
mined range corresponding to the estimated value of the
blood pressure (Step S22). The predetermined range may be
set to a range in which the maximum blood pressure is a
predetermined value or less. When the estimated value of the
blood pressure is outside the predetermined range, the
controller 160 notifies an alarm to the subject or the sur-
roundings by using the display 130 or the like. The prede-
termined range is not limited to the range pertaining to the
maximum blood pressure and may be a range pertaining to
the minimum blood pressure or the average blood pressure.
As an instance, a range in which the minimum blood
pressure is a predetermined value or more may be set as the
predetermined range. As another instance, the predeter-
mined range may be set so that the average blood pressure
is within the predetermined range.

[0076] Subsequently, similarly to Step S15 in FIG. 7, the
controller 160 calculates the Pulse Transit Time (PTT) from
the first test site to the second test site (Step S23).

[0077] Subsequently. the controller 160 calculates an esti-
mated value of the blood pressure from the Pulse Transit
Time (PTT) with use of the formula (2) or (4) (Step S24).
The controller 160 may store, in the memory 180, the
estimated value of the blood pressure.

[0078] Subsequently. the controller 160 determines
whether the estimated value of the blood pressure is outside
the predetermined range (Step S25). When determining that
the estimated value of the blood pressure is not outside the
predetermined range (Step S25: NO), the controller 160
returns to Step S23.

[0079] When determining that the estimated value of the
blood pressure is outside the predetermined range (Step S25:
YES), the controller 160 displays an alarm to the subject or
the surroundings by using the display 130 or the like to
notify that the estimated value of the pressure is outside the
alarm range (Step S26). The controller 160 may also prompt
the subject for measurement using the sphygmomanometer
200. Information for prompting the measurement using the
sphygmomanometer 200 may be included in the alarm. In
accordance with the alarm, the subject measures the blood
pressure by the sphygmomanometer 200. Alternatively, in
accordance with the alarm, the controller 160 may measure
the subject’s blood pressure automatically.

[0080] Subsequently. the controller 160 acquires a mea-
sured value of the subject’s blood pressure measured by the
sphygmomanometer 200 (Step S27). The controller 160 may
store, in the memory 180, the measured value that is
acquired.

[0081] After acquiring the measured value of the subject’s
blood pressure, the controller 160 ends the flowchart of FIG.
8. After acquiring the measured value of the subject’s blood
pressure, the controller 160 may also return to Step S21. In
this case, the controller 160 may calculate the coefficients of
the blood pressure estimation formula again by using the
measured value measured by the sphygmomanometer 200.
After acquiring the measured value of the subject’s blood
pressure, the controller 160 may also return to Step S23. In
this case, the controller 160 estimates the subject’s blood
pressure continuously.

[0082] As described with reference to the flowchart of
FIG. 8 on the above, the controller 160 is configured to
monitor the estimated value of the subject’s blood pressure.
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[0083] [Mounting of Blood Pressure Estimation Appara-
tus]
[0084] The subject conducts measurement by using the

blood pressure estimation apparatus 100, which is mounted,
for example, on the wrist. When the biological information
that the blood pressure estimation apparatus 100 acquires
corresponds to a pulse wave, the test site is the ulnar artery
82 or the radial artery 83. When the blood pressure estima-
tion apparatus 100 is mounted on the subject, the position of
each sensor unit 120 is adjusted so that the measuring light
emitted from the light emitters 121 of the sensor unit 120
irradiates the ulnar artery 82 or the radial artery 83.

[0085] The blood pressure estimation apparatus 100 is
mounted on the subject, with the sensor unit 120 contacting
the test site, such as the wrist. Especially, it may be for the
subject himself'herself to adjust the sensor unit 120 during
mounting to a position in contact with the wrist by which the
ulnar artery 82 or the radial artery 83 is irradiated with the
measuring light.

[0086] With the blood pressure estimation apparatus 100
being mounted, each sensor unit 120 is mounted on the
subject while being tightly contacted to the wrist by elastic
force of the sensor holder 110 or the mounted portion 140.
By the sensor unit 120 being tightly contacted to the wrist,
a positional relation between the wrist and the sensor umt
120 is unlikely to change, and this improve precision in
measurement in the sensor unit 120.

[0087] The sensor units 120 may also be supported in a
manner such that the sensor units 120 are displaceable with
respect to the sensor holder 110 independently. By dosing
so, the sensor units 120 are more likely to be tightly
contacted to the wrist, which is the test site. Furthermore,
when the sensor holder 110 is offset from the wrist, the
sensor units 120, which each are displaceable, tend to
maintain the state in which the sensor units 120 are closely
contacted to the wrist. Accordingly, the positional relation
between each sensor unit 120 and the wrist is unlikely to
change, and conditions of measurement of the biological
information by the sensor unit 120 are unlikely to change.
Thus, precision in measurement of the biological informa-
tion is improved.

[0088] Moreover, each sensor unit 120 is configured not to
contact the wrist with pressure that is greater than or equal
to predetermined pressure, in the state where the blood
pressure estimation apparatus 100 is mounted. The prede-
termined pressure is determined suitably based on the bio-
logical information measured by the blood pressure estima-
tion apparatus 100, the configuration of the blood pressure
estimation apparatus 100, and the like. The predetermined
pressure may be pressure with which an error is unlikely to
occur in a result of measurement of the biological informa-
tion. In the present embodiment, the blood pressure estima-
tion apparatus 100 measures the pulse wave velocity as the
biological information. Accordingly, the predetermined
pressure may be pressure with which an error is unlikely to
occur in a result of measurement of the pulse wave velocity.
[0089] With reference to F1G. 9, a description is given of
a value that may be as the predetermined pressure in the
blood pressure estimation apparatus 100 according to the
present embodiment. FIG. 9 is a graph illustrating a result of
experiment regarding a relation between contact pressure
applied by each sensor unit 120 to the wrist and the PWV
when the blood pressure estimation apparatus 100 is
mounted on the wrist. The graph of FIG. 9 illustrates the
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result of experiment conducted on the subject whose average
blood pressure is approximately 95 mmHg.

[0090] As illustrated in FIG. 9, when the contact pressure
applied from the sensor unit 120 to the wrist equals the
subject’s average blood pressure (approximately 95 mmHg),
a difference in pressure between blood pressure inside a
blood vessel and the contact pressure applied to the blood
vessel externally is on average zero. Accordingly, blood flow
is unlikely to be affected by the contact pressure. Conse-
quently, the result of measurement of the pulse wave veloc-
ity by the blood pressure estimation apparatus 100 tends to
be improved.

[0091] When the contact pressure is less than the subject’s
average blood pressure (which is approximately 95 mmHg
in FIG. 9), expansion and contraction of a blood vessel wall
is unlikely to be affected by a change in the contact pressure.
In this case, elasticity of the blood vessel wall remains
substantially constant, and a substantially constant result of
measurement of the pulse wave velocity is obtained. The
contact pressure may be less than the subject’s average
blood pressure. For example, the sensor unit 120 does not
need to be in contact with the wrist.

[0092] When the contact pressure is greater than the
subject’s average blood pressure (which is approximately 95
mmHg in FIG. 9), expansion and contraction properties of
the blood vessel wall is likely to be affected by the contact
pressure. Consequently, the pulse wave velocity is decreased
as the contact pressure is increased.

[0093] According to the result of experiment illustrated in
FIG. 9, measurement accuracy of the pulse wave velocity
tends not to be degraded when the contact pressure is less
than or equal to the subject’s average blood pressure (which
is approximately 95 mmHg in FIG. 9). On the other hand,
the measurement accuracy tends to be degraded when the
contact pressure is greater than the subject’s average blood
pressure. Accordingly, the sensor unit 120 may contacts the
test site with pressure that is less than or equal to the
subject’s average blood pressure as the predetermined pres-
sure, or, may be out of contact with the test site.

[0094] FIG. 10 illustrates average blood pressure sepa-
rated by age, based on a result of the Fifth Basic Survey of
Cardiovascular Diseases published by the Ministry of
Health. To make the blood pressure estimation apparatus
100 versatile, the blood pressure estimation apparatus 100
may be usable by adults of at least twenty years old. The
measurement accuracy tends not to be degraded when the
contact pressure is less than or equal to the subject’s average
blood pressure. Approximately 80 mmHg, which is the
average blood pressure of men in their twenties who have
the lowest blood pressure in FIG. 10. may be set as the
predetermined pressure in the blood pressure estimation
apparatus 100 according to the present embodiment.
Accordingly, the blood pressure estimation apparatus 100
may be configured to allow, when being mounted, each
sensor unit 120 to contact the corresponding test site with
pressure that is less than or equal to 80 mmHg. In this case,
the measurement accuracy of the pulse wave velocity is
improved.

[0095] In the present embodiment, the first sensor unit
120a and the second sensor unit 1205 contact the test sites
located at a predetermined distance from each other in a
direction of a predetermined blood vessel of the subject. The
first sensor unit 120z and the second sensor unit 1205 may
contact the test sites located at the predetermined distance
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(AD), with the Y axis direction in FIG. 2 extending along the
direction of the predetermined blood vessel of the subject.
[0096] In the present embodiment, in one of the test sites,
in contact with the first sensor unit 1204 and the second
sensor unit 1205, that is located closer to a subject’s heart
along the predetermined blood vessel, the contact pressure
of the corresponding sensor unit 120 may be less than the
predetermined pressure. Suppose, for example, that, when
the blood pressure estimation apparatus 100 is mounted on
the subject’s wrist, the positive Y axis direction in FIG. 2 is
directed toward the subject’s upper arm, and the negative Y
axis direction in FIG. 2 is directed toward the subject’s palm.
In this case, a distance from one of the test sites that is
located further in the positive Y axis direction (further
toward the subject’s upper arm) to the subject’s heart along
the predetermined blood vessel is less than a distance from
the other test site that is located further in the negative Y axis
direction (further toward the subject’s palm) to the subject’s
heart along the predetermined blood vessel. In this case,
therefore, the first sensor unit 120a, which contacts the
corresponding test site further in the positive Y axis direction
(further toward the subject’s upper arm), may contact the
test site with pressure that is less than the predetermined
pressure.

[0097] The blood pressure estimation system 10 and the
blood pressure estimation apparatus 100 according to the
present embodiment measure the pulse wave velocity of the
subject by using the sensor units 120, which are each
mounted with pressure that is less than the predetermined
pressure. That is to say, in the present embodiment, the pulse
wave velocity of the subject is measured without applying
the predetermined pressure. The predetermined pressure
may be pressure that is applied during blood pressure
measurement using the so-called cuff sphygmomanometer.
Since the pulse wave velocity is measured with pressure that
is less than the pressure applied by the cuff sphygmoma-
nometer, the subject’s blood pressure is estimated without
applying pressure to the artery like the cuff sphygmoma-
nometer. The blood pressure estimation system 10 and the
blood pressure estimation apparatus 100 according to the
present embodiment allow continuous calculation of the
estimated value of the subject’s blood pressure without
applying the predetermined pressure to the subject.

[0098] The blood pressure estimation system 10 and the
blood pressure estimation apparatus 100 according to the
present embodiment measure the pulse wave velocity of the
subject by using the plurality of sensor units 120. This
prevents, even when medicine such as a hypotensive drug
that changes cardiac contractility is used, the measured value
of the pulse wave velocity to be affected by the medication.
[0099] The blood pressure estimation system 10 and the
blood pressure estimation apparatus 100 according to the
present embodiment measure the pulse wave velocity of the
subject by using the plurality of sensor units 120, which are
disposed at a short distance on, for example, the ulnar artery
82 or the radial artery 83 of the wrist. This makes the
configuration of each sensor unit 120 compact. The blood
pressure estimation apparatus 100 according to the present
embodiment has merits, such as excellent portability or daily
mountability.

[0100] The blood pressure estimation system 10 and the
blood pressure estimation apparatus 100 according to the
present embodiment estimate the subject’s blood pressure by
using pulse waves detected from a thick blood vessel, such
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as the ulnar artery 82 or the radial artery 83 of the wrist. The
blood pressure estimation system 10 and the blood pressure
estimation apparatus 100 according to the present embodi-
ment allow blood pressure estimation of the subject even
when the subject is in peripheral circulatory failure.

[0101] As illustrated in FIG. 6, the blood pressure estima-
tion apparatus 100 may be connected to an external appa-
ratus, such as the server 300. The controller 160 may output,
to the server 300, various data, such as the pulse transit time,
the estimated value of the blood pressure, or the measured
value of the blood pressure. The sphygmomanometer 200
may output, to the server 300, various data, such as the
measured value of the blood pressure. In this case, the server
300 stores the various data acquired from the controller 160
or the sphygmomanometer 200. The controller 160 acquires,
from the server 300, the various data stored in the server
300. The controller 160 may also acquire the measured value
of the blood pressure measured by the sphygmomanometer
200 via the server 300.

Embodiment 2

[0102] The blood pressure estimation system 10 described
in Embodiment 1 includes the sphygmomanometer 200,
which is a separate body. In Embodiment 2, a description is
given of a configuration in which the blood pressure esti-
mation apparatus 100 and the sphygmomanometer 200 are
integrated.

[0103] FIG. 11 is a schematic view of a sphygmomanom-
eter 400, which is equipped with pulse wave sensors,
according to Embodiment 2. The sphygmomanometer 400,
which is equipped with the pulse wave sensors, may simply
be called sphygmomanometer 400. The sphygmomanometer
400 includes a cuff 401 and a blood pressure measurement
unit 402. In the cuff 401, the sensor holder 110 of the blood
pressure estimation apparatus 100 according to Embodiment
1 is disposed. The sensor holder 110 includes the first sensor
unit 120a and the second sensor unit 1205. In the present
embodiment, the sensor units 120 each serve as a pulse wave
sensor that detects a pulse wave.

[0104] FIG. 12 is a functional block diagram illustrating
an example of a schematic configuration of the sphygmo-
manometer 400 illustrated in FIG. 11. Similarly to FIG. 3,
the sphygmomanometer 400 includes the first sensor unit
120aq, the second sensor unit 1205, the controller 160, the
power source 170, the memory 180, and the communicator
190. The sphygmomanometer 400 further includes the blood
pressure measurement unit 402. The blood pressure mea-
surement unit 402 is connected to the controller 160.
[0105] As illustrated in FIG. 12, the controller 160, the
power source 170, the memory 180, and the communicator
190 are included in the sensor holder 110. The blood
pressure measurement unit 402 may be included in the
sensor holder 110. An entirety or a part of the controller 160,
the power source 170, the memory 180, and the communi-
cator 190 may also be included in the blood pressure
measurement unit 402 instead of the sensor holder 110. The
first sensor unit 120q, the second sensor unit 1205, the
controller 160, the power source 170, the memory 180, and
the communicator 190 have the same configurations as those
described in Embodiment 1.

[0106] The sphygmomanometer 400 is mounted on a test
site, such as the wrist, of the subject. The cuff 401 is wound
around the test site. When the cuff 401 is wound around the
test site, the position of the sensor holder 110 is adjusted so
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that the first sensor unit 120a and the second sensor unit
1205, which are disposed in the cuff 401, are aligned with
the artery in the test site. The cuff 401 is provided with a
marking or the like in correspondence with the position in
which the sensor holder 110 is to be disposed. The position
of the sensor holder 110 is easily adjusted with reference to
the marking. The blood pressure measurement unit 402
measures blood pressure by applying pressure to the artery
in the test site with use of the cuff 401.

[0107] The controller 160 outputs, to the blood pressure
measurement unit 402, control information instructing blood
pressure measurement. [n response to the response informa-
tion received from the controller 160, the blood pressure
measurement unit 402 measures the subject’s blood pres-
sure. The blood pressure measurement unit 402 may also
acquire, from the subject or the like, input instructing blood
pressure measurement. In this case, regardless of the control
information from the controller 160, the blood pressure
measurement unit 402 measures the blood pressure in
response to the input instructing blood pressure measure-
ment. The blood pressure measurement unit 402 outputs, to
the controller 160, a measured value of the subject’s blood
pressure. The controller 160 stores, in the memory 180, the
measured value of the subject’s blood pressure.

[0108] Similarly to the blood pressure estimation appara-
tus 100 according to Embodiment 1, the controller 160 is
configured to calculate an estimated value of the subject’s
blood pressure. The controller 160 is also configured to
monitor the subject’s blood pressure. The sphygmomanom-
eter 400 according to Embodiment 2 differs from the blood
pressure estimation apparatus 100 according to Embodiment
1 in that the sphygmomanometer 400 includes the blood
pressure measurement unit 402. FIG. 13 is a flowchart
illustrating an example of a procedure of monitoring the
subject’s blood pressure by the sphygmomanometer 400
illustrated in FIG. 11. Regarding steps that are substantially
the same as those in the flowcharts of FIGS. 7 and 8, a
description is omitted as needed.

[0109] Firstly, the controller 160 acquires, from the first
sensor unit 120ag and the second sensor unit 1205, the
biological information in the first test site and the second
site. Based on the biological information in the first test site
and the second test site, the controller 160 calculates pulse
waves as illustrated in FIGS. 5A and 5B. The controller 160
calculates the Pulse Transit Time (PTT) from the first test
site to the second site (Step S31). The controller 160 stores,
in the memory 180, the Pulse Transit Time (PTT) as a PTT
calibration value. Step S31 is substantially the same as Step
S11 in FIG. 7.

[0110] Subsequently, the controller 160 measures the sub-
ject’s blood pressure by using the blood pressure measure-
ment unit 402 (Step S32). The controller 160 stores, in the
memory 180, the measured value of the blood pressure as a
blood pressure calibration value.

[0111] Subsequently, the controller 160 determines
whether a predetermined number of pairs of the PTT cali-
bration value and the blood pressure calibration value have
been acquired (Step S33). Step S33 is substantially the same
as Step S13 in FIG. 7. Regarding the predetermined number,
refer to the description with respect to Step S13 in FIG. 7.
When determining that the predetermined number of pairs of
the PTT calibration value and the blood pressure calibration
value have not been acquired (Step S33: NO), the controller
160 returns to Step S31.
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[0112] When determining that the predetermined number
of pairs of the PTT calibration value and the blood pressure
calibration value have been acquired (Step S33: YES), the
controller 160 determines a blood pressure estimation for-
mula based on the PTT calibration values and the blood
pressure calibration values (Step S34). Step S34 is substan-
tially the same as Step S14 in FIG. 7.

[0113] Subsequently, the controller 160 determines a pre-
determined range corresponding to the estimated value of
the blood pressure (Step S35). Step S35 is substantially the
same as Step S22 in FIG. 8. Regarding the predetermined
range, refer to the description with respect to Step S22 in
FIG. 8.

[0114] Subsequently, similarly to Step S15 in FIG. 7, the
controller 160 calculates the Pulse Transit Time (PTT) from
the first test site to the second test site (Step S36).

[0115] Subsequently, the controller 160 calculates an esti-
mated value of the blood pressure from the Pulse Transit
Time (PTT) with use of the formula (2) or (4) (Step S37).
The controller 160 may store, in the memory 180, the
estimated value of the blood pressure.

[0116] Subsequently, the controller 160 determines
whether the estimated value of the blood pressure is outside
the predetermined range (Step S38). When determining that
the estimated value of the blood pressure is not outside the
predetermined range (Step S38: NO), the controller 160
returns to Step S36. In this case, the controller 160 estimates
the subject’s blood pressure continuously.

[0117] When determining that the estimated value of the
blood pressure is outside the predetermined range (Step S38:
YES), the controller 160 measures the subject’s blood
pressure by using the blood pressure measurement unit 402
(Step S39). The controller 160 may store, in the memory
180, the measured value of the blood pressure.

[0118] After acquiring the measured value of the subject’s
blood pressure, the controller 160 ends the flowchart of FIG.
13. After acquiring the measured value of the subject’s blood
pressure, the controller 160 may also return to Step S31. In
this case, the controller 160 may calculate the coefficients of
the blood pressure estimation formula again by using the
measured value of the blood pressure measured in Step S39.
After acquiring the measured value of the subject’s blood
pressure, the controller 160 may also return to Step S36. In
this case, the controller 160 estimates the subject’s blood
pressure continuously.

[0119] As described with reference to the flowchart of
FIG. 13 on the above, the sphygmomanometer 400 accord-
ing to Embodiment 2 is configured to monitor the subject’s
blood pressure. The sphygmomanometer 400 according to
the present embodiment reduces a difference in time
between time at which the pulse transit time is measured by
using the sensor units 120 and time at which the blood
pressure is measured by using the blood pressure measure-
ment unit 402. Accordingly, precision in calculation of the
estimated value of the subject’s blood pressure based on the
pulse transit time is improved.

[0120] The sphygmomanometer 400 according to the
present embodiment monitors the estimated value of the
blood pressure that is based on the pulse transit time. When
the estimated value of the blood pressure is outside the
range, the blood pressure measurement using the blood
pressure measurement unit 402 is automatically conducted.
This omits the need for the subject to be aware of timing of
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blood pressure measurement. Accordingly, the subject is
freed from bothersomeness of blood pressure measurement.
[0121] The sphygmomanometer 400 according to the
present embodiment includes the sensor units 120, which
each detect a pulse wave, and the blood pressure measure-
ment unit 402, which measures blood pressure. Thus con-
figured sphygmomanometer 400 has excellent portability.
Furthermore, thus configured sphygmomanometer 400
allows daily blood pressure estimation or measurement.
[0122] Note that the present disclosure is not limited to the
embodiments set forth above and may be modified or varied
in a multiple ways. For example, functions and the like
included in various component parts and the like may be
rearranged as long as the functions and the like are logically
consistent. A plurality of component parts and the like may
also be integrated or separated.

[0123] For example, in the above embodiments, the blood
pressure estimation apparatus 100 is described to include the
two sensor units 120, namely, the first sensor unit 120a and
the second sensor unit 1205. However, the number of the
sensor units 120 herein is not limited to two and may be any
number that is greater than or equal to two. In this case, the
shape of the sensor holder 110 may be changed as needed in
accordance with the number of the sensor units 120.
[0124] In the above embodiments, each sensor unit 120 is
described to include the light emitters 121 and the light
receiver 123. The sensor unit 120 is not limited to an optical
sensor. The sensor unit 120 may be a gyro sensor. The gyro
sensor is disposed in alignment with the ulnar artery 82 or
the radial artery 83 of the wrist. The gyro sensor is config-
ured to detect a pulsation of the ulnar artery 82 or the radial
artery 83 of the wrist as an acceleration. A pulse wave may
be detected by using data pertaining to the acceleration
detected by the gyro sensor. The sensor unit 120 may be a
displacement sensor including a piezoelectric element or the
like. The displacement sensor is configured to detect the
pulsation of the ulnar artery 82 or the radial artery 83 as
displacement. A pulse wave may be detected by using data
pertaining to the displacement detected by the displacement
sensot.

[0125] The blood pressure estimation apparatus 100 may
include a notification unit that notifies the subject of a result
of measurement of the biological information. The notifica-
tion unit may notify the subject by any method that allows
the user to perceive. The notification unit may notify the
subject by, for example, sound, an image, vibration, or a
combination thereof. The method of notification by the
notification unit is not limited to the above examples.
[0126] In the above embodiments, the blood pressure
estimation apparatus 100 is described to be wound around
the subject’s wrist for use. The use mode of the blood
pressure estimation apparatus 100 is not limited to the
above. The blood pressure estimation apparatus 100 may be
wound around a body part, such as an ankle, other than the
wrist depending on the positions of the test sites.

[0127] In the above embodiment, the blood pressure esti-
mation apparatus 100 is described to estimate the blood
pressure from the pulse wave velocity that is acquired. The
blood pressure estimation apparatus 100, which is config-
ured to acquire a pulse wave with high precision, may
measure the biological information based on the pulse wave.
The blood pressure estimation apparatus 100 may be con-
figured to measure the blood pressure from the acquired
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pulse wave. The blood pressure estimation apparatus 100
may also be configured to measure a pulse from the acquired
pulse wave.

1. A blood pressure estimation apparatus, comprising:

a plurality of sensors that each detects a pulse wave of a
subject without applying, to the subject, pressure that is
greater than predetermined pressure; and

a controller that calculates an estimated value of subject’s
blood pressure continuously, based on a measured
value of the subject’s blood pressure acquired from a
sphygmomanometer and on output of the sensors.

2. The blood pressure estimation apparatus of claim 1,

wherein

the measured value of subject’s blood pressure is acquired
from a cuff sphygmomanometer, and

the predetermined pressure is a pressure that the cuff
sphygmomanometer applies during blood pressure
measurement.

3. The blood pressure estimation apparatus of claim 1,
wherein, when the estimated value is outside a predeter-
mined value range, the controller notifies that the estimated
value is outside the predetermined value range.

4. The blood pressure estimation apparatus of claim 1,
wherein, when the estimated value is outside a predeter-
mined value range, the controller prompts the subject to
measure blood pressure.

5. A sphygmomanometer, comprising:

a plurality of sensors that each detects a pulse wave of a
subject without applying, to the subject, pressure that is
greater than predetermined pressure;

a blood pressure measurement unit; and

a controller that calculates an estimated value of subject’s
blood pressure continuously, based on a measured
value of the subject’s blood pressure acquired from the
blood pressure measurement unit and on output of the
Sensors.

6. The sphygmomanometer of claim 5, wherein the blood
pressure measurement unit measures the subject’s blood
pressure when the estimated value is outside a predeter-
mined value range.

7. The sphygmomanometer of claim 5, wherein the plu-
rality of sensors is disposed in the blood pressure measure-
ment unit.

8. A blood pressure estimation system, comprising:

a sphygmomanometer; and a blood pressure estimation

apparatus, wherein

the blood pressure estimation apparatus comprises:

a plurality of sensors that each detects a pulse wave of a
subject without applying, to the subject, pressure that is
greater than predetermined pressure; and

a controller that calculates an estimated value of subject’s
blood pressure continuously, based on a measured
value of the subject’s blood pressure acquired from the
sphygmomanometer and on output of the sensors.

9. A blood pressure estimation method, comprising:

detecting a pulse wave of a subject by a plurality of
sensors without applying, to the subject, pressure that is
greater than predetermined pressure;

calculating an estimated value of subject’s blood pressure
continuously, based on a measured value of the sub-
ject’s blood pressure acquired from a sphygmomanom-
eter and on output of the sensors.
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