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Fig. 2
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Fig. 5
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Fig. 6
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Fig. 9
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BLOOD PRESSURE ESTIMATION DEVICE,
BLOOD PRESSURE ESTIMATION METHOD,
BLOOD PRESSURE MEASUREMENT
DEVICE, AND RECORDING MEDIUM

TECHNICAL FIELD

[0001] The present invention relates to a blood pressure
estimation device and the like that estimate blood pressure.

BACKGROUND ART

[0002] The oscillometric method, the Korotkoff method,
and the like, for example, are known as blood pressure
measurement methods. The amplitude of a pulse wave
measured at an upper arm changes according to the pressure
being applied to the upper arm while the internal pressure of
a cuff' is being changed. In the oscillometric method, a blood
pressure in the course of heart contraction (systolic blood
pressure) and a blood pressure in the course of heart expan-
sion (diastolic blood pressure) are measured on the basis of
the amplitude. Systolic blood pressure is also referred to as
maximum blood pressure and hereinafter referred to as SBP.
SBP stands for systolic-blood-pressure. Meanwhile, dia-
stolic blood pressure is also referred to as minimum blood
pressure and hereinafter referred to as DBP. DBP stands for
diastolic-blood-pressure.

[0003] In the Korotkoff method, in accordance with a
pressure is applied to an upper arm while the internal
pressure of a cuff is being changed, Korotkoff sounds are
generated in the pressurized artery, and the blood pressure is
measured on the basis of the generation of the Korotkoff
sounds. In particular, a kind of Korotkoff method in which
a detector, such as a microphone, detects Korotkoff sounds
are also called microphone method.

[0004] In a situation that includes, for example, body
movement of a subject to be measured, external vibrations,
or noise from a surrounding area, a blood pressure measure-
ment device based on the oscillometric method or the
Korotkoff method detects the noise or the like in addition to
blood pressure. As a result, a signal measured by the blood
pressure measurement device contains large noise. Accord-
ingly, it is difficult to properly measure a systolic blood
pressure and a diastolic blood pressure on the basis of such
a signal measured by the blood pressure measurement
device. In other words, to properly measure blood pressure
by the use of the blood pressure measurement device, it is
necessary to induce the subject to be measured to be in a rest
state or to create a quiet environment.

[0005] The sphygmomanometer (blood pressure measure-
ment device) disclosed in PTL 1 includes a blood pressure
measurement means for measuring blood pressure of a
subject to be measured, and a rest state inducing means for
inducing the subject to be in a rest state on the basis of the
breathing state of the subject to be measured. The rest state
inducing means applies microwaves to the subject to be
measured.

[0006] The microwaves reflected from the subject to be
measured undergo the Doppler shift due to a respiratory
motion of the subject to be measured. The rest state inducing
means calculates an actual expiration time and an actual
inspiration time of the subject to be measured on the basis
of the applied microwaves and the reflected microwaves,
and induces the subject to be measured to a rest state on the
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basis of the ratio, total time or duration time of the expiration
and inspiration times of the subject.

[0007] As described above, the blood pressure measure-
ment device measures a pulse wave (pulse) containing noise
in response to the subject to be measured coming in contact
with a measurement region (specific region) used by the
sphygmomanometer or the body movement of the subject to
be measured.

[0008] PTL 2 discloses a non-invasive blood pressure
measurement device capable of removing the noise and also
relieving burden on a subject to be measured. The blood
pressure measurement device has the function of removing
noise from a measured pulse wave.

[0009] The blood pressure measurement device includes a
cuff that measures, as a pulse wave, heartbeats at a body
surface of the subject to be measured, multiple independent
air bladders that set a uniform pressure condition for the
cuff, and multiple pressure sensors each of which detects a
pulse wave from a corresponding one of the air bladders.
Each air bladder is connected to the corresponding one of the
pressure sensors. The blood pressure measurement device
also includes an arithmetic processing means for removing
noise from the pulse waves measured by the pressure
sensors by applying calculation according to a separation
matrix method, adaptive filtering method, or both methods
to the pulse waves.

[0010] The automatic blood pressure measurement device
disclosed in PTL 3 properly measures a maximum blood
pressure on the basis of a calculated amplitude ratio calcu-
lated using three expansion bags. The electronic sphygmo-
manometer disclosed in PTL 4 extracts a pulse wave while
the internal pressure of a cuff is being reduced, and calcu-
lates the amplitude of the extracted pulse wave. The elec-
tronic sphygmomanometer determines whether the internal
pressure of the cuff is insufficient, on the basis of whether the
calculated amplitude is equal to or smaller than a threshold
value. The blood pressure measurement device disclosed in
PTL 5 measures pulse waves with multiple pulse wave
sensors and calculates the time point at which the pulse wave
having the largest amplitude among the measured pulse
waves started. The blood pressure measurement device
calculates the internal pressure of the cuff at the time point
thus calculated, as a maximum blood pressure.

CITATION LIST

Patent Literature

[0011] PTL 1: Japanese Patent Application Laid-open
Publication No. 2012-205673

[0012] PTL 2: Japanese Patent Application Laid-open
Publication No. 2005-288002

[0013] PTL 3: Japanese Patent Application Laid-open
Publication No. 2012-71058

[0014] PTL 4: Japanese Patent Application Laid-open
Publication No. 2008-188303

[0015] PTL 5: Japanese Patent Application Laid-open
Publication No. S62(1987)-038137

SUMMARY OF INVENTION

Technical Problem

[0016] First, although the sphygmomanometer disclosed
in PTL 1 induces the subject to be measured to be in a rest
state, the sphygmomanometer detects noise, for example,
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when the subject to be measured is walking, when the
subject to be measured is psychologically stressed, or when
the measurement environment is noisy and causes vibration
noise. Hence, it is difficult for the sphygmomanometer to
properly measure blood pressure.

[0017] Further, the blood pressure measurement device
disclosed in PTL 2 includes multiple air bladders and
multiple pressure sensors. Hence, the blood pressure mea-
surement device has a complex structure. In addition to this,
it is difficult to appropriately arrange the air bladders and the
sensors for measuring pulse waves in the blood pressure
measurement device. Even when the arithmetic processing
means removes noise from pulse waves, the blood pressure
measurement device may be affected by noise that the
arithmetic processing means failed to remove, for example,
noise having the same frequency components as those of the
pulse waves, in particular. Hence, the blood pressure mea-
surement device may not be able to properly measure blood
pressure.

[0018] Inaddition, the blood pressure measurement device
disclosed in PTL 3 has a complex structure of including
three expansion bags in the cuff. Further, the blood pressure
measurement device fails to properly measure blood pres-
sure when the pressure being applied to the cuff changes
even a little due to the movement of the subject to be
measured or the like. The electronic sphygmomanometer
disclosed in PTL 4 determines whether the internal pressure
of the cuff is insufficient, on the basis of a single extracted
pulse wave, and hence, the sphygmomanometer may not
operate appropriately when the pulse wave is affected by
noise. Further, the blood pressure measurement device dis-
closed in PTL 5 calculates blood pressure on the basis of the
pulse wave having the largest amplitude, and may hence fail
to properly measure blood pressure when the pulse wave is
affected by noise.

[0019] Accordingly, the present invention mainly aims to
provide a blood pressure estimation device and the like for
estimating blood pressure with a high degree of accuracy.

Solution to Problem

[0020] As an aspect of the present invention, a blood
pressure estimation device including:

[0021] blood pressure estimation means for estimating a
blood pressure on the basis of a pressure in a certain time
period and difference between a plurality of pulse wave
signals measured in association with the pressure.

[0022] In addition, as another aspect of the present inven-
tion, a blood pressure estimation method including; estimat-
ing, by using an information processing device, a blood
pressure on the basis of a pressure in a certain time period
and difference between a plurality of pulse wave signals
measured in association with the pressure in the certain time
period.

[0023] Furthermore, the object is also realized by a blood
pressure estimation program, and a computer-readable
recording medium which records the program.

Advantageous Effects of Invention

[0024] According to the blood pressure estimation device
and the like of the present invention, it is possible to estimate
blood pressure with a high degree of accuracy.
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BRIEF DESCRIPTION OF DRAWINGS

[0025] FIG. 1 is a block diagram illustrating a configura-
tion of a blood pressure estimation device according to a first
exemplary embodiment of the present invention.

[0026] FIG. 2 is a flowchart presenting a flow of a process
by the blood pressure estimation device according to the first
exemplary embodiment.

[0027] FIG. 3 is a figure schematically illustrating
examples of pulse wave signals.

[0028] FIG. 4 is a block diagram illustrating a configura-
tion of the blood pressure measurement device according to
the first exemplary embodiment.

[0029] FIG. 5 is a perspective view around a cuff that is
not attached to anything.

[0030] FIG. 6 is a diagram illustrating an example of a
state of a cuff being attached to a specific region.

[0031] FIG. 7A is a diagram schematically illustrating an
example of a positional relationship between a cuff and pulse
wave measurement units.

[0032] FIG. 7B is a diagram schematically illustrating an
example of a positional relationship between a cuff and pulse
wave measurement units.

[0033] FIG. 7C is a diagram schematically illustrating an
example of a positional relationship between a cuff and pulse
wave measurement units.

[0034] FIG. 8 is a block diagram illustrating a configura-
tion of a blood pressure estimation device according to a
second exemplary embodiment of the present invention.
[0035] FIG. 9 is a flowchart presenting a flow of processes
by a blood pressure estimation device according to the
second exemplary embodiment.

[0036] FIG. 10 is a graph illustrating an example of a
relationship between a characteristic value and pressure.
[0037] FIG. 11 is a diagram schematically illustrating a
positional relationship between a cuff and three pulse wave
measurement units.

[0038] FIG. 12 is a diagram schematically illustrating a
positional relationship between a cuff and four pulse wave
measurement units.

[0039] FIG. 13 is a block diagram illustrating a configu-
ration of a blood pressure estimation device according to a
third exemplary embodiment of the present invention.
[0040] FIG. 14 is a flowchart presenting flow of processes
by a blood pressure estimation device according to the third
exemplary embodiment.

[0041] FIG. 15 is a block diagram illustrating a configu-
ration of a blood pressure measurement device according to
a fourth exemplary embodiment of the present invention.
[0042] FIG. 16 is a flowchart presenting a flow of pro-
cesses by the blood pressure measurement device according
to the fourth exemplary embodiment.

[0043] FIG. 17A is a graph presenting an example of
pressure measured by a pressure measurement unit.

[0044] FIG. 17B is a graph presenting an example of a
pulse wave measured by a pulse wave measurement unit.
[0045] FIG. 17C is a graph presenting an example of a
pulse wave measured by a pulse wave measurement unit.
[0046] FIG. 18A is a graph each presenting an example of
a signal obtained by calculating Fourier transform of a pulse
wave.

[0047] FIG. 18B is a graph each presenting an example of
a signal obtained by calculating Fourier transform of a pulse
wave.
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[0048] FIG. 19 is a graph presenting an example of a
relationship between a characteristic value and pressure.
[0049] FIG. 20 is a block diagram schematically illustrat-
ing a hardware configuration of a calculation processing
apparatus capable of realizing a blood pressure estimation
device or a pressure controlling unit Description of Embodi-
ments according to each exemplary embodiment.

[0050] Next, exemplary embodiments of the present
invention will be described in detail with reference to the
drawings.

FIRST EXEMPLARY EMBODIMENT

[0051] Detailed description will be given of a configura-
tion of a blood pressure estimation device 101 according to
a first exemplary embodiment of the present invention and
a processing executed by the blood pressure estimation
device 101, with reference to FIG. 1 and FIG. 2. FIG. 1 is
a block diagram illustrating the configuration of the blood
pressure estimation device 101 according to the first exem-
plary embodiment of the present invention. FIG. 2 is a
flowchart presenting a flow of the process by the blood
pressure estimation device 101 according to the first exem-
plary embodiment.

[0052] The blood pressure estimation device 101 accord-
ing to the first exemplary embodiment includes a blood
pressure estimation unit 102.

[0053] The blood pressure estimation device 101 receives
a pressure signal 2003 indicating the pressure in a certain
time period and multiple pulse wave signals measured while
the pressure is being applied to a subject to be measured in
the certain time period (Step S201).

[0054] In the following, for convenience of description,
the multiple pulse wave signals are assumed to be two pulse
wave signals (i.e., a pulse wave signal 2001 and a pulse
wave signal B). The number of pulse wave signals that the
blood pressure estimation device 101 according to this
exemplary embodiment receives may be three or more as
described later.

[0055] Next, the blood pressure estimation unit 102 esti-
mates a blood pressure (blood pressure value) on the basis
of the pressure signal 2003 and the difference between the
pulse wave signal 2001 and the pulse wave signal B (Step
S202).

[0056] Here, the blood pressure is systolic blood pressure,
diastolic blood pressure, or both. Systolic blood pressure is
a blood pressure obtained when the heart contracts and
thereby pumps blood out to the arteries. In contrast, diastolic
blood pressure is a blood pressure measured when the heart
expands and thereby lets blood flow gently to the arteries.
[0057] In the following, for convenience of description, it
is assumed that the shape of a cuff'is a rectangle (rectangular
shape), a trapezoid, or a shape close to a rectangular shape
in an exploded state, as illustrated in FIG. 5 to be described
later. A shape close to a rectangular shape is one in which the
cuff is tapered or being in an arc in either of or both of the
shorter side direction and the longer side direction, for
example. However, a shape close to a rectangular shape is
not limited to the above-described shapes. The longer side
direction is assumed to be the direction of the cuff in which
the cuff is wrapped around a specific region, i.e., the
circumferential direction of the cuff in a state where the cuff
is wrapped around the specific region. The shorter side
direction is assumed to be a direction orthogonal (or sub-
stantially orthogonal) to the longer side direction. Moreover,
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the entire cuff or part of the cuff is assumed to apply pressure
to the specific region in a pressurized state. In this case,
“upstream” is assumed to indicate the part of arteries
between the center or the heart and the shorter-side direction
center of the cuff. “Downstream” is assumed to indicate the
part of arteries between the shorter-side direction center of
the cuff and a peripheral side (e.g., a hand or a foot).
However, examples of the cuff are not limited to those
described above.

[0058] For example, the blood pressure estimation unit
102 receives the two pulse wave signals (referred to as
“pulse wave signal AA” and “pulse wave signal BB” for
convenience of description) illustrated in FIG. 3. FIG. 3
presents graphs schematically illustrating examples of the
pulse wave signals that the blood pressure estimation unit
102 receives. Each horizontal axis in FIG. 3 represents time
and indicates a later time at a rightward position. The
vertical axis in the upper graph in FIG. 3 represents the
amplitude of the pressure signal and indicates a larger
amplitude at a higher position. The vertical axis in each of
the middle and lower graphs in FIG. 3 represents the
amplitude of the corresponding pulse wave signal, and
indicates a larger amplitude at a position closer to the upper
end or the lower end of the graph while indicating a smaller
amplitude at a position closer to the center between the
upper edge and the lower edge. In the case of the example
in FIG. 3, the certain time period is, for example, a time
period in which the heart pulses (heart beats) multiple times.
[0059] For example, the blood pressure estimation unit
102 estimates the pressure when the difference between the
pulse wave signal AA and the pulse wave signal BB is the
largest or when the absolute value of the difference is the
largest (or around the largest), as a systolic blood pressure.
[0060] For example, a definition of “around the largest”
may be a value within a certain range from the largest. The
certain range may include values determined in advance, or
values calculated under the condition, for example, that the
inclination of the target for calculating the largest value (e.g.,
the above-described difference) (obtained by differentiation
or calculating finite difference) is smaller than a predeter-
mined value. The certain range is not limited to the above-
described examples.

[0061] The heart pumps a large amount of blood out to the
arteries in a systolic period. In this case, since much blood
flows into the arteries at once, the pressure in the arteries
changes according to the amount of the blood pumped out.
Specifically, the amount of blood pumped out is large at the
upstream while being small at the downstream. As a result
of this, a pulse wave signal measured at the upstream and a
pulse wave signal measured at the downstream are different
from each other. Hence, the blood pressure estimation umt
102 can estimate the pressure obtained when the difference
between the pulse wave signal AA and the pulse wave signal
BB is the largest (or around the largest), as a systolic blood
pressure.

[0062] The blood pressure estimation unit 102 estimates
the pressure that is lower than the systolic blood pressure
and obtained when the difference between the pulse wave
signal AA and the pulse wave signal BB is smaller than a
certain value, as a diastolic blood pressure.

[0063] The certain value is, for example, a value that is
several percent or some tens of percent of the largest value
larger than the average value of the differences each between
the pulse wave signal AA and the pulse wave signal BB in
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the case where no pressure is applied. Alternatively, the
certain value may be a value that is several milliseconds
(ms) to some tens of milliseconds larger than the average
value of the differences each between the pulse wave signal
AA and the pulse wave signal BB in the case where no
pressure is applied. Alternatively, the certain value may be
a value calculated on the basis of a diastolic blood pressure
measured in accordance with a procedure of the oscillomet-
ric method, the Korotkoff method, or the like. The certain
value is not limited to the above-described examples.
[0064] The procedure for estimating a diastolic blood
pressure is not limited to the above-described example. For
example, the pressure obtained when an approximate curve
computed on the basis of the relationship between time and
the difference between the pulse wave signal AA and the
pulse wave signal BB takes a certain value, is estimated as
a diastolic blood pressure. The approximate curve may be
multiple linear approximate straight lines having different
inclinations and sections for respective pressure ranges, or a
polynomial approximate curve applicable to a pressure
range equal to or smaller than the systolic blood pressure.
However, the approximate curve is not limited to these. The
certain value may be, for example, 0 ms, but is not limited
to this.

[0065] The heart lets blood flow gently into the arteries in
a diastolic period. In this case, since the blood flows gently
into the arteries, the pressure in the arteries does not change
to a large extent. Consequently, the difference between a
pulse wave signal measured at the upstream and a pulse
wave signal measured at the downstream is small. Accord-
ingly, the blood pressure estimation unit 102 can estimate, as
a diastolic blood pressure, a pressure that is lower than the
systolic blood pressure and is obtained when the difference
between the pulse wave signal AA and the pulse wave signal
BB is smaller than the certain value.

[0066] The blood pressure estimation unit 102 may cal-
culate the difference to detect by the use of a value such as
a ratio mnstead of the difference. In this case, the blood
pressure estimation unit 102 estimates blood pressure on the
basis of the value of the ratio. The difference to detect may
be any index by the use of which the pulse wave signal AA
and the pulse wave signal BB can be compared, and is hence
not limited the above-described example.

[0067] The blood pressure estimation device 101 esti-
mates a blood pressure on the basis of the difference between
the pulse wave signal AA and the pulse wave signal BB.
With this configuration, even when, for example, the pulse
wave signal AA and the pulse wave signal BB contain
similar noises, the blood pressure estimation device 101
estimates the blood pressure on the basis of the difference to
thereby reduce the noises. Hence, the blood pressure esti-
mation device 101 can estimate blood pressure with a high
degree of accuracy by reducing the influence of noise.
[0068] Conversely, common blood pressure estimation
devices are not capable of accurately measuring blood
pressure when measured pulse waves contain noise as
described above.

[0069] In other words, with the blood pressure estimation
device 101 according to this exemplary embodiment, it is
possible to estimate blood pressure with a high degree of
accuracy.

[0070] For example, the blood pressure estimation device
101 receives the pressure signal 2003 measured by a blood
pressure measurement device 408 illustrated in FIG. 4 and
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multiple pulse wave signals measured by the blood pressure
measurement device 408. FIG. 4 is a block diagram illus-
trating a configuration of the blood pressure measurement
device 408 according to the first exemplary embodiment.
[0071] The blood pressure measurement device 408
includes a cuff' 401, a pulse wave measurement unit 402, a
pulse wave measurement unit 403, a pressure measurement
unit 407, a pressure control unit 404, an input unit 405, a
display unit 406, and the blood pressure estimation device
101. As illustrated in FIG. 5, the cuff 401, the pulse wave
measurement unit 402, and the pulse wave measurement
unit 403 are integrally formed. FIG. 5 is a perspective view
around the cuff 401 that is not attached to anything.
[0072] As illustrated in FIG. 6, a subject to be measured
first wraps the cuff 401 around a specific region, such as the
upper arm, a part of the leg, or the wrist, to measure blood
pressure. The subject to be measured attaches the cuff 401 by
wrapping the cuff 401 in the longer side direction around the
specific region. FIG. 6 is a diagram illustrating an example
of a state of the cuff 401 being attached to a specific region.
In this case, it is assumed that the artery is parallel (or
substantially parallel) with the shorter side direction of the
cuff 401. In other words, the pulse wave measurement umt
402 and the pulse wave measurement unit 403 are at
respective positions at the upstream and downstream of the
artery.

[0073] The pulse wave measurement unit 402 and the
pulse wave measurement unit 403 are, for example, vibra-
tion sensors that detect vibrations caused by pulsation or
photoelectric sensors that detect reflected light when light
(such as visible light or far-red light) is applied to the
specific region or that detect transmitted light when light is
applied to the specific region. The pulse wave measurement
unit 402 and the pulse wave measurement unit 403 may be
sensors different from each other. For example, the pulse
wave measurement unit 402 may be a photoelectric sensor
for a first wavelength, and the pulse wave measurement unit
403 may be a photoelectric sensor for a second wavelength
different from the first wavelength. The pulse wave mea-
surement unit 402 and the pulse wave measurement unit 403
are not limited to the above-described examples. For
example, magnetic sensors or acceleration sensors may be
used as the pulse wave measurement unit 402 and the pulse
wave measurement unit 403. The pulse wave measurement
unit 402 and the pulse wave measurement unit 403 may be
pressure sensors. When pressure sensors are used, pressure
is divided into signals having different cycles, through
Fourier transform, for example. When the pressure control
unit 404 applies pressure or reduces pressure at a uniform (or
substantially uniform) speed, the cycle of the pressure
associated with the pressure control unit 404 is long.
Accordingly, each of the pulse wave measurement unit 402
and the pulse wave measurement unit 403 extracts a signal
having a short cycle from the pressure, in combination with
a filter circuit or the like or by the use of a digital filter, to
extract a pulse wave signal deriving from a pulse wave.
[0074] The subject to be measured operates the input unit
405 to start measurement. The input unit 405 includes a
measurement start button for starting measurement, a power
button, and a measurement stop button for stopping mea-
surement after measurement start, as well as a left button, a
right button, and the like to be used for selecting an item
displayed on the display unit 406 (none of the buttons are
depicted). The input unit 405 transmits an input signal
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received from the subject to be measured or the like to the
blood pressure estimation device 101.

[0075] In response to the start of blood pressure measure-
ment, the pressure control unit 404, for example, controls the
amount of gas (e.g., air) or liquid, or the amounts of both to
be filled in the cuff 401, by referring to the internal pressure
of the cuff 401 measured by the pressure measurement unit
407, to thereby control the pressure being applied to the
specific region. For example, the pressure control unit 404
controls the operation of a pump that transfers gas to be
filled into the cuff 401 or the operation of a valve in the cuff
401.

[0076] The cuff 401 may include a pressure bag 1006,
such as a pressure bag (air bag) into which gas is filled or a
gel bag into which gel or liquid is filled. The cuff 401 applies
pressure to the specific region in accordance with the control
by the pressure control unit 404.

[0077] The pulse wave measurement unit 402 and the
pulse wave measurement unit 403 may be arranged so that
the shorter-side direction center (or substantially center) of
pressure application in the cuff 401 is located between the
pulse wave measurement unit 402 and the pulse wave
measurement unit 403. FIG. 7A is a diagram schematically
illustrating an example of a positional relationship between
the cuff and the pulse wave measurement unit. An optimal
arrangement of the pulse wave sensors is the case where the
pulse wave measurement unit 402 and the pulse wave
measurement unit 403 are positioned at respective fringes of
the pressure bag 1006. Specifically, in this arrangement, the
pulse wave measurement unit 402 and the pulse wave
measurement unit 403 are positioned in a pressure unit
where pulse wave signals can easily be measured, and the
pulse wave signals have a large difference. For convenience
of description, FIG. 7A includes a specific region and a
blood flow and the like in the specific region. However, the
blood pressure measurement device 408 does not include
any specific region and any blood flow and the like in a
specific region.

[0078] FIG. 7B is a diagram schematically illustrating an
example, which is different from that in FIG. 7A, of the
positional relationship between the cuff and the pulse wave
measurement units. FIG. 7B illustrates an arrangement in
which the pulse wave measurement unit 402 and the pulse
wave measurement unit 403 are located at positions at
respective fringes of the cuff so that the difference between
pulse wave signals measured by the pulse wave measure-
ment unit 402 and the pulse wave measurement unit 403 is
to be the largest. For convenience of description, FIG. 7B
includes a specific region and a blood flow and the like in the
specific region. However, the blood pressure measurement
device 408 does not include any specific region and any
blood flow and the like in a specific region.

[0079] FIG. 7C is a diagram schematically illustrating an
example of the positional relationship between the cuff and
the pulse wave measurement units. FIG. 7C illustrates an
arrangement in which the pulse wave measurement unit 402
and the pulse wave measurement unit 403 are provided
around the center (or substantially center) of the pressing
unit. In the arrangement, the pulse wave measurement unit
402 and the pulse wave measurement unit 403 can easily
measure pulse wave signals. For convenience of description,
FIG. 7C includes a specific region and a blood flow and the
like in the specific region. However, the blood pressure
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measurement device 408 does not include any specific
region and any blood flow and the like in a specific region.

[0080] The positional relationship between the cuff and
the pulse wave measurement units is not limited to any of the
above-described examples and may be one configured so as
to be able to measure pulse wave signals and the difference
easily. It is easier for each pulse wave measurement unit to
measure a pulse wave when the pulse wave measurement
unit is located closer to the center (or substantially center) of
the pressing unit and to measure the difference when the
pulse wave measurement unit is located further away from
the center (or substantially center) of the pressing unit (i.e.,
close to the corresponding fringe of the cufl). For example,
the arrangement may be one in which the pulse wave
measurement unit 402 is provided at an fringe of the
pressing unit while the pulse wave measurement unit 403 is
provided at a side of the cuff, or one in which the pulse wave
measurement unit 402 is provided at an fringe of the
pressing unit while the pulse wave measurement unit 403 is
provided around the center of the pressing unit. Alterna-
tively, the arrangement may be one in which the pulse wave
measurement unit 402 is provided at a fringe of the cuff
while the pulse wave measurement unit 403 is provided at an
fringe of the pressing unit, or one in which the pulse wave
measurement unit 402 is provided at a fringe of the cuff and
the pulse wave measurement unit 403 is provided around the
center of the pressing unit. Further, the arrangement may be
one in which the pulse wave measurement unit 402 is
provided around the center of the pressing unit while the
pulse wave measurement unit 403 is provided at an fringe of
the pressing unit, or one in which the pulse wave measure-
ment unit 402 is provided around the center of the pressing
unit while the pulse wave measurement unit 403 is provided
at a fringe of the cuff.

[0081] Next, each of the pulse wave measurement unit 402
and the pulse wave measurement unit 403 measures a pulse
wave at the specific region while the pressure control unit
404 controls the pressure being applied to the specific
region.

[0082] The pulse wave measurement unit 402 and the
pulse wave measurement unit 403 transmits the measured
pulse waves as pulse wave signals (i.e., a pulse wave signal
A and a pulse wave signal B) to the blood pressure estima-
tion device 101. The pressure measurement unit 407 trans-
mits a measured pressure as the pressure signal 2003 to the
blood pressure estimation device 101.

[0083] For example, the pressure measurement unit 407
converts the measured pressure to a digital signal through
digitization (analog-digital conversion, A/D conversion) and
then transmits the digital signal as the pressure signal 2003.
Similarly, each of the pulse wave measurement unit 402 and
the pulse wave measurement unit 403 converts the measured
pulse wave to a digital signal through digitization and then
transmits the digital signal as a pulse wave signal.

[0084] Part of the pressure (or pulse wave) may be
extracted by performing A/D conversion on the signal by the
use of a filter or the like for extracting a certain frequency.
Alternatively, the pressure (or pulse wave) may be amplified
to have a certain amplitude by the use of an amplifier or the
like.

[0085] Subsequently. the blood pressure estimation device
101 carries out the above-described process to estimate
blood pressure. In this process, the blood pressure estimation
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device 101 may transmit a control signal representing the
control to be performed to the pressure control unit 404.
[0086] The display unit 406 displays the blood pressure
measured by the blood pressure estimation device 101. The
display unit 406 is, for example, a liquid crystal display
(LCD), an organic light-emitting diode (OLED), or an
electronic paper. An electronic paper can be realized by, for
example, those based on a microcapsule system, an elec-
tronic powder and granular material system, a cholesteric
liquid crystal system, an electrophoretic system, an elec-
trowetting system, or the like.

[0087] The blood pressure measurement device 408 has a
similar configuration as that of the blood pressure estimation
device 101 and can hence obtain the similar effects to those
of the blood pressure estimation device 101. In other words,
the blood pressure measurement device 408 according to the
first exemplary embodiment can measure blood pressure
with a high degree of accuracy.

[0088] The blood pressure measurement device 408 may
have a configuration that the blood pressure estimation
device 101, the pulse wave measurement unit 402, the pulse
wave measurement unit 403, and the like transmit and
receive pulse wave signals via a communication network.
The blood pressure measurement device 408 may have a
configuration that the input unit 405 and the display unit 406
are provided outside the blood pressure measurement device
408 and are connected to the blood pressure measurement
device 408 via a communication network.

[0089] The specific region may be an upper arm, a wrist,
or the like. For example, when the specific region is a wrist,
the pulse wave measurement unit 402 and the pulse wave
measurement unit 403 may detect pulse waves via the radial
artery.

SECOND EXEMPLARY EMBODIMENT

[0090] Next, a second exemplary embodiment of the pres-
ent invention based on the above-described first exemplary
embodiment will be described.

[0091] Inthe following description, the characteristic parts
of the present exemplary embodiment are mainly described,
and the same components as in the above-described first
exemplary embodiment are assigned with the same refer-
ence signs, whereby overlapping description will be omitted.
[0092] With reference to FIG. 8 and FIG. 9, description
will be given of a configuration of a blood pressure estima-
tion device 701 according to the second exemplary embodi-
ment and a processing executed by the blood pressure
estimation device 701. FIG. 8 is a block diagram illustrating
the configuration of the blood pressure estimation device
701 according to the second exemplary embodiment of the
present invention. FIG. 9 is a flowchart presenting the flow
of the process by the blood pressure estimation device 701
according to the second exemplary embodiment.

[0093] The blood pressure estimation device 701 accord-
ing to the second exemplary embodiment includes a blood
pressure estimation unit 702.

[0094] The blood pressure estimation unit 702 calculates
pulse wave values each related to a pulse wave signal (a
pulse wave signal 2001 or a pulse wave signal 2002) (Step
S801).

[0095] Examples of the pulse wave value are Pulse wave
value 1 to Pulse wave value 6 described below. Specifically,
the examples are:
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[0096] extremum (i.e., the local maximum value, the
local minimum value, or both) of the pulse wave signal,
or the timing around the extremum (approximate extre-
mum) . . . (Pulse wave value 1)

[0097] amplitude value of the pulse wave signal . . .
(Pulse wave value 2)

[0098] timing at which the pulse wave signal rises
(starts to increase) . . . (Pulse wave value 3)

[0099] timing at which the pulse wave signal falls
(starts to decrease) . . . (Pulse wave value 4)

[0100] amplitude of the pulse wave signal on which
frequency space (frequency domain) transform is per-
formed, in the frequency space . . . (Pulse wave value
5)

[0101] phase of the pulse wave signal on which fre-
quency space transform is performed, in the frequency
space . . . (Pulse wave value 6).

[0102] For example, a definition of “around the extre-
mum” may be a value within a certain range from the
extremum. The certain range may include values calculated
on the basis of the condition, for example, that the degree of
inclination with respect to that target for which an extremum
is to be calculated (obtained by differentiation or calculating
finite difference, for example) is smaller than a predeter-
mined value. The certain range is not limited to the above-
described example.

[0103] The blood pressure estimation unit 702 calculates
Pulse wave value 1 to Pulse wave value 4 for a part
corresponding to a single heartbeat in the pulse wave signal.
For example, the blood pressure estimation unit 702 may
calculate Pulse wave value 1 to Pulse wave value 4 by
extracting a pulse wave signal having a certain cycle from
the pulse wave signal. Pulse wave value 1 to Pulse wave
value 4 have good characteristics that analysis of each pulse
wave value is simple and does not take a long time.
[0104] Meanwhile, Pulse wave value 5 and Pulse wave
value 6 are each a pulse wave value related to multiple
frequency components in a part corresponding to a single
heartbeat in the pulse wave signal. Pulse wave value 5 and
Pulse wave value 6 have good characteristics that each pulse
wave value can be calculated even when the pulse wave
signal includes various frequencies.

[0105] Each pulse wave value may be defined when the
pulse wave signal or a signal derived from the pulse wave
signal, through, for example, differentiation or calculation of
finite difference of the pulse wave signal, satisfies a prede-
termined condition, and is hence not limited to the above-
described examples.

[0106] A method of transforming a pulse wave signal into
a frequency space (frequency domain) is, for example, a
short-time Fourier transform, or wavelet transform. Short-
time Fourier transform, wavelet transform, and the like are
common techniques, and hence description thereof is omit-
ted in this exemplary embodiment.

[0107] The blood pressure estimation unit 702 then cal-
culates the difference in pulse wave value calculated in Step
S801 between the pulse wave signal 2001 and the pulse
wave signal 2002, as a characteristic value (Step S802).
[0108] The blood pressure estimation unit 702 calculates,
as the difference, the difference between corresponding
pulse wave values or the ratio between corresponding pulse
wave values.

[0109] Examples of the characteristic value that the blood
pressure estimation unit 702 may calculate are described as
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Characteristic value 1 to Characteristic value 6 below.
Specifically, the examples are:

[0110] ratio between Pulse wave value 1 of the pulse
wave signal 2001 and Pulse wave value 1 of the pulse
wave signal 2002 . . . (Characteristic value 1)

[0111] difference between Pulse wave value 2 of the
pulse wave signal 2001 and Pulse wave value 2 of the
pulse wave signal 2002 . . . (Characteristic value 2)

[0112] difference between Pulse wave value 3 of the
pulse wave signal 2001 and Pulse wave value 3 of the
pulse wave signal 2002 . . . (Characteristic value 3)

[0113] difference between Pulse wave value 4 of the
pulse wave signal 2001 and Pulse wave value 4 of the
pulse wave signal 2002 . . . (Characteristic value 4)

[0114] ratio between Pulse wave value 5 of the pulse
wave signal 2001 and Pulse wave value 5 of the pulse
wave signal 2002 . . . (Characteristic value 5)

[0115] difference between Pulse wave value 6 of the
pulse wave signal 2001 and Pulse wave value 6 of the
pulse wave signal 2002 . . . (Characteristic value 6).

[0116] The difference may be the absolute value of the
difference. A difference to detect may be any difference as
long as it represents the gap, such as ratio or difference.
Accordingly, the characteristic value calculated by the blood
pressure estimation unit 702 is not limited to the above-
described examples.

[0117] In the following description, it is assumed, for
convenience of description, the ratio regarding Characteris-
tic value 1 is represented by, for example, (Pulse wave value
1 of the pulse wave signal 2001)/(Pulse wave value 1 of the
pulse wave signal 2002) or (Pulse wave value 1 of the pulse
wave signal 2002)/(Pulse wave value 1 of the pulse wave
signal 2001).

[0118] Alternatively, it is assumed, for convenience of
description, the ratio regarding Characteristic value 5 is
represented by, for example, (Pulse wave value 5 of the
pulse wave signal 2001)/(Pulse wave value 5 of the pulse
wave signal 2002) or (Pulse wave value 5 of the pulse wave
signal 2002)/(Pulse wave value 5 of the pulse wave signal
2001).

[0119] Subsequently, the blood pressure estimation unit
702 estimates blood pressure on the basis of the calculated
characteristic value (Step S803).

[0120] The characteristic value changes according to the
pressure being applied when pulse waves are measured. For
example, Characteristic value 2 and pressure have a rela-
tionship as that presented in FIG. 10. FIG. 10 is a graph
illustrating an example of a relationship between a charac-
teristic value and pressure. The horizontal axis in FIG. 10
represents pressure indicated by the pressure signal 2003
and indicates a higher pressure at a rightward position. The
vertical axis in FIG. 10 represents Characteristic value 2 and
indicates larger Characteristic value 2 at a higher position.
Characteristic value 2 starts to increase when the pressure is
around the diastolic blood pressure and reaches the largest
(or substantially largest) when the pressure is around the
systolic blood pressure.

[0121] Each of Characteristic value 1 and Characteristic
value 3 to Characteristic value 6 has a similar relationship
between pressure and the characteristic value as that of
Characteristic value 2.

[0122] For example, the blood pressure estimation unit
702 calculates a pressure having the largest (approximately
the largest) difference in characteristic value, as a systolic
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blood pressure, and calculates a pressure having the differ-
ence in characteristic value smaller than a second certain
value and being lower than the systolic blood pressure, as a
diastolic blood pressure.

[0123] The blood pressure estimation device 701 accord-
ing to the second exemplary embodiment has a configuration
similar to that of the first exemplary embodiment and can
hence obtain effects similar to those of the first exemplary
embodiment. In other words, the blood pressure estimation
device 701 according to the second exemplary embodiment
can estimate blood pressure with a high degree of accuracy.

[0124] Movement of the subject to be measured, external
vibrations, surrounding noise, and the like are added to pulse
wave signals, as noise signals.

[0125] For convenience of description, measured signals
including noise signals are denoted by S, and S,, and pulse
wave signals related to the subject to be measured are
denoted by P, and P.,.

[0126] In this case, the measurement signals and the pulse
wave signals have the relationships expressed by Equation 1
and Equation 2 below. Specifically,

S,=Pxa+b; (Equaticn 1)

So=Poxaytb, (Equaticn 2)

(where a, and a, respectively denote multiplication noise for
the pulse wave signal S, and multiplication noise for the
pulse wave signal S,, and b, and b, respectively denote
addition noise for the pulse wave signal S, and addition
noise for the pulse wave signal S,).

[0127] Here, k is defined according to Equation 3 below.
Specifically,

k=b,/b,
[0128] Equation 4 below is established on the basis of

Equation 1, Equation 2, and Equation 3 described above.
Specifically,

(Equation 3)

S1-kxS,=P xa,-Poxkxa,

[0129] When a, and a, are sufficiently close to one (i.e.,
each multiplication noise is sufficiently small), or when a
characteristic value that is not affected by any multiplication
noise is extracted, a, and a, can be ignored, consequently
reducing noise.

[0130] Here, m is defined according to Equation 5 below.
Specifically,

(Equaticn 4)

m=a/a,

[0131] Equation 6 below is established on the basis of
Equation 1, Equation 2, and Equation 5 described above.
Specifically,

(Equation 5)

S\/m/S=(Py+b /a)(Pytmxbo/a,)

[0132] When b, and b, are sufliciently small with respect
to a, and a,, respectively, or when a characteristic value that
is not affected by any addition noise is extracted, a, and a,
can be ignored, consequently reducing noise.

[0133] Multiplication noise and addition noise are non-
independently added to multiple pulse wave signals mea-
sured by multiple pulse wave measurement units located at
positions close to each other. In this case, even when the
values k and m are not determined, noise signal components
can be reduced by calculating the difference.

(Equaticn 6)
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[0134] Hence, the blood pressure estimation device 701
according to the second exemplary embodiment can esti-
mate blood pressure with a high degree of accuracy.

[0135] When a blood pressure measurement device 1007
including the blood pressure estimation device 701 measures
three pulse waves as illustrated in FIG. 11, the blood
pressure estimation device 701 can also estimate blood
pressure as the above-described example. FIG. 11 is a
diagram schematically illustrating a positional relationship
between a cuff 1005 and three pulse wave measurement
units.

[0136] For convenience of description, FIG. 11 includes a
specific region and a blood flow and the like in the specific
region. However, the blood pressure measurement device
1007 does not include any specific region and any blood
flow and the like in a specific region.

[0137] The blood pressure measurement device 1007
includes a pulse wave measurement unit 1001, a pulse wave
measurement unit 1002, a pulse wave measurement unit
1003, and the cuff 1005. The cuff 1005 may include a
pressure bag 1006. At least two pulse wave measurement
units of the pulse wave measurement unit 1001, the pulse
wave measurement unit 1002, and the pulse wave measure-
ment unit 1003 are located at positions so that pressure
center (or substantially center) in the shorter-side direction
of the pressure application in the cuff' 105 is located between
the pulse wave measurement units.

[0138] Each of the pulse wave measurement unit 1001, the
pulse wave measurement unit 1002, and the pulse wave
measurement unit 1003 measures a pulse wave at the
specific region.

[0139] Here, for convenience of description, measurement
signals including noise are denoted by S;, S,. and S, and
pulse signals are denoted by P, P,, and P;.

[0140] In this case, the measurement signals and the pulse
wave signals have the relationships expressed by Equation 7
to Equation 9 below. Specifically,

S,=Pxa+b; (Equation 7)

S,=Poxay+b, (Equation 8)

S3=Pixay+b;, (Equation 9)
(where a,, a,, and a, each denote multiplication noise for the
corresponding pulse wave signal, and b,, b,, and b, each
denote addition noise for the corresponding pulse wave
signal).

[0141] Here, k, is defined according to Equation 10 below,
and k, is defined according to Equation 11 below. Specifi-
cally,

ki=b/b> {Equation 10)
ky=b /by {Equation 11)
[0142] By calculating the difference between Equation 7

and Equation 8 and the difference between Equation 7 and
Equation 9, Equation 12 and Equation 13 below are estab-
lished. Specifically,

S~k xS;=Pxa,—-Pxkxa5 {Equation 12)

S1=kyxS3=P xa,-P3xkyxas {Equation 13)
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[0143] By calculating (Equation 12) / (Equation 13),
Equation 14 below is established. Specifically,

(S1=k1%S55)/(S1=koxS3)=(P |~ Poxk xa»/a; (P -P3x

koxaz/ay) {Equation 14)

[0144] Equation 14 indicates that, when a, is sufficiently
close to a, and a, after the influences of the addition noises
b,, by, and by are cancelled, the influences of the multipli-
cation noises can be ignored. This indicates that noise can be
reduced.

[0145] Further, the noise signals (a,, a,, a3, b;, b,, and b,)
are non-independently added to multiple pulse signals mea-
sured by multiple pulse wave measurement units located at
positions close to each other. Accordingly, Equation 14
indicates that the influences of these noises can be reduced
by calculating the difference even when the values k; and k,
are not determined.

[0146] Hence, the blood pressure estimation device 701
according to the second exemplary embodiment can reduce
the influences of noise by estimating blood pressure on the
basis of three or more pulse wave signals as described
above.

[0147] When a blood pressure measurement device 1008
including the blood pressure estimation device 701 measures
four pulse waves as illustrated in FIG. 12, the blood pressure
estimation device 701 can also estimate blood pressure as
the above-described example. FIG. 12 is a diagram sche-
matically illustrating a positional relationship between a cuff
and four pulse wave measurement units.

[0148] For convenience of description, FIG. 12 includes a
specific region and a blood flow and the like in the specific
region. However, the blood pressure measurement device
1008 does not include any specific region and any blood
flow and the like in a specific region.

[0149] The blood pressure measurement device 1008
includes a pulse wave measurement unit 1001, a pulse wave
measurement unit 1002, a pulse wave measurement unit
1003, a pulse wave measurement unit 1004, and a cuff 1005.
The cuff 1005 may include a pressure bag 1006. At least two
pulse wave measurement units of the pulse wave measure-
ment unit 1001, the pulse wave measurement unit 1002, the
pulse wave measurement unit 1003, and the pulse wave
measurement unit 1004 are located at positions so that the
pressure center (or substantially center) in the shorter-side
direction of pressure application in the cuff 1005 is located
between the pulse wave measurement units.

[0150] Each of the pulse wave measurement unit 1001, the
pulse wave measurement unit 1002, the pulse wave mea-
surement unit 1003, and the pulse wave measurement unit
1004 measures a pulse wave at the specific region.

[0151] The blood pressure estimation device 701 esti-
mates blood pressure on the basis of the pulse wave mea-
surement unit 1001, the pulse wave measurement unit 1002,
the pulse wave measurement unit 1003, and the pulse wave
measurement unit 1004 as in the above-described process.
[0152] Hence, the blood pressure estimation device
according to the second exemplary embodiment can reduce
the influence of noise by estimating blood pressure on the
basis of four or more pulse wave signals, based on reasons
similar to those described above.

THIRD EXEMPLARY EMBODIMENT

[0153] Next, a third exemplary embodiment of the present
invention based on the above-described first exemplary
embodiment will be described.

[0154] In the following description, characteristic parts of
the present exemplary embodiment will be mainly
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described, and the same components as in the above-de-
scribed first exemplary embodiment are assigned with the
same reference signs, whereby overlapping description will
be omitted.

[0155] With reference to FIG. 13 and FIG. 14, description
will be given of a configuration of a blood pressure estima-
tion device 1201 according to the third exemplary embodi-
ment and a processing executed by the blood pressure
estimation device 1201. FIG. 13 is a block diagram illus-
trating the configuration of the blood pressure estimation
device 1201 according to the third exemplary embodiment
of the present invention. FIG. 14 is a flowchart presenting
the flow of the process by the blood pressure estimation
device 1201 according to the third exemplary embodiment.

[0156] The blood pressure measurement device 1201
includes a cuff 401, a pulse wave measurement unit 402, a
pulse wave measurement unit 403, a pressure measurement
unit 407, a pressure control unit 1203, an input unit 405, a
display unit 406, and a blood pressure estimation device
1202.

[0157] First, when measurement is started, the pressure
control unit 1203 performs control so as to increase the
internal pressure of the cuff 401 (Step S1301). In the process
of applying pressure, the pressure measurement unit 407
measures the internal pressure of the cuff 401 and transmits
the measured pressure as a pressure signal 2003 to the blood
pressure estimation device 1202. The pulse wave measure-
ment unit 402 and the pulse wave measurement unit 403
measure pulse waves at a specific region and transmits the
measured pulse waves as pulse wave signals (i.e., a pulse
wave signal 2001 and a pulse wave signal 2002) to the blood
pressure estimation device 1202.

[0158] Subsequently, the blood pressure estimation device
1202 receives the pressure signal 2003 and the pulse wave
signals and calculates a characteristic value on the basis of
the received pressure signal 2003 and pulse wave signals.
The blood pressure estimation device 1202 then determines
whether the calculated characteristic value is larger than or
equal to a predetermined value (Step S1302).

[0159] When determining that the characteristic value is
larger than or equal to the predetermined value (Yes in Step
S1302), the blood pressure estimation device 1202 calcu-
lates the pressure indicated by the pressure signal 2003, as
a diastolic blood pressure (Step S1303). When determining
that the characteristic value is smaller than the predeter-
mined value (No in Step S1302), the blood pressure esti-
mation device 1202 transmits a control signal for increasing
pressure to the pressure control unit 1203. Upon receipt of
the control signal, the pressure control unit 1203 performs
control so as to increase the internal pressure of the cuff 401
according to the received control signal (Step S1301).

[0160] After calculating the diastolic blood pressure, the
blood pressure estimation device 1202 transmits a control
signal for increasing pressure to the pressure control unit
1203. Upon receipt of the control signal, the pressure control
unit 1203 performs control so as to increase the internal
pressure of the cuff 401 according to the received control
signal (Step S1304).

[0161] Subsequently, the blood pressure estimation device
1202 receives the pressure signal 2003 and pulse wave
signals after the pressure application and calculates a char-
acteristic value on the basis of the received pressure signal
2003 and pulse wave signals. The blood pressure estimation
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device 1202 then determines whether the calculated char-
acteristic value is the largest (approximately the largest)
(Step S1305).

[0162] When determining that the characteristic value is
the largest (or approximately the largest) (Yes in Step
S1305), the blood pressure estimation device 1202 estimates
the pressure indicated by the pressure signal 2003 as a
systolic blood pressure (Step S1306). When determining
that the characteristic value is not the largest (or approxi-
mately the largest) (No in Step S1305), the blood pressure
estimation device 1202 transmits a control signal for
increasing pressure to the pressure control unit 1203. Upon
receipt of the control signal, the pressure control unit 1203
performs control so as to increase the internal pressure of the
cuff 401 according to the received control signal (Step
S1304).

[0163] After calculating the systolic blood pressure, the
blood pressure estimation device 1202 transmits a second
control signal for decreasing pressure to the pressure control
unit 1203. Upon receipt of the second control signal, the
pressure control unit 1203 performs control to reduce the
internal pressure of the cuff 401 according to the received
second control signal (Step S1307).

[0164] The blood pressure measurement device 1201
according to the third exemplary embodiment has a con-
figuration similar to that of the first exemplary embodiment
and can hence obtain effects similar to those of the first
exemplary embodiment. In other words, the blood pressure
measurement device 1201 according to the third exemplary
embodiment can estimate blood pressure with a high degree
of accuracy.

[0165] The blood pressure measurement device 1201 esti-
mates a systolic blood pressure by applying pressure around
the systolic blood pressure while increasing the internal
pressure of the cuff 401. In contrast, common blood pressure
measurement devices estimate a systolic blood pressure
while reducing the internal pressure of the cuff 401 after
applying pressure to reach a blood pressure sufficiently
higher than a systolic blood pressure.

[0166] Hence, the blood pressure measurement device
1201 according to this exemplary embodiment can estimate
a systolic blood pressure with a pressure lower than those
used by common blood pressure measurement devices.
[0167] In other words, with the blood pressure measure-
ment device 1201 according to this exemplary embodiment,
it is possible to reduce measurement time and also reduce
burden on the subject to be measured.

FOURTH EXEMPLARY EMBODIMENT

[0168] Next, a fourth exemplary embodiment of the pres-
ent invention based on the above-described third exemplary
embodiment will be described.

[0169] Inthe following description, the characteristic parts
of the present exemplary embodiment are mainly described,
and the same components as in the above-described third
exemplary embodiment are assigned with the same refer-
ence signs, whereby overlapping description will be omitted.
[0170] With reference to FIG. 15 and FIG. 16, description
will be given of a configuration of a blood pressure mea-
surement device 1401 according to the fourth exemplary
embodiment and a processing executed by the blood pres-
sure measurement device 1401. FIG. 15 is a block diagram
illustrating the configuration of the blood pressure measure-
ment device 1401 according to the fourth exemplary
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embodiment of the present invention. FIG. 16 is a flowchart
presenting the flow of the process by the blood pressure
measurement device 1401 according to the fourth exemplary
embodiment.

[0171] The blood pressure measurement device 1401
includes a cuff 401, a pulse wave measurement unit 402, a
pulse wave measurement unit 403, a pressure measurement
unit 407, a pressure control unit 1403, an input unit 405, a
display unit 406, and a blood pressure estimation device
1402.

[0172] First, when a subject to be measured starts mea-
surement, the pressure control unit 1403 performs control so
as to increase the internal pressure of the cuff 401 to a
predetermined pressure (pressure sufficiently higher than a
normal systolic blood pressure) (Step S1501). The pressure
control unit 1403 then performs control so as to reduce the
pressure (Step S1502). In the course of the pressure being
reduced, the pressure measurement unit 407 measures the
internal pressure of the cuff 401 and transmits the measured
pressure as a pressure signal 2003 to the blood pressure
estimation device 1402. The pulse wave measurement unit
402 and the pulse wave measurement unit 403 measure
pulse waves at a specific region and transmits the measured
pulse waves as pulse wave signals to the blood pressure
estimation device 1402.

[0173] In this exemplary embodiment, the pulse wave
measurement unit 402 and the pulse wave measurement unit
403 are vibration sensors that detect vibrations arising from
pulse waves.

[0174] The pressure measurement unit 407, the pulse
wave measurement unit 402, and the pulse wave measure-
ment unit 403 each measure the pressure and the pulse wave
presented in a corresponding one of FIG. 17A to FIG. 17C.
FIG. 17A is a graph presenting an example of pressure
measured by the pressure measurement unit 407. FIG. 17B
is a graph presenting an example of a pulse wave measured
by the pulse wave measurement unit 402 (referred to as
“pulse wave signal A” below). FIG. 17C is a graph present-
ing an example of a pulse wave measured by the pulse wave
measurement unit 403 (referred to as “pulse wave signal B”
below). The horizontal axis in each of FIG. 17A to FIG. 17C
represents time and indicates a later time at a rightward
position. The vertical axis in FIG. 17A represents pressure
and indicates a higher pressure at a higher position. The
vertical axis in each of FIG. 17B and FIG. 17C represents
the amplitude of the corresponding pulse wave and indicates
a larger amplitude at a higher or lower position and a smaller
amplitude at a position closer to zero.

[0175] Since the pressure control unit 1403 performs
control in Step S1501 and Step S1502, the pressure
decreases with time (FIG. 17A).

[0176] The blood pressure estimation device 1402
receives a pulse wave signal A and a pulse wave signal B and
calculates short-time Fourier transform of each of the
received pulse wave signals. In this exemplary embodiment,
it is assumed that Fourier transform is performed on a pulse
wave corresponding to a single heartbeat. In this case, the
blood pressure estimation device 1402 calculates Fourier
transform of the pulse wave signal A to thereby calculate a
signal C presented in FIG. 18A. Similarly, the blood pres-
sure estimation device 1402 calculates Fourier transform of
the pulse wave signal B to thereby calculate a signal D
presented in FIG. 18B. FIG. 18A and FIG. 18B are graphs
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each presenting an example of a signal obtained by calcu-
lating Fourier transform of a pulse wave.

[0177] The blood pressure estimation device 1402 then
calculates a pulse wave value described as a pulse wave
value 6 and calculates a characteristic value 6 as illustrated
in FIG. 19 on the basis of the calculated pulse wave value.
FIG. 19 is a graph presenting an example of a relationship
between a characteristic value and pressure. The horizontal
axis in FIG. 19 represents a pressure indicated by the
pressure signal 2003 and indicates a higher pressure at a
rightward position. The vertical axis in FIG. 19 represents
Characteristic value 6 and indicates larger Characteristic
value 6 at a higher position. Characteristic value 6 starts to
increase from where the pressure is around the diastolic
blood pressure and reaches the local maximum where the
pressure is around the systolic blood pressure.

[0178] The blood pressure estimation device 1402 esti-
mates the pressure having the local maximum (or substan-
tially local maximum) difference in characteristic value, as
a systolic blood pressure (Step S1503) and estimates a
pressure having the difference in characteristic value that is
smaller than a second certain value and being smaller than
the systolic blood pressure, as a diastolic blood pressure
(Step S1505). In this case, the pressure control unit 1403
continues the control so as to reduce the pressure (Step
S1504).

[0179] The blood pressure measurement device 1401
according to the fourth exemplary embodiment has a con-
figuration similar to that of the first exemplary embodiment
and can hence obtain effects similar to those of the first
exemplary embodiment. In other words, the blood pressure
estimation device 1401 according to the fourth exemplary
embodiment can estimate blood pressure with a high degree
of accuracy.

[0180] The blood pressure measurement device 1401 esti-
mates blood pressure by measuring pulse waves in the
course of reducing pressure after sufficiently applying pres-
sure. As a result, the blood pressure measurement device
1401 according to this exemplary embodiment can measure
pulse waves of pressure in a larger range, and can hence
estimate blood pressure with a higher degree of accuracy.
[0181] The blood pressure measurement device 1401 does
not need to estimate blood pressure only in the course of
applying pressure or the course of decreasing pressure as
described in the third exemplary embodiment and the fourth
exemplary embodiment. The blood pressure measurement
device 1401 may control pressure on the basis of a charac-
teristic value calculated by the blood pressure estimation
device 1402.

[0182] Forexample, when a characteristic value decreases
as the internal pressure of the cuff 401 is reduced, the
pressure is lower than the systolic blood pressure, and
accordingly the pressure control unit 1403 may perform
control so as to increase the internal pressure of the cuff 401.
In contrast, when the characteristic value does not decrease
although the internal pressure of the cuff 401 is reduced, the
pressure is higher than the systolic blood pressure, and
accordingly the pressure control unit 1403 may perform
control so as to reduce the internal pressure of the cuff 401.
In this case, the blood pressure estimation device 1402
estimates a systolic blood pressure while the pressure con-
trol unit 1403 repeats increasing and decreasing of pressure.
Thereafter, while reducing the internal pressure of the cuff
401, the blood pressure measurement device 1401 estimates
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the pressure having the characteristic value smaller than or
equal to a predetermined value, as a diastolic blood pressure.
[0183] When the above-described processing is executed,
it is possible to find a systolic blood pressure by repeating
the process of applying pressure and the process of reducing
pressure. Hence, the blood pressure measurement device
1401 can estimate blood pressure with a higher degree of
accuracy.

[0184] Further, the blood pressure measurement device
1401 may estimate blood pressure in the course of applying
pressure and also estimate blood pressure in the course of
reducing pressure. In this case, the blood pressure measure-
ment device 1401 estimates blood pressure by, for example,
averaging the two blood pressures.

[0185] Alternatively, the blood pressure measurement
device 1401 may estimate blood pressure in two processes
while repeating the process of applying pressure and the
process of reducing pressure. In this case, the blood pressure
measurement device 1401 estimates blood pressure by, for
example, averaging the blood pressures measured in each
process.

[0186] When the above-described processing is executed,
the estimated blood pressure is more accurate by, for
example, averaging the blood pressures calculated in the
course of repeating application and reduction of pressure.
Hence, the blood pressure measurement device 1401 can
estimate blood pressure with a higher degree of accuracy.
[0187] (Hardware Configuration Example)

[0188] A configuration example of hardware resources
that realize a blood pressure estimation device in the above-
described exemplary embodiments of the present invention
using a single calculation processing apparatus (an informa-
tion processing apparatus or a computer) will be described.
However, the pressure estimation device may be realized
using physically or functionally at least two calculation
processing apparatuses. Further, the pressure estimation
device may be realized as a dedicated apparatus.

[0189] FIG. 20 is a block diagram schematically illustrat-
ing a hardware configuration of a calculation processing
apparatus capable of realizing the blood pressure estimation
device according to each of the first exemplary embodiment
to the four exemplary embodiment or a pressure controlling
unit in the blood pressure measurement device. A calculation
processing apparatus 20 includes a central processing unit
(CPU) 21, a memory 22, a disc 23, a non-transitory record-
ing medium 24, an input apparatus 25, an output apparatus
26, and a communication interface (hereinafter, expressed as
a “communication I/F”) 27. The calculation processing
apparatus 20 can execute transmission/reception of infor-
mation to/from another calculation processing apparatus and
a communication apparatus via the communication I/F 27.
[0190] The non-transitory recording medium 24 is, for
example, a computer-readable Compact Disc, Digital_Ver-
satile_Disc. The non-transitory recording medium 24 is, for
example, Universal Serial Bus (USB) memory, or Solid
State Drive. The non-transitory recording medium 24 allows
a related program to be holdable and portable without power
supply. The non-transitory recording medium 24 is not
limited to the above-described media. Further, a related
program can be carried via a communication network by
way of the communication I/F 27 instead of the non-
transitory medium 24.

[0191] In other words, the CPU 21 copies, on the memory
22, a software program (a computer program: hereinafter,
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referred to simply as a “program”) stored by the disc 23
when executing the program and executes arithmetic pro-
cessing. The CPU 21 reads data necessary for program
execution from the memory 22. When display is needed, the
CPU 21 displays an output result on the output apparatus 26.
When a program is input from the outside, the CPU 21 reads
the program from the input apparatus 25. The CPU 21
interprets and executes a blood pressure estimation program
present on the memory 22 corresponding to a function
(processing) indicated by each unit illustrated in FIG. 1,
FIG. 4, FIG. 8, FIG. 13, or FIG. 15 described above or an
blood pressure estimation program (FIG. 2, FIG. 9, FIG. 14,
or FIG. 16). The CPU 21 sequentially executes the process-
ing described in each exemplary embodiment of the present
invention.

[0192] In other words, in such a case, it is conceivable that
the present invention can also be made using the blood
pressure estimation program. Further, it is conceivable that
the present invention can also be made using a computer-
readable, non-transitory recording medium storing the blood
pressure estimation program.

[0193] Part of or the entire of each of the above-described
exemplary embodiments may be described as the following
supplementary notes. However, the present invention illus-
trated by the use of the above-described exemplary embodi-
ments is not limited to the following. The supplementary
notes are as follows.

[0194] (Supplementary Note 1)

[0195] Ablood pressure estimation device including blood
pressure estimation means for estimating a blood pressure
on the basis of a pressure in a certain time period and
difference between a plurality of pulse wave signals mea-
sured in association with the pressure.

[0196] (Supplementary Note 2)

[0197] The blood pressure estimation device according to
Supplementary Note 1, wherein the blood pressure estima-
tion means calculates a pulse wave value representing the
plurality of pulse wave signals when the plurality of pulse
wave signals satisfy a predetermined condition, and esti-
mates the blood pressure on the basis of difference between
the pulse wave values calculated for the plurality of pulse
wave signals.

[0198] (Supplementary Note 3)

[0199] The blood pressure estimation device according to
Supplementary Note 1 or Supplementary Note 2, wherein
[0200] the pulse wave values is a phase obtained by
frequency space transformation of the corresponding pulse
wave signal, and

[0201] the difference is difference between the phases of
the plurality of pulse wave signals.

[0202] (Supplementary Note 4)

[0203] The blood pressure estimation device according to
Supplementary Note 1 or Supplementary Note 2, wherein
[0204] the pulse wave value is an amplitude obtained by
frequency space transformation of the corresponding pulse
wave signal, and

[0205] the difference is a ratio between the amplitudes of
the plurality of pulse wave signals.

[0206] (Supplementary Note 5)

[0207] The blood pressure estimation device according to
Supplementary Note 1 or Supplementary Note 2, wherein
[0208] the pulse wave value is a timing at which the
corresponding pulse wave signal reaches an extremum or an
approximate extremum in a single heartbeat, and
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[0209] the difference is difference between the timings of
the plurality of pulse wave signals.

[0210] (Supplementary Note €)

[0211] The blood pressure estimation device according to
Supplementary Note 1 or Supplementary Note 2, wherein
[0212] the pulse wave value is an amplitude obtained
when the corresponding pulse wave signal reaches an extre-
mum or an approximate extremum in a single heartbeat, and
[0213] the difference is a ratio between the amplitudes of
the plurality of pulse wave signals.

[0214] (Supplementary Note 8)

[0215] The blood pressure estimation device according to
any one of Supplementary Note 1 to Supplementary Note 7,
wherein the blood pressure estimation means estimates a
pressure obtained when the difference is largest or around
the largest as a systolic blood pressure.

[0216] (Supplementary Note 9)

[0217] The blood pressure estimation device according to
any one of Supplementary Note 1 to Supplementary Note 7,
wherein the blood pressure estimation means estimates a
pressure that is lower than that obtained when the difference
is largest or around the largest and that has the difference
smaller than or equal to a predetermined value, as a diastolic
blood pressure.

[0218] (Supplementary Note 10)

[0219] A blood pressure measurement device including
the blood pressure estimation device according to any one of
Supplementary Note 1 to Supplementary Note 9, wherein
[0220] the blood pressure estimation device estimates a
blood pressure in a course of a pressure being applied to a
cuff.

[0221] (Supplementary Note 11)
[0222] The blood pressure measurement device including:
[0223] the blood pressure estimation device according to

any one of Supplementary Note 1 to Supplementary Note 9;
and

[0224] pressure control means for controlling internal
pressure of a cuff according to the difference.

[0225] (Supplementary Note 12)

[0226] The blood pressure measurement device according
to Supplementary Note 10 or Supplementary Note 11,
further including:

[0227] first pulse wave measurement means for measuring
a pulse wave at upstream of an artery in the certain time
period in association with a certain pressure, and transmit-
ting the measured pulse wave as the pulse wave signal to the
blood pressure estimation device; and

[0228] second pulse wave measurement means for mea-
suring the pulse wave at downstream of the artery in the
certain time period in association with the certain pressure,
and transmitting the measured pulse wave as the pulse wave
signal to the blood pressure estimation device, wherein
[0229] the blood pressure estimation device receives the
pulse wave signal transmitted by the first pulse wave mea-
surement means and the pulse wave signal transmitted by
the second pulse wave measurement means, and estimates
the blood pressure on the basis of the two received pulse
wave signals.

[0230] (Supplementary Note 13)

[0231] The blood pressure measurement device according
to Supplementary Note 12, wherein the first pulse wave
measurement means and the second pulse wave measure-
ment means are arranged so that a shorter-side direction
center or a substantially shorter-side direction center of
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pressure application in the cuff is located between the first
pulse wave measurement means and the second pulse wave
measurement means.

[0232] (Supplementary Note 14)

[0233] The blood pressure measurement device according
to Supplementary Note 12 or Supplementary Note 13,
wherein the first pulse wave measurement means or the
second pulse wave measurement means is a vibration sensor
that detects vibration.

[0234] (Supplementary Note 15)

[0235] The blood pressure measurement device according
to any one of Supplementary Note 12 to Supplementary
Note 14, wherein the first pulse wave measurement means or
the second pulse wave measurement means is a photoelec-
tric sensor that detects reflected light obtained when light is
applied to a specific region or transmitted light obtained
when light is applied to a specific region.

[0236] (Supplementary Note 16)

[0237] The blood pressure measurement device according
to any one of Supplementary Note 12 to Supplementary
Note 15, wherein the first pulse wave measurement means or
the second pulse wave measurement means is a pressure
sensor that measures a pressure.

[0238] (Supplementary Note 17)

[0239] The blood pressure measurement device according
to any one of Supplementary Note 10 to Supplementary
Note 16, further including:

[0240] first pulse wave measurement means for measuring
a pulse wave at upstream of an artery in the certain time
period in association with a certain pressure, and transmit-
ting the measured pulse wave as the pulse wave signal to the
blood pressure estimation device; and

[0241] second pulse wave measurement means for mea-
suring a pulse wave at downstream of the artery in the
certain time period in association with the certain pressure,
and transmitting the measured pulse wave as the pulse wave
signal to the blood pressure estimation device, wherein
[0242] the blood pressure estimation device receives the
pulse wave signal transmitted by the first pulse wave mea-
surement means and the pulse wave signal transmitted by
the second pulse wave measurement means, and estimates
the blood pressure on the basis of the two received pulse
wave signals

[0243] (Supplementary Note 19)

[0244] A blood pressure estimation method including;
estimating, by using an information processing device, a
blood pressure on the basis of a pressure in a certain time
period and difference between a plurality of pulse wave
signals measured in association with the pressure in the
certain time period.

[0245] (Supplementary Note 20)

[0246] A recording medium that records a blood pressure
estimation program for causing a computer to implement a
blood pressure estimation function of estimating a blood
pressure on the basis of a pressure in a certain time period
and difference between a plurality of pulse wave signals
measured in association with the pressure in the certain time
period.

[0247] The present invention has been described using the
above-described exemplary embodiments as exemplary
cases. However, the present invention is not limited to the
above-described exemplary embodiments. In other words,
the present invention is applicable with various aspects that
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can be understood by those skilled in the art without
departing from the scope of the present invention.

[0248] This application is based upon and claims the
benefit of priority from Japanese patent application No.
2014-025371, filed on Feb. 13, 2014, the disclosure of which
is incorporated herein in its entirety.

REFERENCE SIGNS LIST

[0249] 101 Blood pressure estimation device
[0250] 102 Blood pressure estimation unit
[0251] 2001 Pulse wave signal

[0252] 2002 Pulse wave signal

[0253] 2003 Pressure signal

[0254] 401 Cuff

[0255] 402 Pulse wave measurement unit

[0256] 403 Pulse wave measurement unit

[0257] 404 Pressure control unit

[0258] 405 Input unit

[0259] 406 Display unit

[0260] 407 Pressure measurement unit

[0261] 408 Blood pressure measurement device
[0262] 701 Blood pressure estimation device
[0263] 702 Blood pressure estimation unit
[0264] 1001 Pulse wave measurement unit
[0265] 1002 Pulse wave measurement unit
[0266] 1003 Pulse wave measurement unit
[0267] 1004 Pulse wave measurement unit
[0268] 1005 Cuff

[0269] 1006 Pressure bag

[0270] 1007 Blood pressure measurement device
[0271] 1008 Blood pressure measurement device
[0272] 1201 Blood pressure measurement device
[0273] 1202 Blood pressure estimation device
[0274] 1203 Pressure control unit

[0275] 1401 Blood pressure measurement device
[0276] 1402 Blood pressure estimation device
[0277] 1403 Pressure control unit

[0278] 20 Computing device

[0279] 21 CPU

[0280] 22 Memory

[0281] 23 Disk

[0282] 24 Nonvolatile recording medium

[0283] 25 Input device

[0284] 26 Output device

[0285] 27 Communication IF

1. A blood pressure estimation device comprising:

a blood pressure estimation unit configured to estimate a
blood pressure on the basis of a pressure in a certain
time period and difference between a plurality of pulse
wave signals measured in association with the pressure.

2. The blood pressure estimation device according to

claim 1, wherein

the blood pressure estimation unit calculates a pulse wave
value representing the plurality of pulse wave signals
when the plurality of pulse wave signals satisfy a
predetermined condition, and estimates the blood pres-
sure on the basis of difference between the pulse wave
values calculated for the plurality of pulse wave sig-
nals.

3. The blood pressure estimation device according to

claim 2, wherein

the pulse wave value is a phase obtained by frequency
space transformation of the corresponding pulse wave
signal, and
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the difference is difference between the phases of the
plurality of pulse wave signals.

4. The blood pressure estimation device according to

claim 2, wherein

the pulse wave value is an amplitude obtained by fre-
quency space transformation of the corresponding
pulse wave signal, and

the difference is a ratio between the amplitudes of the
plurality of pulse wave signals.

5. The blood pressure estimation device according to

claim 2, wherein

the pulse wave value is a timing at which the correspond-
ing pulse wave signal reaches an extrenmum or an
approximate extremum in a single heartbeat, and

the difference is difference between the timings of the
plurality of pulse wave signals.

6. The blood pressure estimation device according to

claim 2, wherein

the pulse wave value is an amplitude obtained when the
corresponding pulse wave signal reaches an extremum
or an approximate extremum in a single heartbeat, and

the difference is a ratio between the amplitudes of the
plurality of pulse wave signals.

7. A blood pressure measurement device comprising:

the blood pressure estimation device according to claim 1;
and

pressure control unit configured to control internal pres-
sure of a cuff according to the difference.

8. The blood pressure measurement device according to

claim 7, further comprising:

a first pulse wave measurement unit configured to mea-
sure a pulse wave at upstream of an artery in the certain
time period in association with a certain pressure, and
transmit the measured pulse wave as the pulse wave
signal to the blood pressure estimation device; and

second pulse wave measurement unit configured to mea-
sure the pulse wave at downstream of the artery in the
certain time period in association with the certain
pressure, and transmit the measured pulse wave as the
pulse wave signal to the blood pressure estimation
device, wherein

the blood pressure estimation device receives the pulse
wave signal transmitted by the first pulse wave mea-
surement unit and the pulse wave signal transmitted by
the second pulse wave measurement unit, and estimates
the blood pressure on the basis of the two received
pulse wave signals.

9. A blood pressure estimation method comprising; esti-
mating, by using an information processing device, a blood
pressure on the basis of a pressure in a certain time period
and difference between a plurality of pulse wave signals
measured in association with the pressure in the certain time
period.

10. A non-transitory recording medium that records a
blood pressure estimation program for causing a computer to
implement a blood pressure estimation function for estimat-
ing a blood pressure on the basis of a pressure in a certain
time period and difference between a plurality of pulse wave
signals measured in association with the pressure in the
certain time period.

11. The blood pressure estimation device according to
claim 1, wherein
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the blood pressure estimation unit estimates a pressure
obtained when the difference is largest or around the
largest as a systolic blood pressure.
12. The blood pressure estimation device according to
claim 1, wherein
the blood pressure estimation unit estimates a pressure
that is lower than that obtained when the difference is
largest or around the largest and that has the difference
smaller than or equal to a predetermined value, as a
diastolic blood pressure.
13. The blood pressure measurement device according to
claim 8, wherein
the first pulse wave measurement unit and the second
pulse wave measurement unit are arranged so that a
shorter-side direction center or a substantially shorter-
side direction center of pressure application in the cuff
is located between the first pulse wave measurement
unit and the second pulse wave measurement unit.
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14. The blood pressure measurement device according to
claim 8, wherein
the first pulse wave measurement unit or the second pulse
wave measurement unit is a vibration sensor that
detects vibration.
15. The blood pressure measurement device according to
claim 8, wherein
the first pulse wave measurement unit or the second pulse
wave measurement unit is a photoelectric sensor that
detects reflected light obtained when light is applied to
a specific region or transmitted light obtained when
light is applied to a specific region.
16. The blood pressure measurement device according to
claim 8, wherein
the first pulse wave measurement unit or the second pulse
wave measurement unit is a pressure sensor that mea-
sures a pressure.
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