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(7) ABSTRACT

A blood pressure measurement apparatus includes a mea-
suring device that includes a plurality of pressure sensors
and is for measuring blood pressure information for each
heartbeat in a measurement target, and an arrangement state
inferring unit for extracting a feature quantity from an output
waveform of each of the pressure sensors for each heartbeat,
and inferring an arrangement state of the measuring means
relative to an artery that is the measurement target based on
a distribution profile of values of the feature quantity for the
plurality of pressure sensors. The apparatus also includes a
reliability calculating unit for calculating a reliability of the
blood pressure information measured by the measuring
means, based on the inferred arrangement state.
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FIG. 10
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FIG. 12

Arrangement state = artery direction filt state

11

a0 cotmiponent
i
112

mememnd 1 COMpORSIY

First tonogram Second tonogram
mmHg rernbg




Patent Application Publication  Jul. 11,2019 Sheet 13 of 23  US 2019/0209096 A1

Arrangement state = width direction tilt state

First tonogram
mmHg

F

ac component

mmmnne (G COmpONERE




Patent Application Publication  Jul. 11,2019 Sheet 14 of 23  US 2019/0209096 A1

11

First tonogram

nmHg ac component

mewness (0 COMpOnENt




Patent Application Publication  Jul. 11,2019 Sheet 15 of 23  US 2019/0209096 A1

FIG. 15
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FIG. 22
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BLOOD PRESSURE MEASUREMENT
APPARATUS, METHOD OF CONTROLLING
BLOOD PRESSURE MEASUREMENT
APPARATUS, AND PROGRAM

TECHNICAL FIELD

[0001] The present invention relates to an apparatus for
blood pressure measurement and a method of controlling the
same, and more specifically relates to an apparatus for
performing blood pressure measurement by tonometry.

BACKGROUND ART

[0002] A tonometry type of blood pressure measurement
method is known in which an artery near the body surface,
such as a radial artery, is pressed to the extent that a flattened
portion is formed in the artery, the artery internal pressure
and the external pressure are balanced, and the blood pres-
sure is measured non-invasively by a pressure sensor.
According to this method, it is possible to non-invasively
obtain a blood pressure value for each heartbeat.

[0003] When blood pressure measurement is performed
by tonometry, the pressure sensor needs to be accurately
placed above an artery. In view of this, real apparatuses are
provided with multiple micro pressure sensors, the most
suitable output is selected as the blood pressure waveform
from among the output of the group of sensors, and the blood
pressure value is measured based on the selected output. For
example, Patent Literature 1 discloses a method for selecting
the most suitable output.

CITATION LIST

Patent Literature

[0004] Patent Literature 1: JP 2004-222847A
SUMMARY OF INVENTION
Technical Problem
[0005] Patent Literature 1 describes the following most

suitable output selection method. Specifically, a sensor array
has a pressing surface on which multiple pressure sensors
are mounted, the sensor array is pressed against the body
surface, and multiple voltage signals indicating pressure
information are received at the same time from the pressure
sensors when performing pulse wave detection. A CPU
extracts, from each of the voltage signals, a direct current
component that indicates a pressure component generated
due to a solid object, and specifies the pressure sensors that
are located above a solid object based on the extracted direct
current components. The pressure sensors other than the
specified pressure sensors located above a solid object are
then selected as candidates for pressure sensors that are
located above an artery, and a pulse wave generated from an
artery is detected based on the pressure information output
by the selected pressure sensors.

[0006] According to this type of technique, in cases where
the measurement value is significantly affected by pressure
sensors that are arranged on solid objects other than an
artery, it is possible to specify sensors that are in an
unsuitable arrangement, and exclude such sensors from the
candidates for selection of a most suitable output value.
[0007] However, with the above-described conventional
technique, there is a problem that even if output is acquired
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under conditions that negatively influence data analysis,
such as the case of shift in the direction in which the artery
is pressed (the sensor group is arranged tilted relative to the
pressed surface), such a case is treated the same as the case
where the sensor group is arranged suitably.

[0008] In view of the above-described circumstances, an
object of the present invention is to provide a technique for
calculating the reliability of blood pressure information that
is measured in a tonometry type of blood pressure measure-
ment method.

Solution to Problem

[0009] In order to achieve the aforementioned object, the
present invention employs configurations such as the fol-
lowing.

[0010] A blood pressure measurement apparatus accord-
ing to the present invention is a blood pressure measurement
apparatus that measures a blood pressure by tonometry, the
blood pressure measurement apparatus including: a measur-
ing means that includes a plurality of pressure sensors and
is for measuring blood pressure information for each heart-
beat in a measurement target; an arrangement state inferring
means for extracting a feature quantity from an output
waveform of each of the pressure sensors for each heartbeat,
and inferring an arrangement state of the measuring means
relative to an artery that is the measurement target based on
a distribution profile of values of the feature quantity for the
plurality of pressure sensors; and a reliability calculating
means for calculating a reliability of the blood pressure
information measured by the measuring means. based on the
inferred arrangement state.

[0011] According to this configuration, it is possible to
obtain a reliability regarding the measured blood pressure
information, and blood pressure information obtained when
the measuring means is in an unsuitable arrangement state
(i.e., a measurement value having a low reliability) can be
prevented from being treated similarly to blood pressure
information obtained when the measuring means is in a
suitable arrangement state (i.e., a measurement value having
a high reliability).

[0012] Here, the arrangement state inferring means may
extract, from the output waveform of each of the pressure
sensors for each heartbeat, a difference value between a
maximum value and a minimum value in the output wave-
form, and/or the minimum value, as the feature quantity, and
estimate the arrangement state of the measuring means
based on a distribution profile of the difference value for the
plurality of pressure sensors and/or a distribution profile of
the minimum value.

[0013] Also, the measuring means may have at least one
sensor array that is constituted by a plurality of pressure
sensors that are arranged side-by-side in a direction that
intersects the artery during measurement.

[0014] According to this configuration having a group of
pressure sensors in a predetermined arrangement, the dis-
tribution profile of the feature quantity can be understood to
include the predetermined arrangement, and the arrange-
ment state can be inferred efficiently.

[0015] Also, the arrangement state may include a pressing
extent that indicates an extent of force that the sensor array
applies to the artery, and the arrangement state inferring
means may infer the pressing extent based on a difference
between a peak value and a bottom value in the distribution
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profile of the difference value and/or the peak value in the
distribution profile of the difference value.

[0016] According to this configuration in which the
arrangement state includes the pressing extent, in the case
where blood pressure information is measured in a state
where the extent of the force applied by the sensor array to
the artery is unsuitable, it is possible to obtain a reliability
of the blood pressure information that reflects this state.
[0017] Furthermore, the arrangement state may include a
width direction tilt that indicates tilt in a direction perpen-
dicular to a direction of extension of the artery, relative to a
reference state that is an orientation suited to measurement,
and the arrangement state inferring means may infer the
width direction tilt based on an inclination in the distribution
profile of the minimum value.

[0018] According to this configuration in which the
arrangement state includes the width direction tilt, in the
case where blood pressure information is measured in a state
where the measuring means is tilted in a direction perpen-
dicular to the extending direction of the artery relative to the
suitable state, it is possible to obtain a reliability of the blood
pressure information that reflects this state.

[0019] Moreover, the arrangement state may include a
width direction shift that indicates shift in a direction
perpendicular to a direction of extension of the artery,
relative to a reference state that is an orientation suited to
measurement, and the arrangement state inferring means
may infer the width direction shift based on a position of a
peak in the distribution profile of the difference value.
[0020] According to this configuration in which the
arrangement state includes the width direction shift, in the
case where blood pressure information is measured in a state
where the measuring means is shifted in a direction perpen-
dicular to the extending direction of the artery relative to the
suitable state, it is possible to obtain a reliability of the blood
pressure information that reflects this state.

[0021] Moreover, the measuring means may include a first
sensor array and a second sensor array that are arranged
parallel with each other, the arrangement state may include
an artery direction tilt that indicates tilt in a direction parallel
to a direction of extension of the artery, relative to a
reference state that is an orientation suited to measurement,
and the arrangement state inferring means may infer the
artery direction tilt based on a difference between a peak
value and a bottom value in the distribution profile of the
difference value and the peak value in the distribution profile
of the difference value for each of the first sensor array and
the second sensor array.

[0022] In this way, due to the fact that the sensor group
having a predetermined arrangement is provided in two rows
arranged parallel to each other, it is possible to efficiently
estimate a wider variety of arrangement states of the mea-
suring means. Also, due to the fact that the arrangement state
includes the artery direction tilt of the measuring means, in
the case where blood pressure information is measured in a
state where the measuring means is tilted in a direction
parallel to the extending direction of the artery relative to the
suitable state, it is possible to obtain a reliability of the blood
pressure information that reflects this state.

[0023] Moreover, the measuring means may include a first
sensor array and a second sensor array that are arranged
parallel with each other, the arrangement state may include
an artery direction shift that indicates shift in a direction
parallel to a direction of extension of the artery, relative to
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areference state that is an orientation suited to measurement,
and the arrangement state inferring means may infer the
artery direction shift based on a difference between peak
values in the distribution profiles of the difference values of
the first sensor array and the second sensor array.

[0024] According to this configuration in which the
arrangement state includes the artery direction shift, in the
case where blood pressure information is measured in a state
where the measuring means is shifted in a direction parallel
to the extending direction of the artery relative to the suitable
state, it is possible to obtain a reliability of the blood
pressure information that reflects this state.

[0025] Moreover, the measuring means may include a first
sensor array and a second sensor array that are arranged
parallel with each other, the arrangement state may include
a rotation shift that indicates rotation of the sensor array in
a plane of contact with the measurement target, relative to a
reference state that is an orientation suited to measurement,
and the arrangement state inferring means may infer the
rotation shift based on a difference between positions of
peaks in the distribution profiles of the difference values of
the first sensor array and the second sensor array.

[0026] According to this configuration in which the
arrangement state includes the rotation direction shift, in the
case where blood pressure information is measured in a state
where the sensor array is shifted in the rotation direction in
the plane of contact with the measurement target, it is
possible to obtain a reliability of the blood pressure infor-
mation that reflects this state.

[0027] Also, the blood pressure measurement apparatus
according to the present invention may further include an
outputting means for outputting one of or a combination of
the blood pressure information, the arrangement state, and
the reliability.

[0028] According to this configuration having the output-
ting means, the various types of information can be appro-
priately output for use.

[0029] Moreover, the outputting means may be one of or
a combination of an image displaying means for outputting
one of or a combination of the blood pressure information,
the arrangement state, and the reliability, using text and/or an
image, a sound outputting means for outputting one of or a
combination of the blood pressure information, the arrange-
ment state, and the reliability, using a sound, and a commu-
nicating means for outputting, to another apparatus, one of
or a combination of the blood pressure information, the
arrangement state, and the reliability, using wired or wireless
communication.

[0030] According to this configuration, it is possible to
employ a suitable output method according to the informa-
tion that is to be output and the objective, and by having
multiple different outputting means, it is possible to more
effectively output information.

[0031] Also, the blood pressure measurement apparatus
according to the present invention may further include a
warning means for outputting, to the outputting means,
information indicating an unsuitable arrangement state that
causes a decrease in the reliability, in a case where the
reliability is less than or equal to a predetermined reference
value.

[0032] According to this configuration, in the case where
the reliability of the blood pressure information is less than
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or equal to a predetermined reference value, the user of the
blood pressure measurement apparatus can find out that fact
and the cause for it.

[0033] Moreover, the blood pressure measurement appa-
ratus according to the present invention may further include
a correction instructing means for outputting, to the output-
ting means, a method of correcting an unsuitable arrange-
ment state that causes a decrease in the reliability to a
suitable arrangement state, in a case where the reliability is
less than or equal to a predetermined reference value.
[0034] According to this configuration, in the case where
the reliability of the blood pressure information is less than
or equal to the predetermined reference value, the user of the
blood pressure measurement apparatus can, in accordance
with the correction instruction, correct the measuring means
to a suitable arrangement state.

[0035] Also, the blood pressure measurement apparatus
according to the present invention may be a wearable
apparatus for being attached to a wrist.

[0036] According to this configuration, the user of the
blood pressure measurement apparatus can measure their
blood pressure without the freedom of body movement
being constrained.

[0037] A method of controlling a blood pressure measure-
ment apparatus according to the present invention includes:
a measuring step of, with use of a measuring means that
includes a plurality of pressure sensors, measuring blood
pressure information for each heartbeat in a measurement
target; a step of extracting a feature quantity from an output
waveform of each of the pressure sensors for each heartbeat;
a step of inferring an arrangement state of the measuring
means relative to an artery that is the measurement target
based on a distribution profile of values of the feature
quantity for the plurality of pressure sensors; and a step of
calculating a reliability of the blood pressure information
measured by the measuring means, based on the inferred
arrangement state.

[0038] A program according to the present invention
causes the steps of the above-described method of control-
ling a blood pressure measurement apparatus to be executed
by the blood pressure measurement apparatus.

[0039] Note that the present invention can be understood
as a blood pressure measurement apparatus that has at least
some of the configurations and functions described above.
Also, the present invention can be understood as a method
of controlling a blood pressure measurement apparatus that
includes at least some of the above processing steps, a
program for causing a computer (processor) to execute this
method, or a computer-readable recording medium on which
this program is non-transitorily recorded. The present inven-
tion can be configured by combining the above-described
configurations and processing steps as long as no technical
contradiction arises.

Advantageous Effects of Invention

[0040] According to the present invention, it is possible to
provide a technique for calculating the reliability of blood
pressure information that is measured in a tonometry type of
blood pressure measurement method.

BRIEF DESCRIPTION OF DRAWINGS

[0041] FIG. 1 is a block diagram showing an overall
configuration of a blood pressure measurement apparatus
according to a first embodiment of the present invention.
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[0042] FIG. 2 is a diagram showing a state where a
measurement unit of the blood pressure measurement appa-
ratus of the first embodiment is attached to the left wrist of
a measurement subject by a belt that is not shown.

[0043] FIG. 3 is a cross-sectional diagram schematically
showing the structure of the measurement unit of the blood
pressure measurement apparatus of the first embodiment,
and the state thereof during measurement.

[0044] FIG. 4 is a diagram showing a side surface of a
sensor unit that comes into contact with a body surface in the
blood pressure measurement apparatus of the first embodi-
ment.

[0045] FIG. 5 is a block diagram showing an overview of
a functional configuration of a control unit of the blood
pressure measurement apparatus of the first embodiment.
[0046] FIG. 6 is a flowchart showing an example of the
overall flow of processing performed by the blood pressure
measurement apparatus of the first embodiment.

[0047] FIG. 7 is a diagram showing an arterial pressure
waveform measured by the pressure sensor.

[0048] FIG. 8 is a diagram showing an example of a
tonogram.
[0049] FIG. 9 is a diagram showing a state where the

sensor unit of the blood pressure measurement apparatus of
the first embodiment is suitably arranged relative to a radial
artery, and the shapes of tonograms in this arrangement state.
[0050] FIG. 10 is a diagram showing an arrangement state
in which the sensor unit of the blood pressure measurement
apparatus of the first embodiment is pressed insufficiently,
and the shapes of tonograms in this arrangement state.
[0051] FIG. 11 is a diagram showing an arrangement state
in which the sensor unit of the blood pressure measurement
apparatus of the first embodiment is pressed excessively, and
the shapes of tonograms in this arrangement state.

[0052] FIG. 12 is a diagram showing an arrangement state
in which the sensor unit of the blood pressure measurement
apparatus of the first embodiment is tilted in the artery
direction, and the shapes of tonograms in this arrangement
state.

[0053] FIG. 13 is a diagram showing an arrangement state
in which the sensor unit of the blood pressure measurement
apparatus of the first embodiment is tilted in the width
direction, and the shapes of tonograms in this arrangement
state.

[0054] FIG. 14 is a diagram showing an arrangement state
in which the sensor unit of the blood pressure measurement
apparatus of the first embodiment is shifted in the width
direction, and the shapes of tonograms in this arrangement
state.

[0055] FIG. 15 is a diagram showing an arrangement state
in which the sensor unit of the blood pressure measurement
apparatus of the first embodiment is shifted in the artery
direction, and the shapes of tonograms in this arrangement
state.

[0056] FIG. 16 is a diagram showing an arrangement state
in which the sensor unit of the blood pressure measurement
apparatus of the first embodiment is shifted in the rotation
direction, and the shapes of tonograms in this arrangement
state.

[0057] FIG. 17 is a flowchart showing an example of
processing performed when an arrangement state inference
unit of the blood pressure measurement apparatus of the first
embodiment infers the arrangement state of the sensor unit.
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[0058] FIG. 18 is part of a flowchart showing an example
of processing in the “determine pressing state and artery
direction tilt” step in FIG. 17.

[0059] FIG. 19 is another part of a flowchart showing an
example of processing in the “determine pressing state and
artery direction tilt” step in FIG. 17.

[0060] FIG. 20 is a block diagram showing an overall
configuration of a blood pressure measurement apparatus
according to a second embodiment of the present invention.
[0061] FIG. 21 is a block diagram showing an overview of
a functional configuration of a control unit of the blood
pressure measurement apparatus of the second embodiment.
[0062] FIG. 22 is a flowchart showing an example of the
overall flow of processing performed by the blood pressure
measurement apparatus of the second embodiment.

[0063] FIGS. 23A and 23B are diagrams showing
examples of images displayed by an output unit of the blood
pressure measurement apparatus of the second embodiment.

DESCRIPTION OF EMBODIMENTS

[0064] Hereinafter, specific embodiments of the present
invention will be described with reference to the drawings.
Unless otherwise stated in particular, the dimensions, mate-
rials, shapes, relative arrangements, and the like of constitu-
ent elements described in the following embodiments are not
intended to limit the technical scope of this invention.

First Embodiment

[0065] First, a first embodiment of the present invention
will be described with reference to FIGS. 1 to 19. A blood
pressure measurement apparatus according to the present
embodiment is an apparatus for measuring the pressure
pulse wave of a radial artery by tonometry. Here, tonometry
refers to a method in which an artery is pressed from above
the skin with suitable pressure so as to form a flattened
portion in the artery, the artery internal pressure and the
external pressure are balanced, and a pressure pulse wave is
measured non-invasively by pressure sensors.

[0066] Configuration of Blood Pressure Measurement
Apparatus
[0067] FIG. 1 is a block diagram showing the overall

configuration of a blood pressure measurement apparatus 1
according to the present embodiment. The blood pressure
measurement apparatus 1 mainly has a measurement unit 10,
a control unit 20, an input unit 30, and a storage unit 40.
[0068] Note that the blood pressure measurement appara-
tus 1 may be a stationary type of apparatus that is used in the
state where the upper arm of a measurement subject is
placed on a fixing base during measurement, or may be a
wearable apparatus that is attached in a manner of not
restricting movement of the measurement subject during
measurement. Here, in the case where the blood pressure
measurement apparatus 1 is a wearable apparatus, move-
ment of the measurement subject is not restricted, but the
blood pressure measurement apparatus 1 tends to deviate
from a state that is suitable for blood pressure measurement.
In view of this, with the apparatus of the present embodi-
ment that can obtain the degree of reliability of measured
blood pressure information, it is possible to prevent blood
pressure information that was measured in an unsuitable
state from being treated the same as blood pressure infor-
mation that was measured in a suitable state, and therefore
such an apparatus is preferable.
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[0069] The measurement unit 10 measures the pressure
pulse wave of a measurement subject with use of a sensor
unit 11. FIG. 2 is a diagram showing a state where the
measurement unit 10 is attached to the left wrist of the
measurement subject by a belt that is not shown, and FIG.
3 is a cross-sectional diagram schematically showing the
structure of the measurement unit 10 and the state thereof
during measurement. As shown in FIGS. 2 and 3, the
measurement unit 10 includes a sensor unit 11 and a pressing
mechanism 12 for pressing the sensor unit 11 against the
wrist, and the measurement unit 10 is arranged so as to come
into contact with the body surface at the location of a radial
artery TD that is the blood pressure measurement target.

[0070] FIG. 4 is a diagram showing a side surface of a
sensor unit 11 that comes into contact with the body surface.
As shown in FIG. 4, the sensor unit 11 has a first sensor array
111 that is formed by multiple (e.g., 46) pressure sensors 110
that are arranged side-by-side in a direction B that intersects
adirection A, which is the direction of extension of the radial
artery TD that is located at the attachment site when the
measurement unit 10 is attached, and a second sensor array
112 that is arranged parallel with the first sensor array 111.

[0071] The pressure sensors 110 that constitute the first
and second sensor arrays 111 and 112 are arranged with
intervals therebetween according to which a necessary and
sufficient number of pressure sensors are arranged above the
radial artery TD, and furthermore the pressure sensors 110 in
each of the sensor arrays are arranged so as to form pairs
with the pressure sensors 110 that constitute the other sensor
array. Here, a piezoelectric element that measures pressure
and converts it into an electrical signal, an element that
employs the piezoresistance effect, or the like can be pref-
erably used as the pressure sensors 110.

[0072] The pressing mechanism 12 is constituted by an air
bag and a pump that adjusts the internal pressure of the air
bag, for example. When the control unit 20 controls the
pump so as to raise the internal pressure of the air bag, the
pressure sensors 110 are pressed against the body surface by
expansion of the air bag. Note that the pressing mechanism
12 may be any mechanism that is capable of adjusting the
force for pressing the pressure sensors 110 against the body
surface, and is not limited to being a mechanism that uses an
air bag.

[0073] The control unit 20 performs various types of
processing, such as controlling units of the blood pressure
measurement apparatus 1, recording and analyzing mea-
sured data, and inputting and outputting data. The control
unit 20 includes a processor, a ROM (Read Only Memory),
a RAM (Random Access Memory), and the like. The later-
described functions of the control unit 20 are realized by the
processor reading out programs stored in the ROM or the
storage unit 40 and executing the programs. The RAM
functions as a work memory when the control unit 20
performs various types of processing.

[0074] The input unit 30 provides an operation interface to
the user. For example, it is possible to use operation buttons,
switches, a touch panel, or the like.

[0075] The storage unit 40 is a storage medium that
enables the storage and reading of data, and stores programs
executed by the control unit 20, measurement data obtained
from the measurement unit 10, various types of data
obtained by processing the measurement data, and the like.
A flash memory, for example, is used as the storage unit 40.
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The storage unit 40 may be a portable memory such as a
memory card, or may be built into the blood pressure
measurement apparatus 1.

[0076] Functions of Control Unit

[0077] FIG. 5 is a block diagram showing an overview of
the functional configuration of the control unit 20. As shown
in FIG. 5, as basic functions, the control unit 20 has a feature
quantity extraction unit 21, a tonogram creation unit 22, an
arrangement state inference unit 23, a reliability calculation
unit 24, and a blood pressure index specification unit 25. In
the present embodiment, the functions of these units are
realized by the control unit 20 executing necessary pro-
grams.

[0078] The feature quantity extraction unit 21 is a function
for extracting feature quantities from an arterial pressure
waveform measured by the blood pressure measurement unit
for each heartbeat. The feature quantities that are extracted
in the present embodiment are, for example, the maximum
pressure value and the minimum pressure value of each
heartbeat, and the difference value between the maximum
pressure value and the minimum pressure value.

[0079] The tonogram creation unit 22 is a function for
creating a tonogram. Here, the term “tonogram” refers to the
distribution profile of the values of the feature quantity for
the plurality of pressure sensors. In the present embodiment,
a tonogram is created for each of the sensor arrays based on
the difference value between the maximum pressure value
and the minimum pressure value of each heartbeat (called
the “ac component” hereinafter), and the minimum pressure
value (called the “dc component” hereinafter), which are
extracted by the feature quantity extraction unit 21.

[0080] The arrangement state inference unit 23 is a func-
tion for inferring the arrangement state of the sensor unit 11
relative to the radial artery TD, based on the shape of a
tonogram. In the present embodiment, a final inference is
made from among 64 patterns of arrangement states.

[0081] The reliability calculation unit 24 is a function for
calculating a reliability of blood pressure information mea-
sured by the measurement unit 10, based on the inferred
arrangement state of the sensor unit 11.

[0082] The blood pressure index specification unit 25 is a
function for specifying blood pressure indices that are to be
final measurement values, based on blood pressure infor-
mation measured by multiple pressure sensors 110. The
blood pressure indices that are specified in the present
embodiment are the systolic blood pressure (SBP), the
diastolic blood pressure (DBP), and the pulse rate (PR).

[0083] Functions of Blood Pressure Measurement Appa-
ratus
[0084] The following describes functions of the blood

pressure measurement apparatus 1 in the present embodi-
ment. FIG. 6 is a flowchart showing an example of the
overall flow of processing performed by the blood pressure
measurement apparatus 1 of the present embodiment. As
shown in FIG. 6, for each heartbeat, the blood pressure
measurement apparatus 1 measures blood pressure informa-
tion (step S2), extracts feature quantities from the measured
information and creates a tonogram (step S3), infers the
arrangement state of the sensor unit 11 relative to the radial
artery TD based on the tonogram (step S4), calculates a
reliability based on the inferred arrangement state (step S5),
and records the reliability and the measured blood pressure
information to the storage unit 40 (step S6).
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[0085] Measurement of Blood Pressure Information
[0086] When the measurement unit 10 is attached to the
wrist and the blood pressure measurement apparatus 1 is
started up, the control unit 20 controls the pressing mecha-
nism 12 of the measurement unit 10 and keeps the pressing
force applied to the sensor unit 11 in a suitable state. The
control unit 20 then successively receives blood pressure
information measured by the pressure sensors 110.

[0087] FIG. 7 shows an arterial pressure waveform
(tonometry sensor pressure) measured by a pressure sensor
110. The horizontal axis indicates time, and the vertical axis
indicates the blood pressure. The sampling frequency is 125
Hz in the present embodiment, but can be set as desired, as
long as it is possible to reproduce the shape features of a
waveform for one heartbeat.

[0088] Feature Quantity Extraction, and Tonogram
[0089] The feature quantity extraction unit 21 extracts an
ac component and a dc component from the arterial pressure
waveforms measured by the pressure sensors 110. Also, the
tonogram creation unit 22 creates a graph, that is to say a
tonogram, that plots, on the horizontal axis, the positions on
a sensor array at which the pressure sensors 110 constituting
it are located, and plots, on the vertical axis, the ac compo-
nent and the dc component for each pressure sensor 110 in
the same heartbeat. FIG. 8 is a diagram showing an example
of the tonogram. The pressure sensors 110 are assigned
channel numbers according to the positions at which they
are arranged.

[0090] In the present embodiment, the pressure sensor 110
that has the highest ac component value (peak value) in each
sensor array is considered to be the peak channel, and the
pressure sensor 110 that has the lowest ac component value
(bottom value) is considered to be the bottom channel. Also,
the tonogram for the first sensor array 111 is called the first
tonogram, and the peak value and the bottom value of the
first tonogram are respectively called the first peak value and
the first bottom value. Furthermore, the tonogram for the
second sensor array 112 is called the second tonogram, and
the peak value and the bottom value of the second tonogram
are respectively called the second peak value and the second
bottom value.

[0091] The blood pressure index specification unit 25
selects, as the active channel, whichever one of the peak
channel of the first sensor array 111 and the peak channel of
the second sensor array 112 has the larger ac component
value, and specifies various blood pressure indices from the
blood pressure information measured on the active channel.
[0092] Relationship Between Tonogram and Sensor Unit
Arrangement State

[0093] FIG. 9 is a diagram showing a state where the
sensor unit 11 is suitably arranged relative to the radial artery
TD, and the shapes of tonograms in this arrangement state,
and FIGS. 10, 11, 12, 13, 14, 15, and 16 are diagrams
showing seven patterns in which the sensor unit 11 is not
arranged suitably relative to the radial artery TD, and the
shapes of tonograms in those arrangement states. Note that
in the present specification, it is assumed that a suitable
arrangement state is a state in which, out of the two sensor
arrays, the first sensor array 111 is arranged at a location that
is most suited to pulse pressure wave measurement.

[0094] As shown in FIG. 9, the state where the sensor unit
11 is arranged suitably relative to the radial artery TD is
defined as the state in the case where the ac component of
the first tonogram is shaped as mountain with the peak
channel located at the approximate center, furthermore the
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ac component of the second tonogram is shaped as a
somewhat flatter mountain than in the tonogram of the first
sensor array 111, and furthermore the dc components of the
first sensor array 111 and the second sensor array 112 have
an approximately flat shape.

[0095] Accordingly, as shown in FIG. 10, in the case
where in both the first tonogram and the second tonogram,
the ac component and the dc component both have a flat
shape with a low level (the peak value is low, and the
difference between the peak value and the bottom value is
small), it can be inferred that the arrangement state is a state
in which the force for pressing the sensor unit 11 against the
radial artery TD is too weak, that is to say an insufficient
pressing state.

[0096] Also, as shown in FIG. 11, in the case where in both
the first tonogram and the second tonogram, the ac compo-
nent and the dc component both have a flat shape with a high
level (the peak value is high, and the difference between the
peak value and the bottom value is small), it can be inferred
that the arrangement state is a state in which the force for
pressing the sensor unit 11 against the radial artery TD is
excessive, that is to say an excessive pressing state.

[0097] Also, as shown in FIG. 12, in the case where in
either the first tonogram or the second tonogram, the ac
component and the dc component both have a flat shape with
alow level, and in the other tonogram, the ac component and
the dc component both have a flat shape with a high level,
it can be inferred that the arrangement state is a state in
which the sensor unit 11 is tilted in a direction parallel to the
extending direction of the radial artery TD (this tilt direction
being called the “artery direction” hereinafter), that is to say
an artery direction tilt state.

[0098] Also, as shown in FIG. 13, in the case where the dc
component of the first tonogram is shaped as a line that is
inclined in one direction instead of being flat, it can be
inferred that the arrangement state is a state in which the
sensor unit 11 is tilted in a direction perpendicular to the
extending direction of the radial artery TD (this tilt direction
being called the “width direction” hereinafter), that is to say
a width direction tilt state.

[0099] Also, as shown in FIG. 14, in the case where the
position of the peak channel in the first tonogram is largely
shifted to the left or right of the center, it can be inferred that
the arrangement state is a state in which the sensor unit 11
is shifted in the width direction, that is to say a width
direction shift state.

[0100] Also, as shown in FIG. 15, in the case where the
difference between the heights of the peak values in the first
tonogram and the second tonogram is not very large (the
difference between the output values of the peak channels is
small), it can be inferred that the arrangement state is a state
in which the sensor unit 11 is shifted in the artery direction,
that is to say an artery direction shift state.

[0101] Also, as shown in FIG. 16, in the case where the
positions of the peak channels are largely shifted between
the first tonogram and the second tonogram, it can be
inferred that the arrangement state is a state in which the
sensor unit 11 is shifted in the rotation direction in the plane
of contact with the body surface, that is to say a rotation shift
state.

[0102] Inference of Arrangement State and Calculation of
Reliability
[0103] The arrangement state inference unit 23 infers the

arrangement state of the sensor unit 11 relative to the radial
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artery TD based on the feature quantities and/or the shapes
of the tonograms, and the reliability calculation unit 24
calculates a reliability according to the arrangement state.
FIG. 17 is a flowchart showing an example of processing
performed when an arrangement state inference unit 23
infers the arrangement state of the sensor unit 11. FIGS. 18
and 19 are parts of a flowchart showing an example of
processing in the “determine pressing state and artery direc-
tion tilt” step in FIG. 17, and a single flow is shown in FIGS.
18 and 19. The following describes a method by which the
arrangement state inference unit infers an arrangement state,
with reference to FIGS. 17, 18, and 19.

[0104] The arrangement state inference unit 23 and the
reliability calculation unit 24 are respectively set with
“arrangement state flag=none (suitable state)” and “reliabil-
ity=100" as initial values (step S100).

[0105] The arrangement state inference unit 23 first makes
a determination regarding “pressing extent and artery direc-
tion tilt” (step S101). As shown in FIGS. 18 and 19, the
arrangement state inference unit 23 infers the extent of
pressing of the first sensor array 111, then infers the extent
of pressing of the second sensor array 112, and then infers
the “pressing state and artery direction tilt” of the sensor unit
11 based on a combination of the extents of pressing of the
first sensor array 111 and the second sensor array 112.
[0106] Specifically, first, for the first sensor array 111, it is
determined whether or not the difference between the first
peak value and the first bottom value exceeds a predeter-
mined output value difference threshold value (step S111).
Here, if the difference between the first peak value and the
first bottom value exceeds the predetermined output value
difference threshold value, it is inferred that the extent of
pressing of the first sensor array 111 is suitable (step S112).

[0107] If the difference between the first peak value and
the first bottom value does not exceed the predetermined
output value difference threshold value in step S111, it is
then determined whether or not the first peak value exceeds
a predetermined excessive pressing level threshold value
(5113). Here, if the first peak value exceeds the excessive
pressing level threshold value, it is inferred that the extent of
pressing of the first sensor array 111 is an excessive pressing
state (step S114).

[0108] Ifthe first peak value does not exceed the excessive
pressing level threshold value in step S113, it is then
determined whether or not the first bottom value is below a
predetermined insufficient pressing level threshold value
(S115). Here, if the first bottom value is below the prede-
termined insufficient pressing level threshold value, it is
inferred that the extent of pressing of the first sensor array
111 is an insuflicient pressing state (S116), and if it is not
below the predetermined insufficient pressing level thresh-
old value, it is inferred that the extent of pressing of the first
sensor array 111 is suitable.

[0109] Next, for the second sensor array 112 as well, the
pressing extent is inferred similarly to the case of the first
sensor array 111 (steps S117 to S122).

[0110] Subsequently, it is determined whether or not the
first sensor array 111 and the second sensor array 112 are
both being pressed excessively (step S123). Here, if the
excessive pressing state is inferred in both cases, it is
inferred that the sensor unit 11 is in the “excessive pressing
state” against the radial artery TD, and “excessive pressing
state” is added to the arrangement state flag (S124).
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[0111] If a negative determination is made in step S123
regarding whether or not both the first sensor array 111 and
the second sensor array 112 are being pressed excessively, it
is determined whether or not both the first sensor array 111
and the second sensor array 112 are being pressed insuffi-
ciently (step S125). Here, if it is determined that both the
first sensor array 111 and the second sensor array 112 are in
the insufficient pressing state, it is inferred that the sensor
unit 11 is in the “insufficient pressing state” against the radial
artery TD, and “insufficient pressing state” is added to the
arrangement state flag (step S126).

[0112] If a negative determination is made in step S125
regarding whether or not both the first sensor array 111 and
the second sensor array 112 are in the insufficient pressing
state, it is determined whether or not either one of the first
sensor array 111 and the second sensor array 112 is in the
excessive pressing state and the other one is in the insuffi-
cient pressing state (step S127). Here, if it is determined that
either one of the first sensor array 111 and the second sensor
array 112 is in the excessive pressing state and the other one
is in the insufficient pressing state, it is inferred that the
sensor unit 11 is in the “artery direction tilt state” relative to
the radial artery TD, and “artery direction tilt state” is added
to the arrangement state flag (step S128).

[0113] If a negative determination is made in step S127
regarding whether or not either one of the first sensor array
111 and the second sensor array 112 is in the excessive
pressing state and the other one 1s in the insuflicient pressing
state, it is inferred that the sensor unit 11 is in the “appro-
priate arrangement state” relative to the radial artery TD
(step S129).

[0114] Also, if the arrangement state inferred by the
arrangement state inference unit 23 is the “excessive press-
ing state”, the “insufficient pressing state”, or the “artery
direction tilt state”, the reliability calculation unit 24 sub-
tracts 30 from the value of the reliability.

[0115] As shown in FIG. 17, the arrangement state infer-
ence unit 23 then determines whether or not the sensor unit
11 is tilted in the width direction (step S102). Specifically, a
“dc component tilt” is obtained as the difference between the
value of the d¢ component from the pressure sensor 110
located at the channel that is 10 higher than the peak channel
in the first sensor array 111, and the value of the dc
component from the pressure sensor 110 located at the
channel that is 10 lower than the peak channel in the first
sensor array 111.

[0116] If the above-described dc component tilt value is
greater than or equal to a predetermined dc component tilt
threshold value, the arrangement state inference unit 23
infers that the sensor unit 11 is in the “width direction tilt
state” relative to the radial artery TD, and adds “width
direction tilt state” to the arrangement state flag (step S103).
The reliability calculation unit 24 also subtracts the value
70/4 from the value of the reliability.

[0117] Note that the dc component tilt need only be
obtained using values at two or more points in the tonogram,
is not necessarily limited to being obtained using the posi-
tions of the pressure sensors 110 at the above-described
channels, and may be obtained through linear regression
performed using the values of all of the channels.

[0118] The arrangement state inference unit 23 subse-
quently determines whether or not the sensor unit 11 is
shifted in the width direction (step S104). Specifically, if the
channel number of the peak channel in the first sensor array
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111 is not within an allowable range for the peak channel
position, it is inferred that the sensor unit 11 is in the “width
direction shift state” relative to the radial artery TD, and
“width direction shift state” is added to the arrangement
state flag (step S105). The reliability calculation unit 24 also
subtracts the value 70/4 from the value of the reliability.
[0119] Here, in the case where the sensor arrays are each
constituted by 46 pressure sensors 110 for example, the
allowable range for the peak channel position can be a
numerical value range of 20 to 26, with 20 as the peak
channel lower limit threshold value, and 26 as the peak
channel upper limit threshold value.

[0120] Note that the method of determining whether or not
the sensor unit is shifted in the width direction is not limited
to the above description, and it is also possible to infer that
the arrangement state is the width direction shift state if the
ac component of a tonogram has multiple peaks for example,
that is to say if there are two or more local maximum values
in the ac component.

[0121] The arrangement state inference unit 23 subse-
quently determines whether or not the sensor unit 11 is
shifted in the artery direction (step S106). Specifically, if the
difference between the peak value of the first sensor array
111 and the peak value of the second sensor array 112 is
below the predetermined peak value difference threshold
value, it is inferred that the sensor unit 11 is in the “artery
direction shift state” relative to the radial artery TD, and
“artery direction shift state” is added to the arrangement
state flag (step S107). The reliability calculation unit 24 also
subtracts the value 70/4 from the value of the reliability.
[0122] The arrangement state inference unit 23 subse-
quently determines whether or not the sensor unit 11 is
shifted in the rotation direction (step S108). Specifically, if
the difference between the peak channel number of the first
sensor array 111 and the peak channel number of the second
sensor array 112 exceeds a predetermined peak channel
difference threshold value, it is inferred that the sensor unit
11 is in the “rotation shift state” relative to the radial artery
TD, and “rotation shift state” is added to the arrangement
state flag (step S109). The reliability calculation unit 24 also
subtracts the value 70/4 from the value of the reliability.
[0123] As described above, it is finally inferred that the
arrangement state of the sensor unit 11 relative to the radial
artery TD is one of 64 patterns, the reliability of the
measurement value is calculated in accordance with the
inferred arrangement state, and the calculated reliability is
recorded in the storage unit 40 along with the measured
blood pressure information and the specified blood pressure
indices.

[0124] Effects of Blood Pressure Measurement Apparatus
of Present Embodiment

[0125] According to the configuration described above,
the blood pressure measurement apparatus 1 of the present
embodiment can efficiently infer the arrangement state of the
sensor unit 11 from the viewpoint of pressing extent, artery
direction tilt, width direction tilt, artery direction shift, width
direction shift, and rotation shift. Also, based on the arrange-
ment state of the sensor unit 11 inferred in this way, it is
possible to obtain the reliability of blood pressure informa-
tion measured by the sensor unit 11 on a scale of 100 points.
For this reason, blood pressure information obtained when
the sensor unit 11 is in an unsuitable arrangement state (i.e.,
a measurement value having a low reliability) can be pre-
vented from being treated similarly to blood pressure infor-
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mation obtained when the sensor unit 11 is in a suitable
arrangement state (i.e., a measurement value having a high

reliability).
[0126] Variations
[0127] Note that although reliability value calculation is

performed in five steps for arrangement state inference in the
present embodiment, it is not necessarily required that this
method is employed, and the reliability may be calculated
based on the finally inferred arrangement state.

[0128] Also, although the “pressing extent and artery
direction tilt” state is set with a value that has a larger
influence on the reliability than the other unsuitable arrange-
ment states (30 for the former, and 70/4 for the latter) in the
present embodiment, it is not necessarily required that the
values are set in this way.

[0129] Furthermore, although the reliability is calculated
on a scale of 100 points in the present embodiment, it is not
necessarily required to be such a scale of continuous values,
and the reliability may be expressed by evaluation grades
such as “reliable”, “somewhat reliable”, “not very reliable”,
“hardly reliable”, and “not reliable at all”.

[0130] Also, although it is finally inferred that the arrange-
ment state is one of 64 patterns in the present embodiment,
there is no limitation to this, and the arrangement state may
be inferred from a larger number of patterns. For example,
although only “yes and no” are inferred for shift and tilt in
the present embodiment, it is possible to add the element of
“in which direction” when shift or tilt is occurring, such that
the final arrangement state is inferred from among 729
patterns of arrangement states. Furthermore, it is possible to
add the element “to what extent”, and infer the arrangement
state in finer detail.

[0131] Also, conversely, arrangement state inference may
be performed using a smaller number of determination
elements. For example, the final arrangement state may be
inferred based on only “pressing extent”, “presence/absence
of width direction shift”, and “presence/absence of width
direction tilt”. In such a case, the arrangement state can be
inferred using simply one sensor array.

[0132] Also, the information that is recorded to the storage
unit 40 is not limited to the information described in the
present embodiment, and it is possible to additionally record
data indicating the tonograms created by the tonogram
creation unit 22 and information indicating the arrangement
state inferred by the arrangement state inference unit 23.

Second Embodiment

[0133] Hereinafter, a second embodiment of the present
invention will be described with reference to FIGS. 20 to 23.
Note that the hardware configuration of the present embodi-
ment is substantially the same as that of the first embodi-
ment, with the exception of having an output unit 50, and
therefore like portions are given the same reference signs as
in the first embodiment, and will not be described in detail.
Also, the processing performed by the blood pressure mea-
surement apparatus and the functions of the control unit 20
are also largely the same as in the first embodiment, and
therefore detailed descriptions will not be given for such
portions.

[0134] Configuration of Blood Pressure Measurement
Apparatus
[0135] FIG. 20 is a block diagram showing the overall

configuration of a blood pressure measurement apparatus 2
of the present embodiment. The blood pressure measure-
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ment apparatus 2 mainly has the measurement unit 10, the
control unit 20, the input unit 30, the storage unit 40, and an
output unit 50. As previously mentioned, with the exception
of the output unit 50, the configurations and functions are
similar to those in the first embodiment.

[0136] The output unit 50 provides the user with interfaces
for outputting information. In the present embodiment, it is
presumed that the output unit 50 has a liquid crystal display
and a speaker, but the present invention is not necessarily
limited to this. For example, it is also possible to use a
display apparatus other than a liquid crystal display, an audio
output device other than a speaker, a communication appa-
ratus that performs data communication with another device,
and the like. The data communication performed in the
communication apparatus may be performed via a wire or
wirelessly. A combination of the above is also possible.
[0137] Functions of Control Unit

[0138] FIG. 21 is a block diagram showing an overview of
the functional configuration of the control unit 20. As shown
in FIG. 21, as basic functions, the control unit 20 has the
feature quantity extraction unit 21, the tonogram creation
unit 22, the arrangement state inference unit 23, the reli-
ability calculation unit 24, the blood pressure index speci-
fication unit 25, and an arrangement state output processing
unit 26. In the present embodiment, the functions of these
units are realized by the control unit 20 executing necessary
programs. The configurations other than the arrangement
state output processing unit 26 are similar to those in the first
embodiment.

[0139] The arrangement state output processing unit 26 is
a function for performing processing according to which the
later-described output unit 50 performs output that corre-
sponds to the inferred arrangement state of the sensor unit
11.

[0140] Functions of Blood Pressure Measurement Appa-
ratus
[0141] FIG. 22 is a flowchart showing an example of the

overall flow of processing performed by the blood pressure
measurement apparatus 2 of the present embodiment. As
shown in FIG. 22, for each heartbeat, the blood pressure
measurement apparatus 2 measures blood pressure informa-
tion (step S22), extracts feature quantities from the measured
information and creates a tonogram (step S23), infers the
arrangement state of the sensor unit 11 relative to the radial
artery TD based on the tonogram (step S24), and calculates
a reliability based on the inferred arrangement state (step
S25). The flow up to this point is similar to that in the first
embodiment.

[0142] The blood pressure measurement apparatus 2 fur-
ther determines whether or not the inferred arrangement
state of the sensor unit 11 is “suitable” (step S26), and upon
determining that it is not “suitable”, outputs a warning signal
from the output unit 50 (step S27).

[0143] Thereafter, the blood pressure measurement appa-
ratus displays, on a display unit, the blood pressure indices
that were specified by the blood pressure index specification
unit 25, an illustration of the estimated arrangement state of
the sensor unit 11, the calculated reliability, and a comment
corresponding to the inferred arrangement state (step S28).
[0144] Blood pressure information measurement, feature
quantity extraction, arrangement state inference, and reli-
ability calculation are similar to that in the first embodiment,
and therefore will not be described, and the following
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describes processing that the arrangement state output pro-
cessing unit 26 performs based on the inferred arrangement
state.

[0145] The arrangement state output processing unit 26
first determines whether or not the inferred arrangement
state is “suitable”, and if it is not “suitable”, performs
processing such that a warning sound based on a warning
signal is emitted from a speaker. Note that the case where the
arrangement state is not suitable refers to the case where the
reliability of the measured blood pressure information is less
than or equal to a predetermined value, and therefore the
determination of whether or not to emit the warning signal
may be made based on whether or not the value of the
reliability exceeds the predetermined value.

[0146] Here, the sound may be one type of warning sound,
or may be various types of warning sounds that correspond
to different arrangement states. Also, a warning correspond-
ing to the arrangement state may be given using a language-
based voice message. In this case, the voice data may be
obtained by selecting corresponding voice data from a voice
database in the storage unit 40.

[0147] Also, the arrangement state output processing unit
26 performs processing for displaying, on the display unit,
an “arrangement state illustration image” that corresponds to
the inferred arrangement state. Here, the arrangement state
illustration image may be acquired by selecting correspond-
ing arrangement state illustration image data from an
arrangement state illustration image database in the storage
unit 40.

[0148] Furthermore, the arrangement state output process-
ing unit 26 performs processing for displaying, on the
display unit, an “arrangement state comment” that corre-
sponds to the inferred arrangement state. Also, the arrange-
ment state comment for the case where the arrangement state
is not “suitable” may be displayed along with a “correction
instruction comment” that indicates how the arrangement
state is to be corrected so as to become suitable. Here, the
arrangement state comment and the correction instruction
comment may be acquired by selecting data from a database
in the storage unit 40. In this case, it is possible to prepare
comment data in which a correction comment is included in
the arrangement state comment, and an arrangement state
comment and a correction comment may be stored sepa-
rately in the database.

[0149] Display of Information on Display Apparatus
[0150] Along with the information obtained by the above-
described processing of the arrangement state output pro-
cessing unit 26, the control unit 20 displays, on a liquid
crystal display, the first tonogram created by the tonogram
creation unit 22, the reliability calculated by the reliability
calculation unit 24, and the blood pressure indices specified
by the blood pressure index specification unit 25. FIGS. 23A
and 23B show examples of such a display screen. FIG. 23A
shows an example of the case where the sensor unit 11 is in
a suitable arrangement state relative to the radial artery TD,
and FIG. 23B shows an example of the case where the sensor
unit 11 is shifted and tilted in the width direction.

[0151] Effects of Blood Pressure Measurement Apparatus
of Present Embodiment

[0152] According to the configuration described above,
through the display on the liquid crystal display, the user of
the blood pressure measurement apparatus 2 of the present
embodiment can find out, in a more timely manner, the
measured blood pressure indices (SBP. DBP, and PR) and
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the reliability of these blood pressure indices. Also, through
the display of the illustration image and text information, it
is possible to find out, in a more timely manner, the
arrangement state of the sensor unit 11 relative to the radial
artery TD that is the measurement target.

[0153] Also, in the case where the reliability of the blood
pressure information, which includes the blood pressure
indices, is less than or equal to a predetermined reference
value, the user of the blood pressure measurement apparatus
2 of the present embodiment can immediately find out that
fact through audio and/or a display screen. Furthermore, an
unsuitable arrangement state that causes a reduction in
reliability can be found out in a more timely manner through
an illustration image and text information, and a method for
putting the sensor unit 11 in a suitable arrangement state can
be found out through the display of text information. For this
reason, the user can, on their own, correct the arrangement
state of the sensor unit 11 to a state that is suited to blood
pressure measurement.

[0154] Variations

[0155] Instead of various types of information merely
being displayed on the display, it may be recorded in the
storage unit 40 when necessary. Also, there is no limitation
to only the displayed information, and a configuration is
possible in which all of the measured blood pressure infor-
mation, second tonogram data, and the like are also
recorded.

[0156] Also, although information is displayed on a liquid
crystal display that is integrated with the blood pressure
measurement apparatus in the present embodiment, the
information may be transmitted via a communication appa-
ratus and displayed by a monitor that is separate from the
blood pressure measurement apparatus, or by a projector or
a mobile information terminal such as a smartphone.
[0157] Also, although sound is output as the warning
signal in the present embodiment, there is no limitation to
this, and a warning may be given by the blinking of a light,
for example. In such a case, this may performed by the
screen of the liquid crystal display, or may be performed
using an LED or the like that is separate from the display.

REFERENCE SIGNS LIST

[0158] 1. 2 blood pressure measurement apparatus
[0159] 10 measurement unit

[0160] 11 sensor unit

[0161] 12 pressing mechanism

[0162] 110 pressure sensor

[0163] 111 first sensor array

[0164] 112 second sensor array

[0165] 20 control unit

[0166] 21 feature quantity extraction unit

[0167] 22 tonogram creation unit

[0168] 23 arrangement state inference unit

[0169] 24 reliability calculation unit

[0170] 25 blood pressure index specification unit
[0171] 26 arrangement state output processing unit
[0172] 30 input unit

[0173] 40 storage unit

[0174] 50 output unit

[0175] TD radial artery

1. A blood pressure measurement apparatus that measures
a blood pressure by tonometry, the blood pressure measure-
ment apparatus comprising;
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ameasurement device that includes a plurality of pressure
sensors that measure blood pressure information for
each heartbeat in a measurement target; and

a processor configured to:

extract a feature quantity from an output waveform of
each of the pressure sensors for each heartbeat, and
infer an arrangement state of the measurement
device relative to an artery that is the measurement
target based on a distribution profile of values of the
feature quantity for the plurality of pressure sensors;
and

calculate a reliability of the blood pressure information
measured by the measurement device, based on the
inferred arrangement state.

2. The blood pressure measurement apparatus according
to claim 1, wherein the processor is configured to extract,
from the output waveform of each of the pressure sensors for
each heartbeat, a difference value between a maximum value
and a minimum value in the output waveform, and/or the
minimum value, as the feature quantity, and estimate the
arrangement state of the measurement device based on a
distribution profile of the difference value for the plurality of
pressure sensors and/or a distribution profile of the mini-
mum value.

3. The blood pressure measurement apparatus according
to claim 2, wherein the measurement device has at least one
sensor array that is constituted by a plurality of pressure
sensors that are arranged side-by-side in a direction that
intersects the artery during measurement.

4. The blood pressure measurement apparatus according
to claim 3,

wherein the arrangement state includes a pressing extent

that indicates an extent of force that the sensor array
applies to the artery, and

the processor is configured to infer the pressing extent

based on a difference between a peak value and a
bottom value in the distribution profile of the difference
value and/or the peak value in the distribution profile of
the difference value.

5. The blood pressure measurement apparatus according
to claim 3,

wherein the arrangement state includes a width direction

tilt that indicates tilt in a direction perpendicular to a
direction of extension of the artery, relative to a refer-
ence state that is an orientation suited to measurement,
and

the processor is configured to infer the width direction tilt

based on an inclination in the distribution profile of the
minimum value.

6. The blood pressure measurement apparatus according
to claim 3,

wherein the arrangement state includes a width direction

shift that indicates shift in a direction perpendicular to
a direction of extension of the artery, relative to a
reference state that is an orientation suited to measure-
ment, and

the processor is configured to infer the width direction

shift based on a position of a peak in the distribution
profile of the difference value.

7. The blood pressure measurement apparatus according
to claim 3,

wherein the measurement device includes a first sensor

array and a second sensor array that are arranged
parallel with each other,
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the arrangement state includes an artery direction tilt that

indicates tilt in a direction parallel to a direction of

extension of the artery, relative to a reference state that
is an orientation suited to measurement, and

the processor is configured to infer the artery direction tilt

based on a difference between a peak value and a

bottom value in the distribution profile of the difference

value and the peak value in the distribution profile of
the difference value for each of the first sensor array
and the second sensor array.

8. The blood pressure measurement apparatus according
to claim 3,

wherein the measurement device includes a first sensor

array and a second sensor array that are arranged

parallel with each other,

the arrangement state includes an artery direction shift

that indicates shift in a direction parallel to a direction

of extension of the artery, relative to a reference state
that is an orientation suited to measurement, and

the processor is configured to infer the artery direction

shift based on a difference between peak values in the

distribution profiles of the difference values of the first
sensor array and the second sensor array.

9. The blood pressure measurement apparatus according
to claim 3,

wherein the measurement device includes a first sensor

array and a second sensor array that are arranged

parallel with each other,

the arrangement state includes a rotation shift that indi-

cates rotation of the sensor array in a plane of contact

with the measurement target, relative to a reference
state that is an orientation suited to measurement, and

the processor is configured to infer the rotation shift based
on a difference between positions of peaks in the
distribution profiles of the difference values of the first
sensor array and the second sensor array.

10. The blood pressure measurement apparatus according
to claim 1, wherein the processor is further configured to
output one of or a combination of the blood pressure
information, the arrangement state, and the reliability.

11. The blood pressure measurement apparatus according
to claim 10, further comprising

one of or a combination of

a display that outputs one of or a combination of the
blood pressure information, the arrangement state,
and the reliability, using text and/or an image,

a speaker that outputs one of or a combination of the
blood pressure information, the arrangement state,
and the reliability, using sound, and

a communication device that outputs, to another appa-
ratus, one of or a combination of the blood pressure
information, the arrangement state, and the reliabil-
ity, using wired or wireless communication.

12. The blood pressure measurement apparatus according
to claim 10, wherein the processor is further configured to
output information indicating an unsuitable arrangement
state that causes a decrease in the reliability, in a case where
the reliability is less than or equal to a predetermined
reference value.

13. The blood pressure measurement apparatus according
to claim 10, wherein the processor is further configured to
output a method of correcting an unsuitable arrangement
state that causes a decrease in the reliability to a suitable
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arrangement state, in a case where the reliability is less than
or equal to a predetermined reference value.

14. The blood pressure measurement apparatus according
to claim 1, wherein the blood pressure measurement appa-
ratus is a wearable apparatus for being attached to a wrist.

15. A method of controlling a blood pressure measure-
ment apparatus that measures a blood pressure by tonometry,
the method comprising:

a measuring step of, with use of a measurement device
that includes a plurality of pressure sensors, measuring
blood pressure information for each heartbeat in a
measurement target;

a step of extracting a feature quantity from an output
waveform of each of the pressure sensors for each
heartbeat;

a step of inferring an arrangement state of the measure-
ment device relative to an artery that is the measure-
ment target based on a distribution profile of values of
the feature quantity for the plurality of pressure sen-
sors; and

a step of calculating a reliability of the blood pressure
information measured by the measurement device,
based on the inferred arrangement state.

16. A program for causing the steps of the method of
controlling a blood pressure measurement apparatus accord-
ing to claim 15 to be executed by the blood pressure
measurement apparatus.
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