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configured to extract one or more feature amounts of the
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FIG. 9A
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BLOOD PRESSURE MEASUREMENT
APPARATUS, METHOD, AND PROGRAM

TECHNICAL FIELD

[0001] The present invention relates to a blood pressure
measurement apparatus, a method, and a program, for con-
tinuously measuring biological information.

BACKGROUND ART

[0002] Accompanying the development of sensor technol-
ogy, an environment has been created in which high-perfor-
mance sensors can easily be used, and thus it has become
increasingly important in medicine to use biological infor-
mation to sense an abnormality in a living body at an early
stage, which is useful for treatment.

[0003] A blood pressure measurement apparatus using
tonometry has been known, in which biological information
such as a pulse and blood pressure can be measured using
information detected by a pressure sensor in a state in which
the pressure sensor is directly in contact with part of a living
body through which an artery, such as the radial artery of a
wrist, passes (e.g., see JP 2004-222847A).

[0004] The blood pressure measurement apparatus accord-
ing to JP 2004-222847A calculates the degree of reliability
of blood pressure information by determining whether or not
the sensor is in an unsuitable arrangement state with respect
to the artery to be subjected to measurement.

SUMMARY OF INVENTION

[0005] However, with the blood pressure measurement
apparatus disclosed in JP 2004-222847, although the degree
of reliability is calculated based on the contact state at the
determination timing, the calibration method is determined
based on the arrangement state at the time of calibration, and
the blood pressure value is calculated using the calibration
method. Therefore, even if the sensor is not in an unsuitable
arrangement state, if the current state is different from the
contact state at the time of calibration, a correct blood
pressure value will not be calculated.

[0006] The present invention was made with attention
given to the foregoing circumstances, and it is an object
thereof to provide a blood pressure measurement apparatus,
a method, and a program, according to which it is possible
to calculate the degree of reliability of blood pressure data
including a blood pressure value per heartbeat, which is
obtained by measuring the blood pressure using one or more
Sensors.

[0007] In order to solve the above-described problem, a
first aspect of the present invention is a blood pressure
measurement apparatus including: a blood pressure meter
configured to obtain blood pressure data including a blood
pressure value for each heartbeat by detecting a pressure
pulse wave using one or more sensors; an extraction unit
configured to extract one or more feature amounts of the
blood pressure data; and a calculation unit configured to
calculate a degree of reliability indicating how accurately
the blood pressure data indicates blood pressure values,
based on the feature amount.

[0008] In a second aspect of the present invention, the
extraction unit extracts at least one feature amount among a
stability feature amount indicating whether or not the pres-
sure pulse wave is stable, a sensor contact state feature
amount indicating whether or not a state of contact between

Dec. 26, 2019

the one or more sensors and a measurement site is normal,
and a similarity degree feature amount indicating a degree of
similarity between the pressure pulse wave at a measure-
ment start time and the pressure pulse wave at a desired
measurement time, and the calculation unit calculates the
degree of reliability based on the at least one feature amount.
[0009] In a third aspect of the present invention, if it is
determined that the pressure pulse wave is stable and it is
determined that the state of contact is normal, and further-
more, if it is determined that the degree of similarity is
greater than a threshold value, the calculation unit sets the
degree of reliability for that segment as being high.

[0010] According to the first aspect of the present inven-
tion, the blood pressure measurement apparatus obtains
blood pressure data including a blood pressure value per
heartbeat by detecting a pressure pulse wave using one or
more sensors, extracts one or more feature amounts of the
blood pressure data, calculates a degree of reliability indi-
cating how accurately the blood pressure data indicates the
blood pressure values based on the feature amount, and
thereby is able to evaluate the degree of reliability for the
measured blood pressure each instance of measurement, and
is able to evaluate the degree of reliability for the measured
blood pressure in accordance with the measurement subject.
[0011] According to the second aspect, the extraction unit
extracts at least one feature amount among a stability feature
amount indicating whether or not the pressure pulse wave is
stable, a sensor contact state feature amount indicating
whether or not a state of contact between one or more
sensors included in a blood pressure meter and the measure-
ment site is normal, and a similarity degree feature amount
indicating the degree of similarity between the pressure
pulse wave at the measurement start time and the pressure
pulse wave the desired measurement time, and the calcula-
tion unit calculates the degree of reliability based on the at
least one feature amount, and thereby calculates the degree
of reliability based on at least one of whether or not the
pressure pulse wave is stable, whether or not the contact
state between the sensor and the measurement site is stable,
and whether or not the pressure pulse wave at the measure-
ment start time and the pressure pulse wave at the measure-
ment time are similar. Therefore, it is possible to calculate a
degree of similarity based on any one of these feature
amounts. As a result, it is possible to evaluate the degree of
reliability for the measured blood pressure value, which is
the degree of reliability unique to one feature amount, for
each instance of measurement.

[0012] According to the third aspect of the present inven-
tion, if it is determined that the stability of the pressure pulse
wave is high, the state of contact between the sensor and the
contact site is normal, and the degree of similarity is less
than or equal to a threshold value, it is understood that the
degree of reliability has dropped slightly.

[0013] Since it is possible to precisely calculate the degree
of reliability of the blood pressure data obtained through
measurement and the degree of reliability also changes in
some cases due to the measurement time being different in
the same body, it is possible to obtain a degree of reliability
that matches the measurement status in an instance of
measurement. As a result, it is possible to more reliably
obtain chronological data of highly-accurate blood pressure
values.

[0014] That is, according to the aspects of the invention, it
is possible to provide a blood pressure measurement appa-
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ratus, a method, and a program, according to which it is
possible to calculate the degree of reliability of blood
pressure data including a blood pressure value per heartbeat,
which is obtained by measuring the blood pressure.

BRIEF DESCRIPTION OF DRAWINGS

[0015] FIG. 1 is block diagram showing a blood pressure
measurement apparatus according to an embodiment.
[0016] FIG. 2 is a block diagram showing a blood pressure
meter included in the blood pressure measurement apparatus
of FIG. 1.

[0017] FIG. 3 is a diagram showing an example in which
the blood pressure measurement apparatus of FIG. 1 is
attached to a wrist.

[0018] FIG. 4 is a cross-sectional view of a wrist to which
the blood pressure measurement apparatus of FIG. 3 is
attached.

[0019] FIG. 5 is a diagram showing an example of an
arrangement of sensors of FIGS. 2 to 4.

[0020] FIG. 6 is a diagram showing a distribution of AC
components of blood pressure values acquired using the
sensors of FIGS. 2 to 4.

[0021] FIG. 7 is a diagram showing a distribution of DC
components of blood pressure values acquired using the
sensors of FIGS. 2 to 4.

[0022] FIG. 8 is a diagram showing change over time in a
pressure pulse wave and blood pressure values per heartbeat
therein.

[0023] FIG. 9A is a diagram showing an example of
feature amounts obtained from a distribution of AC com-
ponents of a tonogram.

[0024] FIG. 9B is a diagram showing an example of
feature amounts obtained from a distribution of DC com-
ponents of a tonogram.

[0025] FIG. 9C is a diagram showing another example of
feature amounts obtained from a distribution of DC com-
ponents of a tonogram.

[0026] FIG. 10 is a diagram showing an example of
segments determined by the measurement stability determi-
nation unit of FIG. 1.

[0027] FIG. 11 is a diagram showing an example of a
tonometry state determined by a sensor contact state deter-
mination unit of FIG. 1.

[0028] FIG. 12 is a flowchart showing operations of the
blood pressure measurement apparatus of FIG. 1.

[0029] FIG. 13 is a diagram showing an example of
equipping the blood pressure measurement apparatus of
FIG. 1.

DESCRIPTION OF EMBODIMENTS

[0030] Hereinafter, a blood pressure measurement appa-
ratus, a method, and a program of an embodiment according
to the present invention will be described with reference to
the drawings. Note that in the following embodiment, it is
assumed that portions denoted by identical numbers perform
the same operations, and redundant description thereof will
be omitted.

[0031] A blood pressure measurement apparatus 100
according to the present embodiment will be described with
reference to FIGS. 1 to 5. FIG. 1 is a diagram showing
functional blocks of the blood pressure measurement appa-
ratus 100, and shows a blood pressure meter 101 that
continuously measures blood pressure over time, a measure-
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ment stability determination unit 103, a sensor contact state
determination unit 104, a similarity degree determination
unit 105, a reliability degree calculation unit 107, and a
storage unit 108. FIG. 2 is a diagram showing functional
blocks of the blood pressure meter 101, which can continu-
ously measure blood pressure over time for each heartbeat,
based on pressure pulse wave information. In the present
embodiment, mainly a case of using the blood pressure
meter 101, which employs tonometry, will be described.
Note that the blood pressure meter 101 is not limited to a
blood pressure meter employing tonometry, and it is also
possible to use any blood pressure meter that can measure a
pressure pulse wave using one or multiple sensors. FIG. 3 is
a diagram showing an image in which, as an example, the
blood pressure measurement apparatus 100 employing a
tonometry scheme is attached, and FIG. 3 is a schematic
transparent view from the side of a palm of a hand (viewed
from the direction in which the fingers are aligned when the
hand is spread out). FIG. 3 shows an example in which
pressure sensors are aligned in two rows intersecting the
radial artery. In FIG. 3, it appears as if the blood pressure
measurement apparatus 100 has merely been placed on the
palm side of the arm, but in actuality, the blood pressure
measurement apparatus 100 has been wrapped around the
arm.

[0032] FIG. 4 is a cross-sectional view of the blood
pressure measurement apparatus 100 and a wrist W at the
position of a sensor unit 201, in a state in which the blood
pressure measurement apparatus 100 is attached to the wrist.
FIG. 4 also shows that the radial artery RA is being pressed
by the blood pressure measurement apparatus 100 and the
upper portion of the radial artery RA has been flattened. FIG.
5 is a view from the side of the blood pressure measurement
apparatus 100 that comes into contact with a living body,
and sensor units 201 are arranged in parallel in two rows on
the surface that comes into contact. In the sensor units 201,
multiple sensors are aligned in a direction B, which inter-
sects a direction A in which the radial artery extends when
the blood pressure measurement apparatus 100 is attached to
the wrist W.

[0033] As shown in FIG. 1, the blood pressure measure-
ment apparatus 100 includes a blood pressure meter 101, a
feature amount extraction unit 102, a measurement stability
determination unit 103, a sensor contact state determination
unit 104, a similarity degree determination unit 105, a
reliability degree calculation unit 107, and a storage unit
108.

[0034] For example, the blood pressure measurement
apparatus 100 is ring-shaped, wraps like a bracelet around a
wrist or the like, and measures blood pressure based on
biological information. As shown in FIGS. 2 and 3, the
blood pressure measurement apparatus 100 is arranged such
that the sensor portions 201 (specifically, the pressure sen-
sors) are located above the radial artery. Also, the blood
pressure measurement apparatus 100 is preferably arranged
in accordance with the height of the heart.

[0035] The blood pressure meter 101 measures the pres-
sure pulse wave per heartbeat, which is chronologically
continuous, using tonometry. Tonometry is a method of
measuring pressure pulse waves and determining blood
pressure by pressing a blood vessel with a pressure sensor.
If ablood vessel is regarded as a circular tube with a uniform
thickness, a relational expression between the inner pressure
of the blood vessel (blood pressure) and the outer pressure
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of the blood vessel (pressure of the pressure pulse wave) can
be derived in accordance with Laplace’s law with consid-
eration given to the blood vessel walls, regardless of the flow
of blood in the blood vessel and whether or not there is a
pulse. With this relational expression, under the condition
that the blood vessel has been pressed in a pressing plane,
the blood pressure can be approximated as being equal to the
pressure of the pressure pulse wave by approximating the
radii of the outer wall and the inner wall of the blood vessel.
As aresult, the blood pressure meter 101 measures the blood
pressure value of the living body to which it is attached for
each heartbeat.

[0036] From a distribution of blood pressures per heart-
beat in a time series, the feature amount extraction unit 102
extracts a feature amount of the distribution. There are two
main types of feature amounts, namely a feature amount
extracted from the AC components of a tonogram, and a
feature amount extracted from the DC components of a
tonogram. Here, “tonogram” refers to the shape of the
distribution of calculated feature amounts resulting from the
blood pressures for each pressure sensor, with respect to the
numbers (e.g., the channel numbers) of multiple pressure
sensors. A tonogram is obtained for each sensor array
included in the sensor units 201. Also, an AC component of
a tonogram corresponds to the difference value between the
maximum blood pressure value and the minimum blood
pressure value per heartbeat, and a DC component of a
tonogram corresponds to the minimum blood pressure per
heartbeat. FIG. 6 shows an example of AC components of a
tonogram, and FIG. 7 shows an example of DC components
of a tonogram. The maximum blood pressure value corre-
sponds to the systolic blood pressure (SBP), and the mini-
mum blood pressure value corresponds to the diastolic blood
pressure (DBP). The details of the feature amounts will be
described with reference to FIGS. 9A, 9B, and 9C.

[0037] The measurement stability determination unit 103
determines whether or not the pressure pulse wave obtained
through measurement is stable. For example, the measure-
ment stability determination unit 103 determines whether or
not the pulse wave from the blood pressure meter 101 is
stable based on a sum of amounts of change in the tonogram
(DC) (sum tonogram (DC) change amount) from the prior
heartbeat, which is one of the feature amounts extracted by
the feature amount extraction unit 102.

[0038] The sum of amounts of change in the tonogram
(DC) from the prior heartbeat is obtained by calculating the
amount of change in the DC component of the tonogram
from the prior heartbeat for each channel, and adding
together the change amounts of all channels. The lower the
sum tonogram (DC) change amount is in a segment, the
more stably the sensor portion 201 can be regarded as being
attached to the living body and the more accurate the blood
pressure that is acquired can be regarded as being. For
example, the measurement stability determination unit 103
of the present embodiment defines a period in which the sum
tonogram (DC) change amount is less than or equal to a
certain threshold value as a stable segment in which an
accurate blood pressure can be stably acquired, and defines
a period in which the sum tonogram (DC) change amount is
greater than the threshold value as an unstable segment in
which an accurate blood pressure cannot be stably acquired.
For example, the measurement stability determination unit
103 regards a stable segment as having a high or interme-
diate degree of reliability, and an unstable segment as having
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a low degree of reliability. Also, for example, it is possible
to employ only blood pressure values detected in stable
segments. Specific examples of the stable segment and the
unstable segment will be described later with reference to
FIG. 10.

[0039] The sensor contact state determination unit 104
determines whether or not the state of contact between the
sensors (e.g., pressure sensors) used for blood pressure
measurement and the measurement site is normal (suitable).
For example, the sensor contact state determination unit 104
determines the state of contact based on three feature
amounts, namely a tonogram (AC) local maximum value
Ch, a tonogram (AC) amplitude difference, and a tonogram
(DC) amplitude difference, which are feature amounts
extracted by the feature amount extraction unit 102. The
tonogram (AC) local maximum value Ch is the channel in
which the output value of the AC component of the tono-
gram reaches a local maximum. Also, the tonogram (AC)
amplitude difference is the amplitude difference in the AC
components among several adjacent channels in both direc-
tions from the channel in which the output value of the AC
component of the tonogram reaches a local maximum.
Furthermore, the tonogram (DC) amplitude difference is the
amplitude difference in the DC components among several
channels in both directions from the channel in which the
output value of the AC component of the tonogram reaches
its local maximum. According to (1) whether or not the
tonogram (AC) local maximum value Ch is included in a
predetermined range, (2) whether or not the tonogram (AC)
amplitude difference is greater than the threshold value, and
(3) whether or not the tonogram (DC) amplitude difference
is greater than the threshold value, the sensor contact state
determination unit 104 determines whether the current state
is a tonometry state or a state deviating from the tonometry
state. The tonometry state corresponds to a state in which the
pressure sensors are suitably arranged with respect to the
measurement site in the case of using a blood pressure meter
employing tonometry. Regarding (1) above, the tonogram
(AC) local maximum value Ch is preferably located near the
center (the 23rd channel), and the above-described prede-
termined range is set as the range of the 15th to 31st
channels, for example.

[0040] The similarity degree determination unit 105 deter-
mines the degree of similarity between the initial state of the
pressure pulse wave and the current state of the pressure
pulse wave, based on the sum tonogram (AC) change
amount and the sum tonogram (DC) change amount, which
are feature amounts extracted by the feature amount extrac-
tion unit 102. The sum tonogram (AC) change amount is
obtained by adding up the change amounts between the
output value of each channel at a certain time of the AC
component of the tonogram, and an output value (e.g., the
average value of each channel in the first minute of mea-
surement) of each channel in the initial state (e.g., during
calibration) of the AC component of the tonogram, for all
channels. Similarly, the sum tonogram (DC) change amount
is obtained by adding up the change amounts between the
output value of each channel at a certain time of the DC
component of the tonogram and the average value of each
channel in the first minute of measurement, for all channels.
The time of calibration is a time of converting the output
value of the pressure pulse wave into a blood pressure value.
The measurement start time is normally the same as the time
of calibration. Since the initial state of the tonogram is
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indicated by the average value of each channel in the first
minute of measurement, the similarity degree determination
unit 105 can determine how similar the tonogram at a certain
time is to the initial tonogram. For example, if the sum
tonogram (AC) change amount and the sum tonogram (DC)
change amount are both less than respective threshold values
(first threshold values), the similarity degree determination
unit 105 determines that the degree of similarity is high, and
if not, the similarity degree determination unit 105 deter-
mines that the degree of similarity is low. In addition, the
degree of similarity may also be evaluated as a percentage
by associating the values of the sum change amounts with a
number of points, and there are various modified examples
of the determination result display method.

[0041] If it is determined by the similarity degree deter-
mination unit 105 that the degree of similarity is low despite
the measurement stability determination unit 103 determin-
ing that the current segment is a stable segment and the
sensor contact state determination unit 104 determining that
the current state is a tonometry state, there is a high
likelihood that the reference value of the blood pressure has
shifted. Examples of this include an orientation change, a
change in the position of the wrist, a change in the direction
of the wrist, and a change in the attachment state accompa-
nying these changes.

[0042] An example was described above in which a blood
pressure meter of a tonometry scheme that measures a
pressure pulse wave using multiple pressure sensors is used.
In the case of using a blood pressure meter that measures the
pressure pulse wave using one pressure sensor as well, the
measurement stability determination unit 103, the sensor
contact state determination unit 104, and the similarity
degree determination unit 105 can perform determination
processing using a method similar to that described above.
In this case, processing for creating a tonogram is not
needed. For example, the measurement stability determina-
tion unit 103 can determine whether or not the pressure pulse
wave is stable based on the amounts of change in the AC
components, that is, the differences between the current AC
components and the AC components of the prior heartbeat.
An AC component corresponds to a value obtained by
subtracting the minimum value from the maximum value of
the pressure pulse wave waveform of one heartbeat. The
sensor contact state determination unit 104 can determine
whether or not the state of contact between the pressure
sensors and the measurement site is normal based on the
output signals of several sensors. The similarity degree
determination unit 105 can calculate the degree of similarity
between the pressure pulse wave at the measurement start
time and the pressure pulse wave at a target measurement
time, based on the amounts of change in the AC components
and the amounts of change in the DC components. A DC
component corresponds to the minimum value of the pres-
sure pulse wave waveform of one heartbeat.

[0043] For each measurement segment, the reliability
degree calculation unit 107 calculates the degree of reliabil-
ity of the measurement data from the blood pressure meter
101 based on the determination results of the measurement
stability determination unit 103, the sensor contact state
determination unit 104, and the similarity degree determi-
nation unit 105. For example, with respect to a segment in
which the blood pressure data has been determined by the
measurement stability determination unit 103 as being in a
stable segment, ifit is determined by the sensor contact state
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determination unit 104 that the current state is a tonometry
state, the reliability degree calculation unit 107 determines
that the degree of reliability is intermediate or higher, and if
it is determined the current state is a state deviating from the
tonometry state, the reliability degree calculation unit 107
determines that the degree of reliability is low. On the other
hand, with respect to a segment in which the blood pressure
data has been determined by the measurement stability
determination unit 103 as being in an unstable segment, the
reliability degree calculation unit 107 determines that the
degree of reliability is low. If the sensor contact state
determination unit 104 determines that the degree of reli-
ability is intermediate or higher, and furthermore, if the
similarity degree determination unit 105 determines that the
degree of similarity is high, it is determined that the degree
of reliability is high, and if it is determined that the degree
of similarity is low, it is determined that the degree of
reliability is intermediate. In this manner, the reliability
degree calculation unit 107 adds the degree of reliability to
each segment for the chronological data of the blood pres-
sure value and stores the degree of reliability in the storage
unit 108.

[0044] For example, if it is determined by the measure-
ment stability determination unit 103 that the current seg-
ment is an unstable segment, the reliability degree calcula-
tion unit 107 calculates the degree of reliability as being low
without referencing the results of the other determination
units. On the other hand, if the current segment is deter-
mined as a stable segment by the measurement stability
determination unit 103, the sensor contact state determina-
tion unit 104 determines whether or not the current state is
the tonometry state, but if the current state deviates from the
tonometry state, the degree of reliability is calculated as
being low without referencing the results of the other
determination units.

[0045] Also, unlike the description above, the determina-
tion results of the determination units may also be indicated
by numerical values, and the degree of reliability may also
be indicated by a numerical value. The determination results
calculated by the determination units 103, 104, and 105 may
be subjected to conditional branching, and the degree of
reliability may also be displayed as a numerical value. The
degree of reliability is high in the case where the current
segment is determined as being a stable segment by the
measurement stability determination unit 103, the current
state is determined as being a tonometry state by the sensor
contact state determination unit 104, and the degree of
similarity is determined as being high by the similarity
degree determination unit 105.

[0046] The storage unit 108 stores the blood pressure data
from the blood pressure meter 101 and the degree of
reliability thereof in association with each other. For
example, the storage unit 108 may also store the blood
pressure data and the degree of reliability thereof in asso-
ciation with each other for each user. The storage unit 108
records the blood pressure data from the blood pressure
meter 101 along with the degree of reliability.

[0047] The blood pressure meter 101 will be described
next with reference to FIG. 2.

[0048] The blood pressure meter 101 includes: a sensor
unit 201, a pressing portion 202, a control unit 203, a storage
unit 204, an operation unit 205, and an output unit 206. The
sensor unit 201 continuously detects the pressure pulse wave
over time. For example, the sensor units 201 detect the
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pressure pulse wave for each heartbeat. The sensor units 201
include sensors that detect pressure, are arranged on the side
of the wrist corresponding to the palm of the hand as shown
in FIG. 3, and are normally arranged in parallel in two rows
in the extension direction of the arm as shown in FIG. 3. In
each row of the sensor array including the multiple sensors,
multiple (e.g., 46) sensors are arranged intersecting (ap-
proximately perpendicular to) the extension direction of the
arm. The pressing portion 202 is composed of a pump, a
valve, a pressure sensor, and an air bag, and can increase the
sensitivity of the sensors by pressing the sensors of the
sensor units 201 to the wrist with a suitable pressure due to
an air bag inflating. Air is inserted into the air bag through
the pump and the valve, the pressure sensor detects the
pressure inside of the air bag, and the control unit 203
performs monitoring and controlling to perform adjustment
to a suitable pressure. The control unit 203 performs overall
control of the blood pressure meter 101, receives chrono-
logical data of the pulse wave from the sensor units 201,
converts the data into chronological data of the blood
pressure values, and stores the result as blood pressure data
in the storage unit 204. The storage unit 204 stores the blood
pressure data and transfers desired data in response to a
request from the control unit 203. The operation unit 205
receives input from a user or the like from a keyboard, a
mouse, a microphone, or the like, and receives an instruction
from an external server or the like through a wire or
wirelessly. The output unit 206 receives the blood pressure
data stored in the storage unit 204 via the control unit 203
and transmits the blood pressure data to the outside of the
blood pressure meter 101.

[0049] The blood pressure measurement apparatus 100 is
arranged on the side of the wrist corresponding to the palm
of the hand, as shown in FIGS. 3 and 4, and the sensor units
201 of the blood pressure meter 101 are arranged so as to be
located on the radial artery RA. As indicated by the arrow in
FIG. 4, the pressing portion 202 presses the sensor units 201
to the wrist W and presses flat the radial artery RA. Note that
the blood pressure measurement apparatus 100 is ring-
shaped, wraps like a bracelet around the wrist or the like, and
measures the blood pressure, although this is not shown in
FIGS. 3 and 4.

[0050] Next, the sensor units 201 of the blood pressure
measurement apparatus 100 will be described with reference
to FIG. 5. FIG. 5 shows a surface on the side of the sensor
units 201 that comes into contact with the wrist W. As shown
in FIG. 5, the sensor units 201 include one or more (in this
example, two) sensor arrays, and each sensor array includes
multiple sensors aligned in the direction B. The direction B
is a direction that intersects a direction A in which the radial
artery extends in a state in which the blood pressure mea-
surement apparatus 100 is attached to the measurement
subject. For example, the direction A and the direction B
may also be perpendicular. For example, 46 sensors (re-
ferred to as 46 channels) are arranged in one row. Note that
here, the sensors are provided with channel numbers. Also,
the arrangement of the sensors is not limited to the example
shown in FIG. 5.

[0051] The sensors generate pressure data by measuring
the pressure. Piezoelectric elements that convert pressure
into electrical signals can be used as the sensors. A pressure
waveform as shown in FIG. 8 is obtained as the pressure
data. The result of measuring the pressure pulse wave is
generated based on the pressure data output from one sensor
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(active channel) selected adaptively from among the sen-
sors. The maximum value in the waveform of a pressure
pulse wave of one heartbeat corresponds to the SBP, and the
minimum value in the waveform of a pressure pulse wave of
one heartbeat corresponds to the DBP. The blood pressure
data can include the result of measuring the pressure pulse
wave and the pressure data output from each of the sensors.
Note that the result of measuring the pulse wave may also be
generated based on the pressure data by the control unit 203
including the information processing unit in the blood
pressure measurement apparatus 100, without being gener-
ated in the blood pressure meter 101.

[0052] Next, chronological data calculated based on the
pressure pulse wave measured by the blood pressure meter
101 will be described with reference to FIG. 8. FIG. 8 shows
choronological data of the blood pressure calculated based
on the pressure pulse wave when the pressure pulse wave for
each heartbeat is measured. Also, FIG. 8 shows a waveform
of blood pressure obtained based on one of the pressure
pulse waves. The blood pressure obtained based on the
pressure pulse wave is detected for each heartbeat as a
waveform such as that shown in FIG. 8, and the blood
pressure obtained based on the pressure pulse waves is
continuously detected. A waveform 800 shown in FIG. 8 is
a blood pressure waveform obtained based on the pressure
pulse wave of one heartbeat, an output value indicated by
reference number 801 corresponds to the SBP, and an output
value indicated by reference number 802 corresponds to the
DBP. As indicated by the time series of the blood pressure
corresponding to the pressure pulse wave of FIG. 8, the SBP
803 and the DBP 804 of the blood pressure pulse wave
fluctuate for each heartbeat.

[0053] A feature amount extracted by the feature amount
extraction unit 102 will be described with reference to FIGS.
9A, 9B, and 9C. FIGS. 9A, 9B, and 9C show feature
amounts extracted by the feature amount extraction unit 102,
taking the example of graphs of AC components and DC
components of an exemplary tonogram.

[0054] The sum of the amounts of change in the tonogram
(DC) between the prior heartbeat and the current heartbeat,
which is a feature amount used by the measurement stability
determination unit 103, is obtained by calculating the
amount of change in the DC component of the tonogram
between the prior heartbeat and the current heartbeat for
each channel, and adding up the change amounts of all
channels. There are three types of feature amounts used by
the sensor contact state determination unit 104, which are
the tonogram (AC) local maximum value Ch, the tonogram
(DC) amplitude difference, and the tonogram (AC) ampli-
tude difference. The tonogram (AC) local maximum value
Ch is the channel in which the output value of the AC
component of the tonogram is at a local maximum, as shown
in FIG. 9A. The tonogram (DC) amplitude difference is the
amplitude difference in the DC components in the tonogram
corresponding to k (e.g., k=10) adjacent channels in both
directions from the channel in which the AC component of
the tonogram reaches a local maximum, as shown in FIG.
9B. The tonogram (AC) amplitude difference is the ampli-
tude difference in the AC components in the tonogram
corresponding to k adjacent channels in both directions from
the channel in which the AC component of the tonogram
reaches its local maximum, as shown in FIG. 9A.

[0055] There are two types of feature amounts used by the
similarity degree determination unit 105, which are the sum
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tonogram (AC) change amount, and the sum tonogram (DC)
change amount. The sum tonogram (AC) change amount is
obtained by calculating the amounts of change between the
output value of the channels at a certain time t of the AC
components of the tonogram, and the initial output values of
the channels, and adding up the change amounts of all of the
channels. Here, the initial output values of the channels are,
for example, the average values of the output values of each
channel in the first minute of measurement. Also, the sum
tonogram (DC) change amount is obtained by replacing the
AC components with the DC components in the sum tono-
gram (AC) change amount.

[0056] Next, a stable segment and an unstable segment
will be described with reference to FIG. 10. In FIG. 10, the
horizontal axis indicates time, the vertical axis indicates the
channel number of the sensor array, and the magnitudes of
the output values of the sensors are indicated through
shading. From time t, to t, and from time t; to t4 in FIG. 10,
the brighter the color is, the greater the output value is, and
the darker the color is, the smaller the output value is. From
time t, to t, and from time t; to t, in FIG. 10, the darker the
color is, the greater the output value is. That is, it can be
understood that from time t5 to t4, the output values of the
sensors are approximately smaller than those from time t, to
t,. Also, from time t, to t;, the output values from around
channels 1 to 10 are greater than the output values of
channels 10 and onward. Also, from time t, to t, as well, the
output values from around channels 1 to less than 10 are
greater than those of the other channels up to channel 46. In
the case of FIG. 10, time t, to t; corresponds to a stable
segment, time t, to t, corresponds to an unstable segment,
time t4 to t, corresponds to an unstable segment, and time t;
to t4 corresponds to a stable segment.

[0057] Next, examples of typical tonograms in a tonom-
etry state and a state deviating from the tonometry state will
be described with reference to FIG. 11. In the four tono-
grams shown in the upper portion of FIG. 11, the horizontal
direction (horizontal axis) indicates the channel numbers of
the sensors, and the vertical direction (vertical axis) indi-
cates the output values (e.g., blood pressure values) of the
sensors. The four upper portions indicate states deviating
from the tonometry state, and the one lower portion indicates
the tonometry state. The two left upper portions typically
indicate cases in which the pulse is weak, the third upper
portion from the left indicates a case in which there is a high
likelihood that the pulse is located in a deep portion, or the
sensors are arranged toward the elbow, and the example of
the rightmost upper portion is a case in which a tendon has
a significant influence, and for example, the wrist is thin. The
tonometry state is characterized in that the output value of
the central portion of the channels is great (there is one local
maximum value and the amplitude thereof is greater than a
certain value), and the output values slope more gently with
left-right symmetry toward the channels at both ends. The
measurement stability determination unit 103 performs
determination of the tonometry state.

[0058] Next, an example of operations of the blood pres-
sure measurement apparatus 100 will be described with
reference to FI1G. 12. FIG. 12 is a flowchart showing a
typical example of operations of the blood pressure mea-
surement apparatus 100. The blood pressure meter 101
acquires the chronological data from the living body and
transfers it to the feature amount extraction unit 102 (step
S1201). The blood pressure meter 101 transfers the chrono-
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logical data to the storage unit 108 and the storage unit 108
sequentially records the chronological data of the blood
pressure values.

[0059] In step S1202, the feature amount extraction unit
102 extracts the feature amounts required by the measure-
ment stability determination unit 103, the sensor contact
state determination unit 104, and the similarity degree
determination unit 105, and transfers the feature amounts
corresponding to the respective determination units.

[0060] In step S1203, if the sum of amounts of change in
the tonogram (DC) from the prior heartbeat, which was
received from the feature amount extraction unit 102, is less
than or equal to a threshold value, the measurement stability
determination unit 103 determines that the current segment
is a stable segment, and if it is another value, the measure-
ment stability determination unit 103 determines that the
current segment is an unstable segment (step S1203). If the
measurement stability determination unit 103 determines
that the current segment is a stable segment, the processing
advances to step S1204. If the measurement stability deter-
mination unit 103 determines that the current segment is an
unstable segment, the processing advances to step S1206
and the reliability degree calculation unit 107 determines
that “the degree of reliability is low”.

[0061] In step S1204, the sensor contact state determina-
tion unit 104 determines whether or not the current state is
a tonometry state based on (condition 1) whether or not the
tonogram (AC) local maximum value Ch, which was
received from the feature amount extraction unit 102, is
included in a predetermined range, (condition 2) whether or
not the tonogram (AC) amplitude difference is greater than
a threshold value, and (condition 3) whether or not the
tonogram (DC) amplitude difference is greater than a thresh-
old value. For example, if (condition 1), (condition 2), and
(condition 3) are all satisfied, the sensor contact state deter-
mination unit 104 determines that the current state is a
tonometry state and the processing advances to step S1205.
If even one of (condition 1), (condition 2), and (condition 3)
1s not satisfied, the sensor contact state determination unit
104 determines that the current state is a state deviating from
the tonometry state, the processing advances to step S1206,
and the reliability degree calculation unit 107 determines
that “the degree of reliability is low™.

[0062] In step S1205, the similarity degree determination
unit 105 determines the degree of reliability of the tonogram
based on the two feature amounts, namely the sum tonogram
(AC) change amount and the sum tonogram (DC) change
amount, which were received from the feature amount
extraction unit 102. For example, if the sum tonogram (AC)
change amount and the sum tonogram (DC) change amount
are both smaller than respective threshold values (first
threshold values), the similarity degree determination unit
105 determines that the degree of similarity is high, and the
reliability degree calculation unit 107 determines that the
degree of reliability is high (step S1206). On the other hand,
if at least one of the sum tonogram (AC) change amount and
the sum tonogram (DC) change amount is greater than or
equal to the threshold value, the similarity degree determi-
nation unit 105 determines that the degree of similarity is
low, and the reliability degree calculation unit 107 deter-
mines that the degree of reliability is intermediate (step
S1206).

[0063] Note that in this example, the measurement stabil-
ity determination unit 103, the sensor contact state determi-
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nation unit 104, and the similarity degree determination unit
sequentially perform determination processing and transfer
the determination results to the reliability degree calculation
unit 107, but alternatively, the measurement stability deter-
mination unit 103, the sensor contact state determination
unit 104, and the similarity degree determination unit 105
may also perform determination processing in parallel, and
the reliability degree calculation unit 107 may suitably
perform conditional branching on the determination results
to determine the reliability degree.

[0064] Next, an example of a hardware configuration of
the blood pressure measurement apparatus 100 will be
described with reference to FIG. 13.

[0065] The blood pressure measurement apparatus 100
includes a CPU 1301, a ROM 1302, a RAM 1303, an input
apparatus 1304, an output apparatus 1305, and a blood
pressure meter 101, and these elements are connected to
each other via a bus system 1306. The above-described
functions of the blood pressure measurement apparatus 100
can be realized by the CPU 1301 reading out a program
stored in a computer-readable recording medium (ROM
1302) and executing the read-out program. The RAM 1303
is used by the CPU 1301 as a work memory. In addition, an
auxiliary storage apparatus (not shown) such as a hard disk
drive (HDD) or a solid-state drive (SSD) may also be
included, used as the storage unit 108, and further store a
program. For example, the input apparatus 1304 includes a
keyboard, a mouse, and a microphone, and receives opera-
tions from a user. For example, the input apparatus 1304
includes an operation button for causing the blood pressure
meter 101 to start measurement, an operation button for
performing calibration, and an operation button for starting
or stopping communication. For example, the output appa-
ratus 1305 includes a display apparatus such as a liquid
crystal display apparatus, and a speaker. The blood pressure
meter 101 performs transmission and reception of signals
with another computer using a communication apparatus,
for example, and receives measurement data from a blood
pressure measurement apparatus, for example. The commu-
nication apparatus often uses a communication scheme
according to which data can be mutually exchanged at a
short distance, and for example, uses a near-field wireless
communication scheme, specific examples of which include
communication schemes such as Bluetooth (registered
trademark), TransferJet (registered trademark), ZigBee (reg-
istered trademark), and IrDA (registered trademark).

[0066] Also, a program for executing the operations per-
formed by the above-described feature amount extraction
unit 102, measurement stability determination unit 103,
sensor contact state determination unit 104, similarity
degree determination unit 105, and reliability degree calcu-
lation unit 107 may also be stored in the above-described
ROM 1302 or the auxiliary storage apparatus, and the
program may be executed by the CPU 1301. Alternatively,
the program may also be stored in a server or the like
separate from the blood pressure measurement apparatus
100 and the CPU of the server or the like may execute the
program. In this case, the degree of reliability can be
obtained by transmitting the chronological data of the pres-
sure pulse wave (or the chronological data of the blood
pressure values) measured by the blood pressure meter 101
to the server and performing processing in the server. In this
case, there is a possibility that the processing speed will
increase since the processing is performed in the server.
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Furthermore, the apparatus portions of the feature amount
extraction unit 102, the measurement stability determination
unit 103, the sensor contact state determination unit 104, the
similarity degree determination unit 105, and the reliability
degree calculation unit 107 are removed from the blood
pressure measurement apparatus 100, and therefore the size
of the blood pressure measurement apparatus 100 is smaller,
and the sensors can be easily arranged at a position at which
measurement can be performed accurately. In this case, the
burden on the user can be reduced, and accurate blood
pressure measurement can be easily performed.

[0067] According to the blood pressure measurement
apparatus of the above-described embodiment, the degree of
reliability for the measured blood pressure value can be
evaluated each instance of measurement (e.g., each heart-
beat), and thus the degree of reliability for the measured
blood pressure value can be evaluated according to the
measurement target. Also, if it is determined that the pres-
sure pulse wave is stable and it is determined that the
tonogram is in a tonometry state, and furthermore, if it is
determined that the degree of similarity is greater than a first
threshold value, the calculation unit calculates the degree of
reliability in that segment as being the highest, whereby it is
determined that the stability of the minimum blood pressure
value is high, the tonogram is in the tonometry state, and the
degree of similarity with the measurement start time of the
tonogram is high. In this case, it can be understood that
blood pressure data in the best conditions has been obtained.
As a result, the fact that the there is little shifting in the
sensors from the radial artery and the pressure pulse wave is
reliably received can be incorporated into the degree of
reliability, and more ideal continuous blood pressure data for
each heartbeat can be obtained.

[0068] Since there are individual differences in the posi-
tional relationship between the radial artery and the radius
and tendon, a person who has thick subcutaneous tissue on
the radial artery, a person whose radial artery, radius, and
tendon are near each other, or the like performs measure-
ment in a state in which the degree of reliability is low.
However, by additionally incorporating whether or not the
pressure pulse wave is stable, and the degree of similarity
between the tonogram at the measurement start time and the
tonogram at a desired measurement time into the conditions
for determining the degree of reliability of the chronological
data of the blood pressure values, it is possible to evaluate
a degree of reliability of the blood pressure values that is
more suitable for the actual measurement environment.
Also, due to incorporating the stability of the pressure pulse
wave and the degree of similarity into the determination
conditions in this manner, the degree of reliability can
change according to the measurement conditions in the same
living body.

[0069] Furthermore, since the conversion from the pres-
sure value to the blood pressure value is calculated based on
the tonogram information at the time of calibration, the
reliability of the blood pressure values is not completely
evaluated merely by evaluating the degree of reliability
using the tonogram information for each heartbeat. How-
ever, by incorporating the degree of similarity into the
determination conditions in this manner, the degree of
similarity to the tonogram at the time of calibration, which
is usually performed each time measurement is started, is
evaluated, and thus it is possible to obtain the degree of
reliability regarding whether or not the blood pressure value
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is correct. For example, even if the degree of reliability
increases due to a determination condition other than the
degree of similarity during measurement, the correct blood
pressure value will not be calculated if the tonogram is not
similar to that at the time of calibration, and therefore it is
possible to perform a calculation for reducing the degree of
reliability, and thus it is understood that a degree of reli-
ability obtained with consideration given to the degree of
similarity of the blood pressure measurement apparatus of
the present embodiment is more accurate.

[0070] The apparatus of the present invention can be
realized also by a computer or a program, and the program
can be recorded in a recording medium and can be provided
via a network.

[0071] Also, the above-described apparatuses and the
apparatus portions thereof can be implemented by any
hardware configuration or combination configuration of
hardware resources and software. A program for causing a
computer to perform functions of the apparatuses by being
installed in a computer in advance from a network or a
computer-readable recording medium and being executed by
a processor of the computer is used as the software of the
combination configuration.

[0072] Note that the present invention is not limited to the
above-described embodiment as-is, and can be realized with
modifications to the constituent elements without departing
from the gist in the implementation stage. Also, various
aspects of the invention can be formed through suitable
combinations of the multiple constituent elements disclosed
in the above-described embodiment. For example, several
constituent elements may also be removed from all of the
constituent elements shown in the embodiment. Further-
more, the constituent elements of different embodiments
may also be combined as appropriate.

[0073] Also, a portion or all of the above-described
embodiment can be described as in the following supple-
mentary notes, but there is no limitation to the following
description.

Supplementary Note 1

[0074] A blood pressure measurement apparatus including
a hardware processor and a memory, wherein
[0075] the hardware processor is configured to:

[0076] obtain blood pressure data including a blood
pressure value for each heartbeat by detecting a pres-
sure pulse wave using one or more sensors,

[0077] extract one or more feature amounts of the blood
pressure data, and

[0078] calculate a degree of reliability indicating how
accurately the blood pressure data indicates blood
pressure values, based on the feature amount, and

[0079] the memory includes a storage unit configured to
store the degree of reliability and the blood pressure data.

Supplementary Note 2

[0080] A blood pressure measurement method compris-
ing:

[0081] obtaining blood pressure data including a blood
pressure value for each heartbeat by detecting a pressure
pulse wave using one or more sensors, using at least one
hardware processor;
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[0082] extracting one or more feature amounts of the
blood pressure data using at least one hardware processor;
and

[0083] calculating a degree of reliability indicating how
accurately the blood pressure data indicates blood pressure
values, based on the feature amount, using at least one
hardware processor.

1. A blood pressure measurement apparatus comprising:

a blood pressure meter configured to obtain chronological

blood pressure data including a blood pressure value

for each heartbeat by detecting a pressure pulse wave
using one or more sensors; and
a processor programmed to:
extract one or more feature amounts of the chronologi-
cal blood pressure data; and
calculate, for each time segment determined using the
feature amount, a degree of reliability indicating how
accurately the chronological blood pressure data
indicates blood pressure values, based on the feature
amount,
2. The blood pressure measurement apparatus according
to claim 1, wherein the processor is programmed to:
extract at least one feature amount among a stability
feature amount indicating whether or not the pressure
pulse wave is stable, a sensor contact state feature
amount indicating whether or not a state of contact
between the one or more sensors and a measurement
site is normal, and a similarity degree feature amount
indicating a degree of similarity between the pressure
pulse wave at a measurement start time and the pres-
sure pulse wave at a desired measurement time, and

calculate the degree of reliability based on the at least one
feature amount.

3. The blood pressure measurement apparatus according
to claim 2, wherein upon determining that the pressure pulse
wave is stable and it 13 determined that the state of contact
is normal, and upon determining that the degree of similarity
is greater than a threshold value, the processor is pro-
grammed to set the degree of reliability for that time
segment as being high.

4. A blood pressure measurement method comprising:

obtaining chronological blood pressure data including a

blood pressure value for each heartbeat by detecting a

pressure pulse wave using one or more sensors,

extracting one or more feature amounts of the chrono-
logical blood pressure data, and

calculating, for each time segment determined using the

feature amount, a degree of reliability indicating how

accurately the chronological blood pressure data indi-
cates blood pressure values, based on the feature
amount.

5. The blood pressure measurement apparatus according
to claim 1, wherein the processor is programmed to:

extract at least one feature amount among:

a stability feature amount indicating whether or not the
pressure pulse wave is stable, the stability feature
amount being calculated based on a sum change
amount obtained by calculating, for each channel, an
amount of change in a DC component of a tonogram
from a prior heartbeat, and adding together the
amounts of change of all channels,

a sensor contact state feature amount indicating
whether or not a state of contact between the one or
more sensors and a measurement site is normal, the
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sensor contact state being calculated based on three
feature amounts, namely a channel in which an
output value of an AC component of a tonogram
reaches a local maximum, an amplitude difference in
AC components among several adjacent channels in
both directions from the channel in which the output
value of the AC component of the tonogram reaches
alocal maximum, and an amplitude difference in DC
components among several adjacent channels in both
directions from the channel in which the output value
of the AC computer of the tonogram reaches a local
maximum, and

a similarity degree feature amount indicating a degree
of similarity between the pressure pulse wave at a
measurement start time and the pressure pulse wave
at a desired measurement time, and

calculate the degree of reliability based on the at least one

feature amount.

6. A non-transitory computer readable storage medium
storing instructions causing a computer to function as the
blood pressure measurement apparatus according to claim 1.

7. A non-transitory computer readable storage medium
storing instructions causing a computer to function as the
blood pressure measurement apparatus according to claim 2.

8. A non-transitory computer readable storage medium
storing instructions causing a computer to function as the
blood pressure measurement apparatus according to claim 3.

9. A non-transitory computer readable storage medium
storing instructions causing a computer to function as the
blood pressure measurement apparatus according to claim 5.
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