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BLOOD PRESSURE MEASUREMENT
DEVICE AND BLOOD PRESSURE
MEASUREMENT METHOD

TECHNICAL FIELD

[0001] The present invention relates to a technology for
measuring a blood pressure.

BACKGROUND ART

[0002] Various technologies for measuring biological
information of a subject have been proposed in the related
art. For example, PTL 1 discloses a configuration in which
a sleep period of a subject is identified from a detection
result of a body movement using an acceleration sensor and
a detection result of a body temperature using a temperature
sensor, and a blood pressure measurement using a cuff
attached to the wrist of the subject is performed before and
after the sleep period.

CITATION LIST

Patent Literature

[0003] PTL 1: JP-A-2010-99383
SUMMARY OF INVENTION
Technical Problem
[0004] According to the technology of PTL 1, since the

subject needs to sleep while attaching the cuff, sleep may be
disturbed by pressurization or depressurization of the cuff at
the time of the blood pressure measurement. In the technol-
ogy of PTL 1, blood pressure is measured only before and
after the sleep period. Therefore, there is a problem that it is
not possible to appropriately detect a blood pressure fluc-
tuation which may cause a stroke or a heart disease such as
an abnormal rise in the blood pressure due to the abnormal
rise in the blood pressure in a sleep state (nocturnal hyper-
tension) and change of an environmental temperature. In
consideration of the above circumstances, the present inven-
tion aims to appropriately detect the blood pressure fluctua-
tion in a situation where the blood pressure fluctuation tends
to occur while suppressing a load on the subject.

Solution to Problem

[0005] According to a first aspect of the present invention,
to solve the above problem, there is provided a blood
pressure measurement device including a measurement
wave detection unit that detects a measurement wave that
passed through a measurement region of a subject and
generates a detection signal, a blood pressure analysis unit
that repeatedly identifies a blood pressure of the subject by
analyzing the detection signal, a state determination unit that
determines whether or not the subject is in a sleep state, a
change determination unit that determines whether or not a
time change rate of the blood pressure exceeds a threshold
value, and a measurement control unit that shortens a time
interval where the blood pressure analysis unit identifies the
blood pressure in a case where the state determination unit
determines that the subject is in the sleep state and the
change determination unit determines that the time change
rate exceeds the threshold value. With the above configu-
ration, since the blood pressure is identified by analyzing the
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detection signal in which the measurement wave that passed
through the measurement region of the subject is detected,
it is possible to reduce a physical load of the subject
compared with the technology of PTL 1 that uses a cuff to
measure blood pressure. In addition, since the time interval
of the blood pressure measurement is shortened when the
time change rate exceeds the threshold value in the sleep
state, it is possible to appropriately detect the blood pressure
fluctuation in a situation where there is a possibility that a
health condition of the subject is abnormal.

[0006] The blood pressure measurement device according
to a preferred aspect of the present invention includes a pulse
analysis unit that identifies a pulse rate according to the
detection signal, and the state determination unit determines
whether or not the subject is in the sleep state according to
the pulse rate. With the above aspect, since it is determined
whether or not the subject is in the sleep state according to
the pulse rate identified from the detection signal, there is an
advantage that a device configuration is simplified as com-
pared with a configuration in which an element separate
from the detection of the measurement wave is used for a
determination of the active state of the subject. The blood
pressure measurement device according to another aspect of
the present invention includes a movement detection unit
that detects a movement of the subject, and the state deter-
mination unit determines whether or not the subject is in the
sleep state according to the detection result by the movement
detection unit.

[0007] According to a second aspect of the present inven-
tion, there is provided a blood pressure measurement device
including a measurement wave detection unit that detects a
measurement wave that passed through a measurement
region of a subject and generates a detection signal, a blood
pressure analysis unit that repeatedly identifies a blood
pressure of the subject by analyzing the detection signal, an
environment determination unit that determines whether
there is a change in temperature or humidity of a measure-
ment environment in which the subject is present, a change
determination unit that determines whether or not a time
change rate of the blood pressure exceeds a threshold value,
and a measurement control unit that shortens a time interval
where the blood pressure analysis unit identifies the blood
pressure in a case where the environment determination unit
determines that there is a change in the temperature or
humidity of the measurement environment and the change
determination unit determines that the time change rate
exceeds the threshold value. With the above configuration,
since the blood pressure is identified by analyzing the
detection signal in which the measurement wave that passed
through the measurement region of the subject is detected,
it is possible to reduce a physical load of the subject
compared with the technology of PTL 1 that uses a cuff to
measure blood pressure. In addition, since the time interval
of the blood pressure measurement is shortened when the
temperature or humidity of the measurement environment
fluctuates, it is possible to appropriately detect the blood
pressure fluctuation in a situation where there is a high
possibility of fluctuation in the blood pressure of the subject.

[0008] The blood pressure measurement device according
to the first aspect or the second aspect of the present
invention includes a blood pressure determination unit that
determines whether or not the blood pressure is in a normal
range, and the measurement control unit shortens the time
interval where the blood pressure analysis unit identifies the
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blood pressure in a case where the blood pressure determi-
nation unit determines that the blood pressure is not within
the normal range. With the above aspect, since the time
interval of the blood pressure measurement is shortened
even when the blood pressure of the subject is not within the
normal range, the above mentioned effect that the blood
pressure fluctuation may be appropriately detected is espe-
cially remarkable. Furthermore, according to the configura-
tion including a notification processing unit for notifying of
an abnormal state of the subject when the blood pressure
determination unit determines that the blood pressure is not
within the normal range, it may be possible to grasp an
abnormality of the subject at an early stage.

BRIEF DESCRIPTION OF DRAWINGS

[0009] FIG. 1is a side view of a blood pressure measure-
ment device according to a first embodiment of the present
invention.

[0010] FIG. 2 is a configuration diagram of the blood
pressure measurement device.

[0011] FIG. 3 is a configuration diagram focused on a
function of the blood pressure measurement device.

[0012] FIG. 4 is a flowchart of an analysis processing.
[0013] FIG. 5 is a flowchart of a measurement control
processing.

[0014] FIG. 6 is a configuration diagram focused on a

function of a blood pressure measurement device in a second
embodiment.

[0015] FIG. 7 is a configuration diagram focused on a
function of a blood pressure measurement device in a third
embodiment.

[0016] FIG. 8 is a flowchart of a measurement control
processing in the third embodiment.

[0017] FIG.9isa waveform diagram of a blood flow wave
in a normal temperature environment and a low temperature
environment,

DESCRIPTION OF EMBODIMENTS

First Embodiment

[0018] FIG. 11is a side view of a blood pressure measure-
ment device 100 according to a first embodiment of the
present invention. The blood pressure measurement device
100 of the first embodiment is a measuring equipment that
noninvasively measures a blood pressure of a subject and is
attached to a region M of the body of the subject to be
measured (hereinafter referred to as “measurement region”).
The blood pressure measurement device 100 of the first
embodiment is a wristwatch type portable equipment includ-
ing a casing unit 12 and a belt 14, and is able to be attached
to a wrist of the subject by winding the belt 14 around the
wrist, which is an example of the measurement region M.
[0019] FIG. 2 is a configuration diagram of the blood
pressure measurement device 100. As illustrated in FIG. 2,
the blood pressure measurement device 100 of the first
embodiment includes a control device 20, a storage device
22, a display device 24, and a detection device 26. The
control device 20 and the storage device 22 are installed
inside the casing unit 12. As illustrated in FIG. 1, the display
device 24 (for example, a liquid crystal display panel) is
installed on a surface of the casing unit 12 (for example, the
surface opposite to the measurement region M), and displays
various images including measurement results under control
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of the control device 20. Note that, in the blood pressure
measurement device 100, an operation equipment for receiv-
ing an operation from a user (for example, a subject or a
measurer) is also installed, however in FIG. 1 and FIG. 2,
illustration is omitted for the sake of convenience.

[0020] The detection device 26 in FIG. 2 is a sensor
module for generating a detection signal D according to a
state of the measurement region M, and is installed, for
example, on the surface of the casing unit 12 facing the
measurement region M. As illustrated in FIG. 2, the detec-
tion device 26 of the first embodiment includes an irradia-
tion unit 32, and a detection unit 34.

[0021] The irradiation unit 32 irradiates the measurement
region M with light. The irradiation unit 32 of the first
embodiment includes a light emitter 322 and a drive circuit
324. The light emitter 322 is a light source that emits a light
of a predetermined wavelength (for example, 850 nm) to the
measurement region M. For example, a vertical cavity
surface emitting laser (VCSEL) that emits a coherent laser
light in a narrow bandwidth by resonance in the resonator is
suitably used as the light emitter 322. Note that, a wave-
length of the light emitted from the light emitter 322 is
arbitrary. The drive circuit 324 causes the light emitter 322
to emit the light by supplying a drive current according to an
instruction from the control device 20.

[0022] The light emitted from the irradiation unit 32 (light
emitter 322) enters the measurement region M, and is
reflected and scattered inside the measurement region M.
The light that passed through inside of the measurement
region M is emitted to the casing unit 12 side and reaches the
detection unit 34. The detection unit 34 (an example of a
measurement wave detection unit) detects the light that
passed through the measurement region M and generates a
detection signal D. As understood from the above descrip-
tion, the detection device 26 of the first embodiment is a
reflection type optical sensor in which the irradiation unit 32
and the detection unit 34 are located on one side with respect
to the measurement region M. As illustrated in FIG. 2, the
detection unit 34 of the first embodiment includes a light
receiver 342 and an A/D converter 344.

[0023] The light receiver 342 is configured with, for
example, a photodiode (PD), and generates a detection
signal D according to a received light level of the light
arriving from the measurement region M. Since an amount
of the light absorbed by blood in a blood vessel is different
between a time of expansion and a time of contraction, the
detection signal D generated by the light receiver 342
according to the light receiving level from the measurement
region M is a pulse wave signal including periodic fluctua-
tion component corresponding to a pulsation component of
artery inside the measurement region M. The A/D converter
344 converts the detection signal D generated by the light
receiver 342 from analog to digital.

[0024] The control device 20 in FIG. 2 is an arithmetic
operation processing device such as a central processing umt
(CPU) or field-programmable gate array (FPGA), and con-
trols the entire blood pressure measurement device 100. The
storage device 22 is configured with, for example, a non-
volatile semiconductor memory, and stores a program
executed by the control device 20 and various data used by
the control device 20. Although the control device 20 and the
storage device 22 are illustrated as separate elements in FIG.
2, it is also possible to realize the control device 20 including
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the storage device 22 by application specific integrated
circuit (ASIC) or the like, for example.

[0025] FIG. 3 is a configuration diagram focused on a
function of the blood pressure measurement device 100. As
illustrated in FIG. 3, the control device 20 of the first
embodiment executes a program stored in the storage device
22, and realizes a plurality of functions (blood pressure
analysis unit 42, pulse analysis unit 44, blood pressure
determination unit 52, change determination unit 54, state
determination unit 56, measurement control unit 62, notifi-
cation processing unit 64) for measuring the blood pressure
of the subject. Note that, a configuration in which the
functions of the control device 20 are distributed to a
plurality of integrated circuits, or a configuration in which a
portion or all of the functions of the control device 20 is
realized by dedicated electronic circuits can be adopted.

[0026] The blood pressure analysis unit 42 identifies the
blood pressure P of the subject by analyzing the detection
signal D generated by the detection device 26 (detection unit
34). The identification of the blood pressure P by the blood
pressure analysis unit 42 is repeatedly executed at a time
interval d (hereinafter referred to as “measurement inter-
val”). The measurement interval d is a cycle for analyzing
the blood pressure P of the subject, and is set to a sufficiently
long interval (for example, several minutes) for one cycle of
the pulse, for example.

[0027] As illustrated in FIG. 3, the blood pressure analysis
unit 42 of the first embodiment includes a first arithmetic
operation unit 421 and a second arithmetic operation umt
422. The first arithmetic operation unit 421 calculates a
blood vessel cross sectional area A and a pulse wave velocity
V of the subject. FIG. 4 is a flowchart of a processing in
which the first arithmetic operation unit 421 calculates the
blood vessel cross sectional area A and the pulse wave
velocity V (hereinafter referred to as “analysis processing”).
For example, the analysis processing of FIG. 4 is executed
at a sufficiently short interval with respect to one cycle of the
pulse (therefore, a sufficiently short interval as compared
with the measurement interval d).

[0028] Upon starting the analysis processing, the first
arithmetic operation unit 421 calculates a power spectrum X
of the detection signal D generated by the detection unit 34
(SA1). For the calculation of the power spectrum X of the
detection signal D, for example, a frequency analysis such as
fast Fourier transformation is used. In the detection signal D,
a section to be calculated for the power spectrum X moves
in a direction of a time axis for each analysis processing.

[0029] The first arithmetic operation unit 421 calculates a
blood flow rate Q from the power spectrtum X of the
detection signal D (SA2). Specifically, the first arithmetic
operation unit 421 calculates the blood flow rate Q by, for
example, an arithmetic operation of the following equation
(1) to which the power spectrum X is applied. A symbol K
in the equation (1) is a predetermined constant, and the
symbol <I*> means a total power of the detection signal D.
Symbols f1 and f2 mean predetermined cutoff frequencies,
and a symbol f means a frequency of the light (laser light)
irradiated by the irradiation unit 32.
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[Equation 1]
) (1)
K| f-xar
X
T
[0030] The first arithmetic operation unit 421 calculates

the blood vessel cross sectional area A from a time series B
of the blood flow rate Q (hereinafter referred to as “blood
flow wave”) (SA3). The blood flow wave B means a time
change of the blood flow rate Q. Further, the first arithmetic
operation unit 421 calculates the pulse wave velocity V
(PWV) by differentiating the blood flow rate Q with the
blood vessel cross sectional area A (SA4). A specific
example of the analysis processing by the first arithmetic
operation unit 421 is as described above. A method of
calculating the blood flow rate Q, the blood vessel cross
sectional area A, and the pulse wave velocity V of the
subject is not limited to the above examples.

[0031] The second arithmetic operation unit 422 in FIG. 3
sequentially calculates the blood pressure P of the subject at
the measurement interval d. The blood pressure P is a
systolic blood pressure (maximum blood pressure) or a
diastolic blood pressure (minimum blood pressure). The
second arithmetic operation unit 422 of the first embodiment
sequentially calculates the blood pressure P for each mea-
surement interval d using the results of arithmetic operation
by the first arithmetic operation unit 421 (blood vessel cross
sectional area A and pulse wave velocity V). Specifically, it
is possible to calculate the blood pressure P by the arithmetic
operation of the following equation (2) applying the blood
vessel cross sectional area A and the pulse wave velocity V
calculated by the first arithmetic operation unit 421. Note
that, a symbol p in the equation (2) means an average arterial
pressure, a symbol a means a time average of the blood
vessel cross sectional area A. In addition, a symbol p is a
mass density of the blood and is set to a predetermined
value.

[Equation 2]

,A-a 2
P:p+pV‘T

[0032] The pulse analysis unit 44 in FIG. 3 identifies a
pulse rate H (the number of pulses per unit time) of the
subject. Specifically, the pulse analysis unit 44 identifies the
pulse rate H by analyzing the blood flow wave B calculated
(SA3) by the first arithmetic operation unit 421. The iden-
tification of the pulse rate H by the pulse analysis unit 44 is
sequentially executed for each measurement interval d in
synchronization with the identification of the blood pressure
P by the blood pressure analysis unit 42, for example.

[0033] The blood pressure determination unit 52 deter-
mines whether or not the blood pressure P identified by the
blood pressure analysis unit 42 is within a predetermined
range (hereinafter referred to as “normal range”) N or not.
The normal range N means the range of the blood pressure
P that can be diagnosed that there is no abnormality in a
health condition of the subject. Further, the change deter-
mination unit 54 determines whether or not the time change
rate (the absolute value of a change amount of the blood
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pressure P per unit time) 8 of the blood pressure P identified
by the blood pressure analysis unit 42 exceeds a predeter-
mined threshold value 6TH.

[0034] The state determination unit 56 determines an
active state (sleep state, awake state) of the subject. Spe-
cifically, the state determination unit 56 determines whether
or not the subject is in the sleep state. The state determina-
tion unit 56 of the first embodiment determines whether or
not the subject is in the sleep state according to the pulse rate
H identified by the pulse analysis unit 44. Specifically, the
state determination unit 56 determines that the subject is in
the sleep state when the pulse rate H is stably maintained at
a numerical value below the predetermined threshold value,
and determines that the subject is in an awake state when the
pulse rate H is maintained at a numerical value exceeding
the threshold value or dynamically fluctuates.

[0035] The measurement control unit 62 in FI1G. 3 variably
controls the measurement interval d of the blood pressure P
by the blood pressure analysis unit 42. The measurement
control unit 62 of the first embodiment variably controls the
measurement interval d according to the determination result
of each of the blood pressure determination unit 52, the
change determination unit 54, and the state determination
unit 56. In a situation where the health condition of the
subject is abnormal, it is desirable to raise a measurement
frequency of the blood pressure P as compared with a
situation where the health condition is normal. In consider-
ation of the above circumstances, the measurement control
unit 62 of the first embodiment increases the measurement
frequency of the blood pressure P by shortening the mea-
surement interval d when it is estimated that the health
condition of the subject is abnormal. That is, a temporal
resolution of the blood pressure measurement is improved.
[0036] For example, in a situation where the subject is in
the sleep state, if the health condition is normal, the possi-
bility that the blood pressure P suddenly fluctuates is low.
Therefore, when the blood pressure P suddenly fluctuates in
the sleep state, there is a possibility that an abnormality such
as nocturnal hypertension is occurring in the subject. In
consideration of the above tendency, in the first embodi-
ment, the measurement control unit 62 shortens the mea-
surement interval d in a case where the state determination
unit 56 determines that the subject is in the sleep state and
the change determination unit 54 determines that the time
change rate § of the blood pressure P exceeds the threshold
value dTH (that is, the blood pressure P suddenly fluctuates).
The measurement control unit 62 also shortens the measure-
ment interval d in a case where the blood pressure P of the
subject in the awake state is outside the normal range N,
since it is assumed that the health condition of the subject is
abnormal.

[0037] The notification processing unit 64 in FIG. 3 noti-
fies a user (for example, a subject or a measurer) of
information such as the measurement result. Specifically, the
notification processing unit 64 causes the display device 24
to display the blood pressure P identified by the blood
pressure analysis unit 42 and the pulse rate H identified by
the pulse analysis unit 44. In addition, the notification
processing unit 64 of the first embodiment notifies the user
that the health condition of the subject is abnormal (here-
inafter referred to as “abnormal state”). Specifically, when
the blood pressure P of the subject in the sleep state suddenly
fluctuates, or when the blood pressure P of the subject is
outside the normal range N, the notification processing unit
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64 causes the display device 24 to display a warning of an
abnormal state by a message such as “abnormal blood
pressure is detected, please consult at a medical institution”,
for example. Note that, a method of notifying the user of the
measurement result and the abnormal state is not limited to
an image display. For example, it is also possible to notify
the user of the measurement result and the abnormal state
using a voice.

[0038] FIG. 5is a flowchart of a processing for controlling
the measurement interval d of the blood pressure P of the
subject (hereinafter referred to as “measurement control
processing”). The measurement control processing in FIG. 5
is repeatedly executed with an interruption occurring at an
interval shorter than the measurement interval d as a trigger.

[0039] When the measurement control processing is
started, the state determination unit 56 determines whether
or not the subject is in the sleep state (SB1). When the state
determination unit 56 determines that the subject is in the
sleep state (SB1: YES), the change determination unit 54
determines whether or not the time change rate d of the
blood pressure P of the subject exceeds the threshold value
OTH (SB2). When the state determination unit 56 determines
that the subject is in the sleep state (SB1: YES) and the
change determination unit 54 determines that the time
change rate 8 exceeds the threshold value TH (SB2: YES),
there is a possibility that an abnormality such as nocturnal
hypertension may occur in the subject. The measurement
control unit 62 shortens the measurement interval d of the
blood pressure P by the blood pressure analysis unit 42
(SB3). Specifically, the measurement control unit 62 sets the
measurement interval d to a shorter interval d2 by compar-
ing with a predetermined standard interval d1. The standard
interval d1 is a standard interval suitable for the blood
pressure measurement of the subject in a healthy condition,
and is set to, for example, a time length of about 15 minutes
to 30 minutes. On the other hand, the interval d2 after
shortening is an interval suitable for the blood pressure
measurement of the subject having an abnormal health
condition, for example, set to the time length of about 5
minutes. In addition, the notification processing unit 64
notifies the user of the abnormal state by causing the display
device 24 to display the warning (SB4). On the other hand,
when the time change rate 9 of the blood pressure P is lower
than the threshold value 8TH (SB2: NO), the measurement
interval d is set to the standard interval d1 (SBS).

[0040] When the subject is not in the sleep state (SB1:
NO) or when the time change rate § is lower than the
threshold value 8TH (SB2: NO, SB5), the blood pressure
determination unit 52 determines whether or not the blood
pressure P of the subject is within the normal range N (SB6).
When the blood pressure determination unit 52 determines
that the blood pressure P is not within the normal range N
(SB6: NO), the measurement control unit 62, in the same
way as when the time change rate § increases in the sleep
state (SB2: YES) the measurement interval d is shortened to
the interval d2 (SB3). That is, when the subject is in the
awake state (SB1: NO), even if the time change rate 8 of the
blood pressure P fluctuates due to an exercise or the like, for
example, the measurement interval d is maintained as the
normal state at the standard interval d1, and the measure-
ment interval d is shortened to the interval d2 when the
blood pressure P changes to a numerical value outside the
normal range N. In addition, the notification processing unit
64 notifies the user of the abnormal state (abnormality of the
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blood pressure P) by causing the display device 24 to display
the warning (SB4). On the other hand, when the blood
pressure determination unit 52 determines that the blood
pressure P is within the normal range N (SB6: YES), the
measurement interval d is set to the standard interval d1
(SB?).

[0041] With the above configuration, in the first embodi-
ment, since the blood pressure P is identified by analyzing
the detection signal D in which the light that passed through
the measurement region M of the subject is detected, it is
possible to reduce a physical load of the subject compared
with the technology of PTL 1 that uses a cuff to measure the
blood pressure. For example, it is possible to continuously
measure the blood pressure P without disturbing the sleep of
the subject. When it is estimated that the blood pressure P of
the subject is abnormal, the measurement interval d of the
blood pressure P is shortened. Specifically, the measurement
interval d is shortened when the time change rate d exceeds
the threshold value TH in the sleep state (for example,
nocturnal hypertension is estimated). Therefore, it is pos-
sible to appropriately detect the blood pressure fluctuation in
a situation where there is a possibility that the health
condition of the subject is abnormal. Further, compared with
a configuration in which the blood pressure P is identified at
the interval d2 irrespective of the condition of the subject,
there is an advantage that a processing load of the control
device 20 (in particular, the blood pressure analysis unit 42)
is reduced. Since the blood pressure measurement device
100 of the first embodiment is a compact portable device, the
battery capacity is limited. Therefore, the first embodiment
in which a power consumption is reduced by reducing the
processing load is particularly effective.

[0042] Furthermore, in the first embodiment, since the
measurement interval d is shortened also when the blood
pressure P is not within the normal range N, an effect that the
blood pressure fluctuation can be appropriately detected in a
situation where there is a possibility that the health condition
of the subject is abnormal, is especially remarkable. When
the time change rate § of the blood pressure P exceeds the
threshold value 3TH in the sleep state and when the blood
pressure P is not within the normal range N, the abnormal
state of the subject is notified. Therefore, it is possible to
grasp the abnormal state of the subject at an early stage and
to perform measures for improvement (for example, visit a
medical institution).

[0043] In the first embodiment, whether or not the subject
is in the sleep state is determined according to the pulse rate
H identified from the detection signal D. That is, the
detection device 26 is also used for determining the active
state of the subject and identifying the blood pressure P.
Therefore, there is an advantage that the configuration of the
blood pressure measurement device 100 is simplified as
compared with a configuration in which an element separate
from the detection device 26 is used for determining the
active state of the subject.

Second Embodiment

[0044] A second embodiment of the present invention will
be described. Note that, in each of the embodiments exem-
plified below, elements having the same effects or functions
as those of the first embodiment are denoted by the same
reference numerals used in the description of the first
embodiment, and detailed description thereof will be appro-
priately omitted.
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[0045] FIG. 6 is a configuration diagram focused on a
function of a blood pressure measurement device 100 in a
second embodiment. As illustrated in FIG. 6, the blood
pressure measurement device 100 of the second embodiment
has a configuration in which a movement detection device
72 is added to the same element as in the first embodiment.
The movement detection device 72 (an example of the
movement detection unit) is a body movement sensor that
detects a movement of a subject. For example, an accelera-
tion sensor for detecting accelerations in three orthogonal
axes is suitably used as the movement detection device 72.
[0046] A state determination unit 56 of the second
embodiment determines whether or not the subject is in a
sleep state according to analyze a pulse rate H identified by
a pulse analysis unit 44 and a detection result by the
movement detection device 72. More specifically, the state
determination unit 56 determines that the subject is in the
sleep state when the pulse rate H is lower than a predeter-
mined threshold value and a state in which the movement
detection device 72 does not detect a body movement of the
subject continues for a predetermined time period. The state
determination unit 56 determines that the subject is in an
awake state, in a case where the pulse rate H is lower than
the predetermined threshold but the body movement of the
subject is detected and the body movement of the subject is
not detected but the pulse rate H exceeds the predetermined
threshold value.

[0047] In the second embodiment, the same effect as the
first embodiment is also realized. Further, in the second
embodiment, since the detection result of the movement
detection device 72 is reflected in a determination of an
active state of the subject, as compared with a configuration
in which only the pulse rate H is used for the determination
of the active state, there is an advantage that the active state
of the subject can be estimated with high accuracy.

[0048] In FIG. 6, both the pulse rate H identified by the
pulse analysis unit 44 and the detection result by the
movement detection device 72 are used for determining the
active state of the subject, however, the use of the pulse rate
H can be omitted. That is, it is also possible to use only the
detection result of the movement detection device 72 for
determining the active state. For example, when the state in
which the movement detection device 72 does not detect the
body movement of the subject continues for a predetermined
time, the state determination unit 56 determines that the
subject is in the sleep state.

Third Embodiment

[0049] FIG. 7 is a configuration diagram focused on a
function of a blood pressure measurement device 100 in a
third embodiment. As illustrated in FIG. 7, the blood pres-
sure measurement device 100 of the third embodiment has
a configuration in which the state determination unit 56 of
the first embodiment is replaced with an environment deter-
mination unit 58 and a temperature and humidity detection
device 74 1s added. The temperature and humidity detection
device 74 is an environmental sensor that repeatedly detects
temperature or humidity of an environment where a subject
is present (hereinafter referred to as “measurement environ-
ment”) at a predetermined cycle, and is configured to
include, for example, a temperature sensor and a humidity
sensor. The measurement environment can also be said to be
an environment in which the blood pressure measurement
device 100 is used. The environment determination unit 58
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in FIG. 7 determines whether there is a change in the
temperature or humidity of the measurement environment.
Specifically, the environment determination unit 58 of the
third embodiment determines whether there is a change
according to whether or not a time change rate of the
temperature or humidity exceeds a threshold value. Both
temperature and humidity can be taken into consideration.

[0050] In a case where the temperature or humidity of the
measurement environment where the subject is present
suddenly fluctuates, there is a possibility that the blood
pressure P of the subject suddenly fluctuates. For example,
when the temperature suddenly drops, the blood pressure P
of the subject may increase due to contraction of the blood
vessel. Also, for example, when the humidity suddenly rises
in a high temperature environment, the blood pressure P of
the subject may decrease due to a heat stroke. Therefore, in
a case where the temperature or the humidity of the mea-
surement environment fluctuates, it is desirable to raise a
measurement frequency of the blood pressure P as compared
with a situation where the temperature or the humidity is
stable. In consideration of the above circumstances, a mea-
surement control unit 62 of the third embodiment shortens a
measurement interval d of the blood pressure P in a case
where the environment determination unit 58 determines
that there is a change in the temperature or humidity of the
measurement environment and a change determination unit
54 determines that a time change rate 3 of the blood pressure
P exceeds a threshold value §TH.

[0051] FIG. 8 is a flowchart of a measurement control
processing in the third embodiment. As illustrated in FIG. 8,
step SB1 of the measurement control processing (FI1G. 5) of
the first embodiment is replaced with step SC in the third
embodiment. Upon starting the measurement control pro-
cessing, the environment determination unit 58 determines
whether or not the temperature or humidity of the measure-
ment environment suddenly fluctuates (SC). When the tem-
perature or humidity suddenly fluctuates (SC: YES) and the
time change rate 8 of the blood pressure P exceeds the
threshold value dTH (SB2: YES), the measurement control
unit 62 shortens the measurement interval d to the interval
d2 (SB3), and a notification processing unit 64 notifies of the
abnormal state of the subject (SB4). On the other hand, when
the fluctuation in temperature or humidity of the measure-
ment environment is not observed (SC: NO), if the blood
pressure P is a numerical value outside a normal range N
(SB6: NO), the shortening of the measurement interval d
(SB3) and the notification of the abnormal state (SB4) are
executed.

[0052] As described above, in the third embodiment, the
blood pressure P is identified by analysis of the detection
signal D in which a light that passed through the measure-
ment region M of the subject is detected. Therefore, as in the
first embodiment, it is possible to reduce the physical load
of the subject compared with the technology of PTL 1 that
uses a cuff to measure the blood pressure. Also, when the
temperature or humidity of the measurement environment
fluctuates, the measurement interval d of the blood pressure
P is shortened. Therefore, it is possible to appropriately
detect the blood pressure fluctuation in a situation where
there is a high possibility that the blood pressure P of the
subject fluctuates. Further, as in the first embodiment, com-
pared with a configuration in which the blood pressure P is
identified at the interval d2 irrespective of the condition of
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the subject, there is an advantage that a processing load of
a control device (in particular, a blood pressure analysis unit
42) is reduced.

[0053] In the third embodiment, since the measurement
interval d is shortened also when the blood pressure P of the
subject is not within the normal range N, as in the first
embodiment, an effect that the blood pressure fluctuation can
be appropriately detected in a situation where there is a
possibility that the health condition of the subject is abnor-
mal, is especially remarkable. In addition, when the tem-
perature or humidity of the measurement environment sud-
denly fluctuates and when the blood pressure P is not within
the normal range N, the abnormal state of the subject is
notified. Therefore, it is possible to grasp the abnormal state
of the subject at an early stage and to perform measures for
improvement.

MODIFICATION EXAMPLE

[0054] Each embodiment exemplified above can be vari-
ously modified. It is also possible to combine two or more
arbitrarily selected aspects from the above embodiments and
the following examples as appropriate.

[0055] (1) As illustrated in FIG. 9, waveforms of a blood
flow wave Bl in a normal temperature (average tempera-
ture) environment and a blood flow wave B2 in a low
temperature environment are different. Taking the above
tendency into consideration, in the third embodiment, it is
also possible to use an indicator calculated from the blood
flow wave B (detection signal D) as an indicator of a drop
in temperature in the measurement environment (hereinafter
referred to as “temperature indicator”). Specifically, an
environment determination unit 58 determines whether there
is a sudden drop in temperature according to the temperature
indicator identified from a detection signal D, instead of a
temperature detected by a temperature and humidity detec-
tion device 74. According to the above configuration, since
the temperature and humidity detection device 74 can be
omitted, there is an advantage that the configuration of a
blood pressure measurement device 100 is simplified. How-
ever, it is also possible to detect a sudden drop in tempera-
ture by using the temperature indicator together with the
temperature detected by the temperature and humidity detec-
tion device 74.

[0056] Specific examples of the temperature indicator
usable for detecting the drop in temperature are exemplified
below. A symbol Qs in FIG. 9 means a maximum value of
a blood flow rate Q within one cycle of the blood flow wave
B, and a symbol Qd means a minimum value of the blood
flow rate Q within one cycle of the blood flow wave B. A
symbol Qave means an average value of the blood flow rate
Q within one cycle of the blood flow wave B and a symbol
Qp is the blood flow rate Q derived from a pulse wave
component reflected upstream side from an end of a blood
vessel. A symbol AT means a time length of a peak of the
blood flow wave B.

[a] Maximum Value Qs, Fluctuation Range (Qs-Qd), Pul-
satility Index, Resistance Index

[0057] When the temperature of the measurement envi-
ronment drops, peripheral blood vessel contracts and the
blood flow rate Q (for example, the maximum value Qs)
decreases. Therefore, it is possible to use the maximum
value Qs within one cycle of the blood flow wave B as the
temperature indicator. For example, in a case where a
reduction rate of the maximum value Qs (decrease amount
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per unit time) exceeds a threshold value, the environment
determination unit 58 determines that the temperature of the
measurement environment is suddenly dropped.

[0058] Since the fluctuation range (Qs-Qd), the pulsatility
index (PI), and the resistance index (RI) of the blood flow
rate Q of the subject also tend to decrease in conjunction
with the temperature of the measurement environment, it
can be used as the temperature indicator like the maximum
value Qs. The pulsatility index is a numerical value ((Qs-
Qd)Qave) obtained by dividing the fluctuation range (Qs-
Qd) of the blood flow rate Q by the average value Qave and
the resistance index is a numerical value ((Qs-Qd)/Qs)
obtained by dividing the fluctuation range (Qs-Qd) of the
blood flow rate Q by the maximum value Qs.

[b] Reflectance, Time Length AT

[0059] The numerical value (Qp-Qd)/(Qs-Qd) obtained by
dividing the difference (Qp-Qd) between the reflected flow
rate Qp and the minimum value Qd by the fluctuation range
(Qs-Qd) of the blood flow rate Q is an indicator (reflectance)
of a degree of reflection of the pulse wave component to the
upstream side from the end of the blood vessel. As the
temperature of the measurement environment drops, the
reflection of the pulse wave component is promoted by the
contraction of the peripheral blood vessel, so the reflectance
increases. Therefore, it is possible to use the reflectance as
a temperature indicator. Specifically, in a case where the
increase rate of the reflectance (increase amount per unit
time) exceeds the threshold value, the environment deter-
mination unit 58 determines that the temperature of the
measurement environment is suddenly dropped. The time
length AT of the peak of the blood flow wave B also has a
tendency to increase when the temperature of the measure-
ment environment is dropped, so it can be used as a
temperature index like the reflectance.

[c] Pulse Wave Velocity V, Blood Vessel Cross Sectional
Area A

[0060] When the temperature of the measurement envi-
ronment drops, the blood vessel becomes difficult to deform,
so that the pulse wave velocity V tends to rise. In addition,
as the temperature of the measurement environment drops,
the peripheral blood vessel contracts and the blood in the
artery stays, and as a result, the blood vessel cross sectional
area A of the artery tends to rise. Therefore, the pulse wave
velocity V and the blood vessel cross sectional area A can
also be used as a temperature indicator. Specifically, in a
case where an increasing rate of the pulse wave velocity V
or the blood vessel cross sectional area A exceeds the
threshold value, the environment determination unit 58
determines that the temperature of the measurement envi-
ronment is suddenly dropped.

[0061] (2) In each of the above described embodiments,
the blood pressure P of the subject is displayed on the
display device 24, however, the measurement result notified
to the user is not limited to the numerical value of the blood
pressure P itself. For example, it is also possible that a blood
pressure state (high blood pressure/normal/low blood pres-
sure) from the blood pressure P identified by a blood
pressure analysis unit 42 is determined and a notification
processing unit 64 causes a display device 24 to display the
detection result. In addition, it is also possible that the
notification processing unit 64 causes the display device 24
to display the active state (for example, sleep state/awake
state/exercise state) of the subject determined by a state
determination unit 56.
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[0062] (3) It is also possible to combine from the first
embodiment to the third embodiment mutually. For
example, a blood pressure measurement device 100 includ-
ing both the state determination unit 56 of the first embodi-
ment or the second embodiment and the environment deter-
mination unit 58 of the third embodiment is also supposed.
In at least one of a case where the state determination unit
56 determines that the subject is in a sleep state and a case
where the environment determination unit 58 determines
that the temperature or humidity of the measurement envi-
ronment fluctuates, a measurement control unit 62 shortens
the measurement interval d to the interval d2 when the time
change rate 8 of the blood pressure P exceeds the threshold
value 3TH.

[0063] (4) In each of the above described embodiments,
each biological information (blood pressure P, blood vessel
cross sectional area A, pulse wave velocity V) is calculated
by the arithmetic operation of the equation (for example,
equation (1) or equation (2)), the method of identifying the
biological information is not limited to the above examples.
Specifically, it is assumed that the biological information is
identified using a table stored in advance in a storage device
22. For example, from the table that associates each numeri-
cal value of the blood vessel cross sectional area A and the
pulse wave velocity V with each numerical value of the
blood pressure P, the blood pressure analysis unit 42 is able
to search for the blood pressure P corresponding to the
numerical values of the blood vessel cross sectional area A
and the pulse wave velocity V.

[0064] (5) In each of the above described embodiments,
the measurement interval d is set to either the standard
interval d1 or the interval d2, however, the measurement
interval d is not limited to the two values. For example, in
the first embodiment or the second embodiment, it is also
possible to shorten the measurement interval d in multiple
stages as the time, during which the time change rate d
exceeds the threshold value dTH in the sleep state, is longer.
Further, in the third embodiment, it is also possible to
change the measurement interval d in multiple stages
according to the time change rate of the temperature or
humidity of the measurement environment (for example, the
measurement interval d is set to a shorter time as the time
change rate is larger).

[0065] (6) In each of the above described embodiments,
the detection signal D is generated by detecting the light
passed through the measurement region M, however, it is
also possible to generate the detection signal D by detecting
a sound wave such as an ultrasonic wave. Specifically, an
irradiation unit 32 of the detection device irradiates the
measurement region M with a sound wave such as an
ultrasonic wave, and a detection unit 34 generates the
detection signal D by detecting the sound wave that passed
through the measurement region M. As understood from the
above description, the irradiation unit 32 is included as an
element for irradiating the measurement region M of the
subject with the measurement wave, and the detection unit
34 is included as an element for detecting the measurement
wave that passed through the measurement region M and
generates the detection signal D. The measurement wave is
a wave motion including a light wave and a sound wave.
[0066] (7) In each of the above described embodiments,
the blood pressure measurement device 100 that can be
attached on the wrist of the subject is exemplified, however,
a specific form (mounting position) of the blood pressure
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measurement device is arbitrary. For example, any type of
blood pressure measurement device can be adapted such as
a patch type that can be attached to a body of the subject, an
earring type that can be attached to an auricle of the subject,
a finger mounted type (for example, a claw type) that can be
attached to a fingertip of the subject, a head mounted type
that can be attached on the head of the subject. However, in
a state where the blood pressure measurement device such as
a finger mounted type is attached, it is assumed that there can
be a problem with daily life, so from a viewpoint of
constantly measuring the blood pressure P without interrup-
tion in daily life, the blood pressure measurement device 100
of each of the above described types that can be attached on
the wrist of the subject is particularly preferable. Note that,
the blood pressure measurement device in a form of being
attached (externally attached) to various electronic equip-
ment such as a wristwatch can also be realized.

[0067] (8) In each of the above described embodiments,
the configuration in which the blood pressure measurement
device 100 includes the storage device 22 and the display
device 24 has been exemplified, however, it is also possible
to make the storage device 22 or the display device 24 a
device separate from the blood pressure measurement device
100. For example, it is also possible to install the storage
device 22 or the display device 24 in a terminal device (for
example, a portable phone or a smart phone) capable of
communicating with the blood pressure measurement device
100.

[0068] (9) The preferred embodiment of the present inven-
tion is also grasped as a movement method (blood pressure
measurement method) of the blood pressure measurement
device 100 according to each of the above described
embodiments. In the blood pressure measuring method
corresponding to the first embodiment or the second
embodiment, the blood pressure measurement device 100
shortens the interval d for identifying the blood pressure P,
when the blood pressure P of the subject is repeatedly
identified by analyzing the detection signal D in which the
measurement wave that has passed through the measurement
region M of the subject is detected, when it is determined
whether or not the subject is in a sleep state, when it is
determined whether or not the time change rate d of the
blood pressure P exceeds the threshold value dTH, when it
is determined that the subject is in a sleep state, and when
it is determined that the time change rate 8 exceeds the
threshold value dTH. In the blood pressure measuring
method corresponding to the third embodiment, the blood
pressure measurement device 100 shortens the interval d for
identifying the blood pressure P, when the blood pressure P
of the subject is repeatedly identified by analyzing the
detection signal D in which the measurement wave that has
passed through the measurement region M of the subject is
detected, when it is determined that whether or not there is
a change in the temperature or humidity of the measurement
environment where the subject is present, when it is deter-
mined whether or not the time change rate d of the blood
pressure P exceeds the threshold value 8TH, when it is
determined that there is a change in the temperature or
humidity of the measurement environment, and when it is
determined that the time change rate d exceeds the threshold
value dTH.

[0069] (10) As described above, the blood pressure mea-
surement device 100 exemplified in each of the above
embodiments is realized by cooperation of the control
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device 20 and a program. A program corresponding to the
first embodiment or the second embodiment causes a com-
puter to function as the blood pressure analysis unit 42 that
repeatedly identifies the blood pressure P of the subject by
analyzing the detection signal D in which the measurement
wave that has passed through the measurement region M of
the subject is detected, the state determination unit 56 that
determines whether or not the subject is in a sleep state, the
change determination unit 54 that determines whether or not
the time change rate § of the blood pressure P exceeds the
threshold value 8TH, and the measurement control unit 62
that shortens the interval d where the blood pressure analysis
unit 42 identifies the blood pressure P, when the state
determination unit 56 determines that the subject is in a sleep
state, and when the change determination unit 54 determines
that the time change rate d exceeds the threshold value dTH.
A program corresponding to the third embodiment causes a
computer to function as the blood pressure analysis unit 42
that repeatedly identifies the blood pressure P of the subject
by analyzing the detection signal D in which the measure-
ment wave that has passed through the measurement region
M of the subject is detected, the environment determination
unit 58 that determines whether there is a change in tem-
perature or humidity of a measurement environment in
which the subject is present, the change determination unit
54 that determines whether or not the time change rate § of
the blood pressure P exceeds the threshold value 8TH, and
the measurement control unit 62 that shortens the interval d
where the blood pressure analysis unit 42 identifies the
blood pressure P, when the environment determination unit
58 determines that there is a change in temperature or
humidity of a measurement environment in which the sub-
ject is present, and when the change determination unit 54
determines that the time change rate d exceeds the threshold
value 0TH.

[0070] The programs exemplified above may be provided
in a form stored in a computer readable storage medium and
installed in the computer. The storage medium is, for
example, a non-transitory storage medium, and an optical
storage medium (optical disc) such as a CD-ROM is a good
example, and also a storage medium of any known type such
as a semiconductor storage medium or a magnetic storage
medium may be included. Further, the programs exemplified
above can also be provided as an application program
installable in a terminal device (for example, portable phone
or smart phone) capable of communicating with the blood
pressure measurement device 100.

REFERENCE SIGNS LIST

[0071] 100 .. . blood pressure measurement device
[0072] 12 ... casing unit
[0073] 14 ... belt

[0074] 20 ... control device
[0075] 22 ... storage device
[0076] 24 ... display device
[0077] 26 ... detection device
[0078] 32 ... irradiation unit
[0079] 322 ... light emitter
[0080] 324 ... drive circuit
[0081] 34 ... detection unit
[0082] 342 ... light receiver

[0083] 344 ... A/D converter
[0084] 42 ... blood pressure analysis unit
[0085] 42,421 . . . first arithmetic operation unit
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[0086] 422 ... second arithmetic operation unit

[0087] 44 ... pulse analysis unit

[0088] 52 ... blood pressure determination unit

[0089] 54 ... change determination unit

[0090] 56 .. . state determination unit

[0091] 58 ... environment determination unit

[0092] 62 ... measurement control unit

[0093] 64 ... notification processing unit

[0094] 72 ... movement detection device

[0095] 74 ... temperature and humidity detection device

1. A blood pressure measurement device comprising:

a measurement wave detection unit that detects a mea-
surement wave that passed through a measurement
region of a subject and generates a detection signal;

a blood pressure analysis unit that repeatedly identifies a
blood pressure of the subject by analyzing the detection
signal,

a state determination unit that determines whether or not
the subject is in a sleep state;

a change determination unit that determines whether or
not a time change rate of the blood pressure exceeds a
threshold value; and

a measurement control unit that shortens a time interval
where the blood pressure analysis unit identifies the
blood pressure in a case where the state determination
unit determines that the subject is in the sleep state and
the change determination unit determines that the time
change rate exceeds the threshold value.

2. The blood pressure measurement device according to

claim 1, further comprising:

a pulse analysis unit that identifies a pulse rate according
to the detection signal,

wherein the state determination unit determines whether
or not the subject is in the sleep state according to the
pulse rate.

3. The blood pressure measurement device according to

claim 1, further comprising:

amovement detection unit that detects a movement of the
subject,

wherein the state determination unit determines whether
or not the subject is in the sleep state according to a
detection result by the movement detection unit.

4. A blood pressure measurement device comprising:

a measurement wave detection unit that detects a mea-
surement wave that passed through a measurement
region of a subject and generates a detection signal;

a blood pressure analysis unit that repeatedly identifies a
blood pressure of the subject by analyzing the detection
signal,

an environment determination unit that determines
whether or not there is a change in temperature or a
humidity of a measurement environment in which the
subject is present;

a change determination unit that determines whether or
not a time change rate of the blood pressure exceeds a
threshold value; and

a measurement control unit that shortens a time interval
where the blood pressure analysis unit identifies the
blood pressure in a case where the environment deter-
mination unit determines that there is a change in the
temperature or humidity of the measurement environ-
ment and the change determination unit determines that
the time change rate exceeds the threshold value.
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5. The blood pressure measurement device according to

claim 1, further comprising:

a blood pressure determination unit that determines
whether or not the blood pressure is within a normal
range,

wherein the measurement control unit shortens the time
interval where the blood pressure analysis unit identi-
fies the blood pressure in a case where the blood
pressure determination unit determines that the blood
pressure is not within the normal range.

6. The blood pressure measurement device according to

claim 5, comprising:

a notification processing unit that notifies of an abnormal
state of the subject in a case where the blood pressure
determination unit determines that the blood pressure is
not within the normal range.

7. A blood pressure measurement method in which a

blood pressure measurement device executes a process, the
process comprising:

identifying repeatedly a blood pressure of a subject by
analyzing a detection signal in which a measurement
wave that passed through a measurement region of the
subject is detected;

determining whether or not the subject is in a sleep state;

determining whether or not a time change rate of the
blood pressure exceeds a threshold value; and

shortening a time interval identifying the blood pressure
in a case where it is determined that the subject is in the
sleep state and the time change rate exceeds the thresh-
old value.

8. A blood pressure measurement method in which a

blood pressure measurement device executes a process, the
process comprising:

identifying repeatedly a blood pressure of a subject by
analyzing a detection signal in which a measurement
wave that passed through a measurement region of the
subject is detected;

determining whether there is a change in temperature or
humidity of a measurement environment in which the
subject is present;

determining whether or not a time change rate of the
blood pressure exceeds a threshold value; and

shortening a time interval identifying the blood pressure
in a case where it is determined that there is a change
in the temperature or humidity of the measurement
environment and the time change rate exceeds the
threshold value.

9. The blood pressure measurement device according to

claim 2, further comprising:

a movement detection unit that detects a movement of the
subject,

wherein the state determination unit determines whether
or not the subject is in the sleep state according to a
detection result by the movement detection unit.

10. The blood pressure measurement device according to

claim 2, further comprising:

a blood pressure determination unit that determines
whether or not the blood pressure is within a normal
range,

wherein the measurement control unit shortens the time
interval where the blood pressure analysis unit identi-
fies the blood pressure in a case where the blood
pressure determination unit determines that the blood
pressure is not within the normal range.
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11. The blood pressure measurement device according to

claim 3, further comprising:

a blood pressure determination unit that determines
whether or not the blood pressure is within a normal
range,

wherein the measurement control unit shortens the time
interval where the blood pressure analysis unit identi-
fies the blood pressure in a case where the blood
pressure determination unit determines that the blood
pressure is not within the normal range.

12. The blood pressure measurement device according to

claim 4, further comprising:

a blood pressure determination unit that determines
whether or not the blood pressure is within a normal
range,

wherein the measurement control unit shortens the time
interval where the blood pressure analysis unit identi-
files the blood pressure in a case where the blood
pressure determination unit determines that the blood
pressure is not within the normal range.

13. The blood pressure measurement device according to

claim 9, further comprising:

a blood pressure determination unit that determines
whether or not the blood pressure is within a normal
range,

wherein the measurement control unit shortens the time
interval where the blood pressure analysis unit identi-
files the blood pressure in a case where the blood
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pressure determination unit determines that the blood
pressure is not within the normal range.

14. The blood pressure measurement device according to

claim 10, comprising:

a notification processing unit that notifies of an abnormal
state of the subject in a case where the blood pressure
determination unit determines that the blood pressure is
not within the normal range.

15. The blood pressure measurement device according to

claim 11, comprising:

a notification processing unit that notifies of an abnormal
state of the subject in a case where the blood pressure
determination unit determines that the blood pressure is
not within the normal range.

16. The blood pressure measurement device according to

claim 12, comprising:

a notification processing unit that notifies of an abnormal
state of the subject in a case where the blood pressure
determination unit determines that the blood pressure is
not within the normal range.

17. The blood pressure measurement device according to

claim 13, comprising:

a notification processing unit that notifies of an abnormal
state of the subject in a case where the blood pressure
determination unit determines that the blood pressure is
not within the normal range.
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