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(7) ABSTRACT

A blood pressure status measuring apparatus includes a first
photoplethysmographic sensor that includes a light emitting
element) outputting near-infrared light and acquires a pho-
toplethysmographic signal of a carotid artery, a second
photoplethysmographic sensor that includes a light emitting
element outputting blue to yellow-green light and acquires a
photoplethysmographic signal of an arteriole or a capillary
near the carotid artery, a pulse wave propagation time
measuring unit that acquires a pulse wave propagation time
on the basis of the photoplethysmographic signal of the
carotid artery and the photoplethysmographic signal of the
arteriole or the capillary near the carotid artery, a pulse wave
propagation time change acquisition unit that acquires a
temporal change of the pulse wave propagation time after
measurement is started, and a blood pressure status measur-
ing unit that measures circulatory dynamics including a
blood pressure status on the basis of the temporal change of
the pulse wave propagation time after measurement is
started.
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BLOOD PRESSURE STATUS MEASURING
APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation of Inter-
national application No. PCT/JP2017/028703, filed Aug. 8,
2017, which claims priority to Japanese Patent Application
No. 2016-157257, filed Aug. 10, 2016, the entire contents of
each of which are incorporated herein by reference.

TECHNICAL FIELD

[0002] The present invention relates to a blood pressure
status measuring apparatus, and particularly, to a blood
pressure status measuring apparatus using a pulse wave
propagation time.

BACKGROUND OF THE INVENTION

[0003] In recent years, for example, as an index for
evaluation of the degree of arteriosclerosis, estimation of the
life span of blood vessels, and the like, a pulse wave
propagation time, which is a time in which a pulse wave
propagates inside an artery of a living body (for example, a
time up to arrival of a pulse wave from an R wave of an
electrocardiogram), has been used. The pulse wave propa-
gation time reflects a change in blood pressure.

[0004] A technique for calculating systolic blood pressure
on the basis of a pulse wave propagation time (a non-
invasive continuous blood pressure monitoring apparatus) is
disclosed in Japanese Unexamined Patent Application Pub-
lication No. 2014-105 (Patent Document 1). In this tech-
nique, the pulse wave propagation time is calculated on the
basis of a biological signal obtained by a biological signal
detection sensor (a pulse wave detector (PPG detector) and
an electrocardiographic detector (ECG detector)) that is
worn on a subject, and systolic blood pressure is calculated
on the basis of the acquired pulse wave propagation time and
ablood pressure calculation expression. Furthermore, in this
technique, a 3-axis acceleration detection sensor is worn on
a subject so that posture and action of the subject can be
detected from detection data, and blood pressure data and
action data of the subject can be obtained at the same time
in a chronological order. Therefore, a change in blood
pressure, and posture and action can be monitored at the
same time.

[0005] As described above, with the technique (non-inva-
sive continuous blood pressure monitoring apparatus) of
Patent Document 1, calculation of blood pressure based on
an obtained pulse wave propagation time and detection of
posture and action of a subject are performed at the same
time. Therefore, a change in the blood pressure (a change in
the pulse wave propagation time), and the posture and action
of the subject can be monitored simultaneously.

[0006] It has been widely known that there is a high risk
that arterial hypertension will lead to cerebral bleed and the
like. In actuality, however, it is often the case that bleeding
occurs in arterioles or capillaries that are narrower than
arteries. Therefore, in order to estimate the risk of cerebro-
vascular diseases such as cerebral bleed, cardiovascular
diseases, or the like, it is preferable to measure the blood
pressure status or the like of arterioles or capillaries. How-
ever, in the technique of Patent Document 1, accurately
measuring circulatory dynamics including the blood pres-
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sure status of arterioles or capillaries is not considered.
Furthermore, in the technique of Patent Document 1, mea-
suring circulatory dynamics including the blood pressure
status in a more simplified way is not also considered.

BRIEF SUMMARY OF THE INVENTION

[0007] The present invention has been made to solve the
above problems, and an object of the present invention is to
provide a blood pressure status measuring apparatus that is
capable of measuring circulatory dynamics including the
blood pressure status of arterioles or capillaries more simply
and more accurately.

[0008] As a result of earnest research and development, it
was found by the inventor that a change of a pulse wave
propagation time of an arteriole or a capillary (an arteriole
or the like) after measurement is started is correlated with a
blood pressure status/circulatory dynamics of the corre-
sponding part. Thus, a blood pressure status measuring
apparatus according to one aspect of the present invention
includes a photoplethysmographic sensor that includes a
light emitting element and a light receiving element and
acquires a photoplethysmographic signal of an arteriole or a
capillary; a biological sensor that acquires a biological
signal serving as a reference for measurement of a pulse
wave propagation time; pulse wave propagation time acquir-
ing means for acquiring a pulse wave propagation time on
the basis of the photoplethysmographic signal of the arteri-
ole or the capillary acquired by the photoplethysmographic
sensor and a biological signal serving as a reference
acquired by the biological sensor; change acquiring means
for acquiring a temporal change of the pulse wave propa-
gation time acquired by the pulse wave propagation time
acquiring means after measurement is started; and measur-
ing means for measuring circulatory dynamics including a
blood pressure status on the basis of the temporal change of
the pulse wave propagation time after the measurement is
started acquired by the change acquiring means.

[0009] With the blood pressure status measuring apparatus
according to the present invention, circulatory dynamics
including the status of blood pressure of an arteriole or a
capillary can be measured on the basis of a temporal change
of a pulse wave propagation time obtained from a photop-
lethysmographic signal of the arteriole or the capillary after
measurement is started (for example, the beginning of
measurement). At this time, for example, by measuring the
pulse wave propagation time between the arteriole or the
capillary and an artery near the arteriole or the capillary and
measuring a temporal change of the pulse wave propagation
time at the beginning of measurement, a difference in blood
pressure between the arteriole or the capillary and the artery
can be measured, and circulatory dynamics can be mea-
sured. As a result, circulatory dynamics including the blood
pressure status of the arteriole or the capillary can be
measured more simply and more accurately.

[0010] In the blood pressure status measuring apparatus
according to the present invention, preferably, the biological
sensor is pulse wave detecting means for acquiring a pulse
wave signal of an artery from which the arteriole or the
capillary branches off, and the pulse wave propagation time
acquiring means acquires a pulse wave propagation time on
the basis of the photoplethysmographic signal of the arteri-
ole or the capillary acquired by the photoplethysmographic
sensor and the pulse wave signal of the artery acquired by
the pulse wave detecting means.
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[0011] In this case, the pulse wave propagation time
between the arteriole or the capillary and the (nearby) artery
from which the arteriole or the capillary branches off can be
measured, and a temporal change of the pulse wave propa-
gation time at the beginning of measurement can be mea-
sured. Therefore, a difference in blood pressure between the
artery and the arteriole or the capillary can be measured, and
circulatory dynamics can be measured. In this case, in
particular, both the pulse wave propagation times (blood
pressure etc.) can be measured at a single position. There-
fore, blood pressure and the like of an arteriole or a capillary,
including a wearing time, can be measured more simply.
Furthermore, in this case, unlike measurement at separate
two points (two positions), blood pressure and the like of an
arteriole or a capillary can be measured genuinely (that is,
accurately).

[0012] In the blood pressure status measuring apparatus
according to the present invention, preferably, the light
emitting element outputs blue to yellow-green light, and the
pulse wave detecting means is a photoplethysmographic
sensor that includes a light emitting element outputting
near-infrared light.

[0013] Unlike near-infrared light (for example, light with
a wavelength of 800 to 1000 nm), light of a visible light
region (for example, blue to yellow-green light with a
wavelength of 450 to 580 nm) is easily absorbed by a living
body. Therefore, with the use of a light source of the visible
light region (photoplethysmographic sensor) as a light emit-
ting element (photoplethysmographic sensor), light is diffi-
cult to reach an artery underneath the skin. Thus, even if a
photoplethysmographic sensor is arranged immediately
above an artery, a photoplethysmographic signal of an
arteriole or a capillary can be obtained. In contrast, with the
use of a photoplethysmographic sensor that includes a light
emitting element outputting near-infrared light that is rela-
tively difficult to be absorbed by a living body, as the pulse
wave detecting means, a photoplethysmographic signal of a
carotid artery can be obtained. Accordingly, in this case, a
photoplethysmographic signal corresponding to the blood
flow of an arteriole or a capillary and a photoplethysmo-
graphic signal corresponding to the blood flow of a wider
artery can be obtained at the same time in adjacent regions
(that is, a pulse wave propagation time can be obtained).
[0014] In the blood pressure status measuring apparatus
according to the present invention, preferably, the light
emitting element outputs blue to yellow-green light, and the
pulse wave detecting means is a piezoelectric pulse wave
sensor that acquires a piezoelectric pulse wave signal.
[0015] As described above, unlike near-infrared light,
light of a visible light region (in particular, blue to yellow-
green with a wavelength of 450 to 580 nm) is easily
absorbed by a living body. Therefore, with the use of a light
source of the visible light region (photoplethysmographic
sensor) as a light emitting element (photoplethysmographic
sensor), light is difficult to reach an artery underneath the
skin. Thus, even if a photoplethysmographic sensor is
arranged immediately above an artery, a photoplethysmo-
graphic signal of an arteriole or a capillary can be obtained.
In contrast, with the use of a piezoelectric pulse wave sensor
using, for example, a piezoelectric element, a piezoelectric
film, or the like, which mainly responds to pulsation of an
artery. as the pulse wave detecting means, a pulse wave
signal (piezoelectric pulse wave signal) of an artery can be
obtained, without being much affected by pulsation of an
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arteriole or a capillary. Accordingly, in this case, a photop-
lethysmographic signal corresponding to the blood flow of
an arteriole or a capillary and a piezoelectric pulse wave
signal corresponding to the blood flow of a wider artery can
be obtained at the same time in adjacent regions (that is, a
pulse wave propagation time can be obtained).

[0016] In the blood pressure status measuring apparatus
according to the present invention, preferably, the biological
sensor is a sensor that acquires an electrocardiographic
signal, and the pulse wave propagation time acquiring
means acquires a pulse wave propagation time on the basis
of the photoplethysmographic signal of the arteriole or the
capillary acquired by the photoplethysmographic sensor and
an R wave of the electrocardiographic signal acquired by the
biological sensor.

[0017] In this case, the pulse wave propagation time
between the heart and an arteriole or a capillary can be
obtained on the basis of a photoplethysmographic signal of
the arteriole or the capillary and an R wave (peak) of an
electrocardiographic signal.

[0018] The blood pressure status measuring apparatus
according to the present invention, preferably, further
includes an electrocardiographic electrode that acquires an
electrocardiographic signal. It is preferable that the pulse
wave propagation time acquiring means acquires, in addi-
tion to the pulse wave propagation time based on the
photoplethysmographic signal of the artericle or the capil-
lary acquired by the photoplethysmographic sensor and the
pulse wave signal of the artery acquired by the pulse wave
detecting means, a pulse wave propagation time based on the
photoplethysmographic signal of the artericle or the capil-
lary acquired by the photoplethysmographic sensor and the
R wave of the electrocardiographic signal acquired by the
electrocardiographic electrode and a pulse wave propagation
time based on the pulse wave signal of the artery acquired
by the pulse wave detecting means and the R wave of the
electrocardiographic signal acquired by the electrocardio-
graphic electrode.

[0019] In this case, an electrocardiogram (in particular, an
R wave) is measured at the same time as a reference. Thus,
in addition to a pulse wave propagation time between a
carotid artery and an arteriole or a capillary near the carotid
artery, a pulse wave propagation time between the heart and
the carotid artery and a pulse wave propagation time
between the heart and the arteriole or the capillary can be
obtained. Therefore, blood pressure at an artery can be
estimated, and together with estimated blood pressure of an
arteriole or a capillary, circulatory dynamics can be mea-
sured more accurately.

[0020] In the blood pressure status measuring apparatus
according to the present invention, preferably, the biological
sensor is heart sound acquiring means for acquiring a heart
sound signal, and the pulse wave propagation time acquiring
means acquires a pulse wave propagation time based on the
photoplethysmographic signal of the arteriole or the capil-
lary acquired by the photoplethysmographic sensor and the
heart sound signal acquired by the heart sound acquiring
means.

[0021] In this case, a pulse wave propagation time
between the heart and an arteriole or a capillary can be
obtained on the basis of a photoplethysmographic signal of
the arteriole or the capillary and an electrocardiographic
signal.
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[0022] The blood pressure status measuring apparatus
according to the present invention, preferably, further
includes heart sound acquiring means for acquiring a heart
sound signal. It is preferable that the pulse wave propagation
time acquiring means acquires, in addition to the pulse wave
propagation time based on the photoplethysmographic sig-
nal of the arteriole or the capillary acquired by the photop-
lethysmographic sensor and the pulse wave signal of the
artery acquired by the pulse wave detecting means, a pulse
wave propagation time based on the photoplethysmographic
signal of the arteriole or the capillary acquired by the
photoplethysmographic sensor and the heart sound signal
acquired by the heart sound acquiring means and a pulse
wave propagation time based on the pulse wave signal of the
artery acquired by the pulse wave detecting means and the
heart sound signal acquired by the heart sound acquiring
means.

[0023] In this case, heart sound (in particular, the first
sound) is measured at the same time as a reference. Thus, in
addition to a pulse wave propagation time between a carotid
artery and an arteriole or a capillary near the carotid artery,
a pulse wave propagation time between the heart and the
carotid artery and a pulse wave propagation time between
the heart and the arteriole or the capillary can be obtained.
Therefore, blood pressure at an artery can be estimated, and
together with estimated blood pressure of an arteriole or a
capillary, circulatory dynamics can be measured more accu-
rately.

[0024] In the blood pressure status measuring apparatus
according to the present invention, preferably, the photopl-
ethysmographic sensor acquires a photoplethysmographic
signal of an arteriole or a capillary near a carotid artery.
[0025] In this case, a pulse wave propagation time
between a carotid artery and an arteriole or a capillary near
the carotid artery is measured, and a temporal change of the
pulse wave propagation time is measured. Therefore, a
difference in blood pressure between the artery and the
arteriole or the capillary can be measured, and circulatory
dynamics can be measured. When a pulse wave propagation
time is measured at an arteriole or a capillary near a carotid
artery (a wide artery), it takes a time corresponding to the
length of the arteriole or the capillary branching off from the
carotid artery for arrival of a pulse wave. Therefore, the
pulse wave propagation time is larger than a value measured
at the carotid artery. Furthermore, blood pressure and cit-
culatory dynamics of an arteriole or a capillary near, in
particular, a carotid artery among arteries that can be mea-
sured relates to cardiovascular diseases, in particular, stroke.
Therefore, estimation of blood pressure of the arteriole or
the capillary near the carotid artery and observation of
circulatory dynamics may be used for estimation of the risk
of cardiovascular diseases.

[0026] The blood pressure status measuring apparatus
according to the present invention, preferably, further
includes posture detecting means for detecting posture of a
user at a time when a pulse wave propagation time is
acquired by the pulse wave propagation time acquiring
means. It is preferable that the change acquiring means
acquires a temporal change of the acquired pulse wave
propagation time after measurement is started, in accordance
with the posture detected by the posture detecting means.
[0027] A change (the amount of change and the rate of
change) of the pulse wave propagation time of an arteriole
or a capillary after measurement is started is affected by
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posture. However, in this case, posture of a user is detected,
and a temporal change of the acquired pulse wave propa-
gation time after measurement is started is acquired in
accordance with the detected posture (that is, taking into
consideration the posture). Therefore, a temporal change of
a pulse wave propagation time (blood pressure) can be
measured in a stable manner without being affected by a
change of posture.

[0028] In the blood pressure status measuring apparatus
according to the present invention, preferably, the change
acquiring means sets a reference posture from among
detected postures, and obtains a temporal change of the
pulse wave propagation time after measurement is started,
on the basis of time-series data of the pulse wave propaga-
tion time of the reference posture.

[0029] As described above, a change (the amount of
change and the rate of change) of a pulse wave propagation
time of an arteriole or a capillary after measurement is
started 1s affected by posture. However, in this case, a
reference posture is set from among detected postures, and
a temporal change of the pulse wave propagation time after
measurement is started is obtained on the basis of time-
series data of the pulse wave propagation time of the
reference posture. Therefore, a temporal change of a pulse
wave propagation time (blood pressure etc.) can be mea-
sured in a stable manner without being affected by a change
of posture.

[0030] In the blood pressure status measuring apparatus
according to the present invention, preferably, the change
acquiring means sets a reference posture from among
detected postures, corrects, in accordance with the reference
posture, time-series data of a pulse wave propagation time
classified into a posture different from the reference posture,
and obtains a temporal change of the pulse wave propaga-
tion time after measurement is started, on the basis of the
time-series data of the pulse wave propagation time of the
reference posture and the corrected time-series data of the
pulse wave propagation time.

[0031] As described above, a change (the amount of
change and the rate of change) of a pulse wave propagation
time of an arteriole or a capillary after measurement is
affected by posture. However, in this case, a reference
posture is set from among detected postures, time-series data
of a pulse wave propagation time classified into a posture
different from the reference posture is corrected in accor-
dance with the reference posture, and a temporal change of
the pulse wave propagation time after measurement is
started is obtained on the basis of the time-series data of the
pulse wave propagation time of the reference posture and the
corrected time-series data of the pulse wave propagation
time. Therefore, a temporal change of a pulse wave propa-
gation time (blood pressure etc.) can be measured in a stable
manner without being affected by a change of posture.
[0032] In the blood pressure status measuring apparatus
according to the present invention, preferably, the change
acquiring means obtains, for each of detected postures, a
temporal change of the pulse wave propagation time after
measurement is started, and the measuring means measures
circulatory dynamics including a blood pressure status on
the basis of temporal changes of pulse wave propagation
times after measurement is started for the individual pos-
tures.

[0033] In this case, by measuring temporal changes of
pulse wave propagation times after measurement is started
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for multiple postures, for example, a difference in blood
pressure and the like of an arteriole or a capillary vertically
below an artery from which the arteriole or the capillary
branches off and an arteriole or a capillary vertically above
the artery from which the arteriole or the capillary branches
off can be measured, and circulatory dynamics can be
observed more accurately.

[0034] The blood pressure status measuring apparatus
according to the present invention, preferably, further
includes pressure detecting means for detecting pressure of
the photoplethysmographic sensor. It is preferable that the
measuring means changes a conversion expression to be
used to calculate blood pressure of an arteriole or a capillary
on the basis of a pulse wave propagation time, in accordance
with the pressure detected by the pressure detecting means.

[0035] Time to obtain a stable pulse wave propagation
time and a value of the stable pulse wave propagation time
vary according to the pressure of a photoplethysmographic
sensor. That is, a change of a pulse wave propagation time
of an arteriole or a capillary after measurement is started is
affected by the pressure of the photoplethysmographic sen-
sor. However, in this case, the pressure of the photoplethys-
mographic sensor is measured, and a constant of a conver-
sion expression for a pulse wave propagation time and blood
pressure of an arteriole or a capillary varies according to the
pressure. Therefore, the accuracy of estimation of blood
pressure of the arteriole or the capillary and accuracy of
evaluation of circulatory dynamics can be improved.

[0036] The blood pressure status measuring apparatus
according to the present invention, preferably, further
includes a pressure adjustment mechanism for adjusting the
pressure to a specific value in accordance with the pressure
detected by the pressure detecting means.

[0037] In this case, with provision of a mechanism for
adjusting pressure according to the measured pressure, the
pressure can be maintained at an optimal value. Therefore,
the accuracy of estimation of blood pressure and the like can
be improved.

[0038] The blood pressure status measuring apparatus
according to the present invention, preferably, further
includes input means for receiving an operation for inputting
avalue of a height or a sitting height of a user. It is preferable
that the measuring means obtains an arterial length between
an aortic valve and a carotid artery on the basis of the value
of the height or the sitting height received by the input
means, and corrects a blood pressure value of an arteriole or
a capillary on the basis of the arterial length.

[0039] Pulse wave propagation velocity is directly corre-
lated with blood pressure. Therefore, if the length of an
artery is known, by converting a pulse wave propagation
time into pulse wave propagation velocity, the accuracy of
estimation of blood pressure can be improved. In this case,
the arterial length between an aortic valve and a neck region
(carotid artery) is obtained on the basis of the received value
of the height or the sitting height of a user, and the value of
blood pressure of the arteriole or the capillary is corrected in
accordance with the arterial length. Therefore, the accuracy
of estimation of blood pressure and the like can be
improved.

[0040] According to the present invention, circulatory
dynamics including the blood pressure status of arterioles or
capillaries can be measured more simply and more accu-
rately.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0041] FIG. 1 is a block diagram illustrating a configura-
tion of a blood pressure status measuring apparatus using a
pulse wave propagation time measuring device according to
an embodiment.

[0042] FIG. 2 is a perspective view illustrating the exter-
nal appearance of a blood pressure status measuring appa-
ratus of a neck band type using a pulse wave propagation
time measuring device according to an embodiment.
[0043] FIG. 3 is a diagram illustrating an example of a
temporal change of a pulse wave propagation time (from the
heart to an arteriole or a capillary) based on an electrocar-
diogram and photoplethysmographic pulse waves of an
arteriole or a capillary in a neck region.

[0044] FIG. 4 is a diagram illustrating a difference
between pulse wave propagation times (from the heart to an
arteriole or a capillary) based on electrocardiograms and
photoplethysmographic pulse waves of an arteriole or a
capillary in a left lateral recumbent position and in a right
lateral recumbent position in the case where a photoplethys-
mographic sensor is arranged on the left lateral side of the
neck region.

[0045] FIG. 5 is a flowchart (page 1) illustrating a pro-
cessing procedure of a blood pressure status measuring
process by a blood pressure status measuring apparatus
according to an embodiment.

[0046] FIG. 6 is a flowchart (page 2) illustrating a pro-
cessing procedure of a blood pressure status measuring
process by a blood pressure status measuring apparatus
according to an embodiment.

[0047] FIG. 7 is a diagram for explaining the relationship
of blood vessels (an artery, an artetiole, and a capillary),
blood pressure, and pulse wave propagation times.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0048] Hereinafter, preferred embodiments of the present
invention will be described in detail below with reference to
drawings. In the drawings, the same or corresponding parts
will be referred to with the same signs. Furthermore, the
same signs will be assigned to the same elements, and
redundant explanation will be omitted.

[0049] First, a configuration of a blood pressure status
measuring apparatus 3 according to an embodiment will be
explained with reference to FIGS. 1 and 2. The blood
pressure status measuring apparatus 3 includes a pulse wave
propagation time measuring device 1. FIG. 1 is a block
diagram illustrating a configuration of the blood pressure
status measuring apparatus 3 including the pulse wave
propagation time measuring device 1. FIG. 2 is a perspective
view illustrating the external appearance of the blood pres-
sure status measuring apparatus 3 of a neck band type
including the pulse wave propagation time measuring device

[0050] The blood pressure status measuring apparatus 3
includes the pulse wave propagation time measuring device
1 that detects a first photoplethysmographic signal, a second
photoplethysmographic signal, and an electrocardiographic
signal and measures a pulse wave propagation time based on
a time difference between the peak of the detected first
photoplethysmographic signal, the peak of the detected
second photoplethysmographic signal, and the peak of an R
wave of the detected electrocardiographic signal. The blood
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pressure status measuring apparatus 3 estimates a change in
blood pressure of a user on the basis of time-series data of
calculated pulse wave propagation times. In particular, the
blood pressure status measuring apparatus 3 has a function
of estimating a change in blood pressure on the basis of
time-series data (temporal change) of pulse wave propaga-
tion times and measuring, more simply and more accurately,
circulatory dynamics including the blood pressure status of
an arteriole or a capillary (arteriole or the like).

[0051] Thus, the blood pressure status measuring appara-
tus 3 mainly includes a first photoplethysmographic sensor
10 for detecting a first photoplethysmographic signal, a
second photoplethysmographic sensor 20 for detecting a
second photoplethysmographic signal, a pair of electrocar-
diographic electrodes 15 for detecting an electrocardio-
graphic signal, an acceleration sensor 22 for detecting pos-
ture of a user, a pressure sensor 23 for detecting pressure of
the first and second photoplethysmographic sensors 10 and
20, and a signal processor 31 that measures a pulse wave
propagation time and the like from the detected first pho-
toplethysmographic signal, second photoplethysmographic
signal, and electrocardiographic signal and estimates circu-
latory dynamics including a change in blood pressure on the
basis of a temporal change of pulse wave propagation times.
[0052] In this embodiment, as illustrated in FIG. 2, the
blood pressure status measuring apparatus 3 is of a neck
band type. For example, as illustrated in FIG. 2, the blood
pressure status measuring apparatus 3 is worn on a neck
region (nape of the neck) to obtain time-series data of pulse
wave propagation times and estimate a change in blood
pressure. The blood pressure status measuring apparatus 3
includes a neck band 13 of substantially a U-shape (or a
C-shape) elastically worn such that the neck region of a user
is held from the back side of the neck region and a pair of
sensor units 11 and 12 that are arranged across the neck band
13 to be in contact with both sides of the neck region of the
user.

[0053] The neck band 13 is wearable along the circum-
ferential direction of the neck region of a user. That is, as
illustrated in FIG. 2, the neck band 13 is worn along the back
of the neck region of a user from one lateral side to the other
lateral side of the neck region of the user. More specifically,
the neck band 13 includes, for example, a band-shape plate
spring and a rubber coat covering around the plate spring.
Thus, the neck band 13 is energized to contract inwards.
When a user is wearing the neck band 13, the neck band 13
(the sensor units 11 and 12) is maintained in contact with the
neck region of the user.

[0054] It is desirable to use a rubber coat having biocom-
patibility. Furthermore, instead of a rubber coat, for
example, a coat made of plastics may be used. Wiring cables
for electrically connecting both the sensor units 11 and 12
are also arranged inside the rubber coat. To reduce noise, it
is desirable that these cables are coaxial.

[0055] The sensor units 11 and 12 include respective
electrocardiographic electrodes 15 (only one of which is
shown in FIG. 2). The electrocardiographic electrodes 15
may be formed, for example, of silver/silver chloride, con-
ductive gel, conductive rubber, conductive plastics, metal
(desirably, high resistance to corrosion and unlikely to cause
metal allergy, such as stainless or Au), conductive fabrics,
capacitive coupling electrodes in which the surface of metal
is coated with an insulating layer, or the like may be used.
Exemplary conductive fabric are a woven fabric, a knitted
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fabric, a non-woven fabric made of conductive yarn having
conductivity. An exemplary conductive yarns include resin
varns whose surface is Ag plated, carbon nanotube coated,
or coated with a conductive polymer such as PEDOT.
Furthermore, a conductive polymer yarn may be used. In
this embodiment, conductive fabrics formed in a rectangular
plan shape are used as the electrocardiographic electrodes
15. Each of the pair of electrocardiographic electrodes 15
and 15 is connected to the signal processor 31, and outputs
an electrocardiographic signal to the signal processor 31.
[0056] Inside the sensor unit 11 (more generally, a surface
that is in contact with the neck region), the first and second
photoplethysmographic sensors 10 and 20 are arranged near
the electrocardiographic electrode 15 and the acceleration
sensor 22 (details of which will be described below).
[0057] The first photoplethysmographic sensor 10 is a
sensor that optically detects a first photoplethysmographic
signal by using light absorption characteristics of blood-
stream hemoglobin. Thus, the first photoplethysmographic
sensor 10 includes a first light emitting element 101 and a
first light receiving element 102.

[0058] Similarly, the second photoplethysmographic sen-
sor 20 is a sensor that optically detects a second photopl-
ethysmographic signal by using light absorption character-
istics of bloodstream hemoglobin. Thus, the second
photoplethysmographic sensor 20 includes a second light
emitting element 201 and a second light receiving element
202.

[0059] The first light emitting element 101 preferably
emits light in accordance with a pulse-shape driving signal
output from a driving unit 351 of the signal processor 31. As
the first light emitting element 101, for example, an LED, a
VCSEL (Vertical Cavity Surface Emitting LASER), a reso-
nator-type LED, or the like may be used. The driving unit
351 generates and outputs a pulse-shape driving signal for
driving the first light emitting element 101.

[0060] The first light receiving element 102 outputs a
detection signal corresponding to the intensity of light
applied from the first light emitting element 101 and incident
by scatter reflection, for example, on skin. The first light
receiving element 102 may be, for example, a photodiode, a
phototransistor, or the like is preferably used. In this
embodiment, a photodiode is used. The first light receiving
element 102 is connected to the signal processor 31, and a
detection signal (first photoplethysmographic signal)
obtained by the first light receiving element 102 is output to
the signal processor 31.

[0061] Similarly, the second light emitting element 201
emits light in accordance with a pulse-shape driving signal
output from a driving unit 352 of the signal processor 31. As
the second light emitting element 201, for example, an LED,
a VCSEL, a resonator-type LED, or the like may be used.
The driving unit 352 generates and outputs a pulse-shape
driving signal for driving the second light emitting element
201.

[0062] The second light receiving element 202 outputs a
detection signal corresponding to the intensity of light
applied from the second light emitting element 201 and
incident by scatter reflection, for example, on skin. As the
second light receiving element 202, for example, a photo-
diode, a phototransistor, or the like is preferably used. In this
embodiment, as the second light receiving element 202, a
photodiode is used. The second light receiving element 202
is connected to the signal processor 31, and a detection
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signal (second photoplethysmographic signal) obtained by
the second light receiving element 202 is output to the signal
processor 31.

[0063] It is desirable that the first light emitting element
101 outputs near-infrared light with a wavelength of 800 to
1000 nm. In this embodiment, a first light emitting element
that outputs near-infrared light with a wavelength of 850 nm
is used. In contrast, it is desirable that the second light
emitting element 201 outputs blue to yellow-green light with
a wavelength of 450 to 580 nm. In this embodiment, a
second light emitting element that outputs green light with
a wavelength of 525 nm is used. Furthermore, the distance
between the second light emitting element 201 and the
second light receiving element 202 is set to be shorter than
the distance between the first light emitting element 101 and
the first light receiving element 102.

[0064] Blue to yellow-green light is highly absorbed by a
living body. Therefore, a large photoplethysmographic sig-
nal can be obtained. However, the photoplethysmographic
signal attenuates fast inside the living body, and a long
optical path length cannot be obtained. In contrast, near-
infrared light is not highly absorbed by a living body.
Therefore, a smaller photoplethysmographic signal, but a
longer optical path length, can be obtained. Thus, although
measurement for a first photoplethysmographic signal and a
second photoplethysmographic signal may be performed by
using light having the same wavelength, it is desirable that
the first photoplethysmographic sensor 10 having a long
optical path length uses near-infrared light and the second
photoplethysmographic sensor 20 having a short optical path
length uses blue to yellow-green light.

[0065] Exemplary methods for isolating a first photopl-
ethysmographic signal from a second photoplethysmo-
graphic signal are: one based on time division (a method for
emitting detection beams in a pulse shape and shifting the
light emitting timing), one based on wavelength division (a
method for arranging a wavelength filter corresponding to
each wavelength in front of a light receiving element), one
based on space division (a method for arranging detection
beams away from each other so as not to interfere with each
other). Other methods can also be used.

[0066] With the configuration described above, the second
photoplethysmographic sensor 20 having a short optical path
length detects a second photoplethysmographic signal cor-
responding to the blood flow of an arteriole or a capillary at
a position relatively close to the outermost layer of skin (that
is, a shallow position). In contrast, the first photoplethys-
mographic sensor 10 having a long optical path length
detects a first photoplethysmographic signal corresponding
to the blood flow of an artery, which is wider than an
arteriole or a capillary, at a position relatively far from the
outermost layer of skin (that is, a deep position). Such a
sensor is a form of a biological sensor.

[0067] More particularly, for the second photoplethysmo-
graphic sensor 20 having a short optical path length, a
photoplethysmographic signal contains little information of
a wide carotid artery but contains much information of an
arteriole or a capillary. In contrast, for the first photoplethys-
mographic sensor 10 having a long optical path length, a
photoplethysmographic signal contains both information of
a wide carotid artery and information of an arteriole and a
capillary. Normally, however, since a signal regarding a
wide carotid artery is larger than a signal regarding an
arteriole or a capillary, the information regarding the wide
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carotid artery is superior to the information regarding the
arteriole or the capillary for the long optical path length. A
pulse wave sent from the heart reaches a carotid artery,
branches out, and then reaches an arteriole or a capillary.
Therefore, there is a time difference between arrival at the
carotid artery and arrival at the arteriole or the capillary.
Thus, by measuring photoplethysmographic signals at the
carotid artery and the arteriole or the capillary near the
carotid artery, pulse wave propagation times can be mea-
sured at substantially the same part. An arteriole is a narrow
artery with a diameter of, for example, 10 to 100 um and is
a blood vessel existing at a place between the artery and a
capillary. Furthermore, a capillary is a narrow blood vessel
that connects an artery to a vein and has a diameter of, for
example, 5 to 10 um (see FIG. 7).

[0068] The first photoplethysmographic sensor 10 and the
second photoplethysmographic sensor 20 are arranged so as
to be in contact with the outermost layer of skin above a
carotid artery when they are worn. The first photoplethys-
mographic sensor 10 detects a first photoplethysmographic
signal corresponding to the blood flow of the carotid artery.
In contrast, the second photoplethysmographic sensor 20
detects a photoplethysmographic signal corresponding to the
blood flow of an arteriole or a capillary near the carotid
artery branching off from the carotid artery. It is desirable
that the first photoplethysmographic sensor 10 and the
second photoplethysmographic sensor 20 are arranged so as
to be in contact with a left lateral side of the neck region
(immediately above a carotid artery and near the part imme-
diately above the carotid artery (for example, within 10
cm)). In this case, for example, in a left lateral recumbent
position, a right lateral recumbent position, and a supine
position, the height of the left ventricle, which is a reference
for blood pressure, is substantially the same as the height of
the first photoplethysmographic sensor 10 and the second
photoplethysmographic sensor 20. Therefore, a change in
blood pressure can be measured in a stable manner, regard-
less of the type of lying position. The left ventricle is located
to the slightly left of the center of the chest. Therefore, by
arranging the first photoplethysmographic sensor 10 and the
second photoplethysmographic sensor 20 on the left lateral
side of the neck region, a deviation in the horizontal direc-
tion between the left ventricle and each of the first photop-
lethysmographic sensor 10 and the second photoplethysmo-
graphic sensor 20 is reduced. Furthermore, in a supine
position, the left ventricle is located closer to the chest than
the back. However, in a supine position without using a
pillow, the neck region is positioned lower than the chest. By
arranging the first photoplethysmographic sensor 10 and the
second photoplethysmographic sensor 20 on a left lateral
side of the neck region when a pillow is used, although
depending on the height of the pillow, a deviation in the
height with respect to the left ventricle in a supine position
can be reduced.

[0069] Furthermore, the acceleration sensor 22 that detects
the posture of a user (neck region) at a time when obtaining
a pulse wave propagation time is attached to the sensor unit
11. That is, the acceleration sensor 22 functions as posture
detecting means. The acceleration sensor 22 is preferably a
3-axis acceleration sensor that detects a direction to which
gravitational acceleration G is applied (that is, a vertical
direction). The acceleration sensor 22 is able to determine,
based on the detection signal, for example, whether the user
is standing or lying.
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[0070] More specifically, the positional relationship of the
acceleration sensor 22 relative to the body of a user is
calibrated in advance. For example, posture of the user can
be determined by performing coordinates conversion such
that a direction to which gravitational acceleration is applied
when the user is standing is defined as a downward direction
(vertical direction) relative to output of the acceleration
sensor 22. The acceleration sensor 22 is also connected to
the signal processor 31, and outputs a detection signal
(3-axis acceleration data) to the signal processor 31. In place
of the acceleration sensor 22, for example, a gyro sensor or
the like may be used.

[0071] The first photoplethysmographic sensor 10, the
second photoplethysmographic sensor 20, and the accelera-
tion sensor 22 are preferably arranged adjacent to one
another. For use (measurement), the first photoplethysmo-
graphic sensor 10, the second photoplethysmographic sensor
20, and the acceleration sensor 22 are worn on the neck
region (neck) of a user. As described above, by wearing the
first photoplethysmographic sensor 10, the second photop-
lethysmographic sensor 20, and the acceleration sensor 22
for determining posture on the same part (e.g., on the device
of FIG. 2), correlation between posture termination and
pulse wave propagation time can be increased. Furthermore,
by wearing them on the neck region (or the trunk of the
body) not on limbs or the like, intravascular pressure of the
neck region (or the trunk of the body) that is presumed to be
highly correlated with the risk of stroke, myocardial infarc-
tion, or the like, not intravascular pressure of the limbs, can
be estimated. Furthermore, by wearing all the multiple
sensors on the neck region (or the trunk of the body) not on
separate parts, trouble in wearing can be reduced, and
restriction in daily life can be reduced.

[0072] In the sensor unit 11, the pressure sensor 23 that
detects pressure (stress) applied to skin of a user is attached
near the first photoplethysmographic sensor 10 and the
second photoplethysmographic sensor 20. The pressure sen-
sor 23 functions as pressure detecting means. For example,
a force sensor or a strain sensor such as a piezoelectric
sensor, a strain gauge, or the like, or a sensor for detecting
deformation of a piezoelectric film may be used as the
pressure sensor 23. When pressure is low, a long time is
required to obtain a stable pulse wave propagation time.
Therefore, the time for determining that pulse wave propa-
gation time has entered a stable state is changed according
to the pressure (details will be described below).

[0073] A pressure adjustment mechanism 70 that adjusts
pressure of the first photoplethysmographic sensor 10 and
the second photoplethysmographic sensor 20 to a specific
value according to the pressure detected by the pressure
sensor 23 may further be added to the sensor unit 11. In this
case, it is determined whether or not a measured pressure
falls within an appropriate pressure range. In the case where
the measured pressure does not fall within the appropriate
pressure range, a pressure adjustment signal is output to the
pressure adjustment mechanism 70. More specifically, for
example, in the case where the detected pressure is low, a
mechanism for causing the photoplethysmographic sensors
10 and 20 to protrude toward the neck region relative to the
neck band 13 is added, a mechanism for reducing stretch of
the neck band 13 is added, or an air bag is inflated by a pump
so as to press the photoplethysmographic sensors 10 and 20
out to the neck region side, so that the pressure can be
increased. By changing the area that is in contact with skin
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in accordance with the pressure (by increasing the contact
area when the pressure is high), pain and occurrence of
indentation in skin can be reduced. For example, with the
use of a housing that is elastically deformed with little force,
a structure in which the housing is deformed and the contact
area thus increases in the case where the pressure is high, can
be achieved.

[0074] Furthermore, a battery (not shown) that supplies
electric power to the first photoplethysmographic sensor 10,
the second photoplethysmographic sensor 20, the signal
processor 31, a wireless communication module 60, and the
like are accommodated within the sensor unit 11. The signal
processor 31 and the wireless communication module 60
that transmits biological information such as a blood pres-
sure status (circulatory dynamics), a measured pulse wave
propagation time, an electrocardiographic signal, and a
photoplethysmographic signal to an external apparatus are
preferably accommodated within the sensor unit 12.
[0075] As described above, each of the electrocardio-
graphic electrodes 15 and 15, the first photoplethysmo-
graphic sensor 10, and the second photoplethysmographic
sensor 20 is connected to the signal processor 31, and the
detected electrocardiographic signal, first photoplethysmo-
graphic signal, and second photoplethysmographic signal
are input to the signal processor 31. Hereinafter, a first
photoplethysmographic signal and a second photoplethys-
mographic signal may be collectively and simply referred to
as photoplethysmographic signals. Furthermore, the accel-
eration sensor 22 and the pressure sensor 23 are also
connected to the signal processor 31, and the detected 3-axis
acceleration signal and pressure signal are input to the signal
processor 31.

[0076] The signal processor 31 preferably measures a
pulse wave propagation time and the like on the basis of
each of a time difference between a rising point (peak) of a
detected first photoplethysmographic signal (or an accelera-
tion pulse wave signal) and a rising point (peak) of a second
photoplethysmographic signal (or an acceleration pulse
wave signal), a time difference between the rising point
(peak) of the first photoplethysmographic signal (or the
acceleration pulse wave signal) and an R wave of an
electrocardiographic signal, and a time difference between
the rising point (peak) of the second photoplethysmographic
signal (or the acceleration pulse wave signal) and the R wave
of the electrocardiographic signal. Then, the signal proces-
sor 31 measures and estimates a change in blood pressure of
a uset, circulatory dynamics, and the like on the basis of
time-series data (a temporal change, that is a change over-
time) of the measured pulse wave propagation times. Fur-
thermore, the signal processor 31 processes the input pho-
toplethysmographic signals, and calculates the pulse rate,
the pulse interval, and the like. Furthermore, the signal
processor 31 processes the input electrocardiographic sig-
nals, and calculates the heart rate, the heartbeat interval, and
the like.

[0077] Therefore, the signal processor 31 includes ampli-
fication units 311, 321, and 331, a first signal processing unit
310, a second signal processing unit 320, a third signal
processing unit 339, peak detection units 316, 326, and 336,
peak correction units 318, 328, and 338, a pulse wave
propagation time measuring unit 330, a posture classifica-
tion unit 340, a pulse wave propagation time change acqui-
sition unit 341, and a blood pressure status measuring unit
342. Furthermore, the first signal processing unit 310
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includes an analog filter 312, an A/D converter 313, a digital
filter 314, and a second-order derivative processing unit 315.
In contrast, the second signal processing unit 320 includes
an analog filter 322, an A/D converter 323, a digital filter
324, and a second-order derivative processing unit 325.
Furthermore, the third signal processing unit 339 includes an
analog filter 332, an A/D converter 333, and a digital filter
334.

[0078] Among the units described above, the digital filters
314, 324, and 334, the second-order derivative processing
units 315 and 325, the peak detection units 316, 326, and
336, the peak correction units 318, 328, and 338, the pulse
wave propagation time measuring unit 330, the posture
classification unit 340, the pulse wave propagation time
change acquisition unit 341, and the blood pressure status
measuring unit 342 each include a CPU that performs
arithmetic processing, a ROM that stores a program and data
for causing the CPU to perform each process, a RAM that
temporarily stores various data such as arithmetic results,
and the like. That is, when a program stored in the ROM is
executed by the CPU, a function of each unit described
above is implemented.

[0079] The amplification unit 311 preferably includes, for
example, an amplifier such as an operational amplifier, and
amplifies a first photoplethysmographic signal detected by
the first photoplethysmographic sensor 10. The first photop-
lethysmographic signal amplified by the amplification unit
311 is output to the first signal processing unit 310. Simi-
larly, the amplification unit 321 preferably includes, for
example, an amplifier such as an operational amplifier, and
amplifies a second photoplethysmographic signal detected
by the second photoplethysmographic sensor 20. The second
photoplethysmographic signal amplified by the amplifica-
tion unit 321 is output to the second signal processing unit
320. Furthermore, the amplification unit 331 preferably
includes, for example, an amplifier such as an operational
amplifier, and amplifies -electrocardiographic signals
detected by the electrocardiographic electrodes 15 and 15.
The electrocardiographic signals amplified by the amplifi-
cation unit 331 are output to the third signal processing unit
339.

[0080] As described above, the first signal processing unit
310 includes the analog filter 312, the A/D converter 313, the
digital filter 314, and the second-order derivative processing
unit 315, and extracts a pulsation component by performing
filtering processing and second-order derivative processing
on the first photoplethysmographic signal amplified by the
amplification unit 311.

[0081] Furthermore, as described above, the second signal
processing unit 320 preferably includes the analog filter 322,
the A/D converter 323, the digital filter 324, and the second-
order derivative processing unit 325, and extracts a pulsation
component by performing filtering processing and second-
order derivative processing on a second photoplethysmo-
graphic signal amplified by the amplification unit 321.
[0082] As described above, the third signal processing unit
339 preferably includes the analog filter 332, the A/D
converter 333, and the digital filter 334, and extracts a
heartbeat component by performing filtering processing on
an electrocardiographic signal amplified by the amplifica-
tion unit 331.

[0083] The analog filters 312, 322, and 332 and the digital
filters 314, 324, and 334 eliminate components (noise) other
than frequencies characterizing photoplethysmographic sig-
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nals and an electrocardiographic signal, and preferably per-
form filtering to improve S/N. More particularly, for a
photoplethysmographic signal, a frequency component of
about 0.1 to several tens of Hz is dominant. For an electro-
cardiographic signal, in general, a frequency component of
0.1 to 200 Hz is dominant. Therefore, S/N is improved by
performing filtering processing using the analog filters 312,
322, and 332 and the digital filters 314, 324, and 334 such
as low pass filters and band pass filters and allowing only
signals in the above-mentioned frequency ranges to selec-
tively pass through the filters.

[0084] For the case where only extraction of pulsation
components is required, in order to improve noise tolerance,
a pass frequency range of the filters is further reduced so that
components other than pulsation components can be
blocked. Furthermore, some or all of the analog filters 312,
322, and 332 and the digital filters 314, 324, and 334 can be
omitted. Only one of the analog filters 312, 322, and 332 and
the digital filters 314, 324, and 334 may be provided. A first
photoplethysmographic signal that has been subjected to
filtering processing by the analog filter 312 and the digital
filter 314 is output to the second-order derivative processing
unit 315. Similarly, a photoplethysmographic signal that has
been subjected to filtering processing by the analog filter 322
and the digital filter 324 is output to the second-order
derivative processing unit 325. Furthermore, an electrocar-
diographic signal that has been subjected to filtering pro-
cessing by the analog filter 332 and the digital filter 334 is
output to the peak detection unit 336.

[0085] The second-order derivative processing unit 315
preferably performs second-order derivative of a first pho-
toplethysmographic signal to obtain a first second-order
derivative pulse wave (acceleration pulse wave) signal. The
obtained first acceleration pulse wave signal is output to the
peak detection unit 316. A change of the photoplethysmo-
graphic peak is not clear and may be difficult to detect.
Therefore, it is desirable to perform conversion into an
acceleration pulse wave so that peak detection can be
performed. However, the second-order derivative processing
unit 315 can be omitted. A configuration not including the
second-order derivative processing unit 315 is also possible.
[0086] Similarly, the second-order derivative processing
unit 325 preferably performs second-order derivative of a
photoplethysmographic signal to obtain a second-order
derivative pulse wave (acceleration pulse wave) signal. The
obtained acceleration pulse wave signal is output to the peak
detection unit 326. The second-order derivative processing
unit 325 can be omitted. A configuration not including the
second-order derivative processing unit 325 is also possible.
[0087] The peak detection unit 316 detects the peak of a
first photoplethysmographic signal (acceleration pulse
wave) that has been subjected to filtering processing by the
first signal processing unit 310. In contrast, the peak detec-
tion unit 326 detects the peak of a second photoplethysmo-
graphic signal (acceleration pulse wave) that has been
subjected to filtering processing by the second signal pro-
cessing unit 320. Furthermore, the peak detection unit 336
detects the peak (R wave) of an electrocardiographic signal
that has been subjected to signal processing by the third
signal processing unit 339 (from which a pulsation compo-
nent has been extracted). Each of the peak detection unit
316, the peak detection unit 326, and the peak detection umt
336 preferably performs peak detection within a normal
range of pulse interval and heartbeat interval, and informa-
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tion of the peak time, peak amplitude, and the like of all the
detected peaks is stored in the RAM or the like.

[0088] The peak correction unit 318 obtains a delay time
of a first photoplethysmographic signal in the first signal
processing unit 310 (the analog filter 312, the A/D converter
313, the digital filter 314, and the second-order derivative
processing unit 315). The peak correction unit 318 corrects
the peak of the first photoplethysmographic signal (accel-
eration pulse wave signal) detected by the peak detection
unit 316, based on the obtained delay time of the first
photoplethysmographic signal. Similarly, the peak correc-
tion unit 328 obtains a delay time of a second photoplethys-
mographic signal in the second signal processing unit 320
(the analog filter 322, the A/D converter 323, the digital filter
324, and the second-order derivative processing unit 325).
The peak correction unit 328 corrects the peak of the second
photoplethysmographic signal (acceleration pulse wave sig-
nal) detected by the peak detection unit 326, based on the
obtained delay time of the second photoplethysmographic
signal. Furthermore, the peak correction unit 338 obtains a
delay time of an electrocardiographic signal in the third
signal processing unit 339 (the analog filter 332, the A/D
converter 333, and the digital filter 334). The peak correction
unit 338 corrects the peak of the electrocardiographic signal
detected by the peak detection unit 336, based on the
obtained delay time of the electrocardiographic signal. Each
of the corrected peak of the first photoplethysmographic
signal (acceleration pulse wave), the corrected peak of the
second photoplethysmographic signal (acceleration pulse
wave), and the corrected peak of the electrocardiographic
signal is output to the pulse wave propagation time measur-
ing unit 330. In the case where the delay times of the first
photoplethysmographic signal (acceleration pulse wave sig-
nal), the second photoplethysmographic signal (acceleration
pulse wave signal), and the electrocardiographic signal may
be regarded as being substantially the same, the peak cor-
rection units 318, 328, and 338 are not essentially provided,
and an omitted configuration is also possible.

[0089] The pulse wave propagation time measuring unit
330 chronologically acquires pulse wave propagation times,
based on each of the interval (time difference) between the
peak of the first photoplethysmographic signal (acceleration
pulse wave) corrected by the peak correction unit 318 and
the peak of the second photoplethysmographic signal (accel-
eration pulse wave) corrected by the peak correction unit
328, the interval (time difference) between the peak of the
first photoplethysmographic signal (acceleration pulse
wave) corrected by the peak correction unit 318 and the peak
of the electrocardiographic signal corrected by the peak
correction unit 338, and the interval (time difference)
between the peak of the second photoplethysmographic
signal (acceleration pulse wave) corrected by the peak
correction unit 328 and the peak of the electrocardiographic
signal corrected by the peak correction unit 338. That is, as
illustrated in FIG. 7, the pulse wave propagation time
measuring unit 330 chronologically acquires pulse wave
propagation time between the heart and a carotid artery, the
pulse wave propagation time between the carotid artery and
an arteriole or a capillary branching off from the carotid
artery. and the pulse wave propagation time between the
heart and the arteriole or the capillary branching off from the
carotid artery. FIG. 7 is a diagram for explaining the
relationship of blood vessels (an artery, an arteriole, and a
capillary), blood pressure, and pulse wave propagation
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times. As illustrated in FIG. 7 (lower part), in the case where
blood pressure of an arteriole or the like increases, the pulse
wave propagation time between the heart and a carotid
artery does not change, whereas the pulse wave propagation
time between the carotid artery and the arteriole or the
capillary branching off from the carotid artery and the pulse
wave propagation time between the heart and the arteriole or
the capillary branching off from the carotid artery decrease.
The pulse wave propagation time measuring unit 330 func-
tions as pulse wave propagation time acquiring means.
[0090] The pulse wave propagation time measuring unit
330 calculates, in addition to the pulse wave propagation
time, for example, the heart rate, the heartbeat interval, the
heartbeat interval change rate, and the like, based on an
electrocardiographic signal. Similarly, the pulse wave
propagation time measuring unit 330 calculates the pulse
rate, the pulse interval, the pulse interval change range, and
the like, based on a photoplethysmographic signal (accel-
eration pulse wave). The acquired time-series data of pulse
wave propagation times are output to the posture classifi-
cation unit 340.

[0091] The posture classification unit 340 determines (es-
timates) the posture of a user on the basis of a detection
signal (3-axis acceleration data) of the acceleration sensor
22, and classifies time-series data of the above-described
three pulse wave propagation times according to the deter-
mined posture. More specifically, the posture classification
unit 340 classifies time-series data of pulse wave propaga-
tion times according to the posture of the user (patient) into
at least a standing position, an inverted standing position, a
supine position, a left lateral recumbent position, a right
lateral recumbent position, and a prone position.

[0092] The pulse wave propagation time change acquisi-
tion unit 341 obtains a change of pulse wave propagation
time from the beginning of measurement on the basis of each
piece of time-series data of pulse wave propagation times
classified by the posture classification unit 340 according to
the posture. That is, the pulse wave propagation time change
acquisition unit 341 functions as change acquiring means.
[0093] More specifically, the pulse wave propagation time
change acquisition unit 341 first sets a reference posture (for
example, a supine position) from among classified postures,
and corrects, in accordance with the reference posture,
time-series data of pulse wave propagation times classified
into postures (for example, a standing position, an inversed
standing position, a left lateral recumbent position, a right
lateral recumbent position, and a prone position) different
from the reference posture. Then, the pulse wave propaga-
tion time change acquisition unit 341 obtains a change of
pulse wave propagation time on the basis of time-series data
of the pulse wave propagation times for the reference
posture and the corrected time-series data of the pulse wave
propagation times (after correction).

[0094] At this time. the pulse wave propagation time
change acquisition unit 341 sets a posture (for example, a
supine position) for which time of the acquired time-series
data of pulse wave propagation times is the longest as a
reference posture. Then, the pulse wave propagation time
change acquisition unit 341 corrects the time-series data of
a pulse wave propagation time for each posture such that a
correlation coeflicient of an approximate curve obtained by
approximating time-series data of pulse wave propagation
times for each posture by a curve is large (preferably,
maximum), and obtains a change of pulse wave propagation
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time on the basis of the corrected time-series data. As
described above, by correcting the pulse wave propagation
time for each posture such that the correlation coeflicient of
an approximate curve is large and estimating tendency of a
change of pulse wave propagation time on the basis of the
corrected time-series data, tendency of a change of pulse
wave propagation time for a long time (tendency of a change
in blood pressure) can be estimated without troublesome
calibration even in the case where there is a change in
posture. For example, a least squares method can be used as
a method for calculating the approximate curve as men-
tioned above.

[0095] In place of the above-described method, pulse
wave propagation times for individual postures may be
arranged in chronological order and approximate curves for
the individual pulse wave propagation times may be
obtained. In this case, multiple approximate curves are
calculated. However, an approximate curve having a large
correlation coefficient is selected from among approximate
curves for postures with a specific time ratio or more.
Change data of pulse wave propagation time obtained by the
pulse wave propagation time change acquisition unit 341 is
output to the blood pressure status measuring unit 342.
[0096] The blood pressure status measuring unit 342 mea-
sures circulatory dynamics including the blood pressure
status of an arteriole or a capillary on the basis of a temporal
change from the beginning of measurement of a pulse wave
propagation time (for example, a change from the beginning
of measurement to acquisition of a stable pulse wave propa-
gation time, that is, an initial value and a change with the
lapse of time from the beginning). That is, the blood pressure
status measuring unit 342 functions as measuring means.
Circulatory dynamics represent the status of blood flowing
in a circulatory system including blood vessels, the heart,
and the like. Furthermore, circulation is formed by three
elements: heart, blood vessels, and circulating blood vol-
ume.

[0097] First, the blood pressure status measuring unit 342
estimates a change in blood pressure on the basis of change
data of each corrected pulse wave propagation time and the
relationship (correlation expression) of a predetermined
pulse wave propagation time and blood pressure of an
arteriole or a capillary. For example, the blood pressure
status measuring unit 342 estimates a change in blood
pressure in accordance with a correlation expression (con-
version expression) of a pulse wave propagation time and
blood pressure for a reference posture (for example, a supine
position) obtained in advance, so that a change in blood
pressure can be estimated on the basis of a change in the
corrected pulse wave propagation time. The correlation
expression of a pulse wave propagation time and blood
pressure may be obtained based on a posture different from
a supine position or may be obtained collectively for mul-
tiple postures. It is desirable that, for measurement of
circulatory dynamics including the status of blood pressure
based on a temporal change of pulse wave propagation time,
the correction expression (conversion expression) (or a
constant of the correction expression (conversion expres-
sion)) is changed according to the pressure of the photopl-
ethysmographic sensors 10 and 20.

[0098] The blood pressure status measuring unit 342 may
perform, in advance, calibration for determining posture in
a wearing state, that is, calibration of the relationship of an
output signal (vertical direction) of the acceleration sensor
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22 and posture of a user (for example, a standing position or
a supine position), obtain a relational expression of a devia-
tion of an angle (deviation angle) from the reference posture
and the height from the heart to a pulse wave measurement
part (that is, a part where the photoplethysmographic sensor
20 is worn (in this embodiment, a neck region)), and cause
the obtained relational expression to be stored in a memory
such as a RAM. For measurement (use) of a pulse wave
propagation time, the blood pressure status measuring unit
342 may calculate a deviation of an angle (deviation angle)
of the posture of the user detected by the acceleration sensor
22 and the reference posture on the basis of a result of the
calibration performed in advance. For calculation of a blood
pressure value based on the pulse wave propagation time,
the blood pressure status measuring unit 342 may obtain the
height from the heart to the pulse wave measurement part
(the part where the photoplethysmographic sensor 20 is
worn (neck region)) on the basis of the calculated deviation
of the angle (deviation angle) and the above-mentioned
relational expression stored in advance, and correct the
blood pressure value in accordance with the height.

[0099] When a pulse wave is measured at an arteriole or
a capillary near a carotid artery (a wide artery), it takes a
time corresponding to the length of the arteriole or the
capillary branching off from the carotid artery. Therefore, a
pulse wave propagation time is larger than a value measured
at the carotid artery. FIG. 3 illustrates an example of a
temporal change of a pulse wave propagation time (a lower
lateral side of the neck and an upper front of the neck) based
on an electrocardiogram and photoplethysmographic pulse
waves of an arteriole or a capillary in the neck region. As
illustrated in FIG. 3, when pressure is applied, the pressure
of the arteriole or capillary gradually increases, and the pulse
wave propagation time decreases to approach a value at the
carotid artery and then becomes stable. Furthermore, tem-
poral changes of pulse wave propagation times are substan-
tially the same even if pulse waves are measured at different
positions, and circulatory dynamics of the arteriole or cap-
illary are substantially the same between the upper front of
the neck and the lower lateral side of the neck. The upper
front of the neck is a part near the carotid artery, and the
length of the arteriole or the capillary branching off from the
carotid artery is short. Therefore, the value of the pulse wave
propagation time is overall smaller than that for the lower
lateral side of the neck.

[0100] Furthermore, the temporal change (the amount of
change and the rate of change) of a pulse wave propagation
time varies according to the posture. A difference in tem-
poral change of pulse wave propagation times (in a left
lateral recumbent position and a right lateral recumbent
position) based on electrocardiograms and photoplethysmo-
graphic pulse waves of an arteriole or a capillary in the left
lateral recumbent position and the right lateral recumbent
position in the case where the photoplethysmographic sen-
sors 10 and 20 are arranged on the left lateral side of the neck
region is illustrated in FIG. 4. The photoplethysmographic
sensors 10 and 20 are arranged so as to be in contact with the
left lateral side of the neck region, and the left ventricle and
the pulse wave sensors are located at substantially the same
height both in the left lateral recumbent position and the
right lateral recumbent position. Therefore, when a sufficient
time has passed, two pulse wave propagation times reach
substantially the same value. In the case where measurement
is performed in an upper part of the neck region (right lateral
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recumbent position), the initial pulse wave propagation time
is large, and the amount of decrease is large. Therefore, the
blood pressure of an arteriole at a vertically upper part of the
body is lower than the blood pressure of an arteriole at a
vertically lower part. When pressure is applied, the blood
pressure of an arteriole or a capillary increases.

[0101] That is, by measuring a pulse wave propagation
time at the beginning of measurement and a temporal change
of the pulse wave propagation time, the blood pressure of an
arteriole or a capillary can be estimated. In particular, the
amount of change of the pulse wave propagation time in the
right lateral recumbent position is important for estimation
of blood pressure of an arteriole or a capillary. Furthermore,
by performing measurement with multiple postures, a dif-
ference in the blood pressure of an arteriole or a capillary
between a vertically lower part and a vertically upper part
can be estimated, and circulatory dynamics can be esti-
mated. By measuring the pulse wave propagation time
between a carotid artery and an arteriole or capillary near the
carotid artery and measuring a temporal change of the pulse
wave propagation time, a difference in blood pressure
between the carotid artery and the arteriole or capillary can
be estimated, and circulatory dynamics can thus be esti-
mated. Furthermore, it is desirable that the circulatory
dynamics of an artery is estimated from a pulse wave
propagation time based on an electrocardiographic signal
and a pulse wave signal of the artery and that the circulatory
dynamics of an arteriole or a capillary is estimated from a
pulse wave propagation time based on a pulse wave signal
of an artery and a pulse wave signal of the arteriole or
capillary.

[0102] Furthermore, in particular, blood pressure and cir-
culatory dynamics of an arteriole or a capillary near a carotid
artery out of arteries that may be measured are related to
circulatory diseases, in particular, stroke. Therefore, estima-
tion of blood pressure and estimation of circulatory dynam-
ics of an arteriole or a capillary near a carotid artery may be
used for estimation of the risk of circulatory diseases.
[0103] Application to carotid arteries has been mainly
explained above. Application to estimation of the risk of a
diseases different from those described above is possible by
applying the present invention to other arteries. For
example, in the case where an artery is a dorsalis pedis
artery or a posterior tibial artery, blood pressure and circu-
latory dynamics of lower extremity arteriole or capillary can
be estimated, and these estimations may be used for evalu-
ation for vascular disorders, evaluation for sensitivity to cold
for (ASO) arteriosclerosis obliterans, PAD (peripheral arte-
rial disease), diabetic patients, dialysis patients. In the case
where an artery is a radial artery, blood pressure and
circulatory dynamics for an arteriole or capillary can be
estimated, and the estimation may be used for evaluation for
cold sensitivity.

[0104] Furthermore, by measuring heart sound (in particu-
lar, the first sound) at the same time as a reference, instead
of an electrocardiogram (for example, an R wave), in
addition to a pulse wave propagation time between a carotid
artery and an arteriole or a capillary near the carotid artery,
a pulse wave propagation time between the heart and the
carotid artery and a pulse wave propagation time between
the heart and the arteriole or the capillary can be obtained.
In this case, blood pressure at an artery is estimated in
accordance with the pulse wave propagation time from the
heart to the carotid artery. Furthermore, blood pressure of the
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arteriole or the capillary is estimated in accordance with the
pulse wave propagation time between the carotid artery and
the arteriole or the capillary near the carotid artery. Thus, the
blood pressure of an artery can be estimated, and together
with estimated blood pressure of an arteriole or a capillary,
evaluation of circulatory dynamics can be performed more
accurately.

[0105] The blood pressure status measuring unit 342 may
perform classification into a dipper type, a non-dipper type,
a riser type, and an extreme dipper type, according to an
estimated blood pressure change. At a normal time, a dipper
type in which blood pressure decreases during sleep is
obtained. However, a hypertensive patient has hypertension
during night time or blood pressure does not decrease during
night time (riser type or non-dipper type), and the risk of
stroke, myocardial infarction, or the like increases. Further-
more, in the case of a patient taking anti-hypersensitive
drug, blood pressure becomes too low during sleep (extreme
dipper type), and the risk of stroke, myocardial infarction, or
the like may be increased. Therefore, by acquiring a change
in blood pressure during sleep, determination between the
riser type, the non-dipper type, and the extreme dipper type
can be performed.

[0106] The estimated blood pressure status, circulatory
dynamics, and blood pressure value, the calculated measure-
ment data such as a pulse wave propagation time, a heart
rate, a heartbeat interval, a pulse rate, a pulse interval, a
photoplethysmographic pulse wave, an acceleration pulse
wave, and a 3-axis acceleration are output to a memory such
as a RAM, the wireless communication module 60, and the
like. These measurement data may be stored in a memory so
that they may be read along with daily change history or may
be wirelessly transmitted in real time to an external appa-
ratus such as a personal computer (PC) or a smartphone.
Furthermore, these measurement data may be stored in a
memory of the apparatus during measurement and the
apparatus may be automatically connected to an external
apparatus so that the data may be transmitted after measure-
ment is completed.

[0107] Next, an operation of the blood pressure status
measuring apparatus 3 will be explained with reference to
FIGS. 5 and 6. FIGS. 5 and 6 are flowcharts illustrating a
processing procedure of a blood pressure status measuring
process by the blood pressure status measuring apparatus 3.
The process illustrated in FIGS. 5 and 6 is repeatedly
performed at a specific timing mainly by the signal proces-
sor 31.

[0108] When the blood pressure status measuring appara-
tus 3 is worn on the neck region and the sensor units 11 and
12 containing respective electrocardiographic electrodes 15
and 15, the first photoplethysmographic sensor 10, and the
second photoplethysmographic sensor 20) are made to be in
contact with the neck region, electrocardiographic signals
detected by the pair of electrocardiographic electrodes 15
and 15 and photoplethysmographic signals detected by the
photoplethysmographic sensors 10 and 20 are read in step
S100. In step S102, filtering processing is performed on the
electrocardiographic signals and photoplethysmographic
signals read in step S100. Furthermore, second-order deriva-
tive is preferably performed on the photoplethysmographic
signals, and acceleration pulse waves are thus acquired.
[0109] Then, in step S104, for example, the wearing state
of the pulse wave propagation time measuring device 1 is
determined based on the light reception amount of the
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photoplethysmographic sensors 10 and 20. That is, in the
photoplethysmographic sensors 10 and 20, light applied
from the light emitting elements 101 and 201, transmitting
through a living body or reflected by the living body, and
returning is received at the light reception elements 102 and
202, and a change in the amount of light is detected as a
photoplethysmographic signal. In a state in which the device
is not worn properly, the light reception amount of signal
light decreases. Thus, in step S104, it is determined whether
or not the light reception amount is equal to or more than a
threshold (specific) value. In the case where the light recep-
tion amount is equal to or more than the threshold value, the
process proceeds to step S108. In contrast, in the case where
the light reception amount is less than the threshold value,
it is determined that the device is not properly worn. Then,
in step S106, device error information (warning informa-
tion) is output. Thereafter, the process once exits from the
main processing procedure. In place of the above-described
method in which the light reception amount of the photop-
lethysmographic sensor 20 is used, a method in which the
amplitude of a photoplethysmographic signal, the degree of
stability of a baseline of an electrocardiographic waveform,
a noise frequency component ratio, or other methods may be
adopted.

[0110] In step S108, it is determined whether or not the
acceleration of the neck region detected by the acceleration
sensor 22 is equal to or more than a specific threshold (that
1s, whether or not the neck region moves and body motion
noise increases). In the case where the acceleration of the
neck region is less than the specific threshold, the process
proceeds to step S112. In contrast, in the case where the
acceleration of the neck region is equal to or more than the
specific threshold, body motion error information is output
in step S110, and the process exits from the main processing
procedure.

[0111] Instep S112, based on 3-axis acceleration data, the
posture of the user (measurement part) is determined. In next
step S114, the peak of the electrocardiographic signals and
the peaks of the photoplethysmographic signals (accelera-
tion pulse wave signals) are detected. Then, a time difference
between the R wave peak of the detected electrocardio-
graphic signals and the peak of each of the two photopl-
ethysmographic signals (acceleration pulse waves) is calcu-
lated.

[0112] Next, in step S116, the delay times (deviation
amounts) of the R wave peak of the electrocardiographic
signals and the peaks of the photoplethysmographic signals
(acceleration pulse waves) are obtained, and the time dif-
ference (peak time difference) between the R wave peak of
the electrocardiographic signals and the peaks of the pho-
toplethysmographic signals (acceleration pulse waves) is
corrected, based on the obtained delay times.

[0113] Then, in step S118, it is determined whether or not
the peak time difference corrected in step S116 is within a
specific time (for example, 0.01 seconds or more and 0.3
seconds or less). In the case where the peak time difference
1s within the specific time, the process proceeds to step S122.
In contrast, in the case where the peak time difference is
outside the specific time, error information (noise determi-
nation) is output in step S120, and then the process once
exits from the main processing procedure.

[0114] In step S122, pressure information is read from the
pressure sensor 23. Next, in step S124, it is determined
whether or not a pulse wave propagation time has been
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stabilized. In the case where the pulse wave propagation
time has been stabilized, the process proceeds to step S134.
In contrast, in the case where the pulse wave propagation
time has not been stabilized, the process proceeds to step
S126.

[0115] In step S126, it is determined whether or not
pressure is appropriate (e.g., within a specific range). In the
case where the pressure is not appropriate, the pressure is
adjusted in step S128, and then the process proceeds to step
S130. In contrast, the pressure is appropriate, the pressure is
maintained, and the process proceeds to step S130.

[0116] In step S130, the heartbeat interval, pulse interval,
and the like are determined. After that, the determined data
is output in step S132, and the process exits from the main
processing procedure.

[0117] In the case where a stable pulse wave propagation
time is obtained, in step S134, the heartbeat interval, the
pulse interval, a pulse wave propagation time, a temporal
change of the pulse wave propagation time, and the like are
determined. Then, in step S136, a constant of an estimation
expression (conversion expression) for blood pressure is
determined. Then, in step S138, estimation of the blood
pressure of an artery, estimation of the status of blood
pressure of an arteriole or a capillary, measurement of
circulatory dynamics, and the like are performed. A method
for estimating the status of blood pressure and circulatory
dynamics is described above, and therefore, detailed expla-
nation will be omitted here. Then, in step S140, the acquired
blood pressure status, circulatory dynamics, and the like are
output to, for example, a memory or an external apparatus
such as a smartphone. Then, the process exits from the main
processing procedure.

[0118] As described above, according to this embodiment,
circulatory dynamics including the status of blood pressure
of an arteriole or a capillary can be measured on the basis of
a temporal change of a pulse wave propagation time
acquired from a photoplethysmographic signal of the arte-
riole or the capillary after measurement is started (beginning
of measurement). At this time, for example, a pulse wave
propagation time between the arteriole or the capillary and
an artery near the arteriole or the capillary is measured, and
a temporal change of the pulse wave propagation time at the
beginning of the measurement is measured. Therefore, a
blood pressure difference between the arteriole or the cap-
illary and the artery is measured, and circulatory dynamics
can be measured. As a result, circulatory dynamics including
the status of blood pressure of the arteriole or the capillary
can be measured more simply and more accurately.

[0119] In particular, according to this embodiment, a pulse
wave propagation time between an arteriole or a capillary
and a (nearby) artery from which the arteriole or the capil-
lary branches off can be measured, and a temporal change of
the pulse wave propagation time at the beginning of mea-
surement can be measured. Therefore, a blood pressure
difference between the artery and the arteriole or the capil-
lary can be measured, and circulatory dynamics can be
measured. Furthermore, both pulse wave propagation times
and the like can be measured at a single position. Therefore,
blood pressure and the like of the arteriole or the capillary,
including at the time of wearing, can be measured more
simply. Unlike measurement at two separate points, blood
pressure and the like of an arteriole or a capillary can be
measured genuinely (that is, accurately).
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[0120] According to this embodiment, by measuring the
pulse wave propagation time between a carotid artery and an
arteriole or a capillary near the carotid artery and measuring
a temporal change of the pulse wave propagation time, a
difference in blood pressure between the carotid artery and
the arteriole or the capillary can be measured, and circula-
tory dynamics can be measured. When a pulse wave propa-
gation time is measured at an arteriole or a capillary near a
carotid artery (wide artery), it takes a time corresponding to
the length of the arteriole or the capillary branching off from
the carotid artery for arrival of a pulse wave. Therefore, the
pulse wave propagation time is larger than the value mea-
sured at the carotid artery. Furthermore, in particular, blood
pressure and circulatory dynamics of an arteriole or a
capillary near a carotid artery out of arteries that may be
measured relate to cardiovascular diseases, in particular,
stroke. Therefore, estimation of blood pressure of an arte-
riole or a capillary near a carotid artery and observation of
circulatory dynamics may be used for estimation of the risk
of cardiovascular diseases.

[0121] Light of a visible light region (in particular, blue to
yellow-green with a wavelength of 600 nm or less) is easily
absorbed by a living body, unlike near-infrared light. There-
fore, with the use of a light source (photoplethysmographic
sensor) of a visible light region as the light emitting element
201 (second photoplethysmographic sensor 20), it is difficult
for light to reach arteries underneath the skin. Therefore,
even if the second photoplethysmographic sensor 20 is
arranged immediately above an artery, a pulse wave signal
of an arteriole or a capillary (not a pulse wave signal of an
artery) can be obtained. In contrast, with the use of the first
photoplethysmographic sensor 10 including the light emit-
ting element 101 that outputs near-infrared light that is
relatively difficult to be absorbed by a living body. a pulse
wave signal of a carotid artery can be obtained. Therefore,
according to this embodiment, in the vicinity of an artery, a
photoplethysmographic signal corresponding to the blood
flow of an arteriole or a capillary and a photoplethysmo-
graphic signal corresponding to the blood flow of a wider
artery can be obtained at the same time (that is, pulse wave
propagation time can be obtained).

[0122] According to this embodiment, by measuring an
electrocardiogram (in particular, an R wave) at the same
time as a reference, in addition to the pulse wave propaga-
tion time between a carotid artery and an arteriole or a
capillary near the carotid artery, the pulse wave propagation
time between the heart and the carotid artery and the pulse
wave propagation time between the heart and the arteriole or
the capillary can be obtained. Therefore, blood pressure at
the artery can be estimated, and together with the estimated
blood pressure of the arteriole or the capillary, evaluation of
circulatory dynamics and the like can be performed more
accurately.

[0123] According to this embodiment, posture of a user is
detected, and a temporal change of the acquired pulse wave
propagation time after measurement is started is acquired in
accordance with the detected posture (that is, in consider-
ation of the posture). Thus, a temporal change and the like
of the pulse wave propagation time can be measured in a
stable manner, without being affected by a change of pos-
ture.

[0124] According to this embodiment, a reference posture
is set from among detected postures, and a temporal change
of a pulse wave propagation time after measurement is
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started is obtained on the basis of time-series data of the
pulse wave propagation time for the reference posture.
Therefore, a temporal change and the like of the pulse wave
propagation time can be measured in a stable manner,
without being affected by a change of posture.

[0125] According to this embodiment, a reference posture
is set from among detected postures, and time-series data of
a pulse wave propagation time classified into a posture
different from the reference posture is corrected in accor-
dance with the reference posture. In addition, a temporal
change of a pulse wave propagation time after measurement
is started is obtained on the basis of time-series data of a
pulse wave propagation time of the reference posture and the
corrected time-series data of the pulse wave propagation
time. Therefore, a temporal change and the like of the pulse
wave propagation time can be measured in a stable manner,
without being affected by a change of posture.

[0126] According to this embodiment, by measuring a
temporal change of pulse wave propagation times for mul-
tiple postures after measurement is started, for example, a
difference in blood pressure between arterioles or capillaries
vertically lower and upper than an artery from which the
arterioles or the capillaries branch off from can be measured,
and circulatory dynamics can be observed more accurately.
[0127] According to this embodiment, pressures of the
photoplethysmographic sensors 10 and 20 are measured, and
a constant of a conversion expression of a pulse wave
propagation time and blood pressure of an arteriole or a
capillary is changed according to the pressures. Therefore,
the accuracy of estimation of blood pressure and evaluation
of circulatory dynamics of an arteriole or a capillary can be
improved. Furthermore, according to this embodiment, a
mechanism for adjusting pressure according to the measured
pressure is provided. Therefore, an optimal pressure can be
maintained, and the accuracy of estimation of blood pressure
and the like can thus be improved.

[0128] Embodiments of the present invention have been
described in detail above. However, the present invention is
not limited to the embodiments described above, and various
modifications may also be made to the present invention. For
example, in an embodiment described above, the blood
pressure status measuring apparatus 3 of a neck band type
that holds the neck region of a user with the neck band 13
has been explained as an example. However, a mode in
which a blood pressure status measuring apparatus that is
attached along the back of the neck region of a user from one
lateral side to the other lateral side of the neck region of the
user and used is also possible. Furthermore, instead of a
mode in which a blood pressure status measuring apparatus
is worn on the neck region (neck) of a user, an electrocar-
diographic electrode, a pulse wave sensor, and a 3-axis
acceleration sensor may be, for example, attached at an
axillary part where an axillary artery exists, of a wrist watch
type that is worn on a wrist where a radial artery exists, or
of a sock type that is worn on a foot where a dorsalis pedis
artery or a posterior tibial artery exists.

[0129] In the embodiments described above, for estima-
tion of a change in blood pressure based on a change of a
pulse wave propagation time, a predetermined correlation
expression of a pulse wave propagation time and blood
pressure is used. However, a conversion table in which the
relationship of the pulse wave propagation time and blood
pressure is defined for each posture may be used, instead of
the correlation expression.
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[0130] In the embodiments described above, a photopl-
ethysmographic sensor using near-infrared light as the first
photoplethysmographic sensor 10 that acquires a pulse wave
signal of a carotid artery is used. However, in place of the
photoplethysmographic sensor, for example, a piezoelectric
pulse wave sensor, an electrocardiographic sensor (electro-
cardiographic electrode), or the like may be used. Further-
more, in addition to the various sensors described above, for
example, a biological sensor such as an oxygen saturation
sensot, a sound sensor (microphone), a displacement sensor,
a temperature sensor, a humidity sensor, or the like may be
used.

[0131] In the embodiments described above, processing
including posture determination, correction of a pulse wave
propagation time for each posture, estimation of the status of
blood pressure (circulatory dynamics), and the like is per-
formed by the signal processor 31. However, the acquired
electrocardiographic signal, photoplethysmographic signal,
and data such as 3-axis acceleration or the like may be
wirelessly output to, for example, a personal computer (PC)
or a smartphone, and processing such as the above-men-
tioned posture determination, correction of a pulse wave
propagation time for each posture, estimation of a blood
pressure status (circulatory dynamics), and the like may be
performed on a PC or smartphone side. In this case, data of
the correlation expression described above and the like are
stored in a PC or smartphone side.

[0132] Furthermore, input means for receiving an opera-
tion for inputting a value of the height or sitting height of a
user may further be provided. With the use of a correlation
expression of a predetermined height or sitting height and an
arterial length between an aortic valve and a neck region
(carotid artery), the arterial length between the aortic valve
and the neck region (carotid artery) may be obtained on the
basis of the height or setting height value of the user and a
blood pressure value of an arteriole or a capillary may be
corrected in accordance with the arterial length. In this case,
based on the received value of the height or sitting height of
the user, the arterial length between the aortic valve and the
neck region (carotid artery) is obtained, and a blood pressure
value of the arteriole or the capillary is corrected in accor-
dance with the arterial length. Therefore, accuracy of esti-
mation of blood pressure and the like may be further
improved.

[0133] In the embodiments described above, three pulse
wave propagation times are obtained by a combination of a
first photoplethysmographic signal, a second photoplethys-
mographic signal, and an electrocardiographic signal. How-
ever, any one (or two) of the pulse wave propagation times
may be acquired to estimate blood pressure and the like.

REFERENCE SIGNS LIST

[0134] 1: pulse wave propagation time measuring
device

[0135] 3: blood pressure status measuring apparatus

[0136] 11 and 12: sensor unit

[0137] 13: neck band

[0138] 15: electrocardiographic electrode

[0139] 10: first photoplethysmographic sensor

[0140] 101: first light emitting element

[0141] 102: first light receiving element

[0142] 20: second photoplethysmographic sensor

[0143] 201: second light emitting element

[0144] 202: second light receiving element
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[0145] 22: acceleration sensor

[0146] 23: pressure sensor

[0147] 31: signal processor

[0148] 310: first signal processing unit

[0149] 320: second signal processing unit

[0150] 339: third signal processing unit

[0151] 311, 321 and 331: amplification unit

[0152] 312, 322, and 332: analog filter

[0153] 313, 323, and 333: A/D converter

[0154] 314, 324, and 334: digital filter

[0155] 315 and 325: second-order derivative processing
unit

[0156] 316, 326, and 336: peak detection unit

[0157] 318, 328, and 338: peak correction unit

[0158] 330: pulse wave propagation time measuring
unit

[0159] 340: posture classification unit

[0160] 341: pulse wave propagation time change acqui-

sition unit (change acquiring means)

[0161] 342: blood pressure status measuring unit (mea-
suring means)

[0162] 60: wireless communication module

[0163] 70: pressure adjustment mechanism

1. A blood pressure status measuring apparatus compris-

ing:

a photoplethysmographic sensor that includes a light
emitting element and a light receiving element and
acquires a time varying photoplethysmographic signal
of an arteriole or a capillary;

a biological sensor that acquires a time varying biological
signal serving as a reference for measurement of a
pulse wave propagation time;

pulse wave propagation time acquiring means for acquir-
ing a pulse wave propagation time on the basis of the
photoplethysmographic and biological signals;

change acquiring means for acquiring a temporal change
of the pulse wave propagation time acquired by the
pulse wave propagation time acquiring means after
measurement is started; and

measuring means for measuring circulatory dynamics
including a blood pressure status as a function of the
temporal change of the pulse wave propagation time
after the measurement is started.

2. The blood pressure status measuring apparatus accord-

ing to claim 1, wherein:

the biological sensor is a pulse wave detector which
acquires a pulse wave signal of an artery from which
the arteriole or the capillary branches off; and

the pulse wave propagation time acquiring means
acquires the pulse wave propagation time on the basis
of the photoplethysmographic signal of the arteriole or
the capillary and the pulse wave signal of the artery.

3. The blood pressure status measuring apparatus accord-

ing to claim 2, wherein:

the light emitting element outputs blue to yellow-green
light; and

the pulse wave detecting means is a photoplethysmo-
graphic sensor that includes a light emitting element
outputting near-infrared light.

4. The blood pressure status measuring apparatus accord-

ing to claim 2, wherein:

the light emitting element outputs blue to yellow-green

light; and
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the pulse wave detecting means is a piezoelectric pulse
wave sensor that acquires a piezoelectric pulse wave
signal.

5. The blood pressure status measuring apparatus accord-
ing to claim 1, wherein:

the biological sensor is a sensor that acquires an electro-

cardiographic signal; and

the pulse wave propagation time acquiring means

acquires a pulse wave propagation time on the basis of
the photoplethysmographic signal of the artericle or the
capillary acquired by the photoplethysmographic sen-
sor and an R wave of the electrocardiographic signal
acquired by the biological sensor.

6. The blood pressure status measuring apparatus accord-
ing to claim 5, further comprising an electrocardiographic
electrode that acquires an electrocardiographic signal, and
wherein the pulse wave propagation time acquiring means
also acquires, in addition to the pulse wave propagation time
based on the photoplethysmographic signal of the arteriole
or the capillary acquired by the photoplethysmographic
sensor and the pulse wave signal of the artery acquired by
the pulse wave detecting means, a pulse wave propagation
time based on the photoplethysmographic signal of the
arteriole or the capillary acquired by the photoplethysmo-
graphic sensor and the R wave of the electrocardiographic
signal acquired by the electrocardiographic electrode and a
pulse wave propagation time based on the pulse wave signal
of the artery acquired by the pulse wave detecting means and
the R wave of the electrocardiographic signal acquired by
the electrocardiographic electrode.

7. The blood pressure status measuring apparatus accord-
ing to claim 1, wherein:

the biological sensor is heart sound acquiring sensor for

acquiring a heart sound signal; and

the pulse wave propagation time acquiring means

acquires the pulse wave propagation time as a function
of the photoplethysmographic signal of the arteriole or
the capillary and the heart sound signal.

8. The blood pressure status measuring apparatus accord-
ing to claim 2, further comprising a heart sound sensor for
acquiring a heart sound signal, and wherein the pulse wave
propagation time acquiring means acquires, in addition to
the pulse wave propagation time based on the photoplethys-
mographic signal of the arteriole or the capillary acquired by
the photoplethysmographic sensor and the pulse wave signal
of the artery acquired by the pulse wave detecting means, a
pulse wave propagation time based on the photoplethysmo-
graphic signal of the arteriole or the capillary acquired by the
photoplethysmographic sensor and the heart sound signal
acquired by the heart sound acquiring means and a pulse
wave propagation time based on the pulse wave signal of the
artery acquired by the pulse wave detecting means and the
heart sound signal acquired by the heart sound acquiring
means.

9. The blood pressure status measuring apparatus accord-
ing to claim 2, wherein the photoplethysmographic sensor
acquires a photoplethysmographic signal of an arteriole or a
capillary near a carotid artery.

10. The blood pressure status measuring apparatus
according to claim 1, further comprising a posture detector
for detecting a posture of a user at a time when a pulse wave
propagation time is acquired by the pulse wave propagation
time acquiring means, and wherein the change acquiring
means acquires a temporal change of the acquired pulse
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wave propagation time after measurement is started, as a
function of the posture detected by the posture detecting
means.

11. The blood pressure status measuring apparatus
according to claim 10, wherein the change acquiring means
sets a reference posture from among detected postures, and
obtains a temporal change of the pulse wave propagation
time after measurement is started, on the basis of time-series
data of the pulse wave propagation time of the reference
posture.

12. The blood pressure status measuring apparatus
according to claim 10, wherein the change acquiring means
sets a reference posture from among detected postures,
corrects, in accordance with the reference posture, time-
series data of a pulse wave propagation time classified into
a posture different from the reference posture, and obtains a
temporal change of the pulse wave propagation time after
measurement is started, on the basis of the time-series data
of the pulse wave propagation time of the reference posture
and the corrected time-series data of the pulse wave propa-
gation time.

13. The blood pressure status measuring apparatus
according to claim 10, wherein:

the change acquiring means obtains, for each of detected

postures, a temporal change of the pulse wave propa-
gation time after measurement is started; and

the measuring means measures circulatory dynamics

including a blood pressure status on the basis of tem-
poral changes of pulse wave propagation times after
measurement is started for the individual postures.

14. The blood pressure status measuring apparatus
according to claim 1, further comprising a pressure sensor
for detecting pressure of the photoplethysmographic sensor,
and wherein the measuring means changes a conversion
expression to be used to calculate blood pressure of an
arteriole or a capillary on the basis of a pulse wave propa-
gation time, in accordance with the pressure detected by the
pressure detecting means.

15. The blood pressure status measuring apparatus
according to claim 14, further comprising a pressure adjust-
ment mechanism for adjusting the pressure to a specific
value in accordance with the pressure detected by the
pressure detecting means.

16. The blood pressure status measuring apparatus
according to claim 9, further comprising an input for receiv-
ing an operation for inputting a value of a height or a sitting
height of a user, and wherein the measuring means obtains
an arterial length between an aortic valve and a carotid artery
on the basis of the value of the height or the sitting height
received by the input, and corrects a blood pressure value of
an arteriole or a capillary on the basis of the arterial length.

17. A blood pressure status measuring apparatus compris-
ing:

a photoplethysmographic sensor that includes a light
emitting element and a light receiving element and
acquires a photoplethysmographic signal of an arteriole
or a capillary which varies over time;

a biological sensor that acquires a biological signal that
varies over time and that serves as a reference for
measurement of a pulse wave propagation time;

one or more processors which are programmed to:

(a) acquire a pulse wave propagation time on the basis
of the photoplethysmographic and biological signals;
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(b) acquire a temporal change of the pulse wave
propagation time after measurement is started; and
(c) measure circulatory dynamics including a blood
pressure status as a function of the temporal change
of the pulse wave propagation time after the mea-
surement is started.
18. The blood pressure status measuring apparatus
according to claim 17, wherein:
the biological sensor is a pulse wave detector which
acquires a pulse wave signal of an artery from which
the arteriole or the capillary branches off; and
the pulse wave propagation time is determined as a
function of the photoplethysmographic signal of the
arteriole or the capillary and the pulse wave signal of
the artery.
19. The blood pressure status measuring apparatus
according to claim 18, wherein:
the light emitting element outputs blue to yellow-green
light; and
the pulse wave detecting means is a photoplethysmo-
graphic sensor that includes a light emitting element
outputting near-infrared light.
20. The blood pressure status measuring apparatus
according to claim 18, wherein:
the light emitting element outputs blue to yellow-green
light; and
the pulse wave detecting means is a piezoelectric pulse
wave sensor that acquires a piezoelectric pulse wave
signal.



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A
RAAN
IPCH %S

CPCH¥S

LR
S EREESE

BEG®)

mERSNERETEE KB FRRERERS , HE8FRHIELN
KR T HIRIAZI A BBTRBEIEES , FABBRER /
RRBSENHESEAZEXN AN THAEREERENES T \
E TIPS BB R RE S /D3 Bk X BRI E S N 3h fk {
ML ERME | BRER& B RRCREE T, HIREUU BT 4 /5 Bk
ERABNENEEZY  ARNERSVER T , EETOERSN \
B ERSE BN 3 25tH B R 22U BT 48 f5 B B FEOR & 1 et i)

patsnap

mMERBSNERE

US20190209030A1 AFF(AE)A 2019-07-11
US16/263428 HiE A 2019-01-31
BRABNBEST

w24 HEIERT. , LTD.

WX SN ESIER. , LTD.

SHIMUTA TORU

SHIMUTA, TORU

AB1B5/021 A61B5/024 A61B5/0245 A61B5/0456 A61B7/02 A61B5/00

A61B5/02125 A61B5/02416 A61B5/0245 A61B5/0456 A61B7/02 A61B5/6822 A61B2562/0247 A61B5
/0452 A61B5/1116 A61B5/6843 A61B5/7264 A61B7/00 A61B2562/0215 A61B2562/0219

2016157257 2016-08-10 JP

Espacenet USPTO



https://share-analytics.zhihuiya.com/view/e49b3072-578a-47f3-87cd-690d5f4e4af5
https://worldwide.espacenet.com/patent/search/family/061162330/publication/US2019209030A1?q=US2019209030A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220190209030%22.PGNR.&OS=DN/20190209030&RS=DN/20190209030

