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Fig. 3
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Fig. 5
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Fig. 9
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Fig. 11

5201
k2 ,.f“'\/
RECEIVE PULSE WAVE SIGNAL AND PRESSURE SIGNAL
S901
¥ ol
CALCULATE PULSE WAVE INFORMATION

i s

ESTIMATE BLOOD PRESSURE ON THE BASIS OF PULSE
WAVE INFORMATION




Patent Application Publication  Jun. 22,2017 Sheet 12 of 23  US 2017/0172429 A1

REDUCE
PRESSURE

APPLY
PRESSURE

=

1101

1104

Fig. 12




Patent Application Publication  Jun. 22,2017 Sheet 13 of 23  US 2017/0172429 A1

o

L

(]

£

g

ast

-1

[ %8 ]

5 &

WUJ

[ %]

[N

[

Q.

l

oo

[ EE]

-

o

<f

=

£
.
fn]
£

HADHYT -
NOLLYZIHNSSEHd INOHLIM
TYNOIS JAVM 3571Nd WOHL JONVHD
— HITIVIHS

Fig. 13



3L

US 2017/0172429 A1

TYNDIS NILVARIEO ONOOES

)
\\
e

e don can ann e o 2 ane i Nan 2 e cnn n e v e e
P

/

TYMOIS NOUUVYARIZO LSYld

Jun. 22,2017 Sheet 14 of 23

/ /.f.
//\ }//
TTYNOIS JAYM 35T

TYNDIS ZUNSS3ud

L
{

i Bid

Patent Application Publication



—
=
o FHNSSIHA
S
= ozt 001 08 09 ot 0T 0 0z~
m L i i ! i Y
o L
S Re
wn e
= e
e ST A
B ;V PETT A b .\\ /.f G
o
° T
W, -
— ™
- o
[}
7 08 =
<,
m rri
& -
T P
& Y
= 0o &
= -
) 3]
a\u .N(
\N.\ ..\(
\ .\ - 061
.h«.
v%w
-N.
i - 00z

Gl bid

Patent Application Publication



Patent Application Publication  Jun. 22,2017 Sheet 16 of 23  US 2017/0172429 A1

&
L
o
-
O/
3
5 0. Ll
H a
5 a
i
'
s
}
h
s
H ..
: o
: £1
'
%
1
1
:
:
i
H
:
L NN S
t
:
] e
1 ¥ [« 3
v s
d i
i b3
1 i
i :
' 3
g 3

Ad3
Ad2
Adt

A LFNVEYd SAVM 35T1Nd

Fig. 16



US 2017/0172429 A1

Jun. 22,2017 Sheet 17 of 23

Patent Application Publication

8s

NS SHEd

izt

($74

H
H
¥
i
E
r
)
i
$
3
i

HALIWYHYd JAVM 3571Nd



—
-«
N
o
N
= oVE 3dNSS3dd 800t
=
=
—
>
o
n
-]
4400 800t

o
~
S
=]
oL
-
m WYL SNMO O R R e we et Y IHLS
S PR X x
~
—
=)
o \.\.(!x E
o 440D 5001 RN
= \ £001
=]
J

LING INGWEHNSYEN JAYM 387HNd 206G \ .\\\
=
=
m LING LNSWIHNSVEN JAVM 3587 HNd 2001
E /
- LING LNIWNIHNSVYIN 3AVM 35THNd 1001
=]
=
=
=
= «
2 gl b
=
@
=
=%



US 2017/0172429 A1

Jun. 22,2017 Sheet 19 of 23

Patent Application Publication

DYE 3HNSSdud 8001

e
14010 €00t
Py THLSNAOT
4400 soot” 7
et
[
\\\,
LN LNSWEHNSYIN JAYA 351N b00! -
e
LINM LNIEHNSYIN JAYM 3STNd 5001 \

LING LNSWZHNSYER 3AVM 38N 2801 \

LIND LNIWIHNSVYIW SAVM 3571

1001

WY IH LSS0

6l

BOO1

"B



US 2017/0172429 A1

LINGY
JRU. LINTT 10N
o~ / - o~ M y
a0¥
< \ \\ LING LNIWIUNSYEN
s E LING FAYM 35N
=~ \\\ TOMINGD JHNSSIMG -
= BDIATA NOLLYWLLST | - e
& INSST6d Q008 20zt e 0¥
wn
I~
= LN LNINIHNSYIW
& o T FUMSSIM 44N0
Q [ A - —
£ ey 7
— Lov

JOIAGA INSWIHNSVIN
FHNSS3Hd Q0O18

T

Logy

0z Bid

Patent Application Publication



Patent Application Publication  Jun. 22,2017 Sheet 21 of 23  US 2017/0172429 A1
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BLOOD PRESSURE ESTIMATION DEVICE,
BLOOD PRESSURE ESTIMATION METHOD,
BLOOD PRESSURE MEASUREMENT
DEVICE, AND RECORDING MEDIUM

TECHNICAL FIELD

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

BACKGROUND ART

[0002] As a method for measuring a blood pressure of a
living body in a Non Invasive manner, there is widely used
a method in which a pressure unit such as a cuff or the like
is set on a specific region of a living body, and an artery and
a circumference thereof are pressurized by the pressure unit
to measure a blood pressure. As blood pressure measure-
ment devices that measure a blood pressure in a Non
Invasive manner, there are devices such as a blood pressure
measurement device based on a microphone method for
detecting a Korotkoff' sounds using a microphone, and a
blood pressure measurement device based on an oscillomet-
ric method.

[0003] These blood pressure measurement devices stop a
blood flow in an artery in a specific region (measurement
region) and thereby measure a systolic blood pressure that is
a blood pressure in a course of heart contraction. Therefore,
it is necessary for the pressure unit to apply, to the artery, a
pressure higher than a systolic blood pressure (a systolic
blood pressure value, a maximum blood pressure, or a
Systolic blood pressure, hereinafter, expressed also as an
“SBP”). However, a pressure applied by the pressure unit is
frequently a burden on a subject to be measured.

[0004] To reduce the burden, PTL 1 or PTL 2, for example,
discloses a blood pressure measurement device that reduces
the pressure for measurement.

[0005] PTL 1 discloses a blood pressure measurement
device capable of measuring a blood pressure without using
a pressure unit. The blood pressure measurement device
calculates a characteristic value associated with a blood
pressure on the basis of a pulse wave measured in a
non-pressure state and estimates a blood pressure on the
basis of a correlation between the calculated characteristic
value and a blood pressure value.

[0006] Further, PTL 2 discloses a blood pressure measure-
ment device that measures a systolic blood pressure on the
basis of a wave height value of a pulse wave by using a cuff.
The blood pressure measurement device estimates a systolic
blood pressure via coeflicient transformation of a wave
height value of a pulse wave measured at a cuff pressure
lower than a systolic blood pressure.

CITATION LIST

Patent Literature
[0007] PTL 1: Japanese Laid-open Patent Publication No.
H10(1998)-295657

[0008] PTL 2: Japanese Laid-open Patent Publication No.
2003-111737
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SUMMARY OF INVENTION

Technical Problem

[0009] A correlation between a characteristic value and a
blood pressure is affected by various factors such as elas-
ticity of an artery and a diameter of the artery. In other
words, even a correlation calculated in a certain situation is
not always a correlation established in a different situation.
Since the blood pressure measurement device disclosed by
PTL 1 estimates a blood pressure on the basis of a particular
correlation, the blood pressure is not always accurate.

[0010] On the other hand, measuring a factor affecting
accuracy for the correlation and maintaining the accuracy by
correcting a correlation equation on the basis of the factor is
known. However, for example, an ultrasound measurement
device, a pulse wave propagation speed measurement
device, or the like is required for measuring the factor.
Therefore, a configuration of a device for estimating a blood
pressure on the basis of a correlation becomes complicated
or data processing becomes cumbersome.

[0011] The blood pressure measurement device disclosed
by the PTL 2 estimates a blood pressure on the basis of an
assumption in which an extent of a change in a volume of an
artery measured using a cuff is similar to an extent of a
change in a pressure in the artery. This assumption is
established when extensibility of the artery is constant (or
substantially constant) in the same manner as in a spring.
However, with an increase in pressure, the extensibility of
the artery decreases. Therefore, the above-described
assumption does not become established as a pressure in the
artery increases.

[0012] Further, a wave height value is fluctuated in accor-
dance with a relation between a cuff and an artery, and is
therefore markedly affected by body movements in a subject
to be measured. Hence, it is difficult to measure the wave
height value with high reproducibility. Thus, it is difficult to
accurately estimate a systolic blood pressure on the basis of
a wave height value.

[0013] Therefore, it is difficult for the blood pressure
measurement devices disclosed by PTL 1 and PTL 2 to
accurately estimate a blood pressure.

[0014] Accordingly, a main object of the present invention
is to provide a blood pressure estimation device and the like
that estimate a blood pressure with a high degree of accu-
racy.

Solution to Problem

[0015] As an aspect of the present invention, a blood
pressure estimation device including:

[0016] pulse wave calculation means for calculating, on
the basis of a pressure signal in a certain time period and a
pulse wave signal measured in a pressure based on the
pressure signal in the certain time period, a plurality of
timings when the pulse wave signal satisfies a predetermined
condition, a period representing a difference between the
timings, and a pressure value of the pressure signal in the
period, and generating pulse wave information associating
the period and the pressure value with each other; and

[0017] blood pressure estimation means for estimating a
blood pressure related to the pulse wave signal on the basis
of the pulse wave information.
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[0018] In addition, as another aspect of the present inven-
tion, a blood pressure estimation method including:

[0019] calculating, on the basis of a pressure signal in a
certain time period and a pulse wave signal measured on the
basis of a pressure based on the pressure signal in the certain
time period, timings when the pulse wave signal satisfies a
predetermined condition, a period representing a difference
between the timings, and a pressure value of the pressure
signal in the period; generating pulse wave information
where the period and the pressure value are associated with
each other,

[0020] and estimating a blood pressure related to the pulse
wave signal on the basis of the pulse wave information,
using an information processing device.

[0021] Furthermore, the object is also realized by a blood
pressure estimation program, and a computer-readable
recording medium that records the program.

Advantageous Effects of Invention

[0022] According to the blood pressure estimation device
and the like according to the present invention, a blood
pressure can be estimated with a high degree of accuracy.

BRIEF DESCRIPTION OF DRAWINGS

Description of Embodiments

[0023] FIG. 1 is a block diagram illustrating components
included in a blood pressure estimation according to a first
exemplary embodiment of the present invention.

[0024] FIG. 2 is a flowchart illustrating a flow of process-
ing in the blood pressure estimation device according to the
first exemplary embodiment.

[0025] FIG. 3 is a diagram conceptually illustrating one
example of a pressure signal and a pulse wave signal.
[0026] FIG. 4 is a diagram conceptually illustrating one
example of a pulse wave information.

[0027] FIG. 5 is a diagram conceptually illustrating one
example of a blood pressure information.

[0028] FIG. 6 is a diagram illustrating one example in
which a range where a pressure signal fluctuates does not
include a systolic blood pressure.

[0029] FIG. 7 is a block diagram illustrating components
included in the blood pressure estimation device according
to the first exemplary embodiment.

[0030] FIG. 8 is a perspective view of a cuff that is not
placed.
[0031] FIG. 9 is a diagram illustrating one example of a

state where a cuff is placed on a specific region.

[0032] FIG. 10 is a block diagram illustrating components
included in a blood pressure estimation device according to
a second exemplary embodiment of the present invention.
[0033] FIG. 11 is a flowchart illustrating a flow of pro-
cessing in the blood pressure estimation device according to
the second exemplary embodiment.

[0034] FIG. 12 is a cross-sectional view schematically
illustrating a pressure signal and a specific region where a
pulse wave signal is measured.

[0035] FIG. 13 is a diagram conceptually illustrating one
example of a relation between a pressure signal and a pulse
wave parameter.

[0036] FIG. 14 is a diagram conceptually illustrating one
example of processing for extracting a timing,
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[0037] FIG. 15 is a diagram conceptually illustrating char-
acteristics included in pulse wave information.

[0038] FIG. 16 is a diagram conceptually illustrating one
example of a relation between a pressure signal and a pulse
wave parameter in a case of an increase in pressure.
[0039] FIG. 17 is a diagram conceptually illustrating an
example in which a curve representing a relation between a
pressure signal and a pulse wave parameter is estimated.
[0040] FIG. 18 is a diagram schematically illustrating a
positional relationship between a cuff and three pulse wave
measurement units.

[0041] FIG. 19 is a diagram conceptually illustrating a
position relation between a cuff and four pulse wave mea-
surement units.

[0042] FIG. 20 is a block diagram illustrating components
included in a blood pressure measurement device according
to a third exemplary embodiment of the present invention.
[0043] FIG. 21 is a flowchart illustrating a flow of pro-
cessing in the blood pressure measurement device according
to the third exemplary embodiment.

[0044] FIG. 22 is a block diagram illustrating components
included in a blood pressure measurement device according
to a fourth exemplary embodiment of the present invention.
[0045] FIG. 23 is a block diagram schematically illustrat-
ing a hardware configuration of a calculation processing
apparatus capable of realizing a blood pressure estimation
device or a pressure controlling unit according to each
exemplary embodiment.

[0046] Next, exemplary embodiments of the present
invention will be described in detail with reference to the
drawings.

First Exemplary Embodiment

[0047] Components included in a blood pressure estima-
tion device 101 according to a first exemplary embodiment
of the present invention and processing executed by the
blood pressure estimation device 101 will be described in
detail with reference to FIG. 1 and FIG. 2. FIG. 1 is a block
diagram illustrating the components included in the blood
pressure estimation device 101 according to the first exem-
plary embodiment of the present invention. FIG. 2 is a
flowchart illustrating a flow of processing in the blood
pressure estimation device 101 according to the first exem-
plary embodiment.

[0048] The blood pressure estimation device 101 accord-
ing to the first exemplary embodiment includes a pulse wave
calculation unit 102 and a blood pressure estimation unit
103.

[0049] The blood pressure estimation device 101 receives
a pressure signal 2003 representing a pressure in a certain
time period and one or more pulse wave signals (e.g. pulse
wave signals 2001) measured when the pressure is applied
to a subject to be measured in the certain time period (step
S201).

[0050] With reference to FIG. 3, one example of the
pressure signal 2003 and the pulse wave signal 2001
received by the blood pressure estimation device 101 will be
described. FIG. 3 is a diagram conceptually illustrating one
example of the pressure signal 2003 and the pulse wave
signal. The horizontal axis of FIG. 3 represents time and
represents later time toward a rightward side. The vertical
axis in the upper figure of FIG. 3 represents an amplitude of
a pressure signal and represents that the amplitude of the
pressure signal is stronger toward the upper side. The
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vertical axis in the lower figure of FIG. 3 represents an
amplitude of a pulse wave signal and represents that the
amplitude of the pulse wave signal increases closer to the
upper end or the lower end, and the amplitude of the pulse
wave signal decreases closer to a center of the upper end and
the lower end. In the example illustrated in FIG. 3, the
certain time period refers to a (heartbeat) period in which the
heart beats at multiple times.

[0051] In the following description, for convenience of
description, it is assumed that a shape of a cuff'is a rectangle
(rectangular shape) while being developed as exemplified in
FIG. 8 to be described later. It is assumed that a longer side
direction is a direction where the cuff is wound around a
specific region. Further, it is assumed that a shorter side
direction is a direction orthogonal (or substantially orthogo-
nal) to the longer side direction. Further, it is assumed that
the entire cuff applies a pressure to the specific region in a
state of pressurization. In this case, it is assumed that an
“upstream” represents a portion between the nerve center or
the heart and the center of the shorter side direction in an
artery. It is assumed that a “downstream” represents a
portion between the center of the shorter side direction and
a peripheral side (e.g. a hand or foot) in the artery. However,
an aspect of the cuff is not limited to the above-described
manner.

[0052] Theexample illustrated in FIG. 3 represents a pulse
wave signal 2001 measured when a pressure is applied at a
constant (or substantially constant) rate in a certain time
period. The pulse wave signal 2001 refers to, for example,
a pulse wave signal measured in an upstream. The pulse
wave signal 2001 may be a pulse wave signal measured in
a downstream or a pulse wave signal measured in a center
(or substantially in a center) of an area applied with a
pressure.

[0053] Hereinafter, for convenience of description, it is
assumed that one or more pulse wave signals are one pulse
wave signal (i.e. a pulse wave signal 2001). A pulse wave
signal received by the blood pressure estimation device 101
according to the present exemplary embodiment may be two
or more pulse wave signals.

[0054] Next, the pulse wave calculation unit 102 calcu-
lates pulse wave information on the basis of the pressure
signal 2003 and the pulse wave signal 2001 received (step
S202). The pulse wave calculation unit 102 calculates, for
example, a timing when the pulse wave signal 2001 satisfies
a predetermined condition, also calculates a period repre-
senting a difference between a plurality of timings, and
further calculates a value (i.e. pressure value) of the pressure
signal 2003 in the period. The pulse wave calculation unit
102 calculates timings, periods, and pressure values in the
periods for a plurality of predetermined conditions, respec-
tively.

[0055] The pulse wave calculation unit 102 may average
pressure signals 2003 in the period and thereby determine a
pressure value in the period, or may determine a pressure
value on the basis of a pressure based on a pressure signal
2003 at a certain timing in the period. A method in which the
pulse wave calculation unit 102 calculates a pressure value
is not limited to the above-described examples.

[0056] The predetermined condition is, for example, a
condition that the pulse wave signal 2001 is the smallest (or
around the smallest) in one heartbeat or is, for example, a
condition that the pulse wave signal 2001 is the largest (or
around the largest) in one heartbeat.
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[0057] When there are multiple pulse wave signals 2001,
a timing when a difference signal representing a difference
between the pulse wave signals satisfies a predetermined
condition may be calculated.

[0058] Forexample, “around the largest” can be defined as
a value that is within a certain range from a largest. The
certain range may be a predetermined value or a value
calculated on the basis of a fact in which a magnitude of an
inclination (determined by calculating a differential, a dif-
ference, or the like) to a target (e.g. the above-described
pulse wave signal 2001) for which a largest value is calcu-
lated is less than a predetermined value. The certain range is
not limited to the above-described examples.

[0059] In the same manner, “around the smallest” can be
defined as a value that is within a certain range from a
smallest. The certain range may be a predetermined value or
avalue calculated on the basis of a fact in which a magnitude
of an inclination (determined by calculating a differential, a
difference, or the like) to a target (e.g. the above-described
pulse wave signal 2001) for which a smallest value is
calculated is less than a predetermined value. The certain
range is not limited to the above-described examples.
[0060] For convenience of description, a timing when the
pulse wave signal 2001 is smallest (or approximately small-
est) in one heartbeat is expressed as a “first timing.” Further,
a timing when the pulse wave signal 2001 is largest (or
approximately largest) in one heartbeat is expressed as a
“fourth timing.”

[0061] When, in the first timing, a pressure difference
obtained by subtracting an internal pressure of an artery
from a pressure applied to a specific region is positive, an
obstacle that obstructs a blood flow is generated in the artery.
Further, a pulse wave is also generated due to collision of
blood with the obstacle. With an increase in the pressure
difference, the obstacle becomes stronger. As the obstacle
becomes stronger, blood becomes likely to collide with the
obstacle. As a result, the first timing is affected by the
pressure difference. In other words, the first timing changes
in a generation timing thereof in accordance with a magni-
tude of the pressure difference.

[0062] In this case, a largest (or approximately largest)
pressure in which no obstacle is generated at the first timing
is a diastolic blood pressure.

[0063] Further, the fourth timing is a timing when a blood
flow in a measurement region is peaked due to pumping of
blood by the heart. At the fourth timing, a caliber of an artery
becomes largest (or approximately largest). Further, an
internal pressure of the artery becomes highest (or substan-
tially highest) at the fourth timing. The fourth timing is
affected by arterial compliance, changes in a blood flow, and
the like. In other words, the fourth timing changes in
accordance with a magnitude of the pressure difference.
[0064] Next, the pulse wave calculation unit 102 calcu-
lates pulse wave information by associating the calculated
period (hereinafter, expressed as the “pulse wave param-
eter”) and one pressure value of the plurality of pressure
values with each other.

[0065] In this case, a smallest (or approximately smallest)
pressure in which a blood flow is stopped by an obstacle at
the fourth timing is a systolic blood pressure.

[0066] The pulse wave information is, for example, infor-
mation where a pressure value and a pulse wave parameter
are associated with each other as illustrated in FIG. 4. FIG.
4 is a diagram conceptually illustrating one example of the
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pulse wave information. The pulse wave information asso-
ciates, for example, a pressure “70” and a pulse wave
parameter “aa” with each other. This represents that when a
specific region is applied with the pressure “70,” a value of
the pulse wave parameter is “aa.”

[0067] It is not always necessary for the pulse wave
information to associate a pressure in a certain period and a
pulse wave parameter with each other and may be a param-
eter calculated such as via regression analysis of a relation
between a pressure and a pulse wave parameter. Further, it
is not necessary for the pulse wave information to be a pulse
wave parameter itself or a pressure itself and may be a value
calculated in accordance with predetermined steps on the
basis of the pressure or the pulse wave signal 2001. In other
words, the pulse wave information is not limited to the
above-described examples.

[0068] Next, the blood pressure estimation unit 103 esti-
mates a blood pressure (blood pressure value) for the pulse
wave signal 2001 on the basis of the pulse wave information
calculated by the pulse wave calculation unit 102 (step
S203). The blood pressure represents a systolic blood pres-
sure, a diastolic blood pressure, or both thereof. The systolic
blood pressure is a pressure in which blood is pumped to an
artery by contraction of the heart. On the other hand, the
diastolic blood pressure is a pressure in which blood is
gently pumped to the artery while the heart dilates.

[0069] The blood pressure estimation unit 103 estimates a
blood pressure relating to the pulse wave signal 2001 on the
basis of blood pressure information in which pulse wave
information and a blood pressure are previously associated
with each other as exemplified in FIG. 5 and on the basis of
the pulse wave information calculated by the pulse wave
calculation unit 102. FIG. 5 is a diagram conceptually
illustrating one example of the blood pressure information.
In this case, the blood pressure includes a diastolic blood
pressure and a systolic blood pressure. Further, in the
example of FIG. 5, the pulse wave information is informa-
tion where a pressure at a certain timing and a pulse wave
parameter calculated on the basis of a pulse wave signal are
associated with each other. The blood pressure estimation
device 101 may store the blood pressure information into
itself, or may store the blood pressure information into an
external storage device.

[0070] The blood pressure estimation unit 103 reads, from
the blood pressure information, a blood pressure associated
with the received particular pulse wave information (i.e.
information in which a pulse wave parameter for the pulse
wave signal 2001 and the pressure signal 2003 are associ-
ated with each other). In other words, the blood pressure
estimation unit 103 refers to the blood pressure information
and thereby determines a blood pressure associated with the
received particular pulse wave information.

[0071] Inthe above-described example, the blood pressure
estimation unit 103 searched pulse wave information coin-
cident with particular pulse wave information in the blood
pressure information, but may search similar (or coincident)
pulse wave information by calculating a degree of similarity
between the particular pulse wave information and pulse
wave information in the blood pressure information. Further,
there may be a plurality of pieces of blood pressure infor-
mation associated with the particular pulse wave informa-
tion. Alternatively, the blood pressure estimation unit 103
may select a piece of pulse wave information in which a
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degree of similarity is highest (or approximately highest)
and read a blood pressure associated with the selected pulse
wave information.

[0072] Further, it is not always necessary for the blood
pressure estimation unit 103 to calculate degrees of simi-
larity between all pieces of data of the pulse wave informa-
tion in the blood pressure information and the particular
pulse wave information, and a part of the pieces of data of
the pulse wave information in the blood pressure informa-
tion may be used.

[0073] Next, the blood pressure estimation unit 103 esti-
mates a blood pressure (hereinafter, expressed as a “first
blood pressure” for convenience of description) for the pulse
wave information on the basis of the read blood pressure.
When, for example, the number of the read blood pressures
is one, the blood pressure estimation unit 103 estimates the
read blood pressure as a first blood pressure. Further, when
a blood pressure read in accordance with a degree of
similarity is estimated, the blood pressure estimation unit
103 may estimate the blood pressure as a first blood pressure
by executing processing for determining a weighted average
value in accordance with the degree of similarity.

[0074] The blood pressure information includes a blood
pressure and pulse wave information in which a pressure
value and a pulse wave are associated with each other. The
blood pressure information may include values previously
measured for a plurality of subjects to be measured. The
blood pressure information may exist for each subject to be
measured.

[0075] Further, when there are a plurality of pieces of
blood pressure information, the blood pressure estimation
device 101 may synthesize new blood pressure information
from the plurality of pieces of blood pressure information. A
method for the synthesis is, for example, a method for
averaging a plurality of pieces of information or a method
for summing pieces of data in a plurality of blood pressure
information and then executing fitting a non-linear function
to the results. In this case, blood pressure information
synthesized by the blood pressure estimation device 101
may preferably include a combination at the same timing
and parameters calculated using the same method. Further,
degrees of similarity of pieces of blood pressure information
to be synthesized are preferably equal to or larger than a
predetermined reference value.

[0076] As described above, highly accurate blood pressure
information having less noise can be obtained by synthesiz-
ing new blood pressure information on the basis of a
plurality of pieces of blood pressure information.

[0077] In this case, the blood pressure estimation device
101 according to the present exemplary embodiment reads,
from blood pressure information, pulse wave information
associated with particular pulse wave information or a blood
pressure associated with pulse wave information similar to
(or coincident with) the particular pulse wave information
and estimates a blood pressure for the particular pulse wave
information on the basis of the read blood pressure. There-
fore, it is possible for the blood pressure estimation device
101 to estimate a blood pressure while reducing an influence
of the noise after reading a blood pressure from blood
pressure information even when a pulse wave or a pressure
includes noise.
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[0078] On the other hand, it is difficult for a common
blood pressure estimation device to accurately measure a
blood pressure when a pulse wave to be measured includes
noise, as described above.

[0079] In other words, according to the blood pressure
estimation device 101 of the present exemplary embodi-
ment, a blood pressure can be estimated with a high degree
of accuracy.

[0080] Further, the blood pressure estimation unit 103 may
estimate a systolic blood pressure by a pressure in the case
when a difference signal largest (or approximately largest) in
multiple pulse wave signals 2001.

[0081] The heart pumps much blood to an artery in a
systolic period. In this case, since much blood flows in the
artery at a time, a pressure in the artery changes in accor-
dance with a pumped blood amount. In other words, a
pumped blood amount is larger in an upstream and a blood
amount is smaller in a downstream. As a result, difference
signals for pulse wave signals measured in the upstream and
pulse wave signals measured in the downstream are greatly
different. Therefore, the blood pressure estimation unit 103
can estimate a systolic blood pressure by a pressure in the
case when a difference signal is largest (or approximately
largest).

[0082] Further, the blood pressure estimation unit 103 may
estimate a diastolic blood pressure by a pressure in the case
when a difference signal is smaller than a certain value in
multiple pulse wave signals 2001.

[0083] The certain value is, for example, a value higher, by
several percent to some tens percent, than an average value
of difference signals in which no pressure is applied. Further,
the certain value may be a value calculated on the basis of
a diastolic blood pressure measured in accordance with a
method such as an oscillometric method or a Korotkoff
method. The certain value is not limited to the above-
described examples.

[0084] The heart gently pumps blood to an artery in a
diastolic period. In this case, blood gently flows in the artery,
and therefore, a pressure in the artery does not change to a
large extent. As a result, a difference between a pulse wave
signal measured in an upstream and a pulse wave signal
measured in a downstream is small. Therefore, the blood
pressure estimation unit 103 can estimate a diastolic blood
pressure by a pressure that is lower than a systolic blood
pressure and that a difference signal is smaller than a certain
value.

[0085] In the above-described example, the difference
signal may be a difference or a ratio. When the difference
signal is a ratio, the blood pressure estimation unit 103
estimates a blood pressure in accordance with a magnitude
of the ratio. The difference signal may be a comparable
index on multiple pulse wave signals, and is therefore not
limited to the above-described example.

[0086] The blood pressure estimation device 101 esti-
mates a blood pressure on the basis of a difference signal.
Therefore, even when, for example, multiple pulse wave
signals include similar noise, the blood pressure estimation
device 101 estimates a blood pressure on the basis of a
difference to reduce the noise. Therefore, it is possible for
the blood pressure estimation device 101 to reduce an
influence of noise and estimate a blood pressure with a high
degree of accuracy.
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[0087] On the other hand, it is difficult for a common
blood pressure estimation device to accurately measure a
blood pressure when a pulse wave to be measured includes
noise, as described above.

[0088] In other words, according to the blood pressure
estimation device 101 of the present exemplary embodi-
ment, a blood pressure can be estimated with a high degree
of accuracy.

[0089] In the above-described example, a range of the
pressure signal 2003 included a diastolic blood pressure and
a systolic blood pressure, but as exemplified in FIG. 6, it is
not always necessary to include both blood pressures. FIG.
6 is a diagram illustrating one example of a pressure signal
2003 whose range does not include a systolic blood pressure.
The upper figure of FIG. 6 illustrates a pressure signal 2003.
The lower figure of FIG. 6 illustrates a pulse wave signal
2001. The horizontal axis in FIG. 6 represents time, and
indicates a later time toward the rightward side. The vertical
axis in the upper figure of FIG. 6 represents a pressure, and
the pressure increases toward the upper side. The vertical
axis in the lower figure of FIG. 6 represents a pulse wave,
and represents that the pulse wave becomes stronger toward
the upper side or the lower side and weaker toward zero. In
the example illustrated in FIG. 6, the pulse wave signal 2001
is measured in a period until the pressure signal 200 is
stopped.

[0090] Even when the range of the pressure signal 2003
does not include a systolic blood pressure, the blood pres-
sure estimation device 101 can estimate a blood pressure on
the basis of the pulse wave signal 2001 measured in a period
until the pressure signal 2003 is stopped.

[0091] The blood pressure estimation device 101 calcu-
lates pulse wave information calculated by the pulse wave
calculation unit 102, for example, on the basis of a pulse
wave signal 2001 received and a pressure signal 2003
received. Then, the blood pressure estimation unit 103
compares the pulse wave information and pulse wave infor-
mation (or a part of pulse wave information) in blood
pressure information, selects similar (or coincident) pulse
wave information, and reads a blood pressure associated
with the similar (or coincident) pulse wave information. The
blood pressure estimation unit 103 estimates a blood pres-
sure for the received pulse wave signal on the basis of the
read blood pressure.

[0092] The blood pressure estimation device 101 receives,
for example, a pressure signal 2003 measured by a blood
pressure measurement device 408 exemplified in FIG. 7 and
a pulse wave signal 2001 measured by the blood pressure
measurement device 408. FIG. 7 is a block diagram illus-
trating components included in the blood pressure estima-
tion device 408 according to the first exemplary embodi-
ment.

[0093] The blood pressure measurement device 408
includes a cuff 401, a pulse wave measurement unit 402, a
pressure measurement unit 407, a pressure control unit 404,
an input unit 405, a display unit 406, and the blood pressure
estimation device 101. FIG. 8 is a perspective view of the
cuff 401 that is not attached. In FIG. 8, the blood pressure
measurement device 408 includes a plurality of pulse wave
measurement units but may include one pulse wave mea-
surement unit. Further, in FIG. 8, the cuff 401 and the pulse
wave measurement unit 402 are integrally formed, but the
cuff 401 and the pulse wave measurement unit 402 may be
connected via a pulse wave transmission unit. The pulse
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wave transmission unit is, for example, a tube, and an
internal pressure of the tube varies in accordance with a
variation of an internal pressure of the cuff 401, whereby a
pulse wave measured at a specific region is transmitted to the
pulse wave measurement unit 402.

[0094] For convenience of description, it is assumed that
a longer side direction is a direction where the cuff 401 is
wound around a specific region. Further, it is assumed that
a shorter side direction is a direction orthogonal (substan-
tially orthogonal) to the longer side direction.

[0095] First, a subject to be measured winds the cuff 401
around a specific region such as an upper arm, a leg, a wrist,
an ankle, or the like and measures a blood pressure there as
exemplified in FIG. 9. FIG. 9 is a diagram illustrating one
example of a state where the cuff 401 is attached on a
specific region. The subject to be measured winds the longer
side direction around the specific region to attach the cuff
401. In this case, it is conceivable that an artery is parallel
(or substantially parallel) to the shorter side direction.

[0096] The pulse wave measurement unit 402 is, for
example, a vibration sensor that detects vibrations occurred
in accordance with a pulse wave, a photoelectric pulse wave
sensor that detects reflected light in which irradiated light is
reflected or transmitted light in which irradiated light is
transmitted, an ultrasound sensor that detects reflection or
transmission of irradiated ultrasound, an electric field sen-
sor, a magnetic field sensor, or an impedance sensor.

[0097] Further, the pulse wave measurement unit 402 may
be a pressure sensor. In a case of the pressure sensor, a
pressure is decomposed into signals having cycles different
from each other, for example, via Fourier transformation.
When the pressure control unit 404 applies pressure or
reduces pressure at a constant (or substantially constant)
speed, a cycle for a pressure resulting from the pressure
control unit 404 is long. Therefore, a pulse wave signal
resulting from a pulse wave can be extracted by selecting a
signal having a short cycle from the pressure.

[0098] The subject to be measured operates the input unit
405 and starts a measurement. The input unit 405 includes
a measurement start button that starts a measurement, a
power button, a measurement stop button that cancels the
measurement after the measurement start, and a left button
and a right button used upon selecting an item displayed by
the display unit 406 (each thereof being not illustrated). The
input unit 405 transmits an input signal received from a
subject to be measured or the like to the blood pressure
estimation device 101.

[0099] In response to the measurement start, the pressure
control unit 404 controls an amount of gas (e.g. air), liquid,
or both sealed in the cuff 401 while referring to an internal
pressure of the cuff 401 measured by the pressure measure-
ment unit 407 and thereby controls a pressure applied to a
specific region. The pressure control unit 404 controls, for
example, operations of a pump that sends the gas sealed in
the cuff 401 and a valve in the cuff 401.

[0100] The cuff 401 may include a pressure bag (not
illustrated) in which gas and liquid are sealed. The cuff 401
accumulates fluid and the like in the pressure bag in accor-
dance with control executed by the pressure control unit 404
and thereby applies a pressure to the specific region.

[0101] When there are a plurality of pulse wave measure-
ment units, a plurality of pulse wave measurement units may
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be disposed so as to sandwich a pressurization center (or
substantial pressurization center) of the shorter side direc-
tion of the cuff 401.

[0102] Then, while the pressure control unit 404 executes
control for applying a pressure to the specific region, the
pulse wave measurement unit 402 measures a pulse wave in
the specific region.

[0103] The pulse wave measurement unit 402 transmits
the measured pulse wave as a pulse wave signal 2001 to the
blood pressure estimation device 101. The pressure mea-
surement unit 407 transmits the measured pressure as a
pressure signal to the blood pressure estimation device 101.
[0104] The pressure measurement unit 407 converts the
measured pressure into a digital signal by discretization
(analog digital conversion, or A/D conversion) of the mea-
sured pressure, and transmits the digital signal as a pressure
signal 2003. In the same manner, the pulse wave measure-
ment unit 402 converts the measured pulse wave into a
digital signal, for example, by discretization of the measured
pulse wave and transmits the digital signal as a pulse wave
signal 2001.

[0105] A part of a pressure (or a pulse wave) may be
extracted with a filter and the like for extracting particular
frequency in A/D conversion. Further, a pressure (or a pulse
wave) may be amplified to a predetermined amplitude.
[0106] The blood pressure estimation device 101 esti-
mates a blood pressure via the above-described processing.
In doing so, the blood pressure estimation device 101 may
transmit a control signal that makes an instruction for a
control content to the pressure control unit 404.

[0107] The display unit 406 displays the blood pressure
calculated by the blood pressure estimation device 101. The
display unit 406 is an LCD (Liquid Crystal Display), an
OLED (Organic light emitting diode). an electronic paper, or
the like. The electronic paper can be realized in accordance
with, for example, a microcapsule type, an electron powder
fluid type, a cholesteric liquid crystal type, an electropho-
retic type, an electrowetting type, or the like.

[0108] The blood pressure measurement device 408
includes the blood pressure estimation device 101 and can
therefore estimate a blood pressure with a high degree of
accuracy. In other words, according to the blood pressure
measurement device 408 of the first exemplary embodiment,
a blood pressure can be measured with a high degree of
accuracy.

[0109] The blood pressure measurement device 408 may
include a manner in which the pulse wave measurement unit
402 executes transmission/reception of pulse wave informa-
tion to/from the blood pressure estimation device 101 via a
communication network (e.g. a wired communication net-
work, a wireless communication network, or the like).
[0110] Further, the specific region may be an upper arm, a
wrist, or the like. When the specific region is a wrist, the
pulse wave measurement unit 402 may detect a pulse wave
via a radial artery.

[0111] Further, the cuff 401 needs only to include a func-
tion for pressurizing an artery and may be a mechanical
component, an artificial muscle or the like in which a
pressure for pressurization is changed.

Second Exemplary Embodiment

[0112] Next, a first exemplary embodiment of the present
invention based on the above-described second exemplary
embodiment will be described.
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[0113] In the following description, characteristic parts of
the present exemplary embodiment will be mainly
described, and the same components as in the above-de-
scribed first exemplary embodiment are assigned with the
same reference signs, whereby overlapping description will
be omitted.

[0114] With reference to F1G. 10 and FIG. 11, components
included in a blood pressure estimation device 901 accord-
ing to the second exemplary embodiment and processing
executed by the blood pressure estimation device 901 will be
described. FIG. 10 is a block diagram illustrating the com-
ponents included in the blood pressure estimation device
901 according to the second exemplary embodiment of the
present invention. FIG. 11 is a flowchart illustrating a flow
of processing in the blood pressure estimation device 901
according to the second exemplary embodiment.

[0115] The blood pressure estimation device 901 accord-
ing to the second exemplary embodiment includes a pulse
wave calculation unit 902 and a blood pressure estimation
unit 903.

[0116] The pulse wave calculation unit 902 calculates a
timing on the basis of a pressure signal 2003 and a pulse
wave signal 2001 and calculates pulse wave information on
the basis of the timing (step S901).

[0117] Hereinafter, with reference to FIG. 12, processing
for calculating pulse wave information by the pulse wave
calculation unit 902 will be described. FIG. 12 is a cross-
sectional view schematically illustrating a pressure signal
2003 and a specific region where a pulse wave signal is
measured.

[0118] For convenience of description, hereinafter, a value
obtained by subtracting an internal pressure of an artery at
measurement region of a pulse wave from the pressure
signal 2003 will be expressed as a “pressure difference.”
[0119] First, the cuff 401 applies a pressure to an artery
wall 1103 via a skin 1101 and a subcutaneous tissue 1102.
When the pressure applied by the cuff 401 is sufficiently
high, an obstacle 1105 obstructing a blood flow 1104 is
formed in the artery.

[0120] When the pressure signal 2003 is lower than a
diastolic blood pressure (a state “a” illustrated in FIG. 12),
the pressure difference is equal to or smaller than zero.
Therefore, the artery wall 1103 is not deformed by the
pressure in the pressure signal 2003. At this time, in accot-
dance with the blood flow 1104 flowing in the artery, an
internal pressure of the artery is changed, and therefore, an
internal diameter of the artery is changed in accordance with
the change of the internal pressure of the artery. Therefore,
the pulse wave signal is a pulse wave in accordance with the
internal pressure of the artery without an influence of the
pressure signal 2003.

[0121] On the other hand, when the pressure signal 2003
is higher than the diastolic blood pressure and the pressure
difference has a positive value (a state b illustrated in FIG.
12), the artery is subjected to a pressure represented by the
pressure signal 2003, and thereby an obstacle 1105 that
obstructs the blood flow 1104 is formed in the artery wall
1103. In this case, in the artery wall 1103, not only a
deformation due to the pressure signal 2003 but also a
deformation of a blood flow direction due to collision of the
blood flow 1104 with the formed obstacle 1105 are gener-
ated. Further, with an increase in the pressure difference, the
artery wall 1103 is contracted and vascular compliance is
decreased, and therefore, a speed of deformation in the
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blood flow direction is changed. Further, with an increase in
the pressure difference, a large obstacle 1105 is likely to be
formed, and in addition, it becomes difficult for the artery
wall 1103 to return to a normal state. Therefore, when a
shape of a pulse wave upon applying a pressure and a shape
of a pulse wave upon applying no pressure are compared,
with an increase in the pressure difference, the shape of the
pulse wave is greatly changed.

[0122] When the pressure signal 2003 is higher than a
systolic blood pressure, the obstacle 1105 occludes the blood
flow 1104 in the artery. In this case, in the artery wall 113,
a deformation of a blood flow direction is mainly generated
due to collision of the blood flow 1104 with the obstacle
1105. Even when the pressure signal 2003 is higher, a
situation in which the obstacle 1105 occludes a blood flow
in the artery is kept unchanged. Therefore, when the pressure
signal 2003 is higher than the systolic blood pressure, a
deformation of the blood flow direction is not significantly
changed in the artery wall 1103. In other words, even in a
case of a higher pressure, a shape of the pulse wave signal
2001 is not substantially changed from a shape of the pulse
wave signal 2001 in the case of the systolic blood pressure.
[0123] As aresult, there is a relation, as illustrated in FIG.
13, between a magnitude of a change between a shape of a
pulse wave upon applying no pressure and a shape of the
pulse wave signal 2001 upon applying a pressure and the
pressure signal 2003. FIG. 13 is a diagram conceptually
illustrating one example of a relation between the pressure
signal 2003 and a pulse wave parameter. When the pressure
signal 2003 is equal to or smaller than a diastolic blood
pressure, a magnitude of a change from a shape of a pulse
wave upon applying no pressure is small and is constant (or
substantially constant) regardless of the pressure signal
2003. When the pressure signal 2003 lies somewhere
between a diastolic blood pressure and a systolic blood
pressure, with an increase in the pressure signal 2003, the
magnitude of a change from a shape of a pulse wave upon
applying no pressure is large. Further, when the pressure
signal 2003 is equal to or larger than a systolic blood
pressure, the magnitude of a change from a shape of a pulse
wave upon applying no pressure is large and is constant (or
substantially constant) regardless of the pressure signal
2003.

[0124] With reference to FIG. 14, an example of process-
ing for calculating a timing by the pulse wave calculation
unit 902 will be described. FIG. 14 is a diagram conceptually
illustrating one example of processing for extracting a
timing.

[0125] The timing is, for example, a point of time when a
derivation signal obtained by an n-th order differentiation (n
is an integer equal to or larger than 0) of the pulse wave
signal with respect to time is zero if a pulse wave signal (i.e.
the pulse wave signal 2001 in this example) and the pulse
wave signal are continuous. Alternatively, the timing is a
point of time when a derivation signal as a result obtained by
applying, for example, an n-stage difference (n is an integer
equal to or larger than 0) to the pulse wave signal with
respect to time is the closest to zero if the pulse wave signal
is discrete.

[0126] The horizontal axis of FIG. 14 represents time and
represents that more time passes toward the right side. The
vertical axis of FIG. 14 represents a signal and represents
that the signal is stronger toward the upper side. Four curves
in FIG. 14 each are, in order from the top, a pressure signal
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2003, a pulse wave signal 2001, a derivation signal (here-
inafter, expressed as a “first derivation signal”) as a result
obtained by primarily differentiating the pulse wave signal
2001 with respect to time, and a derivation signal (herein-
after, expressed as a “second derivation signal”) as a result
obtained by secondarily differentiating the pulse wave signal
2001 with respect to time.

[0127] The pulse wave calculation unit 902 calculates a
timing when the pulse wave signal 2001, the first derivation
signal, or the second derivation signal has a certain value.
[0128] The pulse wave calculation unit 902 calculates, for
example, a first timing 81 when the pulse wave signal
becomes smallest (or approximately smallest) in one heart-
beat (i.e. one cycle). In other words, a pulse wave signal
starts rising in the first timing 81.

[0129] The pulse wave calculation unit 902 estimates the
first timing 81, for example, as a timing when an inclination
of the pulse wave signal 2001 becomes equal to or larger
than a predetermined inclination. In other words, the pulse
wave calculation unit 902 may estimate the first timing 81 as
a timing when the first derivation signal becomes equal to or
larger than a first threshold. In this case, the first threshold
is a value equal to or larger than zero.

[0130] Further, the pulse wave calculation unit 902 may
calculate a timing when a second derivation signal becomes
a second threshold, if there are a plurality of timings when
the first derivation signal becomes equal to or larger than the
first threshold in one cycle. This processing makes it pos-
sible for the pulse wave calculation unit 902 to more
accurately calculate the first timing 81.

[0131] The pulse wave calculation unit 902 calculates, for
example, a second timing when an inclination of the pulse
wave signal 2001 increases in one cycle.

[0132] An obstacle 1105 disappears from an artery at a
second timing 82. The obstacle 1105 is formed at the first
timing 81 and thereafter a pressure difference becomes
negative after pumping of blood by the heart, whereby the
obstacle 1105 disappears. When the obstacle 1105 disap-
pears, a deformation in a direction vertical to a blood flow
1104 increases after pumping of blood by the heart, and
therefore, a changing speed of the pulse wave signal 2001
increases.

[0133] The pulse wave calculation unit 902 may estimate
the second timing 82 as a timing when the second derivation
signal exceeds the second threshold in one cycle. The pulse
wave calculation unit 902 may estimate the second timing
82 as a timing when the second derivation signal becomes
local maximum (or approximately local maximum) in one
cycle.

[0134] For example, “approximately local maximum” can
be defined as a value that is within a certain range from a
local maximum. The certain range may be a value calculated
on the basis of a fact in which a magnitude of an inclination
(determined by calculating a differential, difference, or the
like) of a target for which a maximum value is calculated is
less than a predetermined value. The certain range is not
limited to the above-described example.

[0135] When the second derivation signal includes a plu-
rality of local maximum values in one cycle, the pulse wave
calculation unit 902 may refer to a third derivation signal
obtained by cubic differentiation of a pulse wave signal with
respect to time, a fourth derivation signal obtained by quartic
differentiation of a pulse wave signal with respect to time, or
the like and calculate the second timing 82. In other words,
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the method for calculating the second timing 82 is not
limited to the above-described example.

[0136] The pulse wave calculation unit 902 estimates, for
example, a third timing 83 as a timing when the first
derivation signal becomes maximum (or in a maximum
vicinity) in one cycle. In other words, a dilation speed of an
artery at the third timing 83 is largest (or approximately
largest).

[0137] A pressure difference becomes negative and there-
after the artery further dilates depending on pumping of
blood by the heart. When the artery does not rupture, the
dilation of the artery stops soon. Therefore, the dilation
speed of the artery becomes largest (or approximately larg-
est). In other words. this timing is the third timing 83.
[0138] At the third timing 83, arterial compliance
decreases due to a pressure based on the pressure signal
2003. The third timing 83 is affected by a factor such as a
decrease in a blood flow due to an obstacle 1105 having been
formed while the pressure difference is positive. In other
words, the third timing 83 changes in accordance with the
pressure difference.

[0139] The pulse wave calculation unit 902 calculates, for
example, a fourth timing 84 when a difference becomes
largest (or approximately largest). The pulse wave calcula-
tion unit 902 may calculate the fourth timing 84, on the basis
of, for example, a timing when the first derivation signal
becomes 0 (or substantially 0) or a timing when the second
derivation timing is convex downward. In other words, the
method for calculating the fourth timing 84 is not limited to
the above-described examples.

[0140] The pulse wave calculation unit 902 calculates, for
example, a fifth timing 85 when the first derivation signal
becomes smallest (or approximately smallest) in one cycle.
In other words, at the fifth timing 85, a contraction speed of
an artery is largest (or approximately largest).

[0141] When a peak of pumping of blood by the heart is
passed, an internal pressure of an artery is decreased. The
artery contracts depending on a decrease of the internal
pressure of the artery. The contraction speed of the artery
becomes largest (or approximately largest) soon.

[0142] The fifth timing 85 is affected by arterial compli-
ance or the like in the same manner as the third timing 83.
In other words, the fifth timing 85 is determined in accor-
dance with a pressure difference or the like.

[0143] The pulse wave calculation unit 902 calculates, for
example, a sixth timing 86 when the second derivation
signal exceeds a predetermined value in one cycle. Alterna-
tively, the pulse wave calculation unit 902 may estimate the
sixth timing 86 as a timing when the second derivation
signal becomes local maximum (or approximately local
maximum) in one cycle.

[0144] In the sixth timing, an obstacle 1105 is formed in
an artery. A peak of pumping of blood by the heart has been
passed, and therefore, an internal pressure of the artery
decreases. When a pressure difference becomes negative, the
obstacle 1105 is generated in the artery. The obstacle 1105
is generated, and thereby a changing speed of a pulse wave
signal is unlikely to be affected by the internal pressure of
the artery. As a result, a decreasing speed of the changing
speed of the pulse wave signal becomes rapidly small.
[0145] When there are a plurality of timings when the
second derivation signal becomes local maximum (or
approximately local maximum) in one cycle, the pulse wave
calculation unit 902 may estimate the sixth timing 86 as a
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timing when the third derivation signal becomes local maxi-
mum (or approximately local maximum) or a timing when
the fourth derivation signal becomes local maximum (or
approximately local maximum). In other words, the method
for calculating the sixth timing 86 is not limited to the
above-described examples.

[0146] The first timing 81 to the sixth timing 86 can be
calculated on the basis of a pressure signal, a derivation
signal, or a pulse wave signal, and therefore, the calculation
method is not limited to the above-described examples.
[0147] An example of processing in which the pulse wave
calculation unit 902 calculates pulse wave information on
the basis of multiple pulse wave signals will be described.
[0148] The pulse wave calculation unit 902 calculates, for
example, a difference between two timings in the first timing
81 to the sixth timing 86 and thereby calculates a period
between the two timings. The pulse wave calculation unit
902 need not always calculate a period in one heartbeat, and
may estimate the period as a difference between two timings
over multiple heartbeats. When calculating the difference
between two timings over multiple heartbeats, the pulse
wave calculation unit 902 may calculate a difference
between timings in multiple heartbeats by using one kind of
timing.

[0149] Further, the method for calculating a period may be
a method for calculating a difference between the above-
described timing and a reference timing. In this case, the
blood pressure estimation device 901 calculates a reference
timing on the basis of, for example, a waveform output by
an electrocardiograph.

[0150] The reference timing is a timing synchronizing
with a cycle of the heartbeats and is not influenced by
obstacle 1105. The reference timing is, for example, a timing
representing a characteristic such as an R wave, a Q wave,
an S wave, a P wave, or a T wave in an electrocardiogram.

[0151] The reference timing is not subjected to an influ-
ence resulting from the obstacle 1105, and therefore, the
pulse wave calculation unit 902 can calculate a period with
a higher degree of accuracy.

[0152] Further, the pulse wave calculation unit 902 may
normalize the above-described period. A method for the
normalization is, for example, a method for calculating a
ratio between a determined period and a heartbeat cycle (e.g.
a peak interval of pulse waves, an R-R interval of an
electrocardiogram, or the like), a method for determining a
ratio between a plurality of periods calculated by combining
different characteristic points, or the like. The method for the
normalization is not limited to the above-described
examples. The normalization makes it possible to correct an
influence produced by different heartbeat cycles in a pulse
wave signal, and therefore the pulse wave calculation unit
902 calculates a more accurate period.

[0153] Next, a method in which the pulse wave calculation
unit 902 calculates a pressure in a period between a par-
ticular first timing and a particular second timing will be
described.

[0154] The pulse wave calculation unit 902 designates, as
a pressure, a pressure value of a pressure signal 2003 at the
particular first timing or a pressure value of a pressure signal
2003 at the particular second timing. Further, the pulse wave
calculation unit 902 may extrapolate, for example, the
pressure value of the pressure signal 2003 at the particular
first timing and calculate a pressure in a different heartbeat.
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In other words, the method in which the pulse wave calcu-
lation unit 902 calculates a pressure is not limited to the
above-described example.

[0155] With reference to FIG. 15, characteristics included
in pulse wave information will be described. FIG. 15 is a
diagram conceptually illustrating characteristics included in
pulse wave information. The horizontal axis of FIG. 15
represents a pressure, and represents that the pressure
becomes higher toward the right side. The vertical axis of
FIG. 15 represents a pulse wave parameter, and represents
that a period becomes longer toward the upper side. Five
curves shown in FIG. 15 represent a relation between a
pressure and a period during between the particular first
timing defined by the fourth timing 84 and the particular
second timing different from the first timing (i.e. the first
timing 81, the third timing 83, the fifth timing 85, or the sixth
timing 86). In this example, the pressure is a value of the
pressure signal 2003 in the fourth timing 84.

[0156] It is assumed that a first curve 1581 is a curve
representing a relation between the first timing 81 and the
fourth timing 84. It is assumed that a second curve 1582 is
a curve representing a relation between the second timing 82
and the fourth timing 84. It is assumed that a third curve
1583 is a curve representing a relation between the third
timing 83 and the fourth timing 84. It is assumed that a fifth
curve 1585 is a curve representing a relation between the
fifth timing 85 and the fourth timing 84. It is assumed that
a sixth curve 1586 is a curve representing a relation between
the sixth timing 86 and the fourth timing 84.

[0157] The pressure in the five curves shown in FIG. 15 is
normalized by setting a diastolic blood pressure to 0 and
setting a systolic blood pressure to 100. In this example, the
diastolic blood pressure and the systolic blood pressure each
are a value measure according to an auscultatory method.
[0158] The curve representing a relation between a period
and a pressure includes characteristics as exemplified in
FIG. 15. The five curves are different from each other
depending on the particular second timing. The reason is that
the particular first timing and the particular second timing
are changed in accordance with various factors such as an
artery as described above and are not changed uniformly
with respect to a pressure.

[0159] When, for example, the pressure lies somewhere
between a diastolic blood pressure and a systolic blood
pressure, the first timing 81, the fourth timing 84, and the
fifth timing 85 greatly change up and down. On the other
hand, when the pressure does not fall within the above-
described range, the first timing 81, the fourth timing 84, and
the fifth timing 85 do not change to a large extent.

[0160] The blood pressure estimation unit 103 estimates a
blood pressure on the basis of this property. Further, the
blood pressure estimation unit 103 may read a blood pres-
sure associated with pulse wave information from the blood
pressure information and estimate the read blood pressure as
a blood pressure for the pulse wave information.

[0161] The blood pressure estimation device 901 esti-
mates a blood pressure on the basis of a pulse wave
parameter representing a difference between the above-
described timings. Therefore, even when a pulse wave signal
includes noise, the noise can be eliminated by calculating the
difference. As a result, according to the blood pressure
estimation device 901 of the present exemplary embodi-
ment, a blood pressure can be estimated with a high degree
of accuracy.
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[0162] On the other hand, a common blood pressure
measurement device estimates a blood pressure on the basis
of a pulse wave signal, as described above. Therefore, when
apulse wave signal includes noise, it is difficult for the blood
pressure measurement device to eliminate the noise and is
therefore unable to estimate a blood pressure accurately.
[0163] In the above-described example, as illustrated in
FIG. 15, there is a positive correlation between a period and
a pressure. Even when a period and a pressure has a negative
correlation in accordance with a combination of the particu-
lar first timing and the particular second timing, the blood
pressure estimation device 901 can estimate a blood pressure
in the same manner as the above-described processing.
[0164] With reference to examples illustrated in FIG. 16
and FIG. 17, processing executed by the blood pressure
estimation unit 903 will be described. FIG. 16 is a diagram
conceptually illustrating one example of a relation between
a pressure signal 2003 and a pulse wave parameter in a case
of an increase in pressure. FIG. 17 is a diagram conceptually
illustrating an example in which a curve representing a
relation between the pressure signal 2003 and the pulse
wave parameter is estimated.

[0165] Thehorizontal axis in FIG. 16 represents a pressure
and represents that the pressure becomes higher toward the
right side. The vertical axis in FIG. 16 represents a value of
a pulse wave parameter and represents that the pulse wave
parameter has a larger value toward the upper side. The
horizontal axis in FIG. 17 represents a pressure and repre-
sents that the pressure becomes higher toward the right side.
The vertical axis in FIG. 17 represents a value of a pulse
wave parameter and represents that the pulse wave param-
eter has a larger value toward the upper side.

[0166] As exemplified in FIG. 16, pulse wave information
need not be a table where a pressure and a period are
associated with each other. The pulse wave information may
be, for example, a curve where a pressure and a pulse wave
parameter are associated with each other or a parameter
representing the curve. Further, the pulse wave information
may be, as exemplified in FIG. 17, a curve in which a value
of a pulse wave parameter is interpolated via extrapolation
or a function in which a pressure and a period are param-
eters.

[0167] Further, the pulse wave information may be not-
malized on the basis of a blood pressure or the like.
[0168] As illustrated in FIG. 17, for example, a method for
extrapolating a curve includes a method for fitting (apply-
ing) pulse wave information to a predetermined function in
accordance with a least-square method and a method for
executing fitting on the basis of pattern matching.

[0169] The blood pressure estimation unit 903 fits a curve
to pulse wave information in which values are discretely
provided and thereby expresses the pulse wave information
using the curve. The curve rises and falls, as described
above, in accordance with a case in which a pressure is lower
than a diastolic blood pressure, a case in which a pressure
lies somewhere between a diastolic blood pressure and a
systolic blood pressure, and a case in which a pressure is
higher than a systolic blood pressure. Therefore, the blood
pressure estimation unit 903 can estimate a diastolic blood
pressure and a systolic blood pressure on the basis of a rise
and fall of the fitted curve.

[0170] As accuracy in fitting a curve to pulse wave infor-
mation is improved, accuracy in estimating a blood pressure
is improved. When, for example, a pressure in pulse wave
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information includes a value between a systolic blood pres-
sure and a diastolic blood pressure, the blood pressure
estimation unit 903 fits a curve to the pulse wave informa-
tion with a high degree of accuracy. Therefore, the blood
pressure estimation unit 903 estimates a blood pressure with
a high degree of accuracy.

[0171] In addition, when the pressure of the pulse wave
information further includes a value equal to or larger than
the systolic blood pressure or a value equal to or smaller than
the diastolic blood pressure, the blood pressure estimation
unit 903 fits a curve to the pulse wave information with a
higher degree of accuracy. Therefore, the blood pressure
estimation unit 903 estimates blood pressure with a higher
degree of accuracy.

[0172] It is not always necessary for the blood pressure
estimation device 901 to calculate pulse wave information
on the basis of a pulse wave signal 2001 at a pressure
including pulse wave information including a systolic blood
pressure and a diastolic blood pressure. In this case, the
blood pressure estimation device 901 calculates particular
pulse wave information on the basis of a pressure signal
2003 that does not always include a systolic blood pressure
and a diastolic blood pressure and a pulse wave signal 2001
in which the pressure signal 2003 is pressurized. The blood
pressure estimation device 901 estimates, as a first blood
pressure, a blood pressure associated with pulse wave infor-
mation similar to (or coincident with) the particular pulse
wave information in blood pressure information.

[0173] When, for example, a degree of similarity between
the particular pulse wave information and pulse wave infor-
mation in the blood pressure information exceeds a prede-
termined threshold, the blood pressure estimation device
901 may estimate a blood pressure associated with the pulse
wave information as the first blood pressure.

[0174] In this case, a blood pressure measurement device
(not illustrated) including the blood pressure estimation
device 901 may terminate processing for measuring a blood
pressure such as processing for stopping pressurization or
processing for depressurization in accordance with a fact
that it becomes possible for the blood pressure estimation
device 901 to estimate the first blood pressure.

[0175] An upper limit of the pressure is not specifically
limited and may be set in a range of a pressure lower than
a systolic blood pressure to the extent that a physical burden
due to a pressure applied to a subject to be measured is
reduced.

[0176] Further, the blood pressure estimation unit 903 may
estimate a blood pressure index value different from a
diastolic blood pressure or a systolic blood pressure without
fitting a curve. The blood pressure index value is, for
example, an average blood pressure value. In this case, the
blood pressure estimation unit 903 estimates a pressure at a
timing when an envelope for amplitudes in a pulse wave
signal is largest (or approximately largest), as in an oscil-
lometric method as the average blood pressure value.
[0177] As described above, the blood pressure estimation
device 901 may estimate a blood pressure on the basis of
pulse wave information. Even when the pulse wave infor-
mation is discrete information, the blood pressure estimation
device 901 determines a curve to be fitted to the pulse wave
information and thereby estimates a blood pressure based on
a pulse wave signal. Therefore, according to a blood pres-
sure measurement device including the blood pressure esti-
mation device 901 of the present exemplary embodiment, it
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is possible to shorten a time for imposing a burden to a
subject to be measured and further reduce a physical burden
accompanied with measurement.

[0178] Further, the blood pressure estimation device 901
calculates a pulse wave parameter representing a difference
between the above-described timings even when pulse wave
information includes noise. Since the noise is reduced, by
calculation of the pulse wave information, according to the
blood pressure estimation device 901 of the present exem-
plary embodiment, a blood pressure can be estimated with a
high degree of accuracy without an influence of noise such
as body movements or the like.

[0179] Hereinafter, description on reduction of noise by
calculating a difference signal will be made.

[0180] Movements in a subject to be measured, vibrations
from the outside, noise from a surrounding area, and the like
are added as noise signals to pulse wave information.
[0181] For convenience of description, measured signals
including noise signals are denoted by S, and S,, and pulse
wave signals related to the subject to be measured are
denoted by P, and P,.

[0182] In this case, the measurement signals and the pulse
wave signals have the relationships expressed by Equation 1
and Equation 2 below. Specifically,

S,=Pxa+b; (Equation 1)

Sy=Poyxaytb, (Equation 2)

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

[0183] Here, k is defined according to Equation 3 below.
Specifically,

k=b /b,
[0184] Equation 4 below is established on the basis of

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

(Equation 3)

S1-kxSy=Pxa;-Poxkxa,

[0185] When a, and a, are sufficiently close to one (i.e.,
each multiplication noise is sufficiently small), or when a
characteristic value that is not affected by any multiplication
noise is extracted, a, and a, can be ignored, consequently
reducing noise.

[0186] Here, m is defined according to Equation 5 below.
Specifically,

(Equation 4)

m=a,/a, (Equation 5)

[0187] Equation 6 below is established on the basis of
Equation 1, Equation 2, and Equation 5 described above.
Specifically,

Sy/m/Sy=(Py+by/ay)/(Polexbs/ay )

[0188] When b, and b, are sufficiently small with respect
to a, and a,, respectively, or when a characteristic value that
is not affected by any addition noise is extracted, a, and a,
can be ignored, consequently reducing noise.

[0189] Multiplication noise and addition noise are non-
independently added to multiple pulse wave signals mea-
sured by multiple pulse wave measurement units located at
positions close to each other. In this case, even when the

(Equation 6)

Jun. 22,2017

values k and m are not determined, noise signal components
can be reduced by calculating the difference.

[0190] Hence, the blood pressure estimation device 901
according to the second exemplary embodiment can esti-
mate blood pressure with a high degree of accuracy.

[0191] When a blood pressure measurement device 1007
including the blood pressure estimation device 901 measures
three pulse waves as illustrated in FIG. 18, the blood
pressure estimation device 901 can also estimate blood
pressure as the above-described example. FIG. 18 is a
diagram schematically illustrating a positional relationship
between a cuff 1005 and three pulse wave measurement
units.

[0192] For convenience of description, FIG. 18 includes a
specific region and a blood flow and the like in the specific
region. However, the blood pressure measurement device
1007 does not include any specific region and any blood
flow and the like in a specific region.

[0193] The blood pressure measurement device 1007
includes a pulse wave measurement unit 1001, a pulse wave
measurement unit 1002, a pulse wave measurement unit
1003, and the cuff 1005. The cuff 1005 may include a
pressure bag 1006. At least two pulse wave measurement
units of the pulse wave measurement unit 1001, the pulse
wave measurement unit 1002, and the pulse wave measure-
ment unit 1003 are located at positions so that pressurization
center (or substantially center) in the shorter-side direction
of the pressure application in the cuff 105 is located between
the pulse wave measurement units.

[0194] Each of the pulse wave measurement unit 1001, the
pulse wave measurement unit 1002, and the pulse wave
measurement unit 1003 measures a pulse wave at the
specific region.

[0195] Here, for convenience of description, measurement
signals including noise are denoted by S, S,, and S;, and
pulse signals are denoted by P, P,, and P,.

[0196] In this case, the measurement signals and the pulse
wave signals have the relationships expressed by Equation 7
to Equation 9 below. Specifically,

S,=Pxa+b; (Equaticn 7)

So=Poxaytby (Equation 8)

S3=P3xay+b;, (Equaticn 9)

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

[0197] Here, k, is defined according to Equation 10 below,
and k, is defined according to Equation 11 below. Specifi-
cally,

ki =b /b, {Equation 10)
ky=b /by (Equation 11)
[0198] By calculating the difference between Equation 7

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

S~k xS,=Pxa,-P,yxkxa, (Equation 12)

S1-kyxS3=P xa,-Psxkyxa; {Equation 13)
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[0199] By calculating (Equation 12)/(Equation 13), Equa-
tion 14 below is established. Specifically,

(S1=kxS5)/ (S, =koxS3)=(P | —Poxk xa,/a, (P -P3x

koxas/a,) {Equation 14)

[0200] Equation 14 indicates that, when a, is sufficiently
close to a, and a, after the influences of the addition noises
b,, by, and b, are cancelled, the influences of the multipli-
cation noises can be ignored. This indicates that noise can be
reduced.

[0201] Further, the noise signals (a,, a, a5, b, b,, and b;)
are non-independently added to multiple pulse signals mea-
sured by multiple pulse wave measurement units located at
positions close to each other. Accordingly, Equation 14
indicates that the influences of these noises can be reduced
by calculating the difference even when the values k, and k,
are not determined.

[0202] Hence, the blood pressure estimation device 901
according to the second exemplary embodiment can reduce
the influences of noise by estimating blood pressure on the
basis of three or more pulse wave signals as described
above.

[0203] Further, as illustrated in FIG. 19, when a blood
pressure measurement device 1008 including the blood
pressure estimation device 901 also measures four pulse
waves, the blood pressure estimation device can estimate a
blood pressure in the same manner as in the above-described
example. FIG. 19 is a diagram conceptually illustrating a
position relation between a cuff 1005 and four pulse wave
measurement units.

[0204] For convenience of description, FIG. 19 also illus-
trates a specific region and a blood flow and the like in the
specific region. However, the blood pressure measurement
device 1008 does not include a specific region or a blood
flow and the like in the specific region.

[0205] The blood pressure measurement device 1008
includes a pulse wave measurement unit 1001, a pulse wave
measurement unit 1002, a pulse wave measurement unit
1003, and a pulse wave measurement unit 1004, and a cuff
1005. The cuff 1005 may include a pressure bag 1006. At
least two pulse wave measurement units of the pulse wave
measurement unit 1001, the pulse wave measurement unit
1002, the pulse wave measurement unit 1003, and the pulse
wave measurement unit 1004 are located at positions that
sandwich a pressurization center (or substantially a pressur-
ization center) of a shorter side direction in the cuff 1005.

[0206] The pulse wave measurement unit 1001, the pulse
wave measurement unit 1002, the pulse wave measurement
unit 1003, and the pulse wave measurement unit 1004 each
measure a pulse wave in a specific region.

[0207] The blood pressure estimation device 901 esti-
mates a blood pressure in manner similar to the above-
described processing, on the basis of the pulse wave mea-
surement unit 1001, the pulse wave measurement unit 1002,
the pulse wave measurement unit 1003, and the pulse wave
measurement unit 1004.

[0208] Therefore, the blood pressure estimation device
901 according to the second exemplary embodiment esti-
mates a blood pressure on the basis of four or more pulse
wave signals and can thereby reduce an influence of noise on
the basis of reasons similar to the above-described reason.
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Third Exemplary Embodiment

[0209] Next, a third exemplary embodiment of the present
invention based on the above-described first exemplary
embodiment will be described.

[0210] Inthe following description, characteristic portions
according to the present exemplary embodiment will be
mainly described, and the same components as in the
above-described first exemplary embodiment are assigned
with the same reference signs, whereby overlapping descrip-
tion will be omitted.

[0211] With reference to FIG. 20 and FIG. 21, components
included in a blood pressure measurement device 1201
according to the third exemplary embodiment and process-
ing executed by the blood pressure measurement device
1201 will be described. FIG. 20 is a block diagram illus-
trating the components included in the blood pressure mea-
surement device 1201 according to the third exemplary
embodiment of the present invention. FIG. 21 1s a flowchart
illustrating a flow of processing in the blood pressure
measurement device 1201 according to the third exemplary
embodiment.

[0212] The blood pressure measurement device 1201
includes a cuff 401, a pulse wave measurement unit 402, a
pressure measurement unit 407, a pressure control unit 1203,
an input unit 405, a display unit 406, and a blood pressure
estimation device 1202.

[0213] First, the pressure control unit 1203 executes con-
trol for applying an internal pressure of the cuff 401 in
accordance with a start of measurement (step S1301). The
pressure measurement unit 407 measures the internal pres-
sure of the cuff 401 in a process of pressurization and
transmits the measured pressure to the blood pressure esti-
mation device 1202 as a pressure signal 2003 (step S1302).
Further, the pulse wave measurement unit 402 measures a
pulse wave in a specific region and transmits the measured
pulse wave to the blood pressure estimation device 1202 as
a pulse wave signal (step S1302)

[0214] The blood pressure estimation device 1202
receives the pressure signal 2003 and the pulse wave signal
and calculates a timing and a period (pulse wave parameter)
between a plurality of the timings on the basis of the
received pressure signal 2003 and pulse wave signal (step
S1303). The blood pressure estimation device 1202 associ-
ates a pressure in the period and the pulse wave parameter
with each other and calculates particular pulse wave infor-
mation (step S1304).

[0215] Next, the blood pressure estimation device 1202
reads a pressure associated with the particular pulse wave
information and outputs the blood pressure as a blood
pressure for the pulse wave signal (step S1305). Thereafter,
the blood pressure measurement device 1201 reduces the
internal pressure of the cuff 401 (step S1306).

[0216] Inthe above-described example, the blood pressure
measurement device 1201 measured a pulse wave after an
internal pressure was applied to the cuff but may measure a
pulse wave in a process of pressurization.

[0217] Further, it is not always necessary for the blood
pressure estimation device 1202 to calculate all pulse wave
parameters when another pulse wave parameter can be
estimated on the basis of a calculated pulse wave parameter.
In this case, it is not always necessary for the blood pressure
measurement device 1201 to apply the internal pressure
close to a systolic blood pressure. Therefore, according to
the blood pressure measurement device 1201 of the present
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exemplary embodiment, a systolic blood pressure can be
determined at a pressure lower than that of a common blood
pressure measurement device, and therefore, it is possible to
further shorten a measurement time and reduce a burden
imposed to a subject to be measured.

[0218] Further, the blood pressure measurement device
1201 according to the third exemplary embodiment includes
components similar to those in the first exemplary embodi-
ments, and therefore, effects similar to those in the first
exemplary embodiment can be obtained from the third
exemplary embodiment. In other words, according to the
blood pressure measurement device 1201 according to the
third exemplary embodiment, a blood pressure can be mea-
sured with a high degree of accuracy.

Fourth Exemplary Embodiment

[0219] Next, a fourth exemplary embodiment of the pres-
ent invention based on the above-described third exemplary
embodiment will be described.

[0220] In the following description, characteristic portions
according to the present exemplary embodiment will be
mainly described and the same components as in the above-
described third exemplary embodiment are assigned with the
same reference signs, whereby overlapping description will
be omitted.

[0221] With reference to FIG. 22, components included in
a blood pressure measurement device 2501 according to the
fourth exemplary embodiment and processing executed by
the blood pressure measurement device 2501 will be
described. FI1G. 22 is a block diagram illustrating the com-
ponents included in the blood pressure measurement device
2501 according to the fourth exemplary embodiment of the
present invention.

[0222] The blood pressure measurement device 2501 fur-
ther includes a determination unit 2502 and a correction unit
2503 in addition to the components included in the third
exemplary embodiment.

[0223] The determination unit 2502 determines whether
parameters representing a state for a subject to be measured,
parameters representing surrounding environments and the
like affect a blood pressure to be estimated.

[0224] For example, the determination unit 2502 deter-
mines that a blood pressure is affected when, for example, a
curve to be fitted to pulse wave information is changed
depending on the parameters.

[0225] The parameters representing a state for a subject to
be measured include, for example, a parameter representing
behavior information (e.g. a recumbent position, a standing
position, and a sitting position) on a body position, an
activity amount or the like, or a parameter representing vital
information on a body temperature or a heartbeat number.
Further, the parameters representing a surrounding environ-
ment include, for example, a parameter for an atmosphere
temperature, an atmosphere temperature near a body sur-
face, or a temperature.

[0226] The parameters representing a state for a subject to
be measured include, for example, a value calculated in such
a manner that a dynamic sensor such as an acceleration
sensor, an angular speed sensor, or a clinometer is attached
to a subject to be measured and a common behavior analysis
algorism is applied to a value output by the attached sensor.
Further, the parameters representing a surrounding environ-
ment include a value output by a temperature sensor placed
in a circumference of a subject to be measured.
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[0227] When the determination unit 2502 determines that
a blood pressure is affected, the correction unit 2503 selects
blood pressure information on the basis of the parameter
(hereinafter, expressed as the “first parameter” for conve-
nience of description) and pulse wave information. In this
case, the blood pressure information associates pulse wave
information, blood pressure information, and the parameter
with each other. The correction unit 2503 reads, for example,
pulse wave information associated with the parameter (i.e.
the first parameter) representing behavior information from
the blood pressure information. Thereafter, a blood pressure
estimation device 1402 estimates a blood pressure on the
basis of the pulse wave information read by the correction
unit 2503.

[0228] The correction unit 2503 may correct blood pres-
sure information selected according to the pulse wave infor-
mation on the basis of the parameter. When, for example, the
parameter and a blood pressure are highly correlated, the
correction unit 2503 corrects the blood pressure estimated
by the blood pressure estimation device 1402 on the basis of
the correlation. The correction unit 2503 estimates, for
example, a blood pressure (expressed as a “first blood
pressure”) on the basis of a correlation between a parameter
and a blood pressure and executes processing and the like for
calculating a weighted average of the estimated first blood
pressure and the blood pressure estimated by the blood
pressure estimation device 1402 to correct the blood pres-
sure.

[0229] The blood pressure measurement device 2501
according to the fourth exemplary embodiment includes
components similar to those in the third exemplary embodi-
ment, and therefore, effects similar to those in the third
exemplary embodiment can be obtained from the fourth
exemplary embodiment. In other words, according to the
blood pressure measurement device 2501 of the fourth
exemplary embodiment, a blood pressure can be estimated
with a high degree of accuracy.

[0230] Further, the correction unit 2503 corrects a blood
pressure on the basis of parameters and the like representing
behavior information and vital information. As a result, the
blood pressure measurement device 2501 can measure a
blood pressure with a high degree of accuracy regardless of
a measurement environment.

[0231] An aspect may be employed in which while the
blood pressure measurement device 2501 measures a blood
pressure when the determination unit 2502 determines that
a blood pressure is not affected, the blood pressure mea-
surement device 2501 may have a mode of not measuring a
blood pressure when the determination unit 2502 determines
that a blood pressure is affected. Alternatively, an aspect may
be employed in which when the determination unit 2502
determines that a blood pressure is affected, the blood
pressure measurement device 2501 may have a mode of
promoting re-measurement or display that a subject to be
measured needs to adjust his/her posture. Alternatively, an
aspect may be employed in which the blood pressure mea-
surement device 2501 may have a mode of not starting
measurement until the determination unit 2502 determines
that a blood pressure is not affected.

Hardware Configuration Example

[0232] A configuration example of hardware resources
that realize a blood pressure estimation device in the above-
described exemplary embodiments of the present invention



US 2017/0172429 Al

using a single calculation processing apparatus (an informa-
tion processing apparatus or a computer) will be described.
However, the pressure estimation device may be realized
using physically or functionally at least two calculation
processing apparatuses. Further, the pressure estimation
device may be realized as a dedicated apparatus.

[0233] FIG. 23 is a block diagram schematically illustrat-
ing a hardware configuration of a calculation processing
apparatus capable of realizing the blood pressure estimation
device according to each of the first exemplary embodiment
to the four exemplary embodiment or a pressure controlling
unit in the blood pressure measurement device. A calculation
processing apparatus 20 includes a central processing unit
(CPU) 21, a memory 22, a disc 23, a non-transitory record-
ing medium 24, an input apparatus 25, an output apparatus
26, and a communication interface (hereinafter, expressed as
a “communication I/F”) 27. The calculation processing
apparatus 20 can execute transmission/reception of infor-
mation to/from another calculation processing apparatus and
a communication apparatus via the communication IF 27.
[0234] The non-transitory recording medium 24 is, for
example, a computer-readable Compact Disc, Digital Ver-
satile Disc. The non-transitory recording medium 24 is, for
example, Universal Serial Bus (USB) memory, or Solid
State Drive. The non-transitory recording medium 24 allows
arelated program to be holdable and portable without power
supply. The non-transitory recording medium 24 is not
limited to the above-described media. Further, a related
program can be carried via a communication network by
way of the communication I/F 27 instead of the non-
transitory medium 24.

[0235] In other words, the CPU 21 copies, on the memory
22, a software program (a computer program: hereinafter,
referred to simply as a “program”) stored by the disc 23
when executing the program and executes arithmetic pro-
cessing. The CPU 21 reads data necessary for program
execution from the memory 22. When display is needed, the
CPU 21 displays an output result on the output apparatus 26.
When a program is input from the outside, the CPU 21 reads
the program from the input apparatus 25. The CPU 21
interprets and executes a blood pressure estimation program
present on the memory 22 corresponding to a function
(processing) indicated by each unit illustrated in FIG. 1,
FIG. 7, FIG. 10, FIG. 20, or FIG. 22 described above or a
blood pressure estimation program (FIG. 2, FIG. 11, or FIG.
21). The CPU 21 sequentially executes the processing
described in each exemplary embodiment of the present
invention.

[0236] In other words, in such a case, it is conceivable that
the present invention can also be made using the blood
pressure estimation program. Further, it is conceivable that
the present invention can also be made using a computer-
readable, non-transitory recording medium storing the blood
pressure estimation program.

[0237] A part or all of the above-described exemplary
embodiments can be described as the following supplemen-
tary notes. However, the present invention having been
exemplarily described using the above-described exemplary
embodiments is not limited to the following.

[0238] (Supplementary Note 1)
[0239] A blood pressure estimation device including:
[0240] pulse wave calculation means for calculating, on

the basis of a pressure signal in a certain time period and a
pulse wave signal measured in a pressure based on the
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pressure signal in the certain time period, a plurality of
timings when the pulse wave signal satisfies a predetermined
condition, a period representing a difference between the
timings, and a pressure value of the pressure signal in the
period, and generating pulse wave information associating
the period and the pressure value with each other; and
[0241] blood pressure estimation means for estimating a
blood pressure for the pulse wave signal on the basis of the
pulse wave information.

[0242] (Supplementary Note 2)

[0243] The blood pressure estimation device according to
Supplementary Note 1, wherein

[0244] the blood pressure estimation means refers to blood
pressure information in which the pulse wave information
and a blood pressure for the pulse wave information are
associated with each other, determines the blood pressure
associated with the pulse wave information calculated by the
pulse wave calculation means, and estimates a blood pres-
sure for the pulse wave signal on the basis of the determined
blood pressure.

[0245] (Supplementary Note 3)

[0246] The blood pressure estimation device according to
Supplementary Note 1, wherein

[0247] the blood pressure estimation means reads the
blood pressure associated with the particular pulse wave
information similar to or coincident with the pulse wave
information from blood pressure information in which par-
ticular pulse wave information and a blood pressure are
associated with each other, and estimates a blood pressure
for the pulse wave signal on the basis of the read blood
pressure.

[0248] (Supplementary Note 4)

[0249] The blood pressure estimation device according to
any one of Supplementary Note 1 to Supplementary Note 3,
wherein

[0250] the predetermined condition is whether the pulse
wave signal is a characteristic point representing a charac-
teristic for the pulse wave signal, and

[0251] the pulse wave calculation means calculates the
pulse wave information when the predetermined condition is
satisfied.

[0252] (Supplementary Note 5)

[0253] The blood pressure estimation device according to
any one of Supplementary Note 1 to Supplementary Note 3,
wherein

[0254] the predetermined condition is a first condition
representing whether the pulse wave signal or a derivation
signal representing an N-stage difference or an N-th order
differentiation (N is an integer equal to or larger than 1) of
the pulse wave signal has a certain value, and

[0255] the pulse wave calculation means calculates the
pulse wave information on the basis of the predetermined
condition when the pulse wave signal or the derivation
signal has the certain value.

[0256] (Supplementary Note 6)

[0257] The blood pressure estimation device according to
any one of Supplementary Note 1 to Supplementary Note 5,
wherein

[0258] the predetermined condition is a condition where a
plurality of the first conditions are combined, and

[0259] the pulse wave calculation means calculates the
pulse wave information when the predetermined condition is
satisfied.
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[0260] (Supplementary Note 7)

[0261] The blood pressure estimation device according to
any one of Supplementary Note 1 to Supplementary Note 6,
wherein

[0262] the pulse wave calculation means calculates the
period between a timing when a heartbeat represents a
particular characteristic and one timing of the plurality of
timings.

[0263] (Supplementary Note 8)
[0264] A blood pressure measurement device including:
[0265] the blood pressure estimation device according to

any one of Supplementary Note 1 to Supplementary Note 7;

[0266] a pressure measurement unit that measures the
pressure signal;
[0267] a pulse wave measurement unit that measures the

pulse wave signal; and

[0268] a correction unit, wherein

[0269] the blood pressure information is information
where a parameter representing a state for a subject to be
measured or a parameter representing a state for a circum-
ference of the subject to be measured, the pulse wave
information, and the blood pressure are associated with each
other,

[0270] the correction unit reads the particular pulse wave
information and the blood pressure associated with the
parameter, and

[0271] the blood pressure estimation device estimates the
blood pressure on the basis of the pressure signal, the pulse
wave signal, and the particular pulse wave information and
the blood pressure read by the correction unit.

[0272] (Supplementary Note 9)

[0273] The blood pressure measurement device according
to Supplementary Note 8, further including

[0274] a pressure control unit that controls a pressure
represented by the pressure signal,

[0275] the pressure control unit stops pressurization after
an estimation of a blood pressure for the pulse wave signal
executed by the blood pressure estimation device.

[0276] (Supplementary Note 10)
[0277] A blood pressure estimation method including:
[0278] calculating, on the basis of a pressure signal in a

certain time period and a pulse wave signal measured on the
basis of a pressure based on the pressure signal in the certain
time period, timings when the pulse wave signal satisfies a
predetermined condition, a period representing a difference
between the timings, and a pressure value of the pressure
signal in the period; generating pulse wave information
where the period and the pressure value are associated with
each other;

[0279] and estimating a blood pressure for the pulse wave
signal on the basis of the pulse wave information, using an
information processing device.

[0280] (Supplementary Note 11)

[0281] A recording medium recording a blood pressure
estimation program that causes a computer to realize:
[0282] a pulse wave calculation function for calculating,
on the basis of a pressure signal in a certain time period and
a pulse wave signal measured on the basis of a pressure
based on the pressure signal in the certain time period,
timings when the pulse wave signal satisfies a predetermined
condition, a period representing a difference between the
timings, and a pressure value of the pressure signal in the
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period and generating pulse wave information where the
period and the pressure value are associated with each other;
and

[0283] ablood pressure estimation function for estimating
a blood pressure for the pulse wave signal on the basis of the
pulse wave information.

[0284] The present invention has been described using the
above-described exemplary embodiments as exemplary
cases. However, the present invention is not limited to the
above-described exemplary embodiments. In other words,
the present invention is applicable with various aspects that
can be understood by those skilled in the art without
departing from the scope of the present invention.

[0285] This application is based upon and claims the
benefit of priority from Japanese patent application No.
2014-025373, filed on Feb. 13, 2014, the disclosure of which
is incorporated herein in its entirety.

REFERENCE SIGNS LIST

[0286] 101 Blood pressure estimation device
[0287] 102 Pulse wave calculation unit

[0288] 103 Blood pressure estimation unit
[0289] 2001 Pulse wave signal

[0290] 2003 Pressure signal

[0291] 401 Cuff

[0292] 402 Pulse wave measurement unit
[0293] 404 Pressure control unit

[0294] 405 Input unit

[0295] 406 Display unit

[0296] 407 Pressure measurement unit

[0297] 408 Blood pressure measurement device
[0298] 901 Blood pressure estimation device
[0299] 902 Pulse wave calculation unit

[0300] 903 Blood pressure estimation unit
[0301] 1101 Skin

[0302] 1102 Subcutaneous tissue

[0303] 1103 Artery wall

[0304] 1104 Blood flow

[0305] 1105 Obstacle

[0306] a State

[0307] b State

[0308] 81 First timing

[0309] 82 Second timing

[0310] 83 Third timing

[0311] 84 Fourth timing

[0312] 85 Fifth timing

[0313] 86 Sixth timing

[0314] 1581 First curve

[0315] 1582 Second curve

[0316] 1583 Third curve

[0317] 1585 Fifth curve

[0318] 1586 Sixth curve

[0319] 1001 Pulse wave measurement unit
[0320] 1002 Pulse wave measurement unit
[0321] 1003 Pulse wave measurement unit
[0322] 1004 Pulse wave measurement unit
[0323] 1005 Cuft

[0324] 1006 Fluid bag

[0325] 1007 Blood pressure measurement device
[0326] 1008 Blood pressure measurement device
[0327] 1201 Blood pressure measurement device
[0328] 1202 Blood pressure estimation device
[0329] 1203 Pressure control unit

[0330] 2501 Blood pressure measurement device
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[0331] 2502 Determination unit

[0332] 2503 Correction unit

[0333] 20 Computing device

[0334] 21 CPU

[0335] 22 Memory

[0336] 23 Disk

[0337] 24 Nonvolatile recording medium
[0338] 25 Input device

[0339] 26 Output device

[0340] 27 Communication IF

1-10. (canceled)
11. A blood pressure estimation device comprising
a pulse wave calculation unit configured to calculate, on
the basis of a pressure signal in a certain time period
and a pulse wave signal measured in a pressure based
on the pressure signal in the certain time period, a
plurality of timings when the pulse wave signal satisfies
a predetermined condition, a period representing a
difference between the timings, and a pressure value of
the pressure signal in the period, and generate pulse
wave information associating the period and the pres-
sure value with each other; and
a blood pressure estimation unit configured to estimate a
blood pressure related to the pulse wave signal on the
basis of the pulse wave information.
12. The blood pressure estimation device according to
claim 11, wherein
the blood pressure estimation unit refers to blood pressure
information in which the pulse wave information and a
blood pressure for the pulse wave information are
associated with each other, determines the blood pres-
sure associated with the pulse wave information cal-
culated by the pulse wave calculation unit, and esti-
mates a blood pressure for the pulse wave signal on the
basis of the determined blood pressure.
13. The blood pressure estimation device according to
claim 11, wherein
the blood pressure estimation unit reads the blood pres-
sure associated with the particular pulse wave infor-
mation similar to or coincident with the pulse wave
information from blood pressure information in which
particular pulse wave information and a blood pressure
are associated with each other, and estimates a blood
pressure for the pulse wave signal on the basis of the
read blood pressure.
14. The blood pressure estimation device according to
claim 11, wherein
the predetermined condition is whether the pulse wave
signal is a characteristic point representing a charac-
teristic for the pulse wave signal, and
the pulse wave calculation unit calculates the pulse wave
information when the predetermined condition is sat-
isfied.
15. The blood pressure estimation device according to
claim 11, wherein
the predetermined condition is a first condition represent-
ing whether the pulse wave signal or a derivation signal
representing an N-stage difference or an N-th order
differentiation (N is an integer equal to or larger than 1)
of the pulse wave signal has a certain value, and
the pulse wave calculation unit calculates the pulse wave
information on the basis of the predetermined condition
when the pulse wave signal or the derivation signal has
the certain value.
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16. The blood pressure estimation device according to
claim 15, wherein

the predetermined condition is a condition where a plu-

rality of the first conditions are combined, and

the pulse wave calculation unit calculates the pulse wave

information when the predetermined condition is sat-
isfied.

17. The blood pressure estimation device according to
claim 11, wherein

the pulse wave calculation unit calculates the period

between a timing when a heartbeat represents a par-
ticular characteristic and one timing of the plurality of
timings.

18. A blood pressure measurement device comprising:

the blood pressure estimation device according to claim

11;

a pressure measurement unit configured to measure the

pressure signal;

a pulse wave measurement unit configured to measure the

pulse wave signal; and

a correction unit, wherein

the blood pressure information is information where a

parameter representing a state for a subject to be
measured or a parameter representing a state for a
circumference of the subject to be measured, the pulse
wave information, and the blood pressure are associ-
ated with each other,

the correction unit reads the particular pulse wave infor-

mation and the blood pressure associated with the
parameter, and

the blood pressure estimation device estimates the blood

pressure on the basis of the pressure signal, the pulse
wave signal, and the particular pulse wave information
and the blood pressure read by the correction unit.

19. A blood pressure estimation method comprising;

calculating, on the basis of a pressure signal in a certain

time period and a pulse wave signal measured on the
basis of a pressure based on the pressure signal in the
certain time period, timings when the pulse wave signal
satisfies a predetermined condition, a period represent-
ing a difference between the timings, and a pressure
value of the pressure signal in the period; generating
pulse wave information where the period and the
pressure value are associated with each other;

and estimating a blood pressure related to the pulse wave

signal on the basis of the pulse wave information, using
an information processing device.

20. A non-transitory recording medium recording a blood
pressure estimation program that causes a computer to
realize:

a pulse wave calculation function for calculating, on the

basis of a pressure signal in a certain time period and
a pulse wave signal measured on the basis of a pressure
based on the pressure signal in the certain time period,
timings when the pulse wave signal satisfies a prede-
termined condition, a period representing a difference
between the timings, and a pressure value of the
pressure signal in the period and generating pulse wave
information where the period and the pressure value are
associated with each other; and

a blood pressure estimation function for estimating a

blood pressure related to the pulse wave signal on the
basis of the pulse wave information.
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21. The blood pressure measurement device according to
claim 18, further comprising:
a pressure control unit configured to control a pressure
represented by the pressure signal,
the pressure control unit stops pressurization after an
estimation of a blood pressure for the pulse wave signal
executed by the blood pressure estimation device.

® 0% % % %
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