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(57) ABSTRACT

A blood pressure measurement device is equipped with a
pressing surface which is formed with pressure sensors, an
air bag for pressing the pressing surface toward a radius
artery that runs under a skin of a living body; an air bag drive
unit for controlling the pressing force of the air bag, and a
control unit for calculating blood pressure values in the
radius artery on the basis of pressure pulse waves that were
detected by all of the pressure sensors in a process that the
pressing force was increased or decreased.
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BLOOD PRESSURE MEASUREMENT
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This is a Continuation Application of PCT Appli-
cation No. PCT/IP15/078538, filed on Oct. 7, 2015, which
was published under PCT Article 21(2) in Japanese. The
present application is based on Japanese Patent Application
No. 2014-223249 filed on Oct. 31, 2014, the entire contents
of which are incorporated herein by reference.

TECHNICAL FIELD

[0002] The present invention relates to a blood pressure
measurement device.

BACKGROUND ART

[0003] Living body information measurement devices are
known which can measure living body information such as
a pulse rate and a blood pressure using information that is
detected by a pressure sensor in a state that the pressure
sensor 1s in direct contact with a living body part where an
artery such as a wrist radius artery runs (refer to JP-2004-
113368-A, JP-H02-261421-A, JP-H07-124130-A and
JP-H01-242031-A, for example).

[0004] In the blood pressure measurement device dis-
closed in JP-2004-113368- A, blood pressure values in a part
that is different from a living body part to which a pressure
sensor is brought into contact are calculated using a cuff and
calibration data is generated using the calculated blood
pressure values. Blood pressure values are calculated for
each beat by calibrating a pressure pulse wave detected by
the pressure sensor using the calibration data.

[0005] JP-HO02-261421-A,  JP-H07-124130-A  and
JP-H01-242031-A disclose blood pressure measurement
devices which measure a blood pressure for each beat
without using a cuff, that is, using only information detected
by a pressure sensor that is set in contact with a wrist.
[0006] As disclosed in JP-H02-261421-A, IP-HO7-
124130-A and JP-H01-242031-A, measuring a blood pres-
sure using only information detected by the pressure sensor
that is set in contact with a living body makes it possible to
miniaturize the device. The devices disclosed in JP-HO02-
261421-A and JP-HO07-124130-A are such that a blood
pressure is calculated by calibrating or correcting a pressure
pulse wave that is detected by the pressure sensor in a state
that the pressure sensor is pressed by an optimum pressing
force.

[0007] To determine the optimum pressing force, it is
necessary to execute a process in which the pressing force of
the pressure sensor is varied continuously. A blood pressure
calculation is enabled only after this process is finished and
a state that the pressing force of the pressure sensor is
controlled to an optimum pressing force is established.
[0008] As a result, in these devices, it is necessary to
execute processes of pressing the pressure sensor against a
living body part, canceling the pressing, and pressing the
pressure sensor in such a manner that its pressing force is set
equal to the optimum pressing force. Repetition of these
processes is troublesome to the user.

[0009] On the other hand, in the device disclosed in
JP-H01-242031-A, blood pressure values can be calculated
on the basis of a variation of the amplitude of a pressure
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pulse wave that is detected in a process that the pressing
force of the pressure sensor is varied continuously. As a
result, a blood pressure can be measured in a short time
without causing a user to feel troublesome.

[0010] However, in the process that the pressing force of
the pressure sensor is varied continuously, the position of the
artery being pressed may vary. In the method disclosed in
JP-H01-242031-A, such a variation may disable an accurate
measurement of a blood pressure.

SUMMARY

[0011] One object of the invention is therefore to provide
a blood pressure measurement device capable of measuring
a blood pressure with high accuracy in a short time without
causing a user to feel troublesome.

[0012] A blood pressure measurement device according to
the invention comprises at least one element array of plural
pressure detecting elements arranged in one direction; a
pressing unit which presses the element array against a skin
of a living body toward an artery in a state that the one
direction crosses a direction in which the artery runs; a
pressing control unit which controls a pressing force of the
pressing unit; and a first blood pressure calculation unit
which calculates first blood pressure values in the artery on
the basis of pressure pulse waves that were detected by the
respective pressure detecting elements included in the ele-
ment array in a process that the pressing force was increased
or decreased by a control of the pressing control unit,
wherein first blood pressure calculation unit performs pro-
cessing of selecting at least one of the pressure detecting
elements included in the element array at each of plural time
points in a process that the pressing force is increased or
decreased on the basis of pressure pulse waves that were
detected by the respective pressure detecting elements
included in the element array at each of the plural time
points, and calculates first blood pressure values in the artery
on the basis of first pressure pulse waves that were detected
at the plural time points by the pressure detecting elements
selected through the processing of selecting performed at the
plural time points, respectively.

[0013] The invention can provide a blood pressure mea-
surement device capable of measuring a blood pressure with
high accuracy in a short time without causing a user to feel
troublesome.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 11is an appearance view showing, for descrip-
tion of one embodiment of the invention, the configuration
of a pressure pulse wave detection unit 100 of a blood
pressure measurement device.

[0015] FIG. 2 is an enlarged view of the pressure pulse
wave detection unit 100 shown in FIG. 1.

[0016] FIG. 3 is a view, as viewed from the side of the
fingertips of a user, of the pressure pulse wave detection umt
100 shown in FIG. 1 that is in an attached state.

[0017] FIG. 4is a view, as viewed from the side of the part
being in contact with the wrist, of the pressure pulse wave
detection unit 100 shown in FIG. 1 that is in an attached
state.

[0018] FIG. 5 is a diagram for showing a block configu-
ration of the blood pressure measurement device other than
the pressure pulse wave detection unit 100.
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[0019] FIG. 6 is a flowchart for illustrating an operation,
to generation of calibration data in a continuous blood
pressure measurement mode, of the pressure measurement
device according to the embodiment.

[0020] FIGS. 7A and 7B are diagrams for showing an
example state that a radius artery is not closed by one of two
sensor portions.

[0021] FIGS. 8A and 8B are diagrams for showing
examples of amplitude values of pressure pulse waves that
are detected by pressure sensors of a sensor unit 6 as the
pressing force that the sensor unit 6 exerts on the wrist is
varied.

[0022] FIGS. 9A to 9C are diagrams for showing how
pressing of the sensor unit 6 against the wrist by an air bag
2 proceeds after attachment of the pressure pulse wave
detection unit 100 to the wrist.

[0023] FIG. 10 is a graph for showing an example of how
a pressure pulse wave detected by an optimum pressure
sensor varies as the pressure acting on the wrist is varied.

[0024] FIG. 11 is a diagram for showing example pulse
wave envelope data.

[0025] FIG. 12 is a flowchart for illustrating a continuous
blood pressure measuring operation in the continuous blood
pressure measurement mode of the blood pressure measure-
ment device according to the embodiment.

[0026] FIG. 13 is a diagram for showing the configuration
of a pressure pulse wave detection unit 100A which is a
modification of the pressure pulse wave detection unit 100.
[0027] FIG. 14 is a flowchart for illustrating an example
calibration blood pressure calculating operation of a pres-
sure measurement device that employs the pressure pulse
wave detection unit 100A instead of the pressure pulse wave
detection unit 100.

[0028] FIG. 15 is a diagram for showing a modification of
the block configuration of the blood pressure measurement
device shown in FIG. 5.

[0029] FIG. 16 is a flowchart for illustrating a continuous
blood pressure measuring operation (i.e., an operation that is
performed after generation of calibration data) of the blood
pressure measurement device shown in FIG. 15.

[0030] FIG. 17 is a flowchart for illustrating a modifica-
tion of the continuous blood pressure measurement opera-
tion of the blood pressure measurement device shown in
FIG. 15.

DETAILED DESCRIPTION

[0031] An embodiment of the present invention will be
hereinafter described with reference to the drawings.
[0032] FIG.11isan appearance view showing, for descrip-
tion of one embodiment of the invention, the configuration
of a pressure pulse wave detection unit 100 of a blood
pressure measurement device. The blood pressure measure-
ment device according to the embodiment can be attached,
by a belt (not shown), to a living body part (in the example
of FIG. 1, a wrist of a user H) inside of which an artery (in
the example of FIG. 1, a radius artery T) as a blood pressure
measurement target runs.

[0033] FIG. 2 is an enlarged view of the pressure pulse
wave detection unit 100 shown in FIG. 1. FIG. 3 is a view,
as viewed from the side of the fingertips of the user H, of the
pressure pulse wave detection unit 100 shown in FIG. 1 that
is in an attached state. FIG. 4 is a view, as viewed from the
side of the part being in contact with the wrist, of the
pressure pulse wave detection unit 100 shown in FIG. 1 that
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is in an attached state. FIGS. 1 to 4 are schematic views of
pressure pulse wave detection unit 100 and should not be
construed as restricting the dimensions of individual por-
tions, their arrangement, and other things.

[0034] The pressure pulse wave detection unit 100 is
equipped with a body 1 which incorporates an air bag 2, a
flat plate member 3 which is fixed to the air bag 2, a rotary
member 5 which is supported by a biaxial rotating mecha-
nism 5a s0 as to be rotatable about each of two axes relative
to the flat plate member 3, and a sensor unit 6 which is
attached to a flat surface, opposite to the flat plate member
3, of the rotary member 5.

[0035] As shown in FIG. 1, the air bag 2 functions as a
pressing unit for pressing a pressing surface 65 of the sensor
unit 6 against an artery that is located under the skin of a
living body part (wrist) in a state that the blood pressure
measurement device is attached to the wrist. The pressing
unit may be any kind of unit as long as it can press the
pressing surface 65 of the sensor unit 6 toward an artery; it
is not limited to units that employ an air bag.

[0036] The amount of air existing inside the air bag 2 is
controlled by a pump (not shown), whereby the air bag 2
moves the flat plate member 3 which is fixed to the air bag
2 in the direction that is perpendicular to a surface (a flat
surface located on the rotary member 5 side) of the flat plate
member 3.

[0037] In the attached state shown in FIG. 1, the pressing
surface 65 of the sensor unit 6 which is included in the
pressure pulse wave detection unit 100 is in contact with the
skin of the wrist of the user. When the amount of air injected
in the air bag 2 is increased in this state, the internal pressure
of the air bag 2 is increased, whereby the sensor unit 6 is
pushed toward a radius artery T that exists in the wrist. The
following description will be made with an assumption that
the pressure force that is exerted toward the radius artery T
by the sensor unit 6 is equivalent to the internal pressure of
the air bag 2.

[0038] As shown in FIG. 4, the pressing surface 65 is
formed with plural pressure sensors 6a (pressure detecting
elements) which are arranged in a direction B (one direction)
that crosses (in the example of FIG. 1, is perpendicular to)
a direction A in which the radius artery T extends that exists
in the attachment target part, in the attached state shown in
FIG. 1. The pressing surface 65 is also formed with plural
pressure sensors 7a which are arranged in the direction B.
Each pressure sensor 6a and a pressure sensor 7a that is
located at the same position as the pressure sensor 6a in the
direction B constitute a pair, and plural such pairs are
arranged in the direction B on the pressing surface 6b. The
pressure sensors (plural pressure sensors 6a and plural
pressure sensors 7a) included in the pressure pulse wave
detection unit 100 constitute a pressure detection unit.

[0039] The pressing surface 65 is a surface of a semicon-
ductor substrate which is made of, for example, single
crystal silicon and the pressure sensors 6a and 7a are, for
example, pressure-sensitive diodes formed on the surface of
the semiconductor substrate.

[0040] The pressure sensors 6a (7a) are pressed against
the radius artery T in such a manner that its arrangement
direction crosses (is approximately perpendicular to) the
radius artery T, and the pressure sensors 6a detect a pressure
vibration wave (i.e., pressure pulse wave) that is generated
from the radius artery T and transmitted to the skin.



US 2017/0224227 Al

[0041] The interval between the pressure sensors 6a (7a)
is set sufficiently small so that a necessary and sufficient
number of pressure sensors 6a (7a) are arranged over the
radius artery T. The arrangement length of the pressure
sensors 6a (7a) is set necessarily and sufficiently greater than
the diameter of the radius artery T.

[0042] As shown in FIG. 4, the biaxial rotating mechanism
5a 1s a mechanism for rotating the rotary member 5 about
each of two rotation axes X and Y which are perpendicular
to the direction in which the flat plate member 3 is pushed
by the air bag 2.

[0043] The biaxial rotating mechanism 5a has the two
orthogonal rotation axes X and Y which are set on the
surface of the flat plate member 3 and about each of which
rotational driving is performed by a rotational drive unit 10
(described later).

[0044] The rotation axis Y is a first axis that extends in the
arrangement direction of the plural pressure sensors 6a (7a)
formed on the pressing surface 6. As shown in FIG. 4 (plan
view), the rotation axis Y is set between (in the example of
FIG. 4, at the center of) the element array of the plural
pressure sensors 6a and the element array of the plural
pressure sensors 7a.

[0045] The rotation axis X is a second axis that extends in
the direction that is perpendicular to the arrangement direc-
tion of the plural pressure sensors 6a (7a) formed on the
pressing surface 65. In the example of FIG. 4, the rotation
axis X is set as a straight line that equally divides each of the
element array of the plural pressure sensors 6a and the
element array of the plural pressure sensors 7a.

[0046] When the rotary member 5 is rotated about the
rotation axis X, the pressing surface 65 is rotated about the
rotation axis X. When the rotary member 5 is rotated about
the rotation axis Y, the pressing surface 64 is rotated about
the rotation axis Y.

[0047] FIG. 5 is a diagram for showing a block configu-
ration of the blood pressure measurement device other than
the pressure pulse wave detection unit 100.

[0048] The blood pressure measurement device is
equipped with the pressure pulse wave detection unit 100, a
rotational drive unit 10, an air bag drive unit 11, a control
unit 12 for centralized control of the entire device, a display
unit 13, a manipulation unit 14, and a memory 15.

[0049] The rotational drive unit 10 is an actuator that is
connected to each of the rotation axes (shafts) X and Y of the
biaxial rotating mechanism Sa of the pressure pulse wave
detection unit 100. The rotational drive unit 10 rotates the
pressing surface 65 about the rotation axes X and Y by
rotationally driving the rotation axes (shafts) X and Y
individually according to an instruction from the control unit
12.

[0050] The air bag drive unit 11 controls the amount of air
to be injected in the air bag 2 according to an instruction
from the control unit 12.

[0051] The display unit 13, which uses, for example, a
liquid crystal, serves to display various kinds of information
such as measured blood pressure values.

[0052] The manipulation unit 14, which is an interface for
input of an instruction signal for the control unit 12, is
composed of buttons for commanding a start of any of
various operations including a blood pressure measurement
and other components.

[0053] The memory 15 includes a ROM (read-only
memory) for storing programs and data for allowing the
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control unit 12 to perform prescribed operations, a RAM
(random access memory) as a working memory, a flash
memory for storing various kinds of information such as
measured blood pressure data, and other components.
[0054] The control unit 12 functions as a pressing control
unit, a first blood pressure calculation unit, a rotation control
unit, a second blood pressure calculation unit, a calibration
data generation unit, a judging unit, and a processing unit by
running the programs stored in the ROM of the memory 15.
[0055] The pressing control unit controls the pressing
force that the pressing surface 65 exerts on the wrist by
adjusting the amount of air that occupies the inside the air
bag 2 by controlling the air bag drive unit 11.

[0056] The first blood pressure calculation unit calculates
first blood pressure values in the radius artery T on the basis
of pressure pulse waves that are detected by the pressure
sensors 6a and 7a formed in the pressing surface 65 in a state
that the pressing surface 65 is pressed toward the radius
artery T.

[0057] More specifically, the first blood pressure calcula-
tion unit calculates first blood pressure values in the radius
artery T on the basis of pressure pulse waves that were
detected by the pressure sensors 6¢ and 7a in a process that
the pressing force acting on the radius artery T was varied
(increased or decreased) by the air bag drive unit 11.
[0058] The calibration data generation unit generates cali-
bration data using the first blood pressure values calculated
by the first blood pressure calculation unit.

[0059] The rotation control unit judges whether it is nec-
essary for the rotational drive unit 10 to rotate the pressing
surface 64, on the basis of pressure pulse waves that were
detected by the pressure sensors 6¢ and 7a in a process that
the pressing force acting on the radius artery T was increased
by the air bag drive unit 11. If judging that rotation is
necessary, the rotation control unit causes the rotational
drive unit 10 to rotate the pressing surface 65.

[0060] The second blood pressure calculation unit calcu-
lates second blood pressure values in the radius artery T by
calibrating, using the calibration data, a pressure pulse wave
that is detected by the pressure sensors 6a and 7a for each
beat in a state that the pressing surface 64 is pressed toward
the radius artery T with an optimum pressing force for
deforming part of the radius artery T into a flat shape.
[0061] The judging unit judges whether detection condi-
tions of a pressure pulse wave as a target of calibration using
the calibration data coincides with detection conditions of a
pressure pulse wave that was used for generation of the
calibration data.

[0062] The processing unit performs processing depend-
ing on a judgment result of the judging unit.

[0063] A description will be made below of how the blood
pressure measurement device according to the embodiment
operates. The blood pressure measurement device according
to the embodiment has a continuous blood pressure mea-
surement mode in which a blood pressure value SBP (sys-
tolic blood pressure) what is called a maximum blood
pressure and a blood pressure value DBP (diastolic blood
pressure) what is called a minimum blood pressure are
measured and displayed on the display unit 13 beat by beat.
[0064] FIG. 6 is a flowchart for illustrating an operation,
to generation of calibration data in the continuous blood
pressure measurement mode, of the pressure measurement
device according to the embodiment.
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[0065] It is assumed that in an initial state, that is, a state
before reception of a blood pressure measurement instruc-
tion, the rotation amount of the rotary member 5 of the
pressure pulse wave detection unit 100 is set at, for example,
zero, that is, the pressing surface 64 is parallel with the flat
plate member 3.

[0066] Although the state that the rotation amount is set at
zero is employed here as the initial state, the invention is not
limited this case. For example, the initial state may be a state
that the rotational drive unit 10 has rotated the pressing
surface 65 so that the pressing surface 65 comes into
uniform contact with the skin according to the shape of the
wrist to which the blood pressure measurement device is
attached.

[0067] Upon reception of a blood pressure measurement
instruction, the control unit 12 controls the air bag drive unit
11 to start injecting air into the air bag 2 and thereby
increases the pressing force that the pressing surface 65
exerts toward the radius artery T (step S1).

[0068] Inthe process of increasing the pressing force, with
certain timing (e.g., periodic timing) after a lapse of a
sufficient time from a start of closure of the radius artery T,
the control unit 12 acquires plural latest pressure pulse wave
information 11 (pressure pulse waves) that have been
detected by the respective pressure sensors 6a so far and are
stored in the memory 15. With the certain timing, the control
unit 12 acquires plural latest pressure pulse wave informa-
tion 12 (pressure pulse waves) that have been detected by the
respective pressure sensors 7a so far and are stored in the
memory 15 (step S1A).

[0069] The control unit 12 calculates, for example, an
amplitude average value Avel of pressure pulse waves that
were detected by the respective pressure sensors 6a at time
tl among the plural pressure pulse wave information 11
acquired at step 1A and an amplitude average value Ave2 of
pressure pulse waves that were detected by the respective
pressure sensors 6a at time 12 that is later than time t1. The
control unit 12 also calculates an amplitude average value
Ave3 of pressure pulse waves that were detected by the
respective pressure sensors 7a at time t1 among the plural
pressure pulse wave information 12 acquired at step 1A and
an amplitude average value Aved of pressure pulse waves
that were detected by the respective pressure sensors 7a at
time t2. Then the control unit 12 calculates ratios between
the average values calculated at the same time points, that is,
Avel/Ave3 and Ave2/Aved.

[0070] The control unit 12 judges whether to cause the
rotational drive unit 10 to rotate the rotary member 5 on the
basis of a variation between the ratios calculated the plural
time points. That is, the control unit 12 judges whether to
rotate the rotary member 5 on the basis of the pressure pulse
waves detected by the pressure sensors 6a and 7a at the
plural time points in the process that the pressing force is
increased (step S1B).

[0071] For example, if the ratios calculated at the plural
time points show monotonic increase, it can be judged that
the element array of the pressure sensors 7a are located on
the side on which the radius artery T is closed and the
element array of the pressure sensors 6a are not located on
that side. Thus, the control unit 12 judges that it is necessary
to rotate the rotary member 5.

[0072] If the ratios calculated at the plural time points
show monotonic decrease, it can be judged that the element
array of the pressure sensors 6a are located on the side on

Aug. 10,2017

which the radius artery T is closed and the element array of
the pressure sensors 7a are not located on that side. Thus, the
control unit 12 judges that it is necessary to rotate the rotary
member 5.

[0073] If the ratios calculated at the plural time points
show almost no variation, it can be judged that the two
element arrays are detecting pressure pulse waves of the
radius artery T in the same manner. Thus, the control unit 12
judges that it is not necessary to rotate the rotary member 5.
[0074] If the ratios calculated at plural time points show
increase and decrease repeatedly, it cannot be judged
whether the radius artery T is pressed sufliciently on the
respective sides of the two element arrays or the radius
artery T is not pressed sufficiently only on the side of one
element array. Thus, the control unit 12 judges that it is not
necessary to rotate the rotary member 5.

[0075] As described above, the control unit 12 judges
whether rotation is necessary on the basis of a variation of
the ratios calculated at the plural time points. Instead of the
ratios, a difference (a sign is taken into consideration)
between the average values Avel (Ave2) and Ave3 (Aved)
may be used.

[0076] FIG. 7Ais a diagram for showing an example state
that the radius artery T is closed on the side of the element
array of the pressure sensors 7a but is not closed on the side
of the element array of the pressure sensors 6a. In the state
of FIG. 7A, the distance between the element array of the
pressure sensors 6a is longer than that between the element
array of the pressure sensors 7a.

[0077] Let 6A and 7A represent an amplitude average
value of pressure pulse waves detected by the respective
pressure sensors 6¢ and an amplitude average value of
pressure pulse waves detected by the respective pressure
sensors 7a, respectively; then, in the state of FIG. 7A, the
ratio 6A/7A is sufficiently larger than 1. In this state, 6A/7A
comes closer to 1 if the element array of the pressure sensors
6a is brought closer to the radius artery T (refer to FIG. 7B).
[0078] Thus, if judging at step S1B that it is necessary to
rotate the rotary member 5 about the rotation axis Y, the
control unit 12 performs a control so as to rotate the rotary
member 5 about the rotation axis Y according to a 6A/7A
value obtained at the latest time point (step S1C).

[0079] More specifically, the control unit 12 reads out a
rotation amount corresponding to the 6A/7A value by refer-
ring to a data table (determined empirically and stored in the
memory 15 before shipment of a product) showing a rela-
tionship between the 6A/7A value and the rotation amount
of the rotary member 5 and sets the read-out rotation
amount.

[0080] Then, the control unit 12 judges which of the
average value 6A and the average value 7A is larger. If the
average value 6A is larger, the control unit 12 sets the
rotation direction of the rotary member 5 about the rotation
axis Y to counterclockwise in FIG. 7 to decrease the distance
between the element array of the pressure sensors 6a and the
radius artery T.

[0081] Ifthe average value 7A is larger, the control unit 12
sets the rotation direction of the rotary member 5 about the
rotation axis Y to clockwise in FIG. 7 to decrease the
distance between the element array of the pressure sensors
7a and the radius artery T.

[0082] The control unit 12 rotates the rotary member 5 in
the thus-set rotation direction by the thus-set rotation
amount. As a result, as shown in FIG. 7B, the pressing
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surface 65 can be made parallel with the radius artery T to
establish a state that the radius artery T is closed on the
respective sides of the two element arrays.

[0083] The control unit 12 moves to step S2 after the
execution of step S1C or after the execution of step S1B (if
a judgment was made that it is not necessary to rotate the
rotary member 5). At step S2, the control unit 12 judges
whether the pressing force has become such as to correspond
to a pressure that is enough to close the radius artery T (i.e.,
has reached a necessary pressing force). If judging that the
pressing force has reached a necessary pressing force (step
S2: yes), the control unit 12 controls the air bag drive unit
11 to stop the injection of air into the air bag 2 (step S3). If
judging that the pressing force has not reached a necessary
pressing force vet, the control unit 12 returns to step S1A.

[0084] After the execution of step S3, the control unit 12
determines an amplitude distribution curve (what is called a
tomogram) indicating a relationship between the amplitude
of a pressure pulse wave that was detected by each pressure
sensor 6a at each time point from step S1 to step S3 and the
position of the pressure sensor 6a in the pressing surface 64.
The control unit 12 also determines a tomogram indicating
a relationship between the amplitude of a pressure pulse
wave that was detected by each pressure sensor 7a at each
time point and the position of the pressure sensor 7a in the
pressing surface 6b.

[0085] The control unit 12 stores the tomogram generated
for the element array of the pressure sensors 6a in the
memory 15 in such a manner that it is correlated with
identification information of the element array, a detection
time of the pressure pulse waves, and a pressing force of the
air bag 2 in the pressing direction (an internal pressure of the
air bag 2) at the detection time.

[0086] Likewise, the control unit 12 stores the tomogram
generated for the element array of the pressure sensors 7a in
the memory 15 in such a manner that it is correlated with
identification information of the element array, a detection
time of the pressure pulse waves, and a pressing force of the
air bag 2 in the pressing direction at the detection time.

[0087] The control unit 12 calculates a movement distance
of the radius artery T in the direction B during the pressing
of the pressing surface 6b against the wrist using the
tomogram data stored in the memory 15 (step S6).

[0088] FIGS. 8A and 8B are diagrams for showing
examples of amplitude values of pressure pulse waves that
are detected by the pressure sensors 6a of the sensor unit 6
as the pressing force that the sensor unit 6 exerts on the wrist
is varied. In FIGS. 8A and 8B, the horizontal axis represents
the position of the pressure sensor 6a in the direction B and
the vertical axis represents the pressing force.

[0089] InFIGS. 8A and 8B, the amplitudes of the pressure
pulse waves detected by the pressure sensors 6a located at
the respective positions are indicated by different colors
according to their magnitudes.

[0090] Symbol Al denotes a region where the amplitude is
larger than or equal to a threshold TH1. Symbol A2 denotes
a region where the amplitude is larger than or equal to a
threshold TH2 and smaller than the threshold TH1. Symbol
A3 denotes a region where the amplitude is larger than or
equal to a threshold TH3 and smaller than the threshold
TH2. Symbol A4 denotes a region where the amplitude is
larger than or equal to a threshold TH4 and smaller than the
threshold TH3. Symbol A5 denotes a region where the
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amplitude is smaller than the threshold TH4. There is a
relationship that (threshold TH1)>(threshold TH2)>(thresh-
old TH3)>(threshold TH4).

[0091] The example of FIG. 8A is such that the positions
of pressure sensors 6a that detect pressure pulse waves
whose amplitudes are larger than or equal to the threshold
THI have almost no changes in a process that the pressing
force is increased. In contrast, the example of FIG. 8B is
such that the positions of pressure sensors 6a that detect
pressure pulse waves whose amplitudes are larger than or
equal to the threshold TH1 shift leftward in a process that the
pressing force is increased.

[0092] FIGS. 9A to 9C are diagrams for showing how
pressing of the sensor unit 6 against the wrist by the air bag
2 proceeds after attachment of the pressure pulse wave
detection unit 100 to the wrist. In FIGS. 9A to 9C, symbol
TB denotes the radius and symbol K denotes a tendon.

[0093] After pressing of the sensor unit 6 against the wrist
by the air bag 2 is started as shown in FIG. 9A, there may
occur an event that the radius artery T is moved in the
direction B as shown in FIG. 9B.

[0094] Ifthe radius artery T is moved in the direction B as
shown in FIG. 9B during pressing, the distribution of the
amplitude values of pressure pulse waves vary as shown in
FIG. 8B during the pressing. More specifically, there occurs
a large difference between the position of a pressure sensor
6a that detects an amplitude value that is larger than or equal
to the threshold THI first as the pressing force is increased
and the position of a pressure sensor 6a that detects an
amplitude value that is larger than or equal to the threshold
THI last.

[0095] In the example of FIG. 8A, there is no large
difference between the position of a pressure sensor 6a that
detects an amplitude value that is larger than or equal to the
threshold TH1 first as the pressing force is increased and the
position of a pressure sensor 6¢ that detects an amplitude
value that is larger than or equal to the threshold THI last.
Thus, it is seen that the radius artery T is closed making
almost no movement in the direction B in the process that
the pressing force is increased.

[0096] In this manner, a position variation of the radius
artery T in the direction B can be detected by checking how
the tomogram varies in a process that the pressing force is
changed. If the radius artery T is closed by increasing the
pressing force while the state of FIG. 9B is left as it is,
correct tonograms may not be obtained due to influence
from living body tissue such as the tendon K.

[0097] Inview of the above, at step S6, the control unit 12
calculates a difference (i.e., a movement distance of the
radius artery T in the direction B) between the position of a
pressure sensor 6a that detected an amplitude value that is
larger than or equal to the threshold TH1 first as the pressing
force was increased and the position of a pressure sensor 6a
that detected an amplitude value that is larger than or equal
to the threshold TH1 last on the basis of data as shown in
FIGS. 8A and 813 that indicate a relationship between the
pressing force and the tomogram. And the control unit 12
judges whether the calculated difference is larger than or
equal to a threshold THa (step S7).

[0098] If the difference between the two positions is larger
than or equal to the threshold THa (step S7: yes). at step S8
the control unit 12 determines a vector as shown in FIG. 8B
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by an arrow. If the difference between the two positions is
smaller than the threshold THa (step S7: no), the control unit
12 moves to step S9.

[0099] Information indicating a relationship between the
direction and magnitude of a vector as shown in FIGS. 8A
and 8B and the direction and amount of rotation of the rotary
member 5 about the rotation axis X is determined empiri-
cally and stored in the memory 15 in advance.

[0100] The control unit 12 acquires information indicating
a rotation direction and amount corresponding to the deter-
mined direction and magnitude of the determined vector
from the memory 15, and sends the acquired information to
the rotational drive unit 10. The rotational drive unit 10
rotates the rotary member 5 according to the received
information in the manner shown in FIG. 9C (step S8).
[0101] As described above, when receiving a blood pres-
sure measurement instruction, the control unit 12 judges
whether it is necessary to rotate the rotary member 5 at steps
S1B and S7 on the basis of pressure pulse waves detected by
the respective pressure sensors 6a and 7a at plural time
points in the process that the pressing force of the air bag 2
was increased. If judging that it is necessary to rotate the
rotary member 5 (step S1B: yes; step S7: yes), the rotational
drive unit 10 rotates the rotary member 5 on the basis of the
pressure pulse waves detected by the respective pressure
sensors 6a and 7a.

[0102] At step S9 which follows step S8, the control unit
12 starts decreasing the pressing force acting on the radius
artery T by discharging air from the air bag 2.

[0103] Upon decreasing the pressing force to a minimum
value after the reduction of the pressing force was started at
step S9, the control unit 12 determines an optimum pressure
sensor from among all of the pressure sensors 6a and 7a. For
example, the control unit 12 determines, as an optimum
pressure sensor, a pressure sensor that detected a pressure
pulse wave having a maximum amplitude in the process that
the pressing force was decreased.

[0104] A pressure pulse wave that is detected by a pressure
sensor that is located right over a flat portion of the radius
artery T is not affected by tension of the wall of the radius
artery T and hence exhibits a maximum amplitude. And this
pressure pulse wave provides a highest correlation with the
blood pressure inside the radius artery T. For these reasons,
a pressure sensor that detected a pressure pulse wave having
amaximum amplitude is determined as an optimum pressure
sensor.

[0105] Plural pressure sensors may be found that detected
pressure pulse waves having a maximum amplitude. In this
case, it is appropriate to deal with these plural pressure
sensors as optimum pressure sensors and to employ an
average, for example, of the pressure pulse waves detected
by these respective plural pressure sensors as a “pressure
pulse wave detected by an optimum pressure sensor.”
[0106] The control unit 12 generates pulse wave envelope
data using the pressure pulse wave detected by the optimum
pressure sensor in the pressing force decreasing process
(step S10).

[0107] The pulse wave envelope data is data that corre-
lates the pressing force (the internal pressure of the air bad
2) that the sensor unit 6 exerts toward the radius artery T and
the amplitude of the pressure pulse wave that is detected by
the optimum pressure sensor in a state that the optimum
pressure sensor is pressed toward the radius artery T by this
pressing force.
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[0108] FIG. 10 is a graph for showing an example of how
a pressure pulse wave detected by an optimum pressure
sensor varies as the pressure acting on the wrist is varied. In
FIG. 10, a straight line that is given a symbol P indicates the
pressure and a waveform that is given a symbol M denotes
a pressure wave. An enlarged version of a one-beat pressure
pulse wave is shown in a bottom part of FIG. 10.

[0109] Asshown in FIG. 10, pressures at a rising point and
a falling point of each pressure pulse wave are referred to as
a minimum value Mmin and a maximum value Mmax,
respectively. The amplitude of the pressure pulse wave is a
difference between the maximum value Mmax and the
minimum value Mmin. Each of the maximum value Mmax
and the minimum value Mmin is information characterizing
the shape of the pressure pulse wave.

[0110] Upon cancellation of a closed state of the radius
artery T after a start of reduction of the pressing force, the
amplitude of the pressure pulse wave detected by the opti-
mum pressure sensor increases rapidly. The amplitude there-
after varies as shown in FIG. 10 as the pressing force
decreases. At step S10, the control unit 12 generates pulse
wave envelope data as shown in FIG. 11 on the basis of the
relationship between the pressing force and the pressure
pulse wave as shown in FIG. 10.

[0111] Upon generating the pulse wave envelope data as
shown in FIG. 11, the control unit 12 calculates SBP and
DBP on the basis of the generated pulse wave envelope data
(step S11).

[0112] For example, the control unit 12 determines, as
SBP, a pressure at a time point when the pressure pulse wave
amplitude starts to rise rapidly in the pulse wave envelope
shown in FIG. 11 after the start of reduction of the pressing
force, that is, a pressure at a time point when the pressure
pulse wave amplitude detected by the optimum pressure
sensor first exceeds a threshold THb for judgment for an end
of an artery closed state after the start of reduction of the
pressing force. Alternatively, the control unit 12 calculates a
difference between two adjacent amplitude values of the
pulse wave envelope data and determines, as SBP, a pressure
at a time point when the difference exceeds a threshold.
[0113] Furthermore, the control unit 12 employs, as a
pulse pressure (PP), a maximum value of the pressure pulse
wave amplitude of the pulse wave envelope shown in FIG.
11 and calculates DBP using the calculated SBP and PP
according to an equation SBP-DBP=PP.

[0114] After the execution of step S11, the control unit 12
generates calibration data to be used in a continuous blood
pressure measurement (described later) using a maximum
value Mmax and a minimum value Mmin of one (e.g., a
pressure pulse wave that had a maximum amplitude) of
pressure pulse waves detected by the optimum pressure
sensor that was determined in the pressure decreasing pro-
cess (step S9) and the SBP and DBP calculated at step S11.
The control unit 12 stores the generated calibration data in
the memory 15 (step S12).

[0115] Relationships
SBP=axMmax+b o)
DBP=axMmin+b 2)

holds where a and b are a slope and an intercept of a linear
fanction, respectively.

[0116] The control unit 12 calculates the slope a and the
intercept b by substituting the SBP and DBP determined at
step S11 and the maximum value Mmax and the minimum
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value Mmin of the pressure pulse wave having a maximum
amplitude in the pulse wave envelope shown in FIG. 11 into
Equations (1) and (2). The control unit 12 stores the calcu-
lated coeflicients a and b and Equations (1) and (2) in the
memory 15 as calibration data.

[0117] FIG. 12 is a flowchart for illustrating a continuous
blood pressure measuring operation in a continuous blood
pressure measurement mode of the blood pressure measure-
ment device according to the embodiment.

[0118] After generating calibration data according to the
flowchart shown in FIG. 6, the control unit 12 controls the
air bag drive unit 11 to increase the internal pressure of the
air bag 2 and thereby increase the pressing force that the
pressing surface 65 exerts toward the radius artery T (step
S21).

[0119] Then the control unit 12 determines, as an optimum
pressure sensor, one, that detected a pressure pulse wave
having a maximum amplitude, of the pressure sensors 6a
and 7a in the process that the pressing force was increased.
And the control unit 12 determines, as a pressure corre-
sponding to an optimum pressing force, an internal pressure
of the air bag 2 that was produced at a time point of detection
of the pressure pulse wave having the maximum amplitude
(step S22).

[0120] Then the control unit 12 restores the initial state by
releasing the air from inside the air bag 2 (step S23). The
control unit 12 thereafter increases the internal pressure of
the air bag 2 to the pressure corresponding to the optimum
pressing force determined at step S22, and maintains the
optimum pressing force (step S24).

[0121] Subsequently, in a state that the pressing surface 65
is pressed toward the radius artery T with the optimum
pressing force, at step S25 the control unit 12 acquires a
pressure pulse wave that is detected by the optimum pres-
sure sensor determined at step S22.

[0122] Then, at step S26, the control unit 12 calculates
SBP and DBP by calibrating the acquired one-beat pressure
pulse wave using the calibration data that was generated at
step S12 in FIG. 6.

[0123] More specifically, the control unit 12 calculates
SBP by substituting a maximum value Mmax of the pressure
pulse wave acquired at step S25 and the coeflicients a and b
calculated at step S12 into the above-mentioned Equation
(1) and calculates DBP by substituting a minimum pressure
value Mmin of the pressure pulse wave acquired at step S25
and coefficients a and b calculated at step S12 into the
above-mentioned Equation (2). The control unit 12 causes
the display unit 13, for example, to display the calculated
SBP and DBP and thereby notifies the user of them.
[0124] The control unit 12 finishes the process if receiving
an instruction to finish the continuous blood pressure mea-
surement (step S27: yes), and returns to step S25 if not
receiving an end instruction (step S27: no).

[0125] As described above, the control unit 12 generates
calibration data using first blood pressure values that are
calculated on the basis of pressure pulse waves that were
detected by the sensor unit 6 in a process that the pressing
force was decreased. That is, the control unit 12 can calcu-
late blood pressure values mainly on the basis of pressure
pulse waves that were acquired in a process that the pressing
force was varied irrespective of pressure pulse waves that
are detected in a state that the sensor unit 6 is held being
pressed with a maximum pressing force. Thus, blood pres-
sures can be calculated without executing the three steps of
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increasing the internal pressure of the air bag 2, releasing the
air from inside the air bag 2, and increasing the internal
pressure of the air bag 2 to an optimum pressure.

[0126] The blood pressure measurement device according
to the embodiment may be provided with a mode in which
blood pressures are measured with desired timing and pre-
sented to the user. When setting is made to this mode, blood
pressures can be measured in a short time and presented to
the user without causing the user to feel troublesome by the
control unit 12's executing steps S1-S11 shown in FIG. 6.

[0127] In the blood pressure measurement device accord-
ing to the embodiment, data for calibrating a pressure pulse
wave detected by a pressure sensor can be generated by only
the device that is miniaturized to such an extent as to be
attachable to a wrist. This facilitates generation of calibra-
tion data for each user even in a case that the blood pressure
measurement device is shared by plural users. As a result,
each user can start using the device easily even in a case that
the device is shared by plural users.

[0128] A configuration is possible in which the control
unit 12 performs the following operation if in the flowchart
of FIG. 6 an affirmative judgment is not made at step S1B
even once and a negative judgment is made at step S7, that
is, if the rotary member 5 was not rotated during and after
a pressing force increasing process.

[0129] The control unit 12 determines an optimum pres-
sure sensor (e.g., a pressure sensor that detected a pressure
pulse wave having a maximum amplitude) on the basis of
pressure pulse waves detected by the respective pressure
sensors 6a and 7a in a pressing force increasing process of
steps S1-S3. Then the control unit 12 generates pulse wave
envelope data using a pressure pulse wave that was detected
by the optimum pressure sensor during the pressing force
increasing process. The control unit 12 calculates SBP and
DBP on the basis of the pulse wave envelope data.

[0130] For example, the control unit 12 determines, as
SBP, a pressure at a time point when the pressure pulse wave
amplitude starts to fall rapidly in the pulse wave envelope
after the start of increase of the pressing force, that is, a
pressure at a time point when the pressure pulse wave
amplitude detected by the optimum pressure sensor first
becomes smaller than the threshold THb after the start of
increase of the pressing force. A DBP calculation method is
the same as used at step S11.

[0131] An appropriate action that the control unit 12 is to
take after the calculation of the DBP is to generate, by the
same method as employed at step S12, calibration data to be
used in a continuous blood pressure measurement. More
specifically, the control unit 12 generates calibration data
using a maximum value Mmax and a minimum value Mmin
of, for example, one, having a maximum amplitude, of
pressure pulse waves detected by the optimum pressure
sensor that was determined in the pressing force increasing
process, the calculated SBP and DBP, and Equations (1) and
(2). The control unit 12 stores the generated calibration data
in the memory 15.

[0132] In this case, the control unit 12 determines, as an
optimum pressure sensor, a sensor that detected a pressure
pulse wave having a maximum amplitude in the pressing
force increasing process of steps S1 -S3 shown in FIG. 6.
Thus, after generating the calibration data, the control unit
12 determines, as a pressure corresponding to an optimum
pressing force, an internal pressure of the air bag 2 at the
time point of detection of the pressure pulse wave having the
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maximum amplitude instead of executing steps S21-S23,
controls the internal pressure of the air bag 2 to the pressure
corresponding to the optimum pressing force at step S24,
and thereafter executes step S25 and the following steps
shown in FIG. 12.

[0133] As described above, it is possible to generate pulse
wave envelope data using pressure pulse waves that are
detected in a process that the pressing force acting on the
radius artery T is increased and to calculate SBP and DBP
on the basis of this pulse wave envelope data.

[0134] The situation that an affirmative judgment is not
made at step S1B even once and a negative judgment is
made at step S7 occurs in a case that the pressing against the
radius artery T is being made in a form that is close to an
ideal form. Thus, in this case, since SBP and DBP are
calculated using pressure pulse waves that have already been
acquired in a pressing force increasing process, the time
required for a blood pressure calculation can be shortened.

[0135] Where a calibration blood pressure is calculated on
the basis of pressure pulse waves acquired in a pressing
force increasing process, it is not necessary to determine an
optimum pressure sensor or an optimum pressing force
again in a continuous blood pressure measurement. This
makes it possible to shorten the time to completion of a
first-beat blood pressure measurement as well as to reduce
the power consumption.

[0136] Where as described above the device is provided
with the mode in which blood pressures are measured with
desired timing and presented to the user, if the control unit
12 judges that rotation of the rotary member 5 is not
necessary (i.e., an affirmative judgment is not made at step
S1B even once and a negative judgment is made at step S7)
because no large variation has occurred in the position of the
radius artery T, a blood pressure measurement can be
completed only by two steps, that is, a step of increasing the
pressing force for pressing the pressure sensors to the living
body part and a step of canceling the pressing force. This
makes it possible to measure blood pressures in a short time
without causing a user to feel troublesome and to present the
measured blood pressure to the user.

[0137] In the flowchart shown in FIG. 12, an optimum
pressure sensor and an optimum pressing force are deter-
mined again at step S22. However, an alternative procedure
is possible in which the control unit 12 determines an
optimum pressure sensor and an optimum pressing force on
the basis of pressure pulse waves that were detected by the
respective pressure sensors 6a and 7a in a pressing force
decreasing process started at step S9 in FIG. 6 and sets the
thus-determined information as pressure pulse wave detec-
tion conditions to be used in a continuous blood pressure
measurement.

[0138] More specifically, steps S21-S23 shown in FIG. 12
are omitted and the optimum pressing force that was deter-
mined in the pressing force decreasing process (step S9 and
the following steps) is set at step S24. The control unit 12
acquires a pressure pulse wave that is detected by the
optimum pressure sensor that was determined in the pressing
force decreasing process (step S9 and the following steps),
in a state that the sensor unit 6 is pressed toward the radius
artery T with the thus-set optimum pressing force.

[0139] The above operation also makes it possible to
shorten the time to completion of a first-beat blood pressure
measurement as well as to reduce the power consumption.
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[0140] In the operations shown in FIGS. 6 and 12, a
transition is made to step S21 after the execution of step S12
with the rotation of the rotary member 5 maintained. A
modification is possible in which the rotary member 5 is
returned to the initial state after the execution of step S12,
steps S1-S8 shown in FIG. 6 are thereafter executed instead
of step S21, and then step S22 is executed.

[0141] Inthe above description, pulse wave envelope data
is data that correlates a pressing force that the sensor unit 6
exerts toward the radius artery T with the amplitude of a
pressure pulse wave that is detected by an optimum pressure
sensor in a state that the sensor unit 6 is pressed toward the
radius artery T by this pressing force. However, the inven-
tion is not limited to this case.

[0142] Forexample, the pulse wave envelope data may be
data that correlates the amplitude of a pressure pulse wave
that is detected by an optimum pressure sensor with a
maximum pressure value (Morax shown in FIG. 10) of this
pressure pulse wave. Alternatively, the pulse wave envelope
data may be data that correlates the amplitude of a pressure
pulse wave that is detected by an optimum pressure sensor
with a minimum pressure value (Mmin shown in FIG. 10) of
this pressure pulse wave. As a further alternative, the pulse
wave envelope data may be data that correlates the ampli-
tude of a pressure pulse wave that is detected by an optimum
pressure sensor with the average of a maximum pressure
value and a minimum pressure value of this pressure pulse
wave. The average of a maximum pressure value and a
minimum pressure value of a pressure pulse wave is infor-
mation that defines the shape of this pressure pulse wave.
[0143] That is, the pulse wave envelope data may be data
that correlates the amplitude value of a pressure pulse wave
that is detected by an optimum pressure sensor in a process
that the pressing force that the pressing surface 65 exerts
toward the radius artery T is varied with information (e.g,,
Mmax, Mmin, or their average) other than the amplitude
value among information that define the shape of this
pressure pulse wave.

[0144] Irrespective of which of the above information the
horizontal axis of the pulse wave envelope data represents,
the information (i.e., Mmax and Mnin) that are used for
generation of calibration data at step S12 in FIG. 6 are not
limited to information of a pressure pulse wave having a
maximum amplitude.

[0145] For example, it is possible to detect a portion of a
pulse wave envelope in which the amplitude is larger than a
certain level and approximately flat and use pressure pulse
wave information corresponding this portion to generate
calibration data.

[0146] Although in the embodiment the rotary member 5
is configured so as to be rotatable about each of the rotation
axes X and Y, the rotary member 5 may be configured so as
to be rotatable about one of the rotation axes X and Y.
[0147] Where the rotary member 5 is configured so as to
be rotatable about only the rotation axis X, an appropriate
operation that the control unit 12 is to perform is to omit
steps S1A-S1C and execute step S2 after step S1. Even with
this configuration and operation, a highly accurate blood
pressure calculation can be performed because of the pres-
ence of step S6-S8.

[0148] Where the rotary member 5 is configured so as to
be rotatable about only the rotation axis X, one of the
element array of the pressure sensors 6a or the element array
of the pressure sensors 7a may be omitted. Although the
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presence of two element arrays is preferable because it
increases the probability that the artery is closed, even with
only one element array the accuracy of a blood pressure
calculation can be increased by controlling the rotation
about the rotation axis X following a movement of the radius
artery T.

[0149] Where the rotary member 5 is configured so as to
be rotatable about only the rotation axis Y, an appropriate
operation that the control unit 12 is to perform is to omit
steps S6-S8 and execute step S9 after step S3. Even with this
configuration and operation, an optimum pressure sensor
can be determined with higher accuracy because of the
presence of steps S1A-S1C which, for example, makes it
possible to increase the amount of information that is
necessary for determination of an optimum pressure sensor
in a subsequent pressing force decreasing process.

[0150] Although the pressure pulse wave detection unit
100 is configured in such a manner that the one pressing
surface is formed with the element array of the plural
pressure sensors 6a and the element array of the plural
pressure sensors 7a, the pressure pulse wave detection unit
100 may be configured in such a manner that its pressing
surface is divided into plural surfaces which are formed with
respective element arrays.

[0151] With the configuration in which the pressing sur-
face is divided into plural surfaces, the degree of freedom of
designing of the pressure pulse wave detection unit 100 is
increased, which facilitates, for example, structure-related
designing for improving the state of contact of the pressing
surface to a skin. And, for example, improvement in the
closeness of attachment is expected. On the other hand, in
the configuration shown in FIG. 2, a pressing force can be
transmitted to the artery with a higher degree of uniformity
and hence improvement in the accuracy of a blood pressure
measurement is expected.

[0152] Although in the example of FIG. 4 the rotation axis
Y is set between the element array of the plural pressure
sensors 6@ and element array of the plural pressure sensors
7a, the invention is not limited to this case. For example, the
rotation axis Y may be set outside the element array of the
plural pressure sensors 6a and element array of the plural
pressure sensors 7a.

[0153] More specifically, in FIG. 4, the rotation axis Y
may be set on the left of the element array of the plural
pressure sensors 6a. Alternatively, in FIG. 4, the rotation
axis Y may be set on the right of the element array of the
plural pressure sensors 7a.

[0154] Also with regard to the example of FIG. 4,
although in this example the rotation axis X is set at such a
position as to divide each of the two element arrays into
equal halves, the invention is not limited this case. For
example, the rotation axis X may be set at any position as to
cross the element arrays at any position. As a further
alternative, the rotation axis X may be set at such a position
as not to cross either element array (i.e., at a top position or
a bottom position of the sensor unit 6).

[0155] Although in the pressure pulse wave detection unit
100 the pressing surface 65 is rotatable about the rotation
axes X and Y, another configuration is possible in which as
in a pressure pulse wave detection unit 100A shown in FIG.
13 the sensor unit 6 is directly fixed to the flat plate member
3.

[0156] FIG. 14 is a flowchart for illustrating an example
operation, to generation of calibration data, of a pressure
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measurement device that employs the pressure pulse wave
detection unit 100A instead of the pressure pulse wave
detection unit 100.

[0157] Upon reception of a blood pressure measurement
instruction, the control unit 12 controls the air bag drive unit
11 to start injecting air into the air bag 2 and thereby
increases the pressing force that the pressing surface 6b
exerts toward the radius artery T (step S31).

[0158] Then the control unit 12 acquires nth-beat pressure
pulse waves (n is a natural number that is larger than or equal
to 1 and has an initial value “1”) detected by the respective
pressure sensors 6a and 7a (step S32).

[0159] Then the control unit 12 determines an optimum
pressure sensor on the basis of the acquired nth-beat pres-
sure pulse waves among the pressure sensors 6a, 7a (step
S33). For example, the control unit 12 determines, as an
optimum pressure sensor, a pressure sensor that detected a
pressure pulse wave having a maximum amplitude among
the pressure pulse waves acquired at step S32.

[0160] Also in this configuration, plural pressure sensors
may be found that detected pressure pulse waves having a
maximum amplitude. In this case, an appropriate course of
action is to deal with these plural pressure sensors as
optimum pressure sensors and employ an average, for
example, of the pressure pulse waves detected by these
respective plural pressure sensors as a “pressure pulse wave
detected by an optimum pressure sensor.”

[0161] Even if only one pressure sensor detected a pres-
sure pulse wave having a maximum amplitude among the
pressure pulse waves acquired at step S32, this pressure
sensor and pressure sensors located in the vicinity of (e.g,,
immediately adjacent, from both sides, to) this pressure
sensor may be dealt with as optimum pressure sensors. Also
in this case, an average, for example, of the pressure pulse
waves detected by these respective plural pressure sensors
may be employed as a “pressure pulse wave detected by an
optimum pressure sensor.”

[0162] Then the control unit 12 stores the value of n, an
identification ID of the determined pressure sensor, the
nth-beat pressure pulse wave detected by the optimum
pressure sensor, and the pressing force (the internal pressure
of the air bag 2) at a time point of detection of this pressure
pulse wave in the memory 15 in such a manner that they are
correlated with each other (step S34). The identification ID
of a pressure sensor is information indicating the element
array to which the pressure sensor belongs and a position of
the pressure sensor in the element array.

[0163] Subsequently, the control unit 12 judges whether
the pressing force has reached a value that is necessary to
close the radius artery T. If the pressing force has not
reached the necessary pressing force yet (step S35: no), the
control unit 12 updates n to n+1 (step S36) and returns to
step S32.

[0164] If the pressing force has reached the necessary
pressing force yet (step S35: yes), at step S37 the control unit
12 generates pulse wave envelope data indicating a relation-
ship between the amplitudes of pressure pulse waves
detected by optimum pressure sensors corresponding to
respective nth beats and internal pressures of the air bag 2 at
time points of detection of these pressure pulse waves (i.e.,
information stored in the memory 15).

[0165] Then, at step S38, the control unit 12 calculates
SBP and DBP on the basis of the generated pulse wave
envelope data by the same method as employed at step S11.
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[0166] Subsequently, the control unit 12 calculates coef-
ficients a and b according to Equations (1) and (2) using the
calculated SBP and DBP and a maximum value Mmax and
a minimum value Mmin of a pressure pulse wave having a
maximum amplitude in the pulse wave envelope data gen-
erated at step S37, and stores the coeflicients a and b and
Fquations (1) and (2) in the memory 15 as calibration data
(step S39).

[0167] After the execution of step S39, the control unit 12
releases the air from inside the air bag 2 and then calculates
second blood pressure values for each beat by executing step
S21 and the following steps shown in FIG. 12.

[0168] Alternatively, after the execution of step S39, the
control unit 12 determines, as an optimum pressure sensor
for a continuous blood pressure measurement, the pressure
sensor, that detected the pressure pulse wave having the
maximum amplitude, among the n optimum pressure sen-
sors having the identification IDs stored in the memory 15.
And the control unit 12 determines, as an optimum pressing
force for a continuous blood pressure measurement, the
pressing force at the time point of detection of the pressure
pulse wave by the optimum pressure sensor for a continuous
blood pressure measurement.

[0169] Then the control unit 12 measures blood pressure
values for each beat by calibrating, using the calibration data
generated at step S39, a pressure pulse wave detected by the
optimum pressure sensor for a continuous blood pressure
measurement in a state that the internal pressure of the air
bag 2 is set at a pressure corresponding to the optimum
pressing force for a continuous blood pressure measurement.

[0170] In the example operation shown in FIG. 14, blood
pressure values for generation of calibration data are calcu-
lated on the basis of pressure pulse waves that were detected
by the pressure sensors in a pressing force increasing
process. On the other hand, as described above, it is also
possible to generate pulse wave envelope data on the basis
of pressure pulse waves that are detected by the pressure
sensors in a process that the pressing force is decreased after
it was increased until the radius artery T was closed suffi-
ciently and then calculate blood pressure values for genera-
tion of calibration data on the basis of the pulse wave
envelope data.

[0171] As described above, in the pressure measurement
device that employs the pressure pulse wave detection unit
100A instead of the pressure pulse wave detection unit 100,
blood pressures can be calculated on the basis of pressure
pulse waves that were detected by the pressure sensors in a
process that the pressing force was increased or decreased.
As a result, a blood pressure measurement can be performed
in a short time while the load of a user is lowered.

[0172] In the operation shown in FIG. 14, a pressure
sensor that detected a maximum pulse wave amplitude
among all of the pressure sensors 6a and 7a at each of
different time points in a process that the pressing force is
increased or decreased is determined as an optimum pres-
sure sensor. As a result, even if the radius artery T is moved
in the direction

[0173] B in the pressing force increasing or decreasing
process, the optimum pressure sensor varies following the
movement of the radius artery T. This enables a highly
accurate blood pressure calculation that follows a movement
of the radius artery T. The pressure pulse wave detection unit
100A can realize this advantage without using the rotary
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member 5 or biaxial rotating mechanism 5a. Thus, the blood
pressure measurement device can be made even smaller.

[0174] As in the case of the pressure pulse wave detection
unit 100, the pressure pulse wave detection unit 100A may
be configured in such a manner that one of the two element
arrays is eliminated or the two element arrays are formed in
different pressing surfaces.

[0175] FIG. 15 is a diagram for showing a modification of
the block configuration of the blood pressure measurement
device shown in FIG. 5. The blood pressure measurement
device shown in FIG. 15 is the same in configuration as that
shown in FIG. 5 except that the former is added with a height
detection unit 16 and a body movement detection unit 17.

[0176] The height detection unit 16 detects a height, with
respect to a reference position, of a living body part to which
the blood pressure measurement device is attached. The
height detection unit 16 is, for example, an acceleration
sensor or a barometric pressure sensor and the reference
position is a height 0 m, for example.

[0177] The body movement detection unit 17 detects a
movement of a living body part to which the blood pressure
measurement device is attached. The body movement detec-
tion unit 17 is, for example, a combination of a triaxial
acceleration sensor, a triaxial angular velocity sensor, and a
triaxial geomagnetism sensor and detects a movement of a
living body part in detail. The body movement detection unit
17 may employ sensors that are suitable for necessary
movement detection accuracy.

[0178] An operation to generation of calibration data of
the blood pressure measurement device shown in FIG. 15 is
almost the same as the operation shown in FIG. 6. A
difference from the operation shown in FIG. 6 is that the
control unit 12 stores the following three kinds of informa-
tion in the memory 15 after calculating SBP and DBP at step
S11.

[0179] The three kinds of information are information of
a height that was detected by the height detection unit 16 in
a period of detection of a pressure pulse wave that was used
for generation of pulse wave envelope data at step S10 (i.e.,
a height of the device attachment part when a pressure pulse
wave for generation of calibration data was detected), infor-
mation of a movement that was detected by the body
movement detection unit 17 in the period of detection of the
pressure pulse wave that was used for generation of the pulse
wave envelope data at step S10 (i.e., a movement of the
device attachment part when the pressure pulse wave for
generation of the calibration data was detected), and an
identification ID of an optimum pressure sensor that
detected the pressure pulse wave that was used for genera-
tion of the pulse wave envelope data at step S10 (i.e., a
pressure sensor that output the pressure pulse wave that was
used for generation of the calibration data).

[0180] FIG. 16 is a flowchart for illustrating a continuous
blood pressure measuring operation (i.e., an operation that is
performed after generation of calibration data) of the blood
pressure measurement device shown in FIG. 15.

[0181] The control unit 12 controls the air bag drive unit
11 so that the internal pressure of the air bag 2 is increased
to the optimum pressing force that was determined at step S9
and the following steps shown in FIG. 6, and maintains the
optimum pressing force (step S41).
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[0182] Then the control unit 12 determines, as an optimum
pressure sensor, one, detecting a pressure pulse wave having
a maximum amplitude, of the pressure sensors 6a and 7a
(step S42).

[0183] Subsequently, the control unit 12 compares the
identification ID of the optimum pressure sensor that was
stored at step S11 in FIG. 6 with that of the optimum
pressure sensor determined at step S42. If they coincide with
each other (step S44: yes), the control unit 12 moves to step
S46. If they do not coincide with each other (step S44: no),
the control unit 12 returns to step S42.

[0184] At step S46, the control unit 12 acquires the
pressure pulse wave being detected by the optimum pressure
sensor. Then the control unit 12 compares a height that is
detected by the height detection unit 16 at the same time as
the pressure pulse wave acquired at step S46. If they
coincide with each other (step S47: yes), the control unit 12
moves to step S48. If they do not coincide with each other
(step S47: no), the control unit 12 moves to step S50.
[0185] At step S48, the control unit 12 compares move-
ment information that is detected by the body movement
detection unit 17 at the same time as the pressure pulse wave
acquired at step S46. If they coincide with each other (step
S48: yes), the control unit 12 moves to step S49. If they do
not coincide with each other (step S48: no), the control unit
12 moves to step S50.

[0186] Coincidence between two heights means that they
coincide with each other substantially, that is, the difference
between the two heights is smaller or equal to a threshold
THe. Coincidence between two movements means that they
coincide with each other substantially, that is, the difference
between the two movements is smaller or equal to a thresh-
old THd. The threshold THe and the threshold THd may be
set as appropriate according to measurement accuracy that is
required for blood pressure values to be calculated at step
S49.

[0187] At step S49, the control unit 12 calculates SBP and
DBP by calibrating the one pressure pulse wave acquired at
step S46 using the calibration data that was generated at step
S12 in FIG. 6.

[0188] At the following step S50, the control unit 12
finishes the process if receiving an instruction to finish the
continuous blood pressure measurement, and returns to step
S42 if not receiving an end instruction.

[0189] As described above, in the blood pressure mea-
surement device shown in FIG. 15, SBP and DBP are
calculated by calibrating a calibration target pressure pulse
wave only in a case that detection conditions of the calibra-
tion target pressure pulse wave coincide with detection
conditions under which a pressure pulse wave for generation
of calibration data was detected.

[0190] The detection conditions under which a pressure
pulse wave for generation of calibration data was detected
include the above three kinds of information. And the
detection conditions of a calibration target pressure pulse
wave include the identification ID of an optimum pressure
sensor that detects the calibration target pressure pulse wave,
a height of a device attachment part at a time point of
detection of the calibration target pressure pulse wave, and
a movement of the device attachment part at the time point
of detection of the calibration target pressure pulse wave.
[0191] Since as described above a blood pressure calcu-
lation is performed by calibrating a calibration target pres-
sure pulse wave only when detection conditions of a pulse
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wave in a continuous blood pressure measurement coincide
with detection conditions under which a pressure pulse wave
for generation of calibration data was detected, the calibra-
tion accuracy and hence the accuracy of a blood pressure
measurement can be increased.

[0192] Although the three conditions (pressure sensor
identification ID, height, movement) were used above as
detection conditions for comparison, it suffices that the
detection conditions include at least one of the three condi-
tions.

[0193] Information of a height of a device attachment part
when a pressure pulse wave for generation of calibration
data was detected (one of the above conditions) is a typical
value (e.g., average) of heights that were measured by the
height detection unit 16 when pressure pulse waves for
generation of calibration data were detected.

[0194] Likewise, information of a movement of a device
attachment part when a pressure pulse wave for generation
of calibration data was detected is a typical value (e.g,
average) of movements that were measured by the body
movement detection unit 17 when pressure pulse waves for
generation of calibration data were detected.

[0195] The pressure pulse wave detection unit 100 of the
blood pressure measurement device shown in FIG. 15 may
be replaced by the pressure pulse wave detection unit 100A
shown in FIG. 13. In this case, an operation to generation of
calibration data is almost the same as the operation shown in
FIG. 14. In this case, an appropriate action that the control
unit 12 is to perform after calculating SBP and DBP at step
S38 is to store, in the memory 15, as detection conditions of
a pressure pulse wave used for generation of calibration
data, information of a height that was detected by the height
detection unit 16 at a time point of detection of pressure
pulse waves of pulse wave envelope data generated at step
S37 (i.e., average height), information of a movement that
was detected by the body movement detection unit 17 at the
time point of detection of the pressure pulse waves of the
pulse wave envelope data generated at step S37 (i.e., average
movement), an identification ID of an optimum pressure
sensor that detected one, having a maximum amplitude, of
the pressure pulse waves of the pulse wave envelope data
generated at step S37, and a pressing force at the time point
of detection of the pressure pulse wave having a maximum
amplitude.

[0196] At step S41 in FIG. 16, the control unit 12 may
keep the internal pressure of the air bag 2 at the pressing
force that was stored at step S38, for example.

[0197] FIG. 17 is a flowchart for illustrating a modifica-
tion of the continuous blood pressure measurement opera-
tion of the blood pressure measurement device shown in
FIG. 15. Steps in FIG. 17 having the same ones in FIG. 16
are given the same symbols as the latter, and descriptions
therefor will be omitted.

[0198] If making a negative judgment at step S47, the
control unit 12 calculates SBP and DBP by calibrating a
pressure pulse wave detected by an optimum pressure sensor
determined at step S42 using calibration data (step S51).
[0199] Then, at step S52, the control unit 12 corrects the
SBP and the DBP calculated at step S51 according to the
difference between a height detected by the height detection
unit 16 when the pressure pulse wave acquired at step S46
was detected and a height that was stored at step S11 in FIG.
6 or step S38 in FIG. 14. Then the control unit 12 executes
step S50.
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[0200] Inacontinuous blood pressure measurement, blood
pressures are calculated by calibrating a pressure pulse wave
detected by an optimum pressure sensor. Thus, if a height of
a device attachment part when the pressure pulse wave
acquired at step S46 was detected is different from a height
of the device attachment part at a time of generation of
calibration data, a calibrated blood pressure may include an
error due to the height difference.

[0201] In the blood pressure measurement device shown
in FIG. 15, calibration data is generated in a state that the
wrist is set at the same height as the heart. If two arteries
have a height difference AH (cm), a pressure difference
obtained by multiplying the water head pressure per unit
length (=0.8 mmHg/cm) by AH occurs between the two
arteries.

[0202] Thus, at step S52, the control unit 12 performs a
blood pressure correction by adding or subtracting, to or
from SBP and DBP calculated at step S51, a value obtained
by multiplying the water head pressure per unit length by a
difference AH between a height of a device attachment part
when a pressure pulse wave was detected by an optimum
pressure sensor in the continuous blood pressure measure-
ment and a height of the device attachment part at a time
point of generation of calibration data.

[0203] As described above, if a pressure pulse wave is
detected with a height that is different from a height detected
at a time point of generation of calibration data, blood
pressure values obtained by calibrating this pressure pulse
wave are corrected according to the difference between the
wrist height at the time point of detection of the pressure
pulse wave and that at the time point of generation of the
calibration data, whereby a highly accurate blood pressure
measurement is enabled.

[0204] Also in the modifications described above with
reference to FIGS. 15 to 17, the pressure pulse wave
detection unit 100 may be provided with only one element
array. As a further alternative, the pressure pulse wave
detection unit 100 may be configured so as to have two
pressing surfaces that are formed with respective element
arrays.

[0205] In the flowcharts of FIGS. 16 and 17, no blood
pressure measurement is performed if a negative judgment
is made at step S44. In this connection, a modification is
possible in which if a negative judgment is made at step S44
or a negative judgment is made repeatedly a prescribed
number of times at step S44, the process is returned to step
S1 in FIG. 6, that is, generation of calibration data is
generated again (steps S1-S12). In the blood pressure mea-
surement device according to the embodiment, calibration
data can be generated easily. Thus, a highly accurate con-
tinuous blood pressure measurement is enabled by generat-
ing calibration data again.

[0206] Likewise, in the flowchart of FIG. 16, if a negative
Judgment is made at step S47 or a negative judgment is made
repeatedly a prescribed number of times at step S47, the
process may be returned to step S1 in FIG. 6. Furthermore,
in the flowcharts of FIGS. 16 and 17, if a negative judgment
is made at step S48 or a negative judgment is made repeat-
edly a prescribed number of times at step S48, the process
may be returned to step S1 in FIG. 6.

[0207] The processes shown in FIGS. 6, 12, 14, 16 and 17
which are executed by the control unit 12 can be imple-
mented as programs for causing a computer to execute their
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individual steps. Such programs are recorded in a computet-
readable, non-transitory recording medium.

[0208] Such a computer-readable recording medium
includes an optical medium such as a CD-ROM (compact
disc-ROM) and a magnetic recording medium such as a
memory card. [t is also possible to provide such programs by
downloading them over a network.

[0209] The embodiment disclosed above should be con-
strued in all respects as being illustrative and not being
restrictive. The scope of the invention is defined by the
claims rather than the above description, and it is intended
that the scope of the invention includes all changes that are
within the range of the claims and their equivalents.
[0210] As described above, the following items are dis-
closed in this specification.

[0211] The disclosed blood pressure measurement device
comprises at least one element array of plural pressure
detecting elements arranged in one direction; a pressing unit
which presses the at least one element array against a skin
of a living body toward an artery in a state that the one
direction crosses a direction in which the artery runs; a
pressing control unit which controls a pressing force of the
pressing unit; and a first blood pressure calculation unit
which calculates first blood pressure values in the artery on
the basis of pressure pulse waves that were detected by the
respective pressure detecting elements included in the at
least one element array in a process that the pressing force
was increased or decreased by a control of the pressing
control unit.

[0212] In the disclosed blood pressure measurement
device, the first blood pressure calculation unit selects at
least one of the pressure detecting elements included in the
at least one element array at cach of plural time points in a
process that the pressing force is increased or decreased on
the basis of pressure pulse waves that were detected by the
respective pressure detecting elements included in the at
least one element array, and calculates first blood pressure
values in the artery on the basis of amplitude variations of
pressure pulse waves that were detected at the plural time
points by the pressure detecting elements selected at the
plural time points, respectively.

[0213] The disclosed blood pressure measurement device
further comprises a calibration data generation unit which
generates calibration data using the first blood pressure
values calculated by the first blood pressure calculation unit;
and a second blood pressure calculation unit which calcu-
lates second blood pressure values in the artery by calibrat-
ing, using the calibration data, a pressure pulse wave that is
detected by one pressure detecting element selected from the
pressure detecting elements included in the at least one
element array in a state that the at least one element array is
pressed toward the artery with such a pressing force as to
deform part of the artery into a flat shape.

[0214] In the disclosed blood pressure measurement
device, the calibration data generation unit generates cali-
bration data using a pressure pulse wave selected from the
pressure pulse waves that were detected at the plural time
points by the pressure detecting elements selected at the
plural time points, respectively, and the first blood pressure
values.

[0215] In the disclosed blood pressure measurement
device, the first blood pressure calculation unit generates
pulse wave envelope data that correlates amplitude values of
the pressure pulse waves that were detected at the plural time
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points by the pressure detecting elements selected at the
plural time points, respectively, with pressure values when
the respective pressure pulse waves were detected or infor-
mation that define shapes of the pressure pulse waves other
than the amplitude values, respectively, and calculates first
blood pressure values on the basis of the pulse wave
envelope data.
[0216] The disclosed blood pressure measurement device
includes one in which the information that define shapes of
the pressure pulse waves other than the amplitude values are
maximum values of the pressure pulse waves, minimum
values of the pressure pulse waves, or respective average
values of the maximum values and the minimum values.
[0217] The invention can provide a blood pressure mea-
surement device capable of measuring a blood pressure with
high accuracy in a short time without causing a user to feel
troublesome.
[0218] Although the invention has been described above
using the particular embodiment, the invention is not limited
to this embodiment. Various modifications are possible
without departing from the technical concept of the dis-
closed invention.
1. A blood pressure measurement device including:
at least one element array of plural pressure detecting
elements arranged in one direction;
a pressing unit which presses the element array against a
skin of a living body toward an artery in a state that the
one direction crosses a direction in which the artery
rns;
a pressing control unit which controls a pressing force of
the pressing unit; and
a first blood pressure calculation unit which calculates
first blood pressure values in the artery on the basis of
pressure pulse waves that were detected by the respec-
tive pressure detecting elements included in the ele-
ment array in a process that the pressing force was
increased or decreased by a control of the pressing
control unit,
wherein first blood pressure calculation unit
performs processing of selecting at least one of the
pressure detecting elements included in the element
array at each of plural time points in a process that
the pressing force is increased or decreased on the
basis of pressure pulse waves that were detected by
the respective pressure detecting elements included
in the element array at each of the plural time points,
and

calculates first blood pressure values in the artery on
the basis of first pressure pulse waves that were
detected at the plural time points by the pressure
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detecting elements selected through the processing
of selecting performed at the plural time points,
respectively.

2. The blood pressure measurement device of claim 1,

wherein the first blood pressure calculation unit calculates
the first blood pressure values in the artery on the basis
of amplitude variations of the first pressure pulse
waves, respectively.

3. The blood pressure measurement device of claim 1,

further including:
a calibration data generation unit which generates cali-
bration data using the first blood pressure values cal-
culated by the first blood pressure calculation unit; and
a second blood pressure calculation unit which calculates
second blood pressure values in the artery by calibrat-
ing, using the calibration data, a pressure pulse wave
that is detected by one pressure detecting element
selected from the pressure detecting elements included
in the element array in a state that the element array is
pressed toward the artery with such a pressing force as
to deform part of the artery into a flat shape.
4. The blood pressure measurement device of claim 3,
wherein the calibration data generation unit generates
calibration data using a pressure pulse wave selected
from the first pressure pulse waves, and the first blood
pressure values.
5. The blood pressure measurement device of claim 1,
wherein the first blood pressure calculation unit
generates pulse wave envelope data that correlates
amplitude values of the first pressure pulse waves
with pressure values when the respective first pres-
sure pulse waves were detected, respectively, or
pulse wave envelope data that correlates the ampli-
tude values of the first pressure pulse waves with
information that define shapes of the pressure pulse
waves other than the amplitude values, respectively,
and

calculates first blood pressure values on the basis of the
pulse wave envelope data.

6. The blood pressure measurement device of claim 5,

wherein the information that define shapes of the pressure
pulse waves other than the amplitude values are

maximum values of the first pressure pulse waves,
minimum values of the first pressure pulse waves, or

respective average values of the maximum values and
the minimum values.
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