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ELECTRONIC BLOOD PRESSURE MONITOR

TECHNICAL FIELD

[0001] This invention relates to electronic blood pressure
monitors, and more specifically relates to an electronic blood
pressure monitor that measures blood pressure at a measure-
ment site using an oscillometric method.

BACKGROUND ART

[0002] Conventionally, as disclosed in Patent Document 1
(JP 2006-247216A) for example, as this kind of electronic
blood pressure monitor that uses an oscillometric method,
there is known to be an electronic blood pressure monitor that
retrieves a pulsewave signal that is superimposed on a cuff
pressure signal and indicates a pulsewave at a measurement
site (upper arm, etc.), while changing the pressure of a cuff
attached to the measurement site, and calculates blood pres-
sure values (including systolic blood pressure and diastolic
blood pressure, the same applies hereinafter) using an enve-
lope for a string of amplitudes (pulsewave amplitudes) of the
pulsewave signal with a predetermined algorithm. Specifi-
cally, an envelope that is smoothed using interpolation or the
like is created in order to eliminate blood pressure measure-
ment error that occurs due to error in the pulsewave amplitude
accompanying respiratory blood pressure variation and
bodily movement. Then, threshold levels are set on a high-
pressure side and a low-pressure side with respect to the
maximum peak of the envelope, and the pressures at the
points at which the envelope crosses the threshold levels are
respectively calculated as the systolic blood pressure and the
diastolic blood pressure.

CITATION LIST

Patent Literature

[0003] Patent Document 1: JP 2006-247216A

SUMMARY OF INVENTION

Technical Problem

[0004] Incidentally, blood pressure is not always constant,
and it changes from moment to moment due to bodily factors,
such as exercise and respiration, emotional factors such as
stress and unease, external environmental factors such as
temperature, or the like. In order to correctly measure blood
pressure, it is recommended that measurement is performed
in a resting state. However, even in a resting state, blood
pressure variation that is synchronous with respiration (re-
ferred to as “respiratory variation”) exists.

[0005] Here, the above-mentioned envelope includes such
respiratory variation. As a result, the calculated blood pres-
sure value is different depending on the respiratory period or
the like, and there is a possibility that the calculated blood
pressure will vary.

[0006] For example, FIGS. 13 and 14 show envelopes
(original envelope before smoothing) EV,, for a string of
amplitudes of a pulsewave signal, and envelopes EV , that are
smoothed using a moving average obtained by using the data
of N points (N is a natural number) within a range of £15
mmHg at each measurement point, in cases where the respi-
ratory periods (i.e., periods of respiratory variation) are 4
seconds and 8 seconds, respectively. Threshold levels Ths and
Thd are set on the high-pressure sides and low-pressure sides
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with respect to the maximum peaks of the envelopes. As can
be understood from FIG. 13, if the respiratory period is 4
seconds, which is relatively fast, the envelope will include
several instances of respiratory variation. As a result, the
pressures at points Xs and Xd at which the smoothed envelope
BV, crosses the threshold levels Ths and Thd correspond to
the approximate centers of the points at which an upper-limit
line EV, and a lower-limit line EV, which take into account
the respiratory variation, crosses the threshold levels Ths and
Thd. Accordingly, the calculated pressures represent the
approximate average blood pressure values. In contrast, as
can be understood from FIG. 14, if the respiratory period is 8
seconds, which is relatively slow, the envelope includes only
one instance of respiratory variation (in this example, respi-
ratory variation appears when the cuff pressure is about 100
mmHg). As a result, the pressures of points Xs” and Xd' at
which the smoothed envelope EV ,,crosses the threshold lev-
els Ths and Thd deviate from the centers of the points at which
the upper-limit line EV,,and the lower-limit line EV,, which
take the respiratory variation into account, cross the threshold
levels Ths and Thd. For this reason, it cannot be said that the
calculated pressures are the average blood pressure values.
[0007] Thus, with the conventional electronic blood pres-
sure monitor, there is a possibility that the calculated blood
pressure value will vary. For this reason, the current state of
affairs is such that a measurement subject trying to find out his
or her average blood pressure value will perform measure-
ment multiple times. As a result, there is a problem in that
blood pressure measurement is troublesome and is a signifi-
cant burden to a measurement subject.

[0008] Inview ofthis, the presentinvention aims to provide
an electronic blood pressure monitor that can calculate an
average blood pressure value taking respiratory variation into
account.

Solution to Problem

[0009] In order to solve the foregoing problems, an elec-
tronic blood pressure monitor according to the invention is
[0010] an electronic blood pressure monitor configured to
measure blood pressure at a measurement site using an oscil-
lometric method, the blood pressure monitor including:
[0011] acuff pressure control unit that can change pressure
in a cuff attached to a measurement site;

[0012] a pressure detection unit configured to detect a cuff
pressure signal indicating the pressure in the cuff;

[0013] a pulsewave amplitude string acquisition unit con-
figured to retrieve a pulsewave signal that is superimposed on
the cuff pressure signal and indicates a pulsewave at the
measurement site, and thereby acquire a string of amplitudes
indicated by the pulsewave signal,

[0014] a first envelope creation unit configured to, with
respect to the string of amplitudes acquired by the pulsewave
amplitude string acquisition unit, create a first envelope con-
necting the amplitudes;

[0015] an extremum detection unit configured to detect
local maxima and local minima in the first envelope;

[0016] alocal-maximum envelope creation unit configured
to, with respect to a string of amplitudes corresponding to the
local maxima in the string of amplitudes acquired by the
pulsewave amplitude string acquisition unit, create a local-
maximum envelope connecting the amplitudes correspond-
ing to the local maxima;

[0017] alocal-minimum envelope creation unit configured
to, with respect to a string of amplitudes corresponding to the
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local minima in the string of amplitudes acquired by the
pulsewave amplitude string acquisition unit, create a local-
minimum envelope connecting the amplitudes corresponding
to the local minima;

[0018] a threshold level setting unit configured to, in order
to obtain a systolic blood pressure and a diastolic blood pres-
sure, calculate and set a first threshold level and a second
threshold level that are respective percentages determined in
advance withrespect to a value of a maximum peak of the first
envelope;

[0019] asystolic blood pressure calculation unit configured
to obtain two pressure values at points at which portions on a
high-pressure side with respect to maximum peaks of the
local-maximum envelope and the local-minimum envelope
cross the first threshold level, and calculate an average value
of the two pressure values as systolic blood pressure; and
[0020] a diastolic blood pressure calculation unit config-
ured to obtain two pressure values at points at which portions
on a low-pressure side with respect to maximum peaks of the
local-maximum envelope and the local-minimum envelope
cross the second threshold level, and calculate an average
value of the two pressure values as diastolic blood pressure.
[0021] Here, the first envelope, the local-maximum enve-
lope, and the local-minimum envelope are typically
expressed using graphs in which cuff pressure is on the hori-
zontal axis and pulsewave amplitude is on the vertical axis.
[0022] With the electronic blood pressure monitor of the
invention, the cuff pressure control unit changes the pressure
in a cuff attached to a measurement site during measurement.
Inthe process of the pressure in the cuff increasing or decreas-
ing, the pressure detection unit detects the cuff pressure sig-
nal, which indicates the pressure in the cuff. The pulsewave
amplitude string acquisition unit retreives a pulsewave signal
that is superimposed on the cuff pressure signal and indicates
a pulsewave at the measurement site, and thereby acquires a
string of amplitudes indicated by the pulsewave signal. With
respect to the string of amplitudes acquired by the pulsewave
amplitude string acquisition unit, the first envelope creation
unit creates a first envelope that connects the amplitudes. The
extremum detection unit detects the local maxima and the
local minima of'the first envelope. With respect to the string of
amplitudes corresponding to the local maxima in the string of
amplitudes acquired by the pulsewave amplitude string
acquisition unit, the local-maximum envelope creation unit
creates alocal-maximum envelope connecting the amplitudes
corresponding to the local maxima. With respect to the string
of amplitudes corresponding to the local minima in the string
of amplitudes acquired by the pulsewave amplitude string
acquisition unit, the local-minimum envelope creation unit
creates a local-minimum envelope connecting the amplitudes
corresponding to the local minima. In order to obtain the
systolic blood pressure and the diastolic blood pressure, the
threshold level setting unit calculates and sets a first threshold
level and a second threshold level, which are respective per-
centages determined in advance with respect to the value of
the maximum peak of the first envelope. The systolic blood
pressure calculation unit obtains two pressure values (these
are referred to as “two high-pressure-side pressure values” as
appropriate) at points at which portions on the high-pressure-
side with respect to the maximum peaks of the local-maxi-
mum envelope and the local-minimum envelope cross the
first threshold level, and calculates the average value of the
two pressure values as the systolic blood pressure. Also, the
diastolic blood pressure calculation unit obtains two pressure
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values (these are referred to as “two low-pressure-side pres-
sure values™ as appropriate) at points at which portions on the
low-pressure-side with respect to the maximum peaks of the
local-maximum envelope and the local-minimum envelope
cross the second threshold level, and calculates the average
value of the two pressure values as the diastolic blood pres-
sure.

[0023] Here, the difference between the local-maximum
envelope and the local-minimum envelope includes respira-
tory variation. That is, the difference between the two high-
pressure-side pressure values and the difference between the
two low-pressure-side pressure values each include respira-
tory variation. Accordingly, it can be said that the average
value of the two high-pressure-side pressure values calcu-
lated by the systolic blood pressure calculation unit as the
systolic blood pressure and the average value of the two
low-pressure-side pressure values calculated by the diastolic
blood pressure calculation unit as the diastolic blood pressure
are both average values that take respiratory variation into
account. Thus, according to the electronic blood pressure
monitor, an average blood pressure value taking respiratory
variation into account can be calculated.

[0024] Furthermore, if the calculated blood pressure values
(systolic blood pressure and diastolic blood pressure) are
displayed on a display device (liquid crystal display, etc.) for
example, the user (includes the measurement subject, the
same applies hereinafter) can know the average blood pres-
sure values that take the respiratory variation of the measure-
ment subject into account. Accordingly, the measurement
subject does not need to perform measurement multiple
times. As a result, blood pressure measurement is easier for
the measurement subject, and the burden can be reduced.
[0025] An electronic blood pressure monitor according to
an embodiment includes a display device configured to dis-
play the calculated systolic blood pressure and diastolic blood
pressure.

[0026] With the electronic blood pressure monitor accord-
ing to the embodiment, by looking at the content displayed on
the display device, the user can easily be made aware of the
calculated systolic blood pressure and diastolic blood pres-
sure, or in other words, average blood pressure values taking
respiratory variation of the measurement subject into
account.

[0027] An electronic blood pressure monitor according to
an embodiment includes an envelope correction unit config-
ured to correct the first envelope by removing a singularity
from the string of amplitudes according to which the first
envelope was created.

[0028] 1In the present specification, a “singularity” is
defined as follows. If an amplitude value of interest in the
string of amplitudes according to which the first envelope was
created deviates by more than a predetermined reference from
the values of the amplitudes aligned in front of and behind
that amplitude, the amplitude of interest is a singularity.
[0029] Respiratory variation in blood pressure occurs peri-
odically, synchronous with respiration, and appears as a trend
in which several consecutive amplitudes in the string of
amplitudes according to which the first envelope was created
are larger or smaller. If the value of an amplitude of interest
deviates by more than a predetermined reference from the
values of amplitudes aligned in front of and behind that
amplitude, the amplitude of interest is considered to be a
non-periodic singularity caused by bodily movement of the
measurement subject or the like during blood pressure mea-
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surement. In view of this, with the electronic blood pressure
monitor according to the embodiment, the envelope correc-
tion unit corrects the first envelope by removing a singularity
from the string of amplitudes according to which the first
envelope was created. Accordingly, the extremum detection
unit, the local-maximum envelope creation unit, the local-
minimum envelope creation unit, and the threshold level set-
ting unit perform the above-described processes using the
corrected first envelope. Then, the systolic blood pressure
calculation unit and the diastolic blood pressure calculation
unit use the results of those processes to calculate the systolic
blood pressure and the diastolic blood pressure, respectively.
Accordingly, the precision of the calculated blood pressure
value is increased.

[0030] An electronic blood pressure monitor according to
an embodiment includes a smoothing unit configured to
smooth the local-maximum envelope and the local-minimum
envelope.

[0031] With the electronic blood pressure monitor accord-
ing to the embodiment, the smoothing unit smooths the local-
maximum envelope and the local-minimum envelope.
Accordingly, the systolic blood pressure calculation unit cal-
culates the systolic blood pressure using the smoothed local-
maximum envelope and the smoothed local-minimum enve-
lope. Also, the diastolic blood pressure calculation unit
calculates the diastolic blood pressure using the smoothed
local-maximum envelope and the smoothed local-minimum
envelope. In such a case, the noise in the two high-pressure-
side pressure values and the two low-pressure-side pressure
values is reduced, and the precision of the calculated blood
pressure values (the systolic blood pressure and the diastolic
blood pressure) is increased.

Advantageous Effects of Invention

[0032] As is evident from the description above, according
to an electronic blood pressure monitor of this invention, it is
possible to calculate average blood pressure values that take
respiratory variation into account.

BRIEF DESCRIPTION OF DRAWINGS

[0033] FIG. 1 is a diagram showing an overall block con-
figuration of an electronic blood pressure monitor according
to an embodiment of the invention.

[0034] FIG. 2 is a diagram showing an overall operation
flow of the electronic blood pressure monitor.

[0035] FIG. 3 is a diagram illustrating a set of elements
included in a CPU (Central Processing Unit) of the electronic
blood pressure monitor in order to calculate blood pressure
values.

[0036] FIG. 4 is a diagram for illustrating processing for
when blood pressure values are calculated by a portion of the
elements in FIG. 3.

[0037] FIG. 5(A) is a diagram illustrating a cuff pressure
signal detected via a pressure sensor of the electronic blood
pressure monitor. FIG. 5(B) is a diagram illustrating a signal
(HPF output) retrieved from the cuff pressure signal via a
high-pass filter.

[0038] FIG. 6 is a diagram illustrating the signal in FIG.
5(B) as an enlarged pulsewave signal representing a pulse-
wave at the measurement site in the pressure decrease pro-
cess.
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[0039] FIG. 7 is a diagram showing a string of amplitudes
indicated by the pulsewave signal, and a first envelope created
according to the string of amplitudes.

[0040] FIG. 8is a diagram showing an example in which, in
a case where the respiratory period of the measurement sub-
ject is known, a string of amplitudes is acquired from the
pulsewave signal for each phase of the respiratory period, and
envelopes are created for the amplitude string of each phase.
[0041] FIG. 9isadiagram showing a method of calculating
systolic blood pressure and diastolic blood pressure using a
local-maximum envelope and a local-minimum envelope.
[0042] FIG. 10 is a diagram for illustrating processing for
when blood pressure values are calculated by all of the ele-
ments in FIG. 3.

[0043] FIG. 11 is a diagram showing a correction method
for removing singularities from a string of amplitudes accord-
ing to which a first envelope is created.

[0044] FIG. 12 is a diagram showing a method of calculat-
ing systolic blood pressure and diastolic blood pressure using
a smoothed local-maximum envelope and a smoothed local-
minimum envelope.

[0045] FIG. 13 is a diagram for illustrating blood pressure
values calculated using a conventional electronic blood pres-
sure monitor, in the case where the respiratory period is 4
seconds.

[0046] FIG. 14 is a diagram for illustrating blood pressure
values calculated using a conventional electronic blood pres-
sure monitor, in the case where the respiratory period is 8
seconds.

DESCRIPTION OF EMBODIMENTS

[0047] Hereinafter, embodiments of the invention will be
described in detail with reference to the drawings.

[0048] FIG. 1 shows an overall block configuration of an
electronic blood pressure monitor (indicated overall by ref-
erence numetral 1) according to an embodiment of the inven-
tion. The blood pressure monitor 1 includes a cuff 20, a main
body 10, and a CPU (Central Processing Unit) 100 serving as
a control unit, a display device 50, a memory 51 serving as a
storage unit, an operation unit 52, a power supply unit 53, a
pump 32, a valve 33, and a pressure sensor 31, which are
mounted in the main body 10. Also, the main body 10
includes an oscillation circuit 310 that converts an output
from the pressure sensor 31 into a frequency, a pump driving
circuit 320 that drives the pump 32, and a valve driving circuit
330 that drives the valve 33, all of which are mounted in the
main body 10.

[0049] The display device 50 includes a display, an indica-
tor, and the like, and displays predetermined information in
accordance with control signals from the CPU 100.

[0050] The operation unit 52 includes a power supply
switch 52A that receives input of an instruction to turn on or
turn off the power supply unit 53, a measurement switch 52B
for receiving an instruction to start measurement of blood
pressure, astopping switch 52C for receiving an instruction to
stop measurement, and a user selection switch 52D for select-
ing, from among multiple registered users, a user to be a
measurement subject. The switches 52A, 52B, 52C, and 52D
input operation signals corresponding to an instruction given
by a user to the CPU 100.

[0051] The memory 51 stores data for programs for con-
trolling the blood pressure monitor 1, data used for control-
ling the blood pressure monitor 1, setting data for setting
various functions of the blood pressure monitor 1, data on
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results of measuring the blood pressure value, and the like.
Also, the memory 51 is used as a working memory or the like
for when a program is executed.

[0052] The CPU 100 functions as a cuff pressure control
unit in accordance with a program for controlling the blood
pressure monitor 1 that is stored in the memory 51, and
performs control for driving the pump 32 and the valve 33 in
response to operation signals from the operation unit 51.
Also, the CPU 100 calculates the blood pressure values and
controls the display device 50 and the memory 51 based on
signals from the pressure sensor 31.

[0053] Thepower supply unit 53 supplies power to the CPU
100, the pressure sensor 31, the pump 32, the valve 33, the
display device 50, the memory 51, the oscillation circuit 310,
the pump driving circuit 320, and the valve driving circuit
330.

[0054] The pump 32 supplies air to a fluid bladder 22 con-
tained in the cuff 20 in order to increase the pressure in the
fluid bladder 22 (cuff pressure). The valve 33 is opened and
closed in order to discharge or seal the air in the fluid bladder
22 and thereby control the cuff pressure. The pump driving
circuit 320 drives the pump 32 based on a control signal
provided from the CPU 100. The valve driving circuit 330
opens and closes the valve 33 based on a control signal
provided from the CPU 100.

[0055] The pressure sensor 31 and the oscillation circuit
310 function as a pressure detection unit that detects the
pressure in the cuff. The pressure sensor 31 is a piezoresistive
pressure sensor, for example, and is connected via a cuff air
tube 39 to the pump 32, the valve 33, and the fluid bladder 22
contained in the cuff 20. In this example, the oscillation
circuit 310 oscillates based on an electric signal value that is
from the pressure sensor 31 and is based on a change in
electric resistance due to the piezoresistive effect, and outputs
a frequency signal having a frequency corresponding to the
electric signal value of the pressure sensor 31 to the CPU 100.

[0056] If blood pressure is to be measured in accordance
with a common oscillometric method, the following opera-
tion is generally performed. That is, the cuft is wrapped
around a measurement site (arm, etc.) of the measurement
subject in advance, and during measurement, the pump and
valve are controlled so as to increase the cuff pressure so that
it is higher than the systolic blood pressure, and gradually
reduce the cuff pressure thereafter. In the process of the pres-
sure decreasing, the cuff pressure is detected by the pressure
sensor, and changes in the arterial volume that occur in the
artery at the measurement site are retrieved as a pulsewave
signal. The systolic blood pressure and the diastolic blood
pressure are calculated based on changes in the amplitude of
the pulsewave signal that accompany changes in the cuff
pressure at this time (mainly rising edges and falling edges).

[0057] With the blood pressure monitor 1, the blood pres-
sure values of a measurement subject are measured by the
CPU 100 using an oscillometric method in accordance with
the flow in FIG. 2.

[0058] Specifically, when the measurement switch 52B is
pressed while the power supply switch 52A is on, the blood
pressure monitor 1 starts blood pressure measurement, as
shown in FIG. 2. When blood pressure measurement is
started, the CPU 100 initializes the memory region for pro-
cessing, and outputs a control signal to the valve driving
circuit 330. Based on the control signal, the valve driving
circuit 330 opens the valve 33 so as to discharge the air in the
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fluid bladder 22 of the cuff 20. Next, control for adjusting the
pressure sensor 31 to 0 mmHg is performed.

[0059] When blood pressure measurement is started, the
CPU 100 first closes the valve 33 via the valve driving circuit
330 and then drives the pump 32 via the pump driving circuit
320, thereby performing control for sending air to the fluid
bladder 22. Accordingly, the fluid bladder 22 is inflated and
the cuff pressure gradually increases (step ST101).

[0060] When the cuff pressure is increased to a predeter-
mined pressure (YES in step ST102), the CPU 100 stops the
pump 32 via the pump driving circuit 320, and then performs
control for gradually opening the valve 33 via the valve driv-
ing circuit 330. Accordingly, the fluid bladder 22 is deflated
and the cuff pressure gradually decreases (step ST103).
[0061] Here, the predetermined pressure is a pressure that is
sufficiently higher than the systolic blood pressure of the
measurement subject (e.g., systolic blood pressure +30
mmHg), and it is stored in advance in the memory 51 or it is
determined by the CPU 100 estimating the systolic blood
pressure using a predetermined calculation equation while
the cuff pressure is increased (e.g., see JP 2001-70263A).
[0062] Also, as for the pressure decrease rate, a target pres-
sure decrease rate that is to be a target is set while the cuff'is
being inflated, and the CPU 100 controls the degree of open-
ing of the valve 33 so as to reach the target pressure decrease
rate (see JP 2001-70263A).

[0063] In the pressure decrease process, the cuff pressure
signal (indicated by reference sign Pc) representing the pres-
sure in the cuff 20 is detected by the pressure sensor 31 via the
cuff 20. Based on the cuff pressure signal Pc, the CPU 100
calculates the blood pressure values (systolic blood pressure
and diastolic blood pressure) by applying a later-described
algorithm using an oscillometric method (step ST104). Note
that the calculation of the blood pressure values is not limited
to the pressure decrease process and may be performed in the
pressure increase process.

[0064] When the blood pressure values are calculated and
determined (YES in step ST105), the CPU 100 performs
control for displaying the calculated blood pressure values on
the display device 50 (step ST106) and storing the blood
pressure values in the memory 51 (step ST107).

[0065] Next, when the stopping switch 52C is pressed, the
CPU 100 performs control for opening the valve 33 via the
valve driving circuit 330 and discharges the air in the fluid
bladder 22 of the cuff 20 (step ST108).

[0066] Whenthe powersupply switch 52A is pressed there-
after, blood pressure measurement is ended.

First Example

[0067] FIG. 3 illustrates elements included in the CPU 100
(software) of the electronic blood pressure monitor 1, in order
to calculate the blood pressure values. In the first example, the
elements for calculating the blood pressure values include a
pulsewave amplitude string acquisition unit 61, a first enve-
lope creation unit 62, an extremum detection unit 63, a local-
maximum envelope creation unit 64, a local-minimum enve-
lope creation unit 65, a threshold level setting unit 66, a
systolic blood pressure calculation unit 67, and a diastolic
blood pressure calculation unit 68. FIG. 4 shows a flow of
processing for when the blood pressure values are calculated
by the elements in FIG. 3. Note that in the first example, an
envelope correction unit 71 and a smoothing processing umt
72 indicated by the frames with broken lines in FIG. 3 are
excluded.
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[0068] A method of calculating the blood pressure values
based on a cuff pressure signal Pc will be described mainly
with reference to FIGS. 3 and 4.

[0069] 1)First, as shownin FIG. 4, the pulsewave amplitude
string acquisition unit 61 shown in FIG. 3 receives the cuff
pressure signal Pc detected by the above-described pressure
sensor 31 and retrieves a pulsewave signal SM that indicates
a pulsewave at the measurement site, which is superimposed
on the cuff pressure signal Pc.

[0070] Here, as shown in FIG. 5(A), the cuff pressure signal
Pc is a signal in which a variation component accompanying
changes in artery volume for each heartbeat is superimposed
on the pressure that rises (pressure increase process) or falls
(pressure decrease process) almost linearly as time elapses.
The pulsewave amplitude string acquisition unit 61 retrieves
a variation component (HPF output) such as that shown in
FIG. 5(B) from the cuff pressure signal Pc via a high-pass
filter (HPF), and outputs it as a pulsewave signal SM such as
that shown in FIG. 6. In this example, as shown in FIG. 6
(corresponds to the pressure decrease process), according to
the variation in the arterial volume, the pulsewave signal SM
starts to increase about 12 seconds from the start of measure-
ment, reaches its maximum about 16 seconds from the start of
measurement, and mostly dissipates about 20 seconds from
the start of measurement.

[0071] Also, the pulsewave amplitude column acquisition
unit 61 acquires an amplitude (hereinafter referred to as
“pulsewave amplitude” as appropriate) string AL indicated
by the pulsewave signal SM. In this example, as shown in
FIG. 7, the pulsewave amplitude string AL is shown as the
string AL of amplitudes (peak values) AM,, AM,. . .., AM,,
... for each heartbeat, with the cuff pressure on the horizontal
axis.

[0072] ii) Next, as shown in FIG. 4, with respect to the
pulsewave amplitude string AL, acquired by the pulsewave
amplitude string acquisition unit 61, the first envelope cre-
ation unit 62 in FIG. 3 creates a first envelope EV1 that
connects the amplitudes. Here, the first envelope EV1 has
peaks and troughs caused by respiratory variation, as shown
in FIG. 7.

[0073] Forreference, FIG. 8 shows an example in which, in
the case where the respiratory period of the measurement
subject is known, an amplitude string is acquired for each
phase al, a2, . . . o5 of the respiratory period from the
pulsewave amplitude string AL of the pulsewave signal SM,
and envelopes EVal, EVa2, . .. EVoS are created respec-
tively for the amplitude strings for the phases a1, a2, a5. The
phases al, a2, a5 each differ by 60°, with one respiratory
period being 360°. In the example shown in FIG. 8, EVa5
corresponds to an envelope for when the respiratory variation
is at local maxima, and EVa2 corresponds to an envelope for
when the respiratory variation is at local minima. In order to
obtain an average blood pressure value, the envelope for when
the respiratory variation is at local maxima and the envelope
for when the respiration variation is at local minima can be
thought of respectively as an upper-limit line and a lower-
limit line taking the respiratory variation into account.
[0074] 1iii) In view of this, as shown in FIG. 4, the extremum
detection unit 63 in FIG. 3 detects local maxima Lmax and
local minima Lmin in the first envelope EV1. The local
maxima [max and the local minima Lmin are each a string of
multiple points.

[0075] iv) Next, the local-maximum envelope creation unit
64 shown in FIG. 3 creates a local-maximum envelope
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EVmax that connects the amplitudes of, in the pulsewave
amplitude string AL acquired by the pulsewave amplitude
string acquisition unit 61, the string of amplitudes corre-
sponding to the local maxima Lmax, as shown in FIG. 9. On
the other hand, the local-minimum envelope creation unit 65
shown in FIG. 3 creates a local-minimum envelope EVmin
that connects the amplitudes of, in the pulsewave amplitude
string AL acquired by the pulsewave amplitude string acqui-
sition unit 61, the string of amplitudes corresponding to the
local minima Lmin, as shown in FIG. 9.

[0076] v)Also, inorder to obtain the systolic blood pressure
BPsys and the diastolic blood pressure BPdia, the threshold
level setting unit 66 shown in FIG. 3 calculates and sets a first
threshold level Ths and a second threshold level Thd, which
are respective percentages determined in advance with
respect to the value of the maximum peak EVI1P of the first
envelope EV1. In this example, the first threshold level Ths is
set to 40% of the value of the maximum peak EV1P, and the
second threshold level Thd is set to 50% of the value of the
maximum peak EV1P.

[0077] i) Next, the systolic blood pressure calculation unit
67 shown in FIG. 3 obtains two pressure values Pc1 and Pc2
at the points at which the portions on the high-pressure side
with respect to the maximum peaks EVmaxP and EVminP of
the local-maximum envelope EVmax and thelocal-minimum
envelope EVmin cross the first threshold level Ths, and cal-
culates the average value of the two pressure values, or (Pc1+
Pc2)/2, as the systolic blood pressure BPsys, as shown in
FIGS. 4 and 9. Also, the diastolic blood pressure calculation
unit 68 shown in FIG. 3 obtains two pressure values Pc3 and
Pc4 at the points at which the portions on the low-pressure
side with respect to the maximum peaks EVmaxP and
EVminP of the local-maximum envelope EVmax and the
local-minimum envelope EVmin cross the second threshold
level Thd, and calculates the average value of the two pressure
values, or (Pc3+Pc4)/2, as the diastolic blood pressure BPdia,
as shown in FIGS. 4 and 9.

[0078] Here, the local-maximum envelope EVmax and the
local-minimum envelope EVmin respectively correspond to
the upper-limit line and the lower-limit line of the respiratory
variation. Accordingly, it can be said that the average value of
the two high-pressure-side pressure values, or (Pc1+Pc2)/2,
and the average value of the two low-pressure-side pressure
values, or (Pc3+Pc4)/2, are average values that take the res-
piratory variation into account. Thus, according to the elec-
tronic blood pressure monitor 1, average blood pressure val-
ues that take respiratory variation into account can be
calculated.

[0079] Furthermore, the calculated blood pressure values
(systolic blood pressure BPsys and diastolic blood pressure
BPdia) are displayed on the display device 50. Accordingly,
the user can find out the average blood pressure values that
take the measurement subject’s respiratory variation into
account. Accordingly, the measurement subject does not need
to perform measurement multiple times. As a result, blood
pressure measurement is easier for the measurement subject,
and the burden is reduced.

[0080] In the above example, the first threshold level Ths
was set to be 40% of the value of the maximum peak EV1P
and the second threshold level Thd was set to be 50% of the
value of the maximum peak EV1P, but there is no limitation to
this. For example, the percentages of the threshold levels with
respect to the value of the maximum peak EV1P may be
changed such that the first threshold level Ths is set to be 50%
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of the value of the maximum peak EV1P, and the second
threshold level Thd is set to be 70% of the value of the
maximum peak EV1P. Also, instead of setting the threshold
level percentages using the value of the maximum peak EV1P
in the first envelope EV1 as the reference, it is possible to set
the threshold level percentages using the value of the maxi-
mum peak EVmaxP of'the local-maximum envelope EVmax
or the value of the maximum peak EVminP of the local-
minimum envelope EVmin as the reference.

[0081] Also, if the difference between the two high-pres-
sure-side pressure values Pc1 and Pc2 (Pc1-Pc2) exceeds a
predetermined percentage (e.g., being set in a range from
around 2-3% to 10%) with respect to the calculated systolic
blood pressure BPsys, or if the difference between the low-
pressure-side pressure values Pc3 and Pc4 (Pc3-Pcd) exceeds
a predetermined percentage (e.g., being set in a range from
around 2-3% to 10%) with respect to the calculated diastolic
blood pressure BPdia, the CPU 100 may perform notification
by displaying the calculated blood pressure values (systolic
blood pressure BPsys and diastolic blood pressure BPdia) and
amessage saying “Because blood pressure variation is large,
re-measurement is recommended” on the display device 50.
[0082] Also, in addition to displaying such a message, or
instead of displaying the message, it is possible to perform
notification of this using an alarm sound, for example.
[0083] With this kind of notification, the user can easily be
made aware of the fact that there is a possibility that measure-
ment was not performed correctly and it is therefore neces-
sary to perform re-measurement after some time has passed.

Second Example

[0084] In the second example, the blood pressure value is
calculated using all of the elements shown in FIG. 3. That is
to say, the envelope correction unit 71 and the smoothing
processing unit 72 shown in the frames with broken lines in
FIG. 3 function in addition to the pulsewave amplitude string
acquisition unit 61, the first envelope creation unit 62, the
extremum detection unit 63, the local-maximum envelope
creation unit 64, the local-minimum envelope creation unit
65, the threshold level setting unit 66, the systolic blood
pressure calculation unit 67, and the diastolic blood pressure
calculation unit 68, which have already been described in the
first example.

[0085] FIG. 10 shows a flow of processing for when the
blood pressure value is calculated using all of the elements
shown in FIG. 3. The processing of FIG. 10 includes a flow
that is roughly similar to the processing of FI1G. 4. The pro-
cessing of FIG. 10 is different in that processing in which the
envelope correction unit 71 performs correction (singularity
removal correction) RA for removing singularities from the
amplitude string AL according to which the first envelope
EV1 is created, and processing in which the smoothing pro-
cessing unit 72 performs smoothing ALS1 and ALS2 on the
local-maximum envelope EVmax and the local-minimum
envelope EVmin are added. Hereinafter, for the sake of con-
venience, description that is redundant with that of the first
example will not be given, and only differences from the first
example will be described.

[0086] 1) FIG. 11 illustrates a method of correction (singu-
larity removal correction) RA in which singularities are
removed from the amiplitude string AL according to which the
first envelope EV1 was created. The singularity removal cor-
rection RA is for removing, from the first envelope EV1,
non-periodic components that are different from respiratory
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variation and are caused by bodily movement of the measure-
ment subject during blood pressure measurement.

[0087] Inthis example, in the amplitude string AL accord-
ing to which the first envelope EV1 was created, when the
value of an amplitude of interest (referred to as AM,) deviates
by more than a predetermined reference from the values of the
amplitudes aligned in front of and behind that amplitude
(referred to as AM,_, and AM,, ), the amplitude of interest
AM, is defined as a singularity. Specifically, the following
three equations are used to determined whether or not each
point corresponding to an amplitude is a singularity. First, the
amplitude AM; is assumed to be a singularity if the amplitude
AM, satisfies the following equation:

AMS(AM, +AM, )4 M

The right side of equation (1) means 0.5 times the average
value of the preceding and following amplitudes AM,_, and
AI\Ai+l'

[0088] Also, the amplitude AM, is assumed to not be a
singularity if the amplitude AM, satisfies the following equa-
tion:

(AM,_ | +AM,, VA<AM<3(AM,_+AM,

i+l

V4 @

The right side of equation (2) means 1.5 times the average
value of the preceding and following amplitudes AM,_, and
AI\AHI'

[0089] Also, the amplitude AM, is assumed to be a singu-
larity if the amplitude AM, satisfies the following equation:

3(AM,_+AM,, )/4<d4M, 3)

[0090] In the example shown in FIG. 11, since amplitude
AM; is such that AM<(AM;+AM.)/4, which satisfies equa-
tion (1), it is determined that amplitude AM is a singularity.
Also, since amplitude AM, ; is such that 3(AM, +AM, )/
4<AM, 5, which satisfies equation (3), it is determined that
amplitude AM, 5 is a singularity. On the other hand, it is
determined that the remaining amplitudes in the amplitude
string AL are not singularities.

[0091] Inthis example, when it is determined that an ampli-
tude AM, is a singularity, the amplitude AM, is replaced with
the average value (AM,_,+AM,, ,)/2 of the amplitudes AM,_,
and AM,, , which are aligned in front of and behind the
amplitude AM, and thereby the first envelope EV1 is cor-
rected to be smooth (interpolation). Note that the amplitude
AM, may simply be removed. In FIGS. 10 and 11, the enve-
lope resulting from the singularity removal correction RA is

shown as a second envelope EV2.

[0092] Thus, with the singularity removal correction RA,
non-periodic components that are different from the respira-
tory variation and are caused by bodily movement of a mea-
surement subject during blood pressure measurement or the
like can be removed from the first envelope EV1. In the
subsequent processing, the second envelope EV?2 resulting
from the singularity removal correction RA is used. Accord-
ingly, the precision of the calculated blood pressure value is
increased.

[0093] 1ii) FIG. 12 shows a method of calculating the sys-
tolic blood pressure and diastolic blood pressure using the
smoothed local-maximum envelope EVmaxS and the
smoothed local-minimum envelope EVminS.
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[0094] As shown in FIG. 10, the smoothed local-maximum
envelope EVmaxS and local-minimum envelope EVminS are
obtained by carrying out smoothing ALS1 and A.S2, such as
a known moving average, on the local-maximum envelope
EVmax and the local-minimum envelope EVmin respec-
tively (e.g., JP H05-317274).

[0095] After the smoothing ALS1 and ALS2, the threshold
level setting unit 66 shown in FIG. 3 calculates and sets the
first threshold level Ths’ and the second threshold level Thd',
which are predetermined percentages of the value of the
maximum peak EV2P in the second envelope EV2, as shown
in FIG. 12. In this example, similarly to the first example, the
first threshold level Ths' is set to be 40% of the value of the
maximum peak EV2P, and the second threshold level Thd' is
set to be 50% of the value of the maximum peak EV2P.
However, modifications such as those stated above can be
made.

[0096] Next, as shown in FIGS. 10 and 12, the systolic
blood pressure calculation unit 67 shown in FIG. 3 obtains
two pressure values Pcl' and Pc2' at the points at which
portions on the high-pressure-side with respect to the maxi-
mum peaks EVmaxSP and EVminSP of the smoothed local-
maximum envelope EVmaxS and local-minimum envelope
EVminS cross a first threshold value level Ths', and the aver-
age value (Pc1'+Pc2')/2 of the two pressure values is calcu-
lated as the systolic blood pressure BPsys'. Furthermore, as
shown in FIGS. 10 and 12, the diastolic blood pressure cal-
culation unit 68 shown in FIG. 3 obtains two pressure values
Pc3' and Pcd' at the points at which portions on the low-
pressure-side with respect to the maximum peaks EVmaxSP
and EVminSP of the smoothed local-maximum envelope
EVmaxS and local-minimum envelope EVminS cross a sec-
ond threshold value level Thd', and the average value (Pc3'+
Pc4')/2 of the two pressure values is calculated as the diastolic
blood pressure BPdia'.

[0097] In such a case, noise in the two high-pressure-side
pressure values Pcl' and Pc2' and in the two low-pressure-
side pressure values Pc3' and Pc4' is reduced, and the preci-
sion of the calculated blood pressure values (systolic blood
pressure BPsys’ and diastolic blood pressure BPdia') is
increased.

[0098] In the second example, processing for performing
correction (singularity removal correction) RA in which sin-
gularities are removed from the amplitude string AL accord-
ing to which the first envelope EV1 is created and processing
for performing smoothing ALS1 and ALS2 on the local-
maximum envelope EVmax and the local-minimum envelope
EVmin respectively are both added to the processing of FIG.
4, but there is no limitation to this. It is also possible to add
only one of the processes.

[0099] In the above-described embodiment, the measure-
ment site was an arm, but there is no limitation to this. The
measurement site may be a wrist or a leg.

[0100] Also, the electronic blood pressure monitor of the
present invention not only measures blood pressure, but may
also measure other bodily information such as pulse rate, for
example.

[0101] The above-described embodiment is merely an
example and may be modified in various ways without
departing from the scope of the invention.

REFERENCE SIGNS LIST
[0102] 1 Blood pressure monitor
[0103] 20 Blood pressure measurement cuff
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[0104] 31 Pressure sensor
[0105] 50 Display device
[0106] 100 CPU

1. An electronic blood pressure monitor configured to mea-
sure blood pressure at a measurement site using an oscillom-
etric method, the blood pressure monitor comprising:

a cuff pressure control unit that can change pressure in a

cuff attached to a measurement site;

a pressure detection unit configured to detect a cuff pres-
sure signal indicating the pressure in the cuff;

apulsewave amplitude string acquisition unit configured to
retrieve a pulsewave signal that is superimposed on the
cuff pressure signal and indicates a pulsewave at the
measurement site, and thereby acquire a string of ampli-
tudes indicated by the pulsewave signal;

a first envelope creation unit configured to, with respect to
the string of amplitudes acquired by the pulsewave
amplitude string acquisition unit, create a first envelope
connecting the amplitudes;

an extremum detection unit configured to detect local
maxima and local minima in the first envelope;

a local-maximum envelope creation unit configured to,
with respect to a string of amplitudes corresponding to
the local maxima in the string of amplitudes acquired by
the pulsewave amplitude string acquisition unit, create a
local-maximum envelope connecting the amplitudes
corresponding to the local maxima;

a local-minimum envelope creation unit configured to,
with respect to a string of amplitudes corresponding to
the local minima in the string of amplitudes acquired by
the pulsewave amplitude string acquisition unit, create a
local-minimum envelope connecting the amplitudes
corresponding to the local minima;

a threshold level setting unit configured to, in order to
obtain a systolic blood pressure and a diastolic blood
pressure, calculate and set a first threshold level and a
second threshold level that are respective percentages
determined in advance with respect to a value of a maxi-
mum peak of the first envelope;

a systolic blood pressure calculation unit configured to
obtain two pressure values at points at which portions on
a high-pressure side with respect to maximum peaks of
the local-maximum envelope and the local-minimum
envelope cross the first threshold level, and calculate an
average value of the two pressure values as systolic
blood pressure; and

a diastolic blood pressure calculation unit configured to
obtain two pressure values at points at which portions on
a low-pressure side with respect to maximum peaks of
the local-maximum envelope and the local-minimum
envelope cross the second threshold level, and calculate
an average value of the two pressure values as diastolic
blood pressure.

2. The electronic blood pressure monitor according to
claim 1, comprising a display device configured to display the
calculated systolic blood pressure and diastolic blood pres-
sure.

3. The electronic blood pressure monitor according to
claim 1, comprising an envelope correction unit configured to
correct the first envelope by removing a singularity from the
string of amplitudes according to which the first envelope was
created.

4. The electronic blood pressure monitor according to
claim 1, comprising
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asmoothing unit configured to smooth the local-maximum

envelope and the local-minimum envelope.

5. The electronic blood pressure monitor according to
claim 2, comprising an envelope correction unit configured to
correct the first envelope by removing a singularity from the
stringofamplitudes according to which the first envelope was
created.

6. The electronic blood pressure monitor according to
claim 2, comprising

asmoothing unit configured to smooth the local-maximum

envelope and the local-minimum envelope.

7. The electronic blood pressure monitor according to
claim 3, comprising

asmoothing unit configured to smooth the local-maximum

envelope and the local-minimum envelope.

8. The electronic blood pressure monitor according to
claim 5, comprising

asmoothing unit configured to smooth the local-maximum

envelope and the local-minimum envelope.

I I T T
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