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(57) ABSTRACT

The blood pressure measurement apparatus includes a pres-
sure sensor that detects the pressure in a cuff and outputs a
cuff pressure signal, and a pulse wave detection unit that
detects a pulse wave in the cuff pressure signal. The pulse
wave detection unit includes an analog HPF that extracts a
high-frequency component from the cuff pressure signal, an
A/D conversion unit, a signal storage unit that stores a signal
obtained by performing A/D conversion on the cuff pressure
signal detected at the time when the pressurizing pressure
changes from increasing to decreasing, a subtraction unit that
subtracts the signal stored by the signal storage unit from an
output signal of the A/D conversion unit, and a digital HPF
that extracts a high-frequency component from the output
signal of the subtraction unit.




Patent Application Publication Jul. 9,2015 Sheet1of 11 US 2015/0190064 A1

FIG. 1

30




US 2015/0190064 A1

Jul. 9,2015 Sheet 2 of 11

Patent Application Publication

. Alddng H#Nno
- lamod
e
uonelsadQ > > M»__mn\u/ 1 SAlBA
~ 7
He Ndo oL €l
Hnaap Joppelg
AlowBs|y  |e—> - %25 > dwng Ny
wngd
2 " e
nan
Hun - _ » Josuag
Aeidsig [T - onm\_%wumo_m_n_ - ainssald \
k .\
6} % ez L 0y e
oL \-o¢

¢ 9l




US 2015/0190064 A1

Jul. 9,2015 Sheet 3 of 11

Patent Application Publication

Josuag
ainssald

Ndo JIUN UoI}Da}a (g 9ABA\ 9S|nd
I
co;mw_._c@mymm_ 4dH + Hun ddH
INSSol 19pI0-1sdi4 < UOISIOAUOD) 19pI0-18414 |-

poolg e101a g and Bojeuy

18~ 9tz a¢e eez~ 287~
[ 1urx _A
vam

81—/ \-¢z

-

€9/




Patent Application Publication Jul. 9,2015 Sheet4 of 11 US 2015/0190064 A1

200 T } T 1 ] 1 1 1 I

150

100}

50

Cuff Pressure [mmHg]

Analog HPF [mmHg]

1 0 J | | J ! ] | - !

Time [s]



Patent Application Publication Jul. 9,2015 Sheet 5of 11 US 2015/0190064 A1

ANALOG HPF OCTPUT

fU\N_A FIG.5A

DEFLATION START

A 4

4 FIG.5B

BASELINE |
COMPONENT \

v

DEFLATION START
0 FIG.5C
'PULSE WAVE
COMPONENT “ B
Y f h f\ Ao aa >

Y VVUVVVU VVVVVV\”

DEFLATION START



Patent Application Publication Jul. 9,2015 Sheet 6 of 11 US 2015/0190064 A1

— Process A
~ Process B

Digital HPF Output [mmHg]




Patent Application Publication Jul. 9,2015 Sheet 7 of 11 US 2015/0190064 A1

FIG.7
251 ] . . , ~ - Analog HPF Qutput
v ~-- Digital HPF Output
b — Digital HPF (with Subtraction
20t \\ Processing) Output
\ ------
Eﬁ \\ ...................................................
c 15 i
\
..g. \
5
c 10 N .
] \
£
S
O 5 B '\.\‘ N
< S
N
_5 J | I} 1 | ] 1 1 ]

Time [s]



Patent Application Publication Jul. 9,2015 Sheet 8 of 11 US 2015/0190064 A1
FIG.8
25F . . . . —~ Analog HPF Output
—-— Digital HPF Qutput
— Digital HPF (with Subtraction
20t | Processing) Output
A
= T
t 15 'y .
S o
[T i \'
b ' N
] \
S 10t ' N -
(@] 1 N
Q ! N
£ ' .
S .
o \ N ]
< ' T
1 Sl
! T e
of ~— ey
|
_5 L ] | L J ] ! ] 1
0 02 04 06 08 1 12 14 16 18 2

Time [s]



Patent Application Publication

20

15

10

AC Component [mmHg]

251

Jul. 9,2015 Sheet 9 of 11 US 2015/0190064 A1
FIG.9
' . — Analog HPF Qutput
--— Digital HPF OQutput
— Digital HPF (with Subtraction
N Processing) Output
|
SRR L
SRS
"
- Y .
I
[}
]
1
)
i X _
1
. .\
) AN
' .
! o ]
i , -
! “'\_
' ~
1 e
' S
i [}
0 02 04 06 08 12 14 16 18 2



US 2015/0190064 A1

Jul. 9,2015 Sheet 10 of 11

Patent Application Publication

Ndo

nin
uonejnoen
poadg
(uoneyeq)
uoneyu|

28l

+

HUMN UO0[19819(] BABA @S|nd

€8l

nin
uoneulwlIs}aQg
@inssald
poolg

3dH
49pJO-18414

181~

[enbig

9z~

gee

' S

Hun

144

[(1uX e

{0

UOISIBAUQD) |«=

ddH
19pIO-1S414 |

av

Bojeuy

ez~

287~

Josusg
ainssaid

gL

-

0L°9OId




Patent Application Publication Jul. 9,2015 Sheet110of11  US 2015/0190064 A1

FIG.11

18 e
16 // N

¥

T
AN
1

14 -
12 > ]

T

10 7 .

Subtraction Unit 183 Output [mmHg]

O b ] ) ! i
0 10 20 30 40 50

Inflation Speed [mmHg/s]



US 2015/0190064 A1

BLOOD PRESSURE MEASUREMENT
APPARATUS AND PULSE WAVE DETECTION
METHOD

TECHNICAL FIELD

[0001] The present invention relates to an oscillometric
blood pressure measurement apparatus and a pulse wave
detection method.

BACKGROUND ART

[0002] An oscillometric blood pressure measurement
apparatus (e.g., see Patent Documents 1 to 3) is known as an
apparatus that automatically measures a body’s blood pres-
sure value.

[0003] An oscillometric automatic blood pressure mea-
surement apparatus slowly changes the pressure with which a
cuff wrapped around a part of a body pressurizes the body
(cuff pressure) at a predetermined speed, and detects the
pressure in the cuff while the pressurizing pressure is being
changed. Also, a pulse wave, which is a pressure component
that is superimposed on the cuff pressure in synchronization
with the body’s pulse, is detected in the detected pressure in
the cuff, and the body’s blood pressure value is determined
based on the change in the amplitude of the pulse wave.

[0004] Patent Documents 1 and 2 disclose automatic blood
pressure measurement apparatuses that detect a pulse wave
by passing a cuff pressure detection signal through an analog
high-pass filter or a digital high-pass filter and calculate the
blood pressure value based on the amplitude of the detected
pulse wave.

[0005] With this type of automatic blood pressure measure-
ment apparatus, rapid change occurs in the cuff pressure
detection signal in a process of changing from a step of
increasing the cuff pressure to a step of reducing the cuff
pressure. For this reason, in Patent Documents 1 and 2, a
transient response period occurs in the output of the analog
high-pass filter or the digital high-pass filter due to this
change, and during the transient response period, the ampli-
tude of the pulse wave cannot be detected accurately.

[0006] Note that if a high-order filter is used or the filter is
constituted by multiple stages, the transient response period
can be shortened to the extent that the accuracy of measuring
the blood pressure is not influenced. However, high-order
filters and multi-stage filters are high in cost.

[0007] In view of this, in Patent Document 3, in order to
prevent a decrease in the blood pressure measurement accu-
racy and a decrease in the blood pressure measurement speed
due to the transient response, a transient response period
generated in the digital high-pass filter during a switch from
increasing to decreasing the cuff pressure is eliminated by
inputting aramp signal into the filter and thereby resetting the
filter.

CITATION LIST

Patent Literature
[0008] Patent Document 1: JP 2003-70755A
[0009] Patent Document 2: JP H4-364827A
[0010] Patent Document 3: JP 2002-532120A
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SUMMARY OF INVENTION

[0011] However, with the method disclosed in Patent
Document 3, a ramp signal needs to be generated, and there-
fore the influence of the transient response cannot be elimi-
nated easily.

[0012] Therefore, one or more embodiments of the claimed
invention provides a blood pressure measurement apparatus
and a pulse wave detection method, according to which the
influence of atransient response of a filter can be reduced with
alower-cost configuration, and a blood pressure value can be
measured at a high accuracy.

[0013] A blood pressure measurement apparatus according
to one or more embodiments of the claimed invention
includes: a cuff configured to be attached at a measurement
site of a body; a pressurizing pressure adjustment unit con-
figured to change a pressure with which the cuff pressurizes
the measurement site; a cuff pressure detection unit config-
ured to detect the pressure in the cuff in a period of changing
the pressurizing pressure and output an analog cuff pressure
signal; a pulse wave detection unit configured to detect, inthe
cuff pressure signal, a pulse wave, which is a pressure com-
ponent that is superimposed on the pressurizing pressure in
synchronization with the body’s pulse; and a blood pressure
determination unit configured to determine a measured blood
pressure value using an amplitude value of the pulse wave
detected by the pulse wave detection unit, wherein the pulse
wave detection unit includes an analog filter configured to
extract a high-frequency component from the cuff pressure
signal, an A/D conversion unit configured to perform digital
conversion on an output signal of the analog filter, a subtrac-
tion processing unit configured to perform subtraction pro-
cessing on an output signal of the A/D conversion unit, and a
digital filter configured to perform filter processing for
extracting a high-frequency component on the signal result-
ing from the subtraction processing performed by the sub-
traction processing unit, and the subtraction processing unit
performs at least one of first subtraction processing in which
a first signal, which is a signal resulting from the cuff pressure
signal passing through the A/D conversion unit at a first time,
which is any time in a period starting from an increase start
time at which the pressurizing pressure starts increasing and
ending at a time at the elapse of a pre-determined amount of
time since the increase start time, is subtracted from an output
signal resulting from the cuff pressure signal passing through
the A/D conversion unit in a period from the first time to a
decrease start time at which the pressurizing pressure changes
from increasing to decreasing, and second subtraction pro-
cessing in which a second signal, which is a signal resulting
from the cuff pressure signal passing through the A/D con-
version unit at a second time, which is any time in a period
from the decrease start time to a time at the elapse of a
predetermined amount of time since the decrease start time, is
subtracted from an output signal resulting from the cuff pres-
sure signal passing through the A/D conversion unit after the
second time.

[0014] The pulse wave detection method according to the
one or more embodiments of the claimed invention includes:
a pressurizing pressure adjustment step of changing a pres-
sure with which a cuff attached at a measurement site of a
body pressurizes the measurement site; a cuff pressure detec-
tion step of detecting pressure in the cuff in a period of
changing the pressurizing pressure as an analog cuff pressure
signal; and a pulse wave detection step of detecting, in the cuff
pressure signal, a pulse wave, which is a pressure component
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that is superimposed on the pressurizing pressure in synchro-
nization with a pulse of the body, wherein the pulse wave
detection step includes a step of extracting a high-frequency
component from the cuff pressure signal by passing the cuff
pressure signal through an analog filter, a step of converting,
into a digital signal, the cuff pressure signal resulting from
passing through the analog filter, a subtraction processing
step of performing subtraction processing on the digital sig-
nal, and a step of extracting a high-frequency component by
performing digital filter processing on a signal resulting from
the processing of the subtraction processing step, and in the
subtraction processing step, at least one of first subtraction
processing in which a first signal, which is a signal resulting
from the cuff pressure signal passing through the A/D con-
version unit at a first time, which is any time in a period from
an increase start time at which the pressurizing pressure starts
increasing to a time at the elapse of a pre-determined amount
of time since the increase start time, is subtracted from an
output signal resulting from the cuff pressure signal passing
through the A/D conversion unit in a period from the first time
to a decrease start time at which the pressurizing pressure
changes from increasing to decreasing, and second subtrac-
tion processing in which a second signal, which is a signal
resulting from the cuff pressure signal passing through the
A/D conversion unit at a second time, which is any time in a
period from the decrease start time to a time at the elapse of a
predetermined amount oftime since the decrease start time, is
subtracted from an output signal resulting from the cuff pres-
sure signal passing through the A/D conversion unit after the
second time.

Advantageous Effects of the Invention

[0015] According to one or more embodiments of the
claimed invention, it is possible to provide a blood pressure
measurement apparatus and a pulse wave detection method
according to which it is possible to perform measurement of
a blood pressure value at a high accuracy by causing a tran-
sient response of a filter to converge rapidly with a low cost.

BRIEF DESCRIPTION OF DRAWINGS

[0016] FIG. 1 is an external appearance diagram showing
an overall configuration of a blood pressure measurement
apparatus, for describing an embodiment of the claimed
invention.

[0017] FIG. 2 is a diagram showing an internal configura-
tion of a main body portion 10 of a blood pressure measure-
ment apparatus 1 shown in FIG. 1.

[0018] FIG. 3 is a diagram showing an internal configura-
tion of a pulse wave detection unit 23 and a portion of the
functional blocks configured by a CPU 18, shown in FIG. 2.

[0019] FIGS. 4A and 4B are diagrams showing a cuff pres-
sure signal detected by a cuff pressure detection unit of the
blood pressure measurement apparatus 1 shownin F1G. 1 and
a signal resulting from the cuff pressure signal passing
through an analog HPF.

[0020] FIGS.5A, 5B, and 5C are diagrams showing a sig-

nal resulting from passing through an analog HPF of the
blood pressure measurement apparatus 1 shown in FIG. 1.

[0021] FIG. 6 is a diagram showing an output waveform
resulting from filter processing performed by a digital HPF
236.
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[0022] FIG. 7 is a diagram showing output of the digital
HPF 236 resulting from processing performed by a subtrac-
tion unit 235.

[0023] FIG. 8is a diagram for describing an effect obtained
when the digital HPF 236 is stopped for a certain amount of
time.

[0024] FIG. 9is a diagram for describing an effect obtained
when the digital HPF 236 is stopped for a certain amount of
time.

[0025] FIG. 10 is adiagram showing a modified example of
the pulse wave detection unit 23 and the CPU 18 shown in
FIG. 3.

[0026] FIG.11 is adiagram showing a relationship between
baseline component data (values at times when output is
stable) and cuff pressure increase speed.

DESCRIPTION OF EMBODIMENTS

[0027] Hereinafter, embodiments of the claimed invention
will be described with reference to the drawings.

[0028] FIG. 1 is an external appearance diagram showing
an overall configuration of a blood pressure measurement
apparatus, for describing an embodiment of the claimed
invention.

[0029] Ablood pressure measurement apparatus 1 includes
amain body portion 10, a cuff 30 that can be wrapped around
a measurement subject’s upper aim, and an air tube 40 con-
necting the main body portion 10 and the cuff 30. The cuff 30
includes an air bladder 31 (see FIG. 2), and the air tube 40
shown in FIG. 1 is connected to the air bladder 31.

[0030] In the present specification, “cuff” refers to a belt-
shaped or tube-shaped structure that has an inner cavity and
can be wrapped around a measurement site of a body (e.g.,
upper arm, wrist, etc.), and it indicates an object that is used
to measure blood pressure by pressurizing an artery of a
measurement subject by insertion of a fluid such as air or a
liquid into the inner cavity.

[0031] The word “cuff” refers to a concept that includes a
fluid bladder and a wrapping means for wrapping the fluid
bladder around a body. It is also called an arm band in some
cases. In the example shown in FIG. 1, the cuff 30 and the
main body portion 10 are separate, but the cuff 30 and the
main body portion 10 may be integrated.

[0032] Themain body portion 10 includes a display unit 19
that is constituted by liquid crystal or the like for displaying
various types of information such as a blood pressure value, a
pulse rate, and the like, and an operation unit 21 that includes
multiple switches 21A, 21B, 21C, and 21D for receiving
instructions from a user (measurement subject).

[0033] The operation unit 21 includes a measure/stop
switch 21A that receives input of an instruction for switching
a power supply on or off and instructions for starting and
stopping measurement, a memory switch 21B for receiving
an instruction to read out information such as blood pressure
data stored in the main body unit 10 and display it on the
display unit 19, arrow switches 21C and 21D for receiving an
instruction to raise or lower the memory number at the time of
calling out information, and the like.

[0034] FIG. 2 is a diagram showing an internal configura-
tion of the main body portion 10 of the blood pressure mea-
surement apparatus 1 shown in FIG. 1.

[0035] Themain body portion 10 includes a pressure sensor
11, a pump 12, and an air discharge valve (referred to below
as “valve”) 13 that are connected to the air tube 40, a pulse
wave detection unit 23, a pump drive circuit 15, a valve drive
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circuit 16, a power supply 17 that supplies power to the parts
of the main body unit 10, the display unit 19, a control unit
(CPU) 18 that performs overall control of the main body
portion 10 and performs various types of calculation process-
ing, an operation unit 21, and a memory 22.

[0036] The pump 12 supplies air to the air bladder 31 in
order to increase the pressure with which the cuff 30 pressur-
izes the measurement site (hereinafter also referred to as “cuff
pressure”).

[0037] The valve 13 opens and closes in order to discharge
or seal air in the air bladder 31.

[0038] The pump drive circuit 15 controls the driving of the
pump 12 based on a control signal obtained from the CPU 18.
[0039] The valve drive circuit 16 controls the opening and
closing of the valve 13 based on the control signal obtained
from the CPU 18.

[0040] A pressurizing pressure adjustment unit that
changes the pressure with which the cuff 30 pressurizes the
measurement site is constituted by the pump 12, the valve 13,
the pump driving circuit 15, and the valve driving circuit 16.
[0041] Upon the start of a blood pressure measurement
operation, the pressurizing pressure adjustment unit causes
the cuff pressure to gradually increase. When the cuff pres-
sure reaches a pressure that is sufficiently greater than a
maximum blood pressure, the pressurizing pressure adjust-
ment unit causes the cuff pressure to gradually decrease, and
when blood pressure measurement is complete, the valve 13
is opened and the air in the air bladder 31 is mandatorily
discharged.

[0042] The pressure sensor 11 detects the pressure in the air
bladder 31 of the cuff 30 and outputs the detected pressure as
an analog electric signal (cuff pressure signal).

[0043] Inthecuffpressuresignal, which is the output signal
of the pressure sensor 11, the pulse wave detection unit 23
detects a pulse wave, which is a pressure component that is
superimposed on the cuff pressure in synchronization with
the pulse of the body.

[0044] The memory 22 includes a ROM (Read Only
Memory) that stores programs and data for causing the CPU
18 to perform predetermined operations, a RAM (Random
Access Memory) serving as a work memory, and a flash
memory that stores measured blood pressure data and the
like.

[0045] FIG. 3 is a diagram showing an internal configura-
tion of the pulse wave detection unit 23 and a portion of the
functional blocks configured by the CPU 18, shown in FIG. 2.
[0046] The pulse wave detection unit 23 includes a first-
order analog high-pass filter (HPF) 232, an A/D conversion
unit 233, a signal storage unit 234, a subtraction unit 235, and
a first-order digital high-pass filter 236.

[0047] Theanalog HPF 232 extracts a high-frequency com-
ponent from the cuff pressure signal detected by the pressure
sensor 11 and outputs it to the A/D conversion unit 233.
[0048] Thefrequency ofthe pulse waveis around 1 Hz to 10
Hz. For this reason, the cutoff frequency of the analog HPF
232 is generally set to around 0.5 Hz.

[0049] Since the analog HPF 232 is a first-order filter, sig-
nal components near 0 Hz are not attenuated much. As a
result, low-frequency components (referred to below as base-
line components) corresponding to variations in the cuff pres-
sure that are generated as a result of control performed by the
pressurizing pressure adjustment unit are included in the out-
put signal of the analog HPF 232.
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[0050] Note that the analog HPF 232 may be a band-pass
filter instead of a high-pass filter.

[0051] Inthecaseofusing a band-pass filter, it is preferable
that the band-pass filter has a property of allowing signals to
pass which fall within a range of around 0.5 Hz to around 10.5
Hz. In the case of using a band-pass filter as well, signal
components near 0 Hz are not attenuated, and therefore low-
frequency components corresponding to variations in cuff
pressure will remain.

[0052] The analog HPF 232 is not limited to being a first-
order filter, but in consideration of the manufacturing cost of
the blood pressure measurement apparatus 1, it is preferable
to use one that is as low-order as possible.

[0053] The A/D conversion unit 233 converts the output
signal of the analog HPF 232 into a digital signal.

[0054] The digital HPF 236 is a first-order filter that per-
forms digital filter processing for extracting high-frequency
components from the output signal of the A/D conversion unit
233. The cutoff frequency of the digital HPF 236 is the same
as that of the analog HPF 232.

[0055] The digital HPF 236 is not limited to being a first-
order filter, and in consideration of the manufacturing cost of
the blood pressure measurement apparatus 1, it is preferable
to use one that is as low-order as possible.

[0056] The output signal of the analog HPF 232 is as indi-
cated in FIG. 4B of FIG. 4, for example. Note that FIG. 4A of
FIG. 4 shows the cuff pressure signal detected by the pressure
sensor 11.

[0057] Asshownin FIG. 4B, the output signal of the analog
HPF 232 includes the low-frequency components corre-
sponding to the variations in the cuff pressure, and therefore
for a predetermined amount of time after the timings when the
cuff pressure changes rapidly (in the example shown in FIG.
4, the times 0 and 9 (in seconds)), transient response periods
are generated in which the output of the filter varies signifi-
cantly.

[0058] FIG. 5A of FIG. 5 shows an output signal waveform
of the analog HPF 232 when the cuff pressure deflation start
time in FIG. 4 is taken as the origin. The waveform shown in
FIG. 5A can be divided into a waveform for low-frequency
components (baseline components) corresponding to the
variation in the cuff pressure (FIG. 5B of FIG. §) and into a
waveform for the pulse wave (FIG. 5C of FIG. 5).

[0059] Here, when the waveform for the low-frequency
baseline component shown in FIG. 5B is input into the digital
HPF 236, a transient response occurs in the digital HPF 236,
similarly to the case of using the analog HPF 232. For this
reason, during the transient response, the amplitude of the
pulse wave can not be detected accurately.

[0060] In view of this, the blood pressure measurement
apparatus 1 is provided with a signal storage unit 234 and a
subtraction unit 235, and it is thereby possible to shorten the
transient response period of the digital HPF 236.

[0061] During the period from when the cuff pressure starts
increasing to when the cuff pressure starts to decrease, the
signal storage unit 234 stores a cuff pressure signal that was
detected by the pressure sensor 11 at the time when the cuff
pressure starts to increase, the cuff pressure signal having
passed through the analog HPF 232 and the A/D conversion
unit 233. Also, following the time when the cuff pressure
changes from increasing to decreasing, the signal storage umt
234 stores the cuff pressure signal that was detected by the
pressure sensor 11 at that time (transient response start time),
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the cuff pressure signal having passed through the analog
HPF 232 and the A/D conversion unit 233.

[0062] The subtraction unit 235 subtracts the output signal
stored in the signal storage unit 234 from the output signal of
the A/D conversion unit 233 and inputs the output signal
resulting from the subtraction into the digital HPF 236.
[0063] With the provision of the subtraction unit 235, the
digital HPF 236 performs a filter calculation expressed by the
following equation.

Y, =alx (X=X ) +a2x(X, =X, )+D1XY,

[0064] Y, Output of digital HPF 236 at time n
[0065] X -X,,.: Input to digital HPF 236 at time n
[0066] X, Digital HPF input value at cuff pressure

increase start time or cuff pressure decrease start time
(value stored in signal storage unit 234)
[0067] al, a2, bl: Filter coefficients

[0068] Thus, upon the input value of the digital HPF 236 at
the timing at which the cuff pressure changes significantly
being set to 0, the calculation for digital filter processing can
be started.
[0069] In other words, when the baseline component in the
step in which pressure is applied to the arm by the cuff
(inflation step) and the baseline component in the step in
which the pressure of the cuff on the arm is reduced (deflation
step) are caused to rapidly converge, digital filter processing
can be started, and a transient response can be prevented from
occurring in the digital HPF 236.
[0070] FIG. 6 is a diagram showing an output waveform
resulting from filter processing performed by the digital HPF
236.
[0071] The waveform indicated by thesolid line in FIG. 6 is
the waveform in the case where the output signal of the A/D
conversion unit 233 has been directly input into the digital
HPF 236 (the case where X, =0 in the equation above). The
waveform indicated by the broken line in FIG. 6 is the wave-
form in the case where the output signal of the A/D conversion
unit 233 has been input into the digital HPF 236 after the
subtraction by the subtraction unit 235.
[0072] As shown in FIG. 6, by performing subtraction pro-
cessing using the subtraction unit 235, itis possible to shorten
the transient response period from the start of the increase of
the cuff pressure and the transient response period from the
start of the decrease of the cuff pressure.
[0073] The CPU 18 functions as a blood pressure determi-
nation unit 181 by reading out and executing a program stored
in the memory 22.
[0074] The blood pressure determination unit 181 calcu-
lates the amplitude of a pulse wave based on the output signal
of the digital HPF 236 obtained in the inflation step or the
deflation step, and uses the amplitude value to determine the
measured blood pressure value according to a known method.
[0075] Operations of the blood pressure measurement
apparatus 1 with the above-described configuration will be
described next.
[0076] When the measure/stop switch 21A is pressed so as
to instruct the start of blood pressure measurement, the CPU
18 shuts the valve 13 and starts inflation of the cuff 30 by
insertion of air into the cuff 30 using the pump 12. At the
inflation start time, the cuff pressure signal (referred to as
“S17). which has been detected by the pressure sensor 11 and
subjected to digital conversion, is stored in the signal storage
unit 234,
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[0077] Also, the subtraction unit 235 starts processing for
subtracting the cuff pressure signal S1 from the cuff pressure
signal that was detected by the pressure sensor 11 after the
inflation start time and passed through the analog HPF 232
and the A/D conversion unit 233, and the cuff pressure signal
obtained by subtraction is input into the digital HPF 236 and
subjected to digital filter processing.

[0078] When the cuff pressure reaches a value that is sig-
nificantly greater than the maximum blood pressure, the CPU
18 stops inflation by means of the pump 12 and gradually
releases the valve 13 so as to discharge the air from the air
bladder 31 and thereby reduction of the cuff pressure is
started.

[0079] When the cuff pressure starts to be decreased, the
cuff pressure signal S1 stored in the signal storage unit 234 is
erased, and a cuff pressure signal (referred to as “S2”) that has
been detected by the pressure sensor 11 at the deflation start
time and subjected to digital conversion is stored in the signal
storage unit 234.

[0080] Also, the subtraction unit 235 starts processing for
subtracting the cuff pressure signal S2 from the cuff pressure
signal detected by the pressure sensor 11 after the deflation
start time, the cuff pressure signal having passed through the
analog HPF 232 and the A/D conversion unit 233. The cuff
pressure signal resulting from the subtraction is input into the
digital HPF 236 and subjected to digital filter processing.
[0081] According to the operation described above, a signal
waveform such as that indicated by the broken line in FIG. 6
is output from the digital HPF 236.

[0082] The CPU 18 calculates the amplitude of the wave-
form based on the output signal of the digital HPF 236 and
uses the amplitude value to determine the measured blood
pressure value according to a known method.

[0083] When the measured blood pressure value is deter-
mined, the CPU 18 releases the valve 13 so as to mandatorily
discharge the air from the air bladder 31. Also, the CPU 18
causes the determined measured blood pressure value to be
displayed on the display unit 19 and ends the blood pressure
measurement processing.

[0084] As described above, the blood pressure measure-
ment apparatus 1 detects the pulse wave using the first-order
analog HPF 232 and the first-order digital HPF 236 in com-
bination, and therefore, in contrast to a configuration in which
the pulse wave is detected using only an analog HPF, a high-
order filter or a multi-stage filter is not needed and thus the
cost can be lowered.

[0085] Also, with the configuration in which the pulse wave
is detected using only a digital HPF, a pulse wave component
of several mmHg is detected after the cuff pressure signal,
which changes to around 0 to 300 mmHg according to the
variation in the cuff pressure, is subjected to A/D conversion.
For this reason, the resolution of the A/D conversion needs to
be increased, which causes an increase in cost.

[0086] In contrast, with the blood pressure measurement
apparatus 1, the range of the cuff pressure signal is shortened
as shown in FIG. 4B due to the analog HPF 232. For this
reason, it is possible to lower the resolution required by the
A/D conversion unit 233 and the cost can be reduced.
[0087] Also, according to the blood pressure apparatus 1,
even if a transient response occurs in the analog HPF 232,
digital filter processing can be performed after using the
subtraction unit 235 to cause the baseline components to
converge. For this reason, it is possible to minimize the influ-
ence of the transient response on the output of the digital HPF
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236, and high-accuracy blood pressure measurement is pos-
sible by improving the calculation accuracy of the pulse wave
amplitude.

[0088] Also, an effect of enabling the influence of the tran-
sient response to be reduced can be realized by merely pro-
viding the signal storage unit 234 and the subtraction unit
235. For this reason, the above-described effect can be
obtained with little cost.

[0089] Note that even if the subtraction unit 235 performs
subtraction processing, a transient response of the digital
filter will remain to a certain degree.

[0090] FIG. 7 shows a baseline component waveform (bro-
ken line), a filter output waveform (one-dot chain line) in the
case where the baseline component is directly input to the
digital HPF 236, and a filter output waveform (solid line) in
the case where the waveform resulting from the value of the
baseline component at the calculation start time (0 seconds on
the horizontal axis) being subtracted from the baseline com-
ponent at each time is input into the digital HPF 236.

[0091] AsshowninFIG.7, even if subtraction processing is
performed, the output of the digital HPF 236 will vary
slightly.

[0092] Inview of this, as shown in FIG. 8, if the digital filter
processing is not performed from 0 to 0.4 seconds and digital
filter processing is started using the input value at the time
when time=0.4 seconds as 0, the output variation of the digital
HPF 236 can be suppressed.

[0093] Also, as shown in FI1G. 9, if the digital filter process-
ing is not performed from 0 to 0.8 seconds and digital filter
processing is started using the input value at the time when
time=0.8 seconds as 0, the output variation of the digital HPF
236 can be further suppressed.

[0094] That is to say, for a predetermined period from the
start of inflation and the start of deflation, the filter processing
performed by the digital HPF 236 is stopped, and upon the
elapse of a certain period, the digital value of the cuff pressure
signal detected at that time is stored in the signal storage unit
234. Also, the CPU 23 performs digital filter processing after
subtraction processing is performed on the cuff pressure sig-
nal detected after that time, whereby it is possible to suppress
variation in the output of the digital HPF 236 due to the
baseline component, and it is possible to improve the blood
pressure measurement accuracy.

[0095] Note that in the above-mentioned certain period, it is
preferable that the signal storage unit 234 and the subtractor
235 are both stopped for energy conservation.

[0096] Also, it is sufficient that the length of the certain
period is an amount of time that is less than or equal to the
amount of time needed for the output of the analog HPF 232
with respect to the variation in the cuff pressure to converge
(transient response period of the analog HPF 232). This is
because, as shown in FIG. 9, after the baseline component
stabilizes, the result is the same regardless of the time at
which the digital filter processing is started.

[0097] Thetransient response period of the analog HPF 232
depends on the design of the filter as well, and it is normally
ashort amount of time that is less than 1 second. Accordingly,
it is possible to minimize the influence that not being able to
detect the pulse wave in a certain period has on the blood
pressure measurement.

[0098] FIG.10is adiagram showing a modified example of
the pulse wave detection unit 23 and the CPU 18 shown in
FIG. 3.
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[0099] FIG. 10 differs from FIG. 3 in that an inflation
(deflation) speed calculation unit 182 and a subtraction unit
183 have been added to the CPU 18.

[0100] The inflation (deflation) speed calculation unit 182
and the subtraction unit 183 are functional blocks formed by
the CPU 18 executing a program.

[0101] The subtraction unit 183 is provided in order to
extract a baseline component included in the output of the
A/D conversion unit 233.

[0102] The output of the digital HPF 236 is the pulse wave
component, and the output of the A/D conversion unit 233 is
the sum of the baseline component and the pulse wave com-
ponent. For this reason, the calculation unit 183 can extract
the baseline component by subtracting the output signal (Yn)
of the digital HPF 236 from the output signal (Xn) of the A/D
conversion unit 233.

[0103] Inother words, the subtraction unit 183 is equivalent
to a first-order digital low-pass filter.

[0104] Letting K be the system gain, T be a time constant, s
be a Laplace operator, and H; ,(s) and H;(s) be the trans-
fer functions for the first-order low-pass filter and the first-
order high-pass filter respectively, the relationship is
expressed as:

H; p(8)=K/(1+s7)

Hypr(s)=Kst/(1+sT)

[0105] This is also evident based on the fact that when K=1,
subtracting the output of the first-order high-pass filter from
the input (=1) gives the following result.

1=Hypp($)=1-{sv/(14+s7)}=1/(1+5T)=H  p(s)

[0106] The inflation (deflation) speed calculation unit 182
uses the baseline component data extracted by the subtraction
unit 183 (values at times when the output value is stable, not
including data obtained in the transient response period ofthe
filter) to calculate the increase speed or decrease speed of the
cuff pressure.

[0107] FIG.11isadiagram showing a relationship between
baseline component data (values at times when the output is
stable) and the increase speed of the cuff pressure. Note that
this relationship is the same for the decrease speed of the cuff
pressure as well.

[0108] As shown in FIG. 11, the baseline component data
and the cuffpressure change speed are in a linear relationship.
For this reason, the data shown in FIG. 11 is obtained in
advance and stored in the memory 22. Also, the inflation
(deflation) speed calculation unit 182 calculates the increase
or decrease speed of the cuff pressure at the current time
based on the output signal of the subtraction unit 183 and the
data shown in FIG. 11.

[0109] With oscillometric blood pressure measurement,
increasing or reducing the pressure with which the aim is
pressurized with a constant speed is preferable for improving
the accuracy of the blood pressure measurement.

[0110] With the configuration shown in FIG. 11, it is pos-
sible to calculate the speed at which the cuff pressure changes
using the inflation (deflation) speed calculation unit 182. For
this reason, for example, if the speed is not constant, the CPU
18 can perform feedback control so that the speed becomes
constant, and can improve the blood pressure measurement
accuracy.

[0111] In the present embodiment, since the analog HPF
232 is a first-order filter, a baseline component remains in the
output signal of the analog HPF 232. For this reason, it is
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possible to extract the baseline component using the subtrac-
tion unit 237, and the baseline component can be converted
into the cuff pressure change speed so as to improve the blood
pressure measurement accuracy. For this reason, it is prefer-
able that the analog HPF 232 is low-order to the extent that the
baseline component remains.

[0112] In the foregoing description, it was assumed that
processing was performed in which the signals stored in the
signal storage unit 234 in both the cuff pressure increase
period and the cuff pressure decrease period are subtracted
from the output of the A/D conversion unit 233.

[0113] However, as long as the pulse wave generated in the
cuff pressure decrease period is detected and the amplitude of
the pulse wave is used to determine the measured blood
pressure value, the operation of the signal storage unit 234,
subtraction processing unit 235, and digital HPF 236 may be
stopped in the cuff pressure increase period. Also, it is suffi-
cient that, at the time when the cuff pressure decrease period
is entered or upon the elapse ofa certain period from that time,
the cuff pressure signal at that time is stored in the signal
storage unit 234 and the operation of the subtraction process-
ing unit 235 and the digital HPF 236 is started.

[0114] Also, in contrast, as long as the pulse wave gener-
ated in the cuff pressure increase period is detected and the
amplitude value of the pulse wave is used to determine the
measured blood pressure value, the operation of the signal
storage unit 234, the subtraction processing unit 235, and the
digital HPF 236 may be stopped in the cuff pressure decrease
period.

[0115] As described above, the following items are dis-
closed in the present specification.

[0116] The disclosed blood pressure measurement appara-
tus includes: a cuff configured to be attached at a measure-
ment site of a body; a pressurizing pressure adjustment unit
configured to change the pressure with which the cuff pres-
surizes the measurement site; a cuff pressure detection unit
configured to detect the pressure in the cuff in a period of
changing the pressurizing pressure and output an analog cuff
pressure signal; a pulse wave detection unit configured to
detect, in the cuff pressure signal, a pulse wave, which is a
pressure component that is superimposed on the pressurizing
pressure in synchronization with the body’s pulse; and a
blood pressure determination unit configured to determine a
measured blood pressure value using the amplitude value of
the pulse wave detected by the pulse wave detection unit,
wherein the pulse wave detection unit includes an analog
filter configured to extract a high-frequency component from
the cuff pressure signal, an A/D conversion unit configured to
perform digital conversion on an output signal of the analog
filter, a subtraction processing unit configured to perform
subtraction processing on an output signal of the A/D conver-
sion unit, and a digital filter configured to perform filter
processing for extracting a high-frequency component on the
signal resulting from the subtraction processing performed by
the subtraction processing unit, and the subtraction process-
ing unit performs at least one of first subtraction processing in
which a first signal, which is a signal resulting from the cuff
pressure signal passing through the A/D conversion unit at a
first time, which is any time in a period from an increase start
time at which the pressurizing pressure starts increasing to a
time at the elapse of a pre-determined amount of time since
the increase start time, is subtracted from an output signal
resulting from the cuff pressure signal passing through the
A/D conversion unit in a period from the first time to a
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decrease start time at which the pressurizing pressure changes
from increasing to decreasing, and second subtraction pro-
cessing in which a second signal, which is a signal resulting
from the cuff pressure signal passing through the A/D con-
version unit at a second time, which is any time in a period
from the decrease start time to a time at the elapse of a
predetermined amount of time since the decrease start time, is
subtracted from an output signal resulting from the cuff pres-
sure signal passing through the A/D conversion unit after the
second time.

[0117] With the disclosed blood pressure measurement
apparatus, the first time is a time that is after the increase start
time, and the second time is a time that is after the decrease
start time.

[0118] With the disclosed blood pressure measurement
apparatus, the first time is the increase start time, and the
second time is the decrease start time.

[0119] The disclosed blood pressure measurement appara-
tus includes: a subtraction unit that subtracts the output signal
of the digital filter that corresponds to the cuff pressure signal
detected at any time, from the output signal of the A/D con-
version unit that corresponds to the cuff pressure signal
detected at that time; and a change speed calculation unit that
uses the output signal of the subtraction unit to calculate the
change speed of the pressurizing pressure.

[0120] With the disclosed blood pressure measurement
apparatus, the analog filter is a first-order low-pass filter or
band-pass filter, and the digital filter is a first-order low-pass
filter or band-pass filter.

[0121] With the disclosed blood pressure measurement
apparatus, the predetermined amount of time is an amount of
time that is shorter than the transient response period of the
analog filter.

[0122] The disclosed pulse wave extraction method
includes: a pressurizing pressure adjustment step of changing
apressure with which a cuff attached at a measurement site of
a body pressurizes the measurement site; a cuff pressure
detection step of detecting pressure in the cuff in a period of
changing the pressurizing pressure as an analog cuff pressure
signal; and a pulse wave detection step of detecting, in the cuff
pressure signal, a pulse wave, which is a pressure component
that is superimposed on the pressurizing pressure in synchro-
nization with a pulse of the body, wherein the pulse wave
detection step includes a step of extracting a high-frequency
component from the cuff pressure signal by passing the cuff
pressure signal through an analog filter, a step of converting,
into a digital signal, the cuff pressure signal resulting from
passing through the analog filter, a subtraction processing
step of performing subtraction processing on the digital sig-
nal, and a step of extracting a high-frequency component by
performing digital filter processing on a signal resulting from
the processing of the subtraction processing step, and in the
subtraction processing step, at least one of first subtraction
processing in which a first signal, which is a signal resulting
from the cuff pressure signal passing through the A/D con-
version unit at a first time, which is any time 1in a period from
an increase start time at which the pressurizing pressure starts
increasing to a time at the elapse of a pre-determined amount
of time since the increase start time, is subtracted from an
output signal resulting from the cuff pressure signal passing
through the A/D conversion unit in a period from the first time
to a decrease start time at which the pressurizing pressure
changes from increasing to decreasing, and second subtrac-
tion processing in which a second signal, which is a signal
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resulting from the cuff pressure signal passing through the
A/D conversion unit at a second time, which is any time in a
period from the decrease start time to a time at the elapse of a
predetermined amount of time since the decrease start time, is
subtracted from an output signal resulting from the cuff pres-
sure signal passing through the A/D conversion unit after the
second time is performed.

INDUSTRIAL APPLICABILITY

[0123] One or more embodiments of the claimed invention
can be applied to a home-use blood pressure meter, for
example, and is useful for managing the health of a user.
[0124] Although the claimed invention has been described
in detail and with reference to a specific embodiment, it is
clear to a person skilled in the art that various modifications
and amendments can be added in accordance with one or
more embodiments of the claimed invention without straying
from the spirit and scope of the claimed invention. The
present application is based on Japanese Patent Application
(JP 2012-211138) filed Sep. 25, 2012, which is incorporated
for reference herein.

REFERENCE NUMERALS LIST
[0125] 1 Blood pressure measurement apparatus
[0126] 10 Main body portion
[0127] 30 Cuff
[0128] 18 CPU
[0129] 23 Pulse wave detection unit
[0130] 232 First-order analog high-pass filter
[0131] 233 A/D conversion unit
[0132] 234 Signal storage unit
[0133] 235 Subtraction unit
[0134] 236 First-order digital high-pass filter
[0135] 237 Subtraction unit
[0136] 181 Blood pressure determination unit
[0137] 182 Inflation (deflation) speed calculation unit

1. A blood pressure measurement apparatus comprising;
a cuff configured to be attached at a measurement site of a
body;
apressurizing pressure adjustment unit that changes a pres-
sure with which the cuff pressurizes the measurement
site;
a cuff pressure detection unit that detects an analog cuff
pressure signal by detecting a pressure in the cuff in a
period of changing the pressurizing pressure;
apulse wave detection unit that, based on the cuff pressure
signal, detects a pulse wave, which is a pressure compo-
nent that is superimposed on the pressurizing pressure in
synchronization with a pulse of the body; and
ablood pressure determination unit that determines a mea-
sured blood pressure value using the amplitude value of
the pulse wave detected by the pulse wave detection unit,
wherein the pulse wave detection unit includes comprises:
an analog filter configured to extract a high-frequency
component from the cuff pressure signal;

an A/D conversion unit configured to perform digital
conversion on an output signal of the analog filter;

asubtraction processing unit configured to perform sub-
traction processing on the output signal of the A/D
conversion unit; and

a digital filter configured to perform filter processing for
extracting a high-frequency component on the signal
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resulting from the subtraction processing performed
by the subtraction processing unit, and

wherein the subtraction processing unit performs at least
one of first subtraction processing in which a first signal,
which is a signal resulting from the cuff pressure signal
passing through the A/D conversion unit at a first time,
which is any time in a period from an increase start time
at which the pressurizing pressure starts increasing to a
time at the elapse of a pre-determined amount of time
since the increase start time, is subtracted from an output
signal resulting from the cuff pressure signal passing
through the A/D conversion unit in a period from the first
time to a decrease start time at which the pressurizing
pressure changes from increasing to decreasing, and
second subtraction processing in which a second signal,
which is a signal resulting from the cuff pressure signal
passing through the A/D conversion unit at a second
time, which is any time in a period from the decrease
start time to a time at the elapse of a predetermined
amount of time since the decrease start time, is sub-
tracted from an output signal resulting from the cuff
pressure signal passing through the A/D conversion unit
after the second time.

2. The blood pressure measurement apparatus according to

claim1,

wherein the first time is a time that is after the increase start
time, and

wherein the second time is a time that is after the decrease
start time.

3. The blood pressure measurement apparatus according to

claim1,

wherein the first time is the increase start time, and

wherein the second time is the decrease start time.

4. The blood pressure measurement apparatus according to

claim 1, further comprising:

a subtraction unit that subtracts the output signal of the
digital filter that corresponds to the cuff pressure signal
detected at any time, from the output signal of the A/D
conversion unit that corresponds to the cuff pressure
signal detected at that time; and

a change speed calculation unit that uses the output signal
of the subtraction unit to calculate the change speed of
the pressurizing pressure.

5. The blood pressure measurement apparatus according to

claim 1,

wherein the analog filter is a first-order low-pass filter or
band-pass filter, and the digital filter is a first-order low-
pass filter or band-pass filter.

6. The blood pressure measurement apparatus according to

claim 1,

wherein the predetermined amount of time is an amount of
time that is shorter than the transient response period of
the analog filter.

7. A pulse wave detection method comprising:

a pressurizing pressure adjustment step of changing a pres-
sure with which a cuff attached at a measurement site of
a body pressurizes the measurement site;

a cuff pressure detection step of detecting pressure in the
cuff in a period of changing the pressurizing pressure as
an analog cuff pressure signal; and

a pulse wave detection step of detecting, in the cuff pres-
sure signal, a pulse wave, which is a pressure component
that is superimposed on the pressurizing pressure in
synchronization with a pulse of the body,
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wherein the pulse wave detection step comprising:

a step of extracting a high-frequency component from
the cuff pressure signal by passing the cuff pressure
signal through an analog filter;

a step of converting, into a digital signal, the cuff pres-
sure signal resulting from passing through the analog
filter;

a subtraction processing step of performing subtraction
processing on the digital signal; and

a step of extracting a high-frequency component by pet-
forming digital filter processing on a signal resulting
from the processing of the subtraction processing
step, and

wherein in the subtraction processing step, at least one of
first subtraction processing in which a first signal, which
is a signal resulting from the cuff pressure signal passing
through the A/D conversion unit at a first time, which is
any time in a period from an increase start time at which
the pressurizing pressure starts increasing to atime at the
elapse of a pre-determined amount of time since the
increase start time, is subtracted from an output signal
resulting from the cuff pressure signal passing through
the A/D conversion unit in a period from the first time to
a decrease start time at which the pressurizing pressure
changes from increasing to decreasing, and second sub-
traction processing in which a second signal, which is a
signal resulting from the cuff pressure signal passing
through the A/D conversion unit at a second time, which
is any time in a period from the decrease start time to a
time at the elapse of a predetermined amount of time
since the decrease start time, is subtracted from an out-
put signal resulting from the cuff pressure signal passing
through the A/D conversion unit after the second time is
performed.

8. The blood pressure measurement apparatus according to

claim 2, further comprising:

a subtraction unit that subtracts the output signal of the
digital filter that corresponds to the cuff pressure signal
detected at any time, from the output signal of the A/D
conversion unit that corresponds to the cuff pressure
signal detected at that time; and

a change speed calculation unit that uses the output signal
of the subtraction unit to calculate the change speed of
the pressurizing pressure.

9. The blood pressure measurement apparatus according to

claim 3, further comprising:
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a subtraction unit that subtracts the output signal of the
digital filter that corresponds to the cuff pressure signal
detected at any time, from the output signal of the A/D
conversion unit that corresponds to the cuff pressure
signal detected at that time; and

a change speed calculation unit that uses the output signal
of the subtraction unit to calculate the change speed of
the pressurizing pressure.

10. The blood pressure measurement apparatus according

to claim 2,

wherein the analog filter is a first-order low-pass filter or
band-pass filter, and the digital filter is a first-order low-
pass filter or band-pass filter.

11. The blood pressure measurement apparatus according

to claim 3,

wherein the analog filter is a first-order low-pass filter or
band-pass filter, and the digital filter is a first-order low-
pass filter or band-pass filter.

12. The blood pressure measurement apparatus according

to claim 4,

wherein the analog filter is a first-order low-pass filter or
band-pass filter, and the digital filter is a first-order low-
pass filter or band-pass filter.

13. The blood pressure measurement apparatus according

to claim 2,

wherein the predetermined amount of time is an amount of
time that is shorter than the transient response period of
the analog filter.

14. The blood pressure measurement apparatus according

to claim 3,

wherein the predetermined amount of time is an amount of
time that is shorter than the transient response period of
the analog filter.

15. The blood pressure measurement apparatus according

to claim 4,

wherein the predetermined amount of time is an amount of
time that is shorter than the transient response period of
the analog filter.

16. The blood pressure measurement apparatus according

to claim 5,

wherein the predetermined amount of time is an amount of
time that is shorter than the transient response period of
the analog filter.
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