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Fig. 6
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Fig. 7
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Fig. 9
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Fig. 10
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1
BLOOD PRESSURE MEASUREMENT
APPARATUS, RECORDING MEDIUM THAT
RECORDS BLOOD PRESSURE DERIVATION
PROGRAM, AND BLOOD PRESSURE
DERIVATION METHOD

TECHNICAL FIELD

The present invention relates to a blood pressure measure-
ment apparatus, a recording medium that records a blood
pressure derivation program, and a blood pressure derivation
method, and particularly to a blood pressure measurement
apparatus capable of detecting an arterial volume and a cuff
pressure, a recording medium that records a blood pressure
derivation program for deriving a blood pressure based on a
arterial volume and a cuff pressure, and a blood pressure
derivation method.

BACKGROUND ART

The blood pressure is one of barometers to analyze circu-
latory diseases, and performing risk analysis based on the
blood pressure is effective for prevention of cardiovascular
diseases such as stroke, heart failure and cardiac infarction.
Among these, early-morning high blood pressure, in which
the blood pressure rises in the early morning, is linked to
cardiac diseases, stroke, and the like. Furthermore, in the
early-morning high blood pressure, it has been found that a
symptom of rapid increase in the blood pressure in one to one
and a half hours after awakening, which is called morning
surge, has a cause-and-effect relationship with stroke.

Thus, there have been proposed various sphygmomanom-
eters capable of automatically measuring a systolic blood
pressure and a diastolic blood pressure.

For example, electronic sphygmomanometers for measur-
ing the blood pressure by the oscillometric method (oscilla-
tion method) have been marketed. In such electronic sphyg-
momanometers, in a process in which a pressure inside an
arm band (cuff) wound around a measurement site (cuff pres-
sure) is increased to become higher than a systolic blood
pressure, and then the cuff pressure is gradually decreased,
volume change of an artery accompanying pulsation of the
blood pressure is detected by a pressure sensor as oscillation
of the cuff pressure (e.g., Japanese Examined Patent Publica-
tion No. H3-81375 (Patent Document 1)). The cuff pressure
corresponding to a time point when a maximum amplitude
value of a pulse wave is detected is decided as an average
blood pressure. According to the oscillometric method, the
systolic blood pressure and the diastolic blood pressure are
calculated by applying a predetermined algorithym to the cuff
pressure and the pulse wave amplitude.

Moreover, a blood pressure measurement method by a
volume oscillometric method has also been proposed (“Indi-
rect Measurement of Arterial Pressure Using Volume Pulsa-
tion in the Human Finger” by Kenichi Yamakoshi, The Japa-
nese jounal of medical instrumentation published on Nov. 1,
1983, Vol. 53, No. 11, Separate vol. p. 24 to 28 (Non-Patent
Document 1)). Specifically, a volume pulse wave sensor is
provided in a cuff and in a process in which a cuff pressure is
increased (or decreased), a volume pulse wave component
(AV) is measured and a maximum point of amplitude and a
vanishment point (or appearance point) are detected. The cuff
pressures corresponding to the respective detected points are
calculated as an average blood pressure and a systolic blood
pressure. According to the volume oscillometric method, a
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diastolic blood pressure is calculated by applying the average

blood pressure and the systolic blood pressure to a predeter-

mined calculating equation.

Patent Document 1: Japanese Examined Patent Publication
No. H3-81375

Non-Patent Document 1: “Indirect Measurement of Arterial
Pressure Using Volume Pulsation in the Human Finger” by
Kenichi Yamakoshi, The Japanese jounal of medical instru-
mentation published on Nov. 1, 1983, Vol. 53, No. 11,
Separate vol. p. 24 to 28

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

However, going back to a generation mechanism of the
pulse wave amplitude in the oscillometric method, there has
been clarified nothing but a fact that the cuff pressure at the
point when the pulse wave amplitude becomes maximal dur-
ing the decrease (or increase) of the cuff pressure is an aver-
age blood pressure.

Moreover, in the volume oscillometric method as well,
only the systolic blood pressure and the average blood pres-
sure can be decided, but the diastolic blood pressure cannot be
decided precisely.

In order to solve the above-described problems, the present
invention is achieved, and an object thereof is to provide a
blood pressure measurement apparatus capable of precisely
deriving blood pressure (a systolic blood pressure and a dias-
tolic blood pressure) based on a cuff pressure and a generation
mechanism of a pulse wave amplitude, a recording medium
that records a blood pressure derivation program, and a blood
pressure derivation method.

Means for Solving the Problems

A blood pressure measurement apparatus according to an
aspect of this invention includes: a cuff to be wound around a
predetermined physical site of a measured person; a pressure
detector to detect a cuff pressure representing a pressure
inside the cuff; a volume detector provided in the cuff to
detect an arterial volume signal indicating a volume of an
artery of the measured person; and a derivation control unit to
perform derivation control to derive a blood pressure of the
measured person, based on the cuff pressure and the arterial
volume signal, the derivation control unit including: a first
extraction unit to extract an envelope of a volume pulse wave
based on the arterial volume signal; a differential unit to
differentiate the envelope with respect to the cuff pressure; a
second extraction unit to extract a maximum value of a dif-
ferential value of the envelope; and a decision unit to decide
a blood pressure based on the cuff pressure used for the
differential of the maximum value.

Preferably, further included are: an adjustment unit to
adjust the pressure inside the cuff; and a drive control unit to
control driving of the adjustment unit. The derivation control
unit performs the derivation control when the cuff pressure is
being decreased or increased at a constant rate by the drive
control unit.

Preferably, the envelope includes a volume minimum point
envelope in contact with arterial volume minimum points of
respective pulse wave components included in the volume
pulse wave, the differential unit differentiates the volume
minimum point envelope, the second extraction unit extracts
amaximum value of a differential value of the volume mini-
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mum point envelope, and the decision unit decides, as a
diastolic blood pressure, the cuff pressure used for the differ-
ential of the maximum value.

Preferably, the envelope includes a volume maximum
point envelope in contact with arterial volume maximum
points of the respective pulse wave components included in
the volume pulse wave, the differential unit differentiates the
volume maximum point envelope, the second extraction unit
extracts a maximum value of a differential value of the vol-
ume maximum point envelope, and the decision unit decides,
as a systolic blood pressure, the cuff pressure used for the
differential of the maximum value.

Preferably, further included are: an adjustment unit to
adjust the pressure inside the cuff; and a drive control unit to
control driving of the adjustment unit. The derivation control
unit performs the derivation control when the cuff pressure is
controlled so as to be decreased or increased in stages by a
predetermined pressure difference by the drive control unit,
and the decision unit decides the blood pressure by correcting
the cuff pressure used for the differential of the maximum
value.

Preferably, the envelope includes a volume minimum point
envelope in contact with arterial volume minimum points of
respective pulse wave components included in the volume
pulse wave, the differential unit differentiates the volume
minimum point envelope, the second extraction unit extracts
amaximum value of a differential value of the volume mini-
mum point envelope and differential values before and after
the maximum value, and the decision unit decides a diastolic
blood pressure by correcting the cuff pressure used for the
differential of the maximum value based on the maximum
value, the differential values before and after the maximum
value, and the pressure difference.

Preferably, the envelope includes a volume maximum
point envelope in contact with arterial volume maximum
points of respective pulse wave components included in the
volume pulse wave, the differential unit differentiates the
volume maximum point envelope, the second extraction unit
extracts a maximum value of a differential value of the vol-
ume maximum point envelope and differential values before
and after the maximum value, and the decision unit decides a
systolic blood pressure by correcting the cuff pressure used
for the differential of the maximum value based on the maxi-
mum value, the differential values before and after the maxi-
mum value, and the pressure difference.

Preferably, the volume detector includes: a light emitting
element to emit light to the artery; and a light receiving
element to receive light transmitted through or light reflected
at the artery of the light emitted by the light emitting element.

Preferably, the volume detector includes a plurality of elec-
trodes to detect impedance of a site including the artery.

A recording medium according to another aspect of this
invention records a blood pressure derivation program. The
blood pressure derivation program causes an information pro-
cessing apparatus to execute the steps of: extracting an enve-
lope of a volume pulse wave based on arterial volume data;
differentiating the envelope with respect to a cuff pressure
based on cuff pressure data; extracting a maximum value of a
differential value of the envelope; and deciding a blood pres-
sure based on the cuff pressure used for the differential of the
maximum value.

A blood pressure derivation method according to still
another aspect of this invention is executed in an information
processing apparatus including a storage unit that stores arte-
rial volume data and cuff pressure data in chronological order,
and an arithmetic operation processing unit, the method
including the steps of: extracting an envelope of a volume

10

15

20

25

30

35

40

45

50

55

60

65

4

pulse wave based on the arterial volume data by the arithmetic
operation processing unit; differentiating the envelope with
respect to a cuff pressure based on the cuff pressure data by
the arithmetic operation processing unit; extracting a maxi-
mum value of a differential value of the envelope by the
arithmetic operation processing unit; and deciding a blood
pressure based on the cuff pressure used for the differential of
the maximum value by the arithmetic operation processing
unit.

Effect of the Invention

According to the present invention, the blood pressure can
be precisely derived based on the cuff pressure and the gen-
eration mechanism of the pulse wave amplitude.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an external perspective diagram of a blood pres-
sure measurement apparatus according to an embodiment of
the present invention.

FIG. 2 is a block diagram representing a hardware configu-
ration of the blood pressure measurement apparatus accord-
ing to the embodiment of the present invention.

FIG. 3 is a functional block diagram showing a functional
configuration of the blood pressure measurement apparatus
according to the embodiment of the present invention,

FIG. 4 is a graph showing a volume pulse wave and differ-
ential curves during increasing pressure.

FIG. 5 is a flowchart showing blood pressure measurement
processing that is executed by the blood pressure measure-
ment apparatus in the embodiment of the present invention.

FIG. 6 is a flowchart showing diastolic blood pressure
derivation processing in the embodiment of the present inven-
tion.

FIG. 7 is a flowchart showing systolic blood pressure deri-
vation processing in the embodiment of the present invention.

FIG. 8 is diagram showing one example of a screen dis-
played in step S126 of FIG. 5.

FIG. 9 is a diagram showing one example of a data struc-
ture of measurement data.

FIG. 10 is a flowchart showing blood pressure measure-
ment processing in Modification 1 of the embodiment of the
present invention.

FIG. 11 is a functional block diagram showing a functional
configuration of a sphygmomanometer in Modification 3 of
the embodiment of the present invention.

FIG. 12(a) is a diagram showing one example of a data
structure of measurement data recorded on a recording
medium in Modification 3 of the embodiment of the present
invention, and FIG. 12(b) is a diagram showing a data struc-
ture of a blood pressure information field included in the
measurement data.

FIG. 13 is a block diagram showing one example of a
hardware configuration of an information processing appara-
tus capable of executing the blood pressure derivation pro-
cessing in Modification 3 of the embodiment of the present
invention.

FIG. 14 is a functional block diagram showing a functional
configuration of the information processing apparatus in
Modification 3 of the embodiment of the present invention.

FIG. 15 is a graph showing dynamic properties of an artery.

DESCRIPTION OF SYMBOLS

1 sphygmomanometer
10 main body portion
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20 cuff

21 air bladder

30 air system

31 air tube

32 pressure sensor

33 oscillation circuit

40 display unit

41 operation unit

41A power switch

41B measurement switch

41C stop switch

41D memory switch

42 memory unit

43 flash memory

44 power supply

45 timing unit

46 interface unit

51 pump

52 valve

53 pump drive circuit

54 valve drive circuit

70 arterial volume sensor

71 light emitting element

72 light receiving element

73 light emitting element drive circuit
74 arterial volume detection circuit
80 measurement data

100, 210 CPU

101 drive control unit

102 volume signal detection processing unit
103 cuff pressure acquiring unit

104 derivation control unit

106, 106 A storage processing unit
108, 1108 display contro]l unit

113, 1113 envelope extracting unit
114, 1114 differential processing unit
115, 1115 maximum value extracting unit
116, 1116 blood pressure decision unit
132 recording medium

200 information processing apparatus
210 information processing apparatus body
212 memory

213 fixed disk

214 FD drive device

215 CD-ROM drive device

216 Interface unit

220 monitor

230 keyboard

240 mouse

BEST MODE FOR CARRYING OUT THE
INVENTION

An embodiment of the present invention is described in
detail with reference to the drawings. The same or corre-
sponding portions in the figures are labeled with the same
symbols, and descriptions thereof will not be repeated.

Embodiment
Outer Appearance and Configuration
Described first are an outer appearance and a configuration
of ablood pressure measurement apparatus (hereinafter, sim-

ply referred to as a “sphygmomanometer”) 1 according to the
embodiment of the present invention.
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Referring to FIG. 1, the sphygmomanometer 1 includes a
main body portion 10, and a cuff 20 that can be wound around
a wrist of a measured person. The main body portion 10 is
mounted on the cuff 20. Arranged in a surface of the main
body portion 10 are a display unit 40 made of, for example,
liquid crystal or the like, and an operation unit 41 to receive an
instruction from a user (measured person). The operation umt
41 includes a plurality of switches.

In the present embodiment, the cuff 20 is described on the
assumption that it is worn on the wrist of the measured person.
However, a site where the cuff 20 is worn (measurement site)
is not limited to the wrist, but for example, it may be an upper
arni.

As to the sphygmomanometer 1 according to the present
embodiment, a form in which the main body portion 10 is
mounted on the cuff 20, as shown in FIG. 1, is described as
one example. However, as in an upper-arm type sphygmoma-
nometer, there may be alternatively employed a form in which
the main body portion 10 and the cuft20 are connected by an
air tube (air tube 31 in FIG. 2).

In a principle of the blood pressure measurement by the
oscillometric method conventionally employed, a systolic
blood pressure and a diastolic blood pressure cannot be
derived precisely, as described above. Thus, various algo-
rithms have been developed so far. However, since none of
these algorithms is based on a generation mechanism of a
pulse wave amplitude in the oscillometric method, measure-
ment errors may occur to some measured persons.

Moreover, in the oscillometric method, information (vol-
ume change) that is generated by transmitting volume change
ofan artery to the cuff through a biological body is detected as
oscillation of the cuff pressure. Generally, even when the
same volume change is transmitted to the cuff, a level of the
cuff pressure oscillation by the volume change of the cuff may
be detected differently, depending on properties of outer cloth
and an air bladder forming the cuff. Specifically, the level of
the cuff pressure oscillation may be detected differently,
depending on factors such as the cuff pressure, a way to wind
the cuff, and a volume of the air bladder dependent on a
circumferential length of a measurement site. Moreover,
since the volume change of the artery is transmitted to the cuff
through the biological body, the transmission of the arterial
volume differs, depending on biological characteristics of the
measurement site (an amount of muscle and cellulite, and
elements such as tendon and bone). These factors contribute
to the measurement error.

In view of the above, the sphygmomanometer 1 according
to the present embodiment decides (measures) a blood pres-
sure based on the dynamic properties of the artery, which is
the generation mechanism of the pulse wave amplitude.

FIG. 15 is a graph showing dynamic properties of an artery.
In the graph of FIG. 15, a horizontal axis indicates a differ-
ence between internal and external pressures Ptr, and a verti-
cal axis indicates an arterial volume V to show a relationship
between the difference between the internal and external
pressures Ptr and the arterial volume V. The difference
between the internal and external pressures Ptr indicates a
difference between an arterial internal pressure Pa and a cuff
pressure Pc applied to the cuff from the outside of the bio-
logical body.

As shown in this graph, the dynamic properties of the artery
generally exhibit strong nonlinearity, and when the difference
between the internal and external pressures Ptr is 0, that is,
when an arterial wall is in an unloaded state, compliance of
the artery becomes maximal, and the volume change corre-
sponding to pulse pressure fluctuation becomes maximal.
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From the foregoing, it is understood that when the arterial
volume is detected in a process of increasing or decreasing the
cuff pressure and the arterial volume is differentiated with
respect to the cuff pressure, the cuff pressure at which a
maximum value is obtained coincides with the arterial inter-
nal pressure.

The sphygmomanometer 1 according to the present
embodiment utilizes the fact that at a point when the arterial
wall enters the unloaded state, the value of the differentiation
result becomes maximal, to decide the systolic blood pressure
and the diastolic blood pressure.

Referring to FIG. 2, the cuff 20 of the sphygmomanometer
1 includes an air bladder 21 and an arterial volume sensor 70.
The arterial volume sensor 70 has light emitting elements 71
and light receiving elements 72. The light emitting elements
71 emit light to an artery, and the light receiving elements 72
receive light (transmitted light) emitted by the light emitting
elements 71 and transmitting through the artery, or light (re-
flected light) that is reflected by the artery. The light emitting
elements 71 and the light receiving elements 72 are arranged
at predetermined intervals inside the air bladder 21.

The arterial volume sensor 70 only needs to detect a vol-
ume of an artery, and may detect the volume of the artery by
impedance. In this case, in place of the light emitting elements
71 and the light receiving elements 72, there are included a
plurality of electrodes to detect an impedance of a site includ-
ing the artery.

The air bladder 21 is connected to an air system 30 through
the air tube 31.

The main body portion 10 includes, in addition to the
above-described display unit 40 and the operation unit 41, the
air system 30, a CPU (Central Processing Unit) 100 to inten-
sively control respective units and perform various arithmetic
operations, a memory unit 42 to store programs that cause the
CPU 100 to perform predetermined operations and various
type of data, a nonvolatile memory (e.g., flash memory) 43 to
store a measured blood pressure, a power supply 44 to supply
power to the CPU 100, a timing unit 45 that performs timing
operations, and an interface unit 46 to read and write pro-
grams and data from and onto a detachable recording medium
132.

The operation unit 41 has a power switch 41 A that receives
input of an instruction to power on or off, a measurement
switch 41B to receive an instruction of measurement start, a
stop switch 41C to receive an instruction of measurement
stop, and a memory switch 41D to receive an instruction to
read information such as the blood pressure recorded on the
flash memory 43.

The air system 30 includes a pressure sensor 32 to detect a
pressure (cuff pressure) inside the air bladder 21, a pump 51
to supply air to the air bladder 21 to increase the cuff pressure,
and a valve 52 opened or closed to exhaust or fill the air from
and into the air bladder 21.

The main body portion 10 further includes a light emitting
element drive circuit 73, an arterial volume detection circuit
74, and an oscillation circuit 33, a pump drive circuit 53, and
a valve drive circuit 54 in connection with the above-de-
scribed air system 30.

The light emitting element drive circuit 73 causes the light
emitting elements 71 to emit light at predetermined timing in
accordance with an instruction signal from the CPU 100. The
arterial volume detection circuit 74 converts output from the
light receiving elements 72 to a voltage value to thereby sense
the arterial volume.

The pressure sensor 32 is, for example, a capacitance type
pressure sensor, in which a volume value is changed in accor-
dance with the cuff pressure. The oscillation circuit 33 out-
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puts a signal of an oscillation frequency in accordance with
the volume value of the pressure sensor 32 to the CPU 100.
The CPU 100 senses a pressure by converting the signal
obtained from the oscillation circuit 33 to the pressure. The
pump drive circuit 53 controls the driving of the pump 51
based on a control signal given from the CPU 100. The valve
drive circuit 54 performs the opening and closing control of
the valve 52 based on a control signal given from the CPU
100.

Although the cuff 20 includes the air bladder 21, fluid
supplied to the cuff 20 is not limited to air, but for example,
liquid or gel may be employed. Alternatively, not limited to
fluid, but uniform particles such as micro beads may be
employed.

Referring to FIG. 3, the CPU 100 includes, as functions
thereof, a drive control unit 101, a volume signal detection
processing unit 102, a cuff pressure acquiring unit 103, a
derivation control unit 104 that performs control to derive the
blood pressure of the measured person, a storage processing
unit 106, and a display control unit 108. Shown in FIG. 3 is
only hardware directly communicating the signals and the
data with these functional blocks.

The drive control unit 101 transmits the control signals to
the pump drive circuit 53 and the valve drive circuit 54 in
order to adjust the cuff pressure. Specifically, control is per-
formed so as to increase the cuff pressure up to a predeter-
mined value and gradually decrease the cuff pressure. In the
present embodiment, in the process of decreasing the cuff
pressure at a constant rate, blood pressure derivation process-
ing is performed by the derivation control unit 104. The blood
pressure derivation processing may be alternatively per-
formed in the process of gradually increasing the cuff pres-
sure.

The derivation control unit 104 has an envelope extracting
unit 113, a differential processing unit 114, a maximum value
extracting unit 115, and a blood pressure decision unit 116.

The volume signal detection processing unit 102 transmits
a control signal to the light emitting element drive circuit 73
so as to drive the light emitting elements 71 at the predeter-
mined timing in parallel to the decrease of the cuff pressure by
the drive control unit 101. Moreover, the volume signal detec-
tion processing unit 102 continuously detects an arterial vol-
ume signal from the arterial volume detection circuit 74, and
acquires a volume pulse wave. The volume of the artery is
changed by the pulsation of the blood pressure. In the present
embodiment, the “volume pulse wave” is a curve indicating
change of the arterial volume that appears in accordance with
the cuff pressure, and is indicated by a waveform PG of FIG.
4, for example.

The volume pulse wave detected by the volume signal
detection processing unit 102 is outputted to the envelope
extracting unit 113.

The cuff pressure acquiring unit 103 converts the signal
obtained from the oscillation circuit 33 to a pressure to con-
tinuously acquire the pressure in parallel to the control by the
drive control unit 101. The acquired cuff pressure is outputted
to the differential processing unit 114. The cuff pressure is
also outputted to the drive control unit 101.

In order to describe the function of the derivation control
unit 104, FIG. 4 is further referred to.

FIG. 4 1s a graph showing the volume pulse wave and
differential curves (to be described later) during increasing
the pressure.

The envelope extracting unit 113 extracts envelopes of the
volume pulse wave detected by the volume signal detection
processing unit 102. More specifically, extracted are a volume
minimum point envelope in contact with arterial volume
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minimum points of respective pulse wave components com-
posing the volume pulse wave, and a volume maximum point
envelope in contact with arterial volume maximum points of
the respective pulse wave components. Each of the “pulse
wave components” herein corresponds to the change of the
arterial volume in each pulse of the pulsations.

In the present embodiment, a property that near infrared
rays entering the biological body are absorbed by hemoglobin
in the artery is utilized to detect the arterial volume. When the
volume of the artery is large, the amount of hemoglobin is
large, and thus, the amount of received light is small. On the
contrary, when the volume of the artery is small, the amount
of hemoglobin is small, and thus, the amount of received light
is large.

Therefore, aline (volume minimum point envelope) PG,
connecting the maximum points of the pulse wave compo-
nents of the volume pulse wave (i.e., points where the arterial
volume is minimal) indicates the arterial volume at the time of
the diastolic blood pressure, and on the contrary, a line (vol-
ume maximum point envelope) PGy, connecting the mini-
mum points (points where the arterial volume is maximal)
indicates the arterial volume at the time of the systolic blood
pressure.

Information of the extracted envelopes is outputted to the
differential processing unit 114.

The differential processing unit 114 differentiates the enve-
lopes extracted by the envelope extracting unit 113 with
respect to the cuff pressures acquired by the cuff pressure
acquiring unit 103. Specifically, the differential processing
unit 114 differentiates the volume minimum point envelope
PGy, and the volume maximum point envelope PGy with
respect to the cuff pressure to thereby calculate respective
differential values. In the following description, the differen-
tial value of the former is also referred to as a first differential
value, and the differential value of the latter is also referred to
as a second differential value. In FIG. 4, a waveform obtained
by connecting the first differential values is indicated by
dPGy,,,/dPc. A waveform obtained by connecting the second
differential values is indicated by dPG s4/dPc. In the present
embodiment, these waveforms are referred to as differential
curves.

The calculated first and second differential values are out-
putted to the maximum value extracting unit 115.

The maximum value extracting unit 115 extracts maximum
values of the differential values of the envelopes, that is,
maximum values of the differential curves (peaks). Referring
to FIG. 4, specifically, the maximum value extracting unit 115
extracts differential maximum values MAX1 and MAX2 for
the first differential value and the second differential value,
respectively. Information of the respective extracted differen-
tial maximum values is outputted to the blood pressure deci-
sion unit 116.

The blood pressure decision unit 116 decides the blood
pressure based on the cuff pressures corresponding to the
differential maximum values (i.e., cuff pressures used for the
differentiation of the differential maximum values). Herein-
after, each of the above-described cuff pressures is also
referred to as a “specific cuff pressure”.

Referring to FIG. 4, specifically, the blood pressure deci-
sion unit 116 decides the cuff pressure corresponding to the
maximum value MAX1 of the first differential value as a
diastolic blood pressure DIA. Moreover, it decides the cuff
pressure corresponding to the maximum value MAX 2 of the
second differential value as a systolic blood pressure SYS.
Information of the decided blood pressures is outputted to the
storage processing unit 106 and the display control unit 108.
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The storage processing unit 106 stores the blood pressures
(the diastolic blood pressure and the systolic blood pressure)
decided by the blood pressure decision unit 116, in the flash
memory 43 in association with a measurement date and time.
This allows measurement data in which blood pressure data
and date and time data are associated with each other to be
recorded on the flash memory 43 at each measurement.

The display control unit 108 performs control to display, on
the display unit 40, the blood pressures (the diastolic pressure
and the systolic pressure) decided by the blood pressure deci-
sionunit 116. This allows the blood pressures of the measured
person on the display unit 40.

The operations of the respective functional blocks included
in the CPU 100 may be realized by executing software stored
in the memory unit 42, or at least one of these functional
blocks may be realized as hardware.

Alternatively, at least one of the blocks described as hard-
ware (circuits) may be realized by the CPU 100 executing
software stored in the memory unit 42.
<Operation>

Described next is operation of the sphygmomanometer 1 in
the present embodiment.

FIG. 5 is a flowchart showing blood pressure measurement
processing executed by the sphygmomanometer in the
embodiment of the present invention. The processing shown
in the flowchart of FIG. 5 is stored in advance in the memory
unit 42 as aprogram, and the CPU 100 reads and executes this
program to thereby realize the function of the blood pressure
measurement processing.

Referring to FIG. 5, the CPU 100 first determines whether
or not the power switch 41A has been pressed (step S102).
The CPU 100 stands by until the power switch 41 A is pressed
(NO in step S102). If the CPU 100 determines that the power
switch 41A has been pressed (YES in step S102), the pro-
cessing goes to step S104.

In step S104, the CPU 100 performs initialization process-
ing. Specifically, a predetermined area of the memory unit 42
1s initialized, the air in the air bladder 21 is exhausted, and
correction of the pressure sensor 32 is performed.

Next, the CPU 100 determines whether or not the measure-
ment switch 41B has been pressed (step S106). The CPU 100
stands by until the measurement switch 41B is pressed (NO in
step S106). If the CPU 100 determines that the measurement
switch 41B has been pressed (YES in step S106), the process-
ing goes to step S108.

In step S108, the drive control unit 101 performs process-
ing of controlling the pump drive circuit 53 and the valve
drive circuit 54 to increase the cuff pressure up to the prede-
termined value. Specifically, the valve 52 is closed to gradu-
ally increase the cuff pressure up to the predetermined value
by the pump 51. Here, the predetermined value is a pressure
value set in advance. However, instead, it may be pulse wave
information detected during increasing the pressure, or a
pressure value decided based on calculated blood pressure
values and the number of pulses. Alternatively, the pressure
may be continuously increased while the user (measured
person) continues to press the measurement switch 41B.

Subsequently, the drive control unit 101 performs the pro-
cessing of gradually decreasing the cuff pressure (step S110).
Specifically, the pump 51 is stopped to control an opening
amount of the valve 52, so that the cuff pressure is gradually
decreased.

In parallel to the processing in step s110, the volume signal
detection processing unit 102 detects the arterial volume
based on the signal from the arterial volume detection circuit
74. The detected arterial volume is recorded on a predeter-
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mined area of the memory unit42 in chronological order (step
S112). Thereby, the volume pulse wave is obtained.

Subsequently, the cuff pressure acquiring unit 103 acquires
the cuff pressure based on the signal from the oscillation
circuit 33. The acquired cuff pressure is recorded on a prede-
termined area of the memory unit 42 in chronological order
(step S114).

The processing in step S112 and the processing in step
S114 may be performed in parallel.

In the present embodiment, the blood pressure derivation
processing is executed in real time. Accordingly, the follow-
ing processing from steps S116 to S120 is also executed in
parallel to the cuff pressure decrease processing.

In step S116, the derivation control unit 104 determines
whether or not the systolic pressure has been already decided.
Ifitis determined that the systolic blood pressure has not yet
been decided (NO in step S116), the processing goes to step
S118. On the other hand, if it is determined that the systolic
blood pressure has been already decided (YES in step S116),
the processing goes to step S120.

In step S118, the derivation control unit 104 executes sys-
tolic blood pressure derivation processing. This systolic
blood pressure derivation processing will be described in
detail later, using a subroutine shown in FIG. 7.

In step S120, the derivation control unit 104 executes dias-
tolic blood pressure derivation processing. This diastolic
blood pressure derivation processing will be described in
detail later, using a subroutine shown in FIG. 6.

The diastolic blood pressure derivation processing and the
systolic blood pressure derivation processing may be
executed in parallel.

Next, the derivation control unit 104 determines whether or
not the diastolic blood pressure has been already decided
(step S122). If it is determined that the diastolic blood pres-
sure has not yet been decided (NO in step S122), the process-
ing returns to step S110 to repeat the above-described pro-
cessing.

On the other hand, if it is determined that the diastolic
blood pressure has been already decided (YES in step $122),
the processing goes to step S124.

In step 8124, the drive control unit 101 controls the valve
drive circuit 54 to completely open the valve 52 and exhaust
the air.

When the exhaust processing ends, the display control unit
108 displays the decided systolic blood pressure and diastolic
blood pressure on the display unit 40 (step S126). Moreover,
the storage processing unit 106 stores the decided systolic
blood pressure and diastolic blood pressure on the flash
memory 43 in association with the timing data from the
timing unit 45 (step S128).

As described above, the blood pressure measurement pro-
cessing in the present embodiment is ended.

FIG. 6 is a flowchart showing the diastolic blood pressure
derivation processing in the embodiment of the present inven-
tion.

Referring to FIG. 6, the envelope extracting unit 113
extracts the volume minimum point envelope of the volume
pulse wave (step S202). The processing is returned to the
main routine without performing the subsequent processing
until the volume minimum point envelope is enabled to be
extracted.

Next, the differential processing unit 114 differentiates the
extracted volume minimum point envelope with respect to the
cuff pressure (step S204). This cuff pressure is of the time
point when the latest volume minimum point of the volume
pulse wave is extracted.
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The maximum value extracting unit 115 detects the peak of
the differential value (step S206). If it is determined that the
peak of the differential value has been detected (YES in step
S206), the processing goes to step S208. On the other hand, if
it is determined that the peak of the differential value has not
been detected (NO in step S206), the processing is returned to
the main routine.

In step S208, the blood pressure decision unit 116 decides
the specific cuff pressure corresponding to the differential
maximum value as the diastolic blood pressure, and tempo-
rarily records the same on the predetermined area of the
memory unit 42. When the above processing ends, the pro-
cessing is returned to the main routine.

FIG. 7 is a flowchart showing the systolic blood pressure
derivation processing in the embodiment of the present inven-
tion.

Referring to FIG. 7, the envelope extracting unit 113
extracts the volume maximum point envelope of the volume
pulse wave (step S302). The processing is returned to the
main routine without performing the subsequent processing
until the volume maximum point envelope is enabled to be
extracted.

Next, the differential processing unit 114 differentiates the
extracted volume maximum point envelope with respect to
the cuff pressure (step S304). This cuff pressure is of the time
point when the latest volume maximum point of the volume
pulse wave is extracted.

The maximum value extracting unit 115 detects the peak of
the differential value (step S306). If it is determined that the
peak of the differential value has been detected (YES in step
S306), the processing goes to step S308. On the other hand, if
it is determined that the peak of the differential value has not
been detected (NO in step S306), the processing is returned to
the main routine.

In step S308, the blood pressure decision unit 116 decides
the specific cuff pressure corresponding to the differential
maximum value as the systolic blood pressure, and tempo-
rarily records the same on the predetermined area of the
memory unit 42. When the above processing ends, the pro-
cessing is returned to the main routine.

As described above, in the blood pressure decision method
in the present embodiment, since the mechanism of blood
pressure decision is based on the volume change of the artery,
the blood pressure can be decided precisely. Particularly, the
diastolic blood pressure, which is difficult to decide in the
conventional oscillometric method and the volume oscilla-
tion method, can also be decided easily and precisely.
<Display Example and Measurement Data Storage
Example>

FIG. 8 is a diagram showing one example of a screen
displayed in step S126 of FIG. 5.

Referring to FIG. 8, the measurement date and time are
displayed in an area 401 of the display unit 40. The measure-
ment date and time, for example, correspond to a time point
when the measurement switch 41B is pressed. The systolic
blood pressure decided in step S308 of FIG. 7 is displayed in
an area 402 of the display unit 40. The diastolic blood pres-
sure decided in step S208 of F1G. 6 is displayed in an area 403
of the display unit 40. Moreover, the number of pulses calcu-
lated by a publicly known technique is displayed in an area
404 of the display unit 40.

FIG. 9 is a diagram showing one example of a data struc-
ture of the measurement data.

Referring to FIG. 9, records in each of which measurement
value and the measurement date and time are associated with
each other are stored as measurement data M1 to Mm (m=1,
2,3, ...). In each piece of the measurement data, systolic
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blood pressure data SBP indicating the systolic blood pres-
sure, diastolic blood pressure data DBP indicating the dias-
tolic blood pressure, pulse number data PLS indicating the
number of pulses, and measurement date and time data T are
included. It is only needed to associate the measurement
value and the measurement date and time with each other, and
the data structure is not limited to the storage form using the
records.

<Modification 1>

In the above-described embodiment, the blood pressure
derivation processing is executed in real time in the process in
which the cuff pressure is decreased. This allows the cuff
pressure decrease processing to be halted ata time point when
the blood pressure is decided, and as a result, time required for
the blood pressure measurement can be shortened.

However, after the cuff pressure is decreased to the prede-
termined value (e.g., 20 mmHg), the blood pressure deriva-
tion processing may be executed. The operation of the sphyg-
momanometer 1 in this case is briefly described with
reference to FIG. 10. The outer appearance and the configu-
ration of the sphygmomanometer 1 are similar to those of the
above-described embodiment.

FIG. 10 is a flowchart showing the blood pressure mea-
surement processing in Modification 1 of the embodiment of
the present invention. Similar pieces of the processing to
those of the flowchart in FIG. 5 are labeled with the same step
numbers. Accordingly, descriptions thereof will not be
repeated.

As in the embodiment, the processing from steps S102 to
S114 is executed. In Modification 1, the decrease processing
in step S110, the volume signal detection processing in step
S112, and the cuff pressure acquisition processing in step
S114 are executed in parallel.

When the processing in step S114 ends, the drive control
unit 101 determines whether or not the cuff pressure has been
decreased to the predetermined value (e.g., 20 mmHg) (step
S502). When it is determined that the cuff pressure has not
been decreased to the predetermined value (NO in step S502),
the processing returns to step S110. On the other hand, if the
drive control unit 101 determines that the cuff pressure has
been decreased to the predetermined value (YES in step
S502), the processing goes to step S504.

In step S504, the envelope extracting unit 113 extracts the
volume minimum point envelope and the volume maximum
point envelope based on the arterial volume data (i.e., volume
pulse wave data) and the cuff pressure data recorded on the
memory unit 42 inchronological order in the above-described
steps 8112 and S114. Next, the differential processing unit
114 differentiates the respective envelopes with respect to the
cuff pressure (step S506).

The maximum value extracting unit 115 extracts the maxi-
mum values of the respective differential values (step S508).
The blood pressure decision unit 116 decides the specific cuff
pressures corresponding to the extracted differential maxi-
mum values, as the systolic blood pressure and the diastolic
blood pressure, respectively (step S510).

When the blood pressures are decided, as in the above-
described embodiment, step S126 (display processing) and
step S128 (storage processing) are executed.

As described above, the blood pressure measurement pro-
cessing in the modification of the present embodiment is
ended.

In this manner, in Modification 1 of the present embodi-
ment as well, effects similar to those in the embodiment can
be obtained.
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<Modification 2>

In the above-described embodiment and Modification 1
thereof, in the process of gradually decreasing or increasing
the cuff pressure, the arterial volume signal and the cuff
pressure are detected. However, the arterial volume and the
cuff pressure may be detected in a process in which the cuff
pressure is decreased or increased in stages (i.e., by a prede-
termined pressure difference).

In this case, the blood pressure decision unit 116 can cal-
culate the systolic blood pressure and the diastolic blood
pressure by correcting the specific cuff pressures.

In Modification 2, the maximum value extracting unit 115,
after extracting the maximum values MAX1 and MAX2 of
the first and the second differential values, further extracts the
differential values before and after the respective differential
maximum values.

The blood pressure decision unit 116 corrects the specific
pressure, based on the pressure differences between the dif-
ferential maxim value MAX1 and the differential values
before and after the same. Thereby, the diastolic blood pres-
sure is decided. Moreover, the blood pressure decision unit
116 corrects the specific cuff pressure, based on the pressure
differences between the differential maximum value MAX2
and the differential values before and after the same. Thereby,
the systolic blood pressure is decided.

Specifically, for example, in the following manner, the
diastolic blood pressure and the systolic blood pressure are
decided.

(Correction of Diastolic Blood Pressure)

The maximum value MAX1 of the differential value
dPGy,,,/dPc of the volume pulse wave and the cuff pressure at
this time are indicated as “dPGp,,/dPC(n) and “Pec(n)”,
respectively. The differential values before and after the
maximum value MAX1 are indicated as “dPG,,/dPc(n-1)"
and “dPGy,/dPc(n+1), respectively.

A difference between the maximum value MAX1 and the
differential value before the same (first difference), and a
difference between the maximum value MAX1 and the dif-
ferential value after the same (second difference) are indi-
cated as “AdPGp, /dPc(n-1)" and “AdPG, /dPc(n+1)”,
respectively. Then, the first and second differences are
expressed by the following expressions (1), (2).

AdPGy /dPo(n=1)=dP Gy /dPoln-1)~dPGyy, /dPe )

AdPGy /dPo(n41)=dP Gy /AP o+ 1)~dP Gy, /dPe )

The blood pressure decision unit 116 corrects the specific
cuff pressure by a larger value of the first difference
(AdPG,;,/dPc(n-1)) and the second difference (AAPG,/
dPc(n+1)).

When the first difference is larger than the second differ-
ence, the diastolic blood pressure (“DIA”) is calculated by the
following expression (3).

DIA=Pc(n)-AdPGp,/dPc(n-1)/dPGpy /dPc(n)x
APcxa, G
When the first difference is not larger than the second
difference, the diastolic blood pressure is calculated by the
following expression.

DIA=Pc(n)+AdPGpy/dPc(n+1)/dPGpy/dPc(n)x

APexa @)

In the expressions (3) and (4), “APc” indicates the pressure
difference by which the pressure is increased or decreased in
stages, and “o” indicates a predetermined constant.



US 9,131,859 B2

15

(Correction of Systolic Blood Pressure)

For the correction of the systolic blood pressure as well,
similar processing to the correction of the diastolic blood
pressure is executed. Description thereofis thus not repeated.

The blood pressure deciding processing in Modification 2
of the present embodiment may be executed in place of steps
S208 in FIG. 6, S308 in FIG. 7, and S510 in FIG. 10.
<Modification 3>

While in the above-described embodiment and Modifica-
tions 1, 2, descriptions have been given on the assumption that
entire the blood pressure measurement processing as
described above is executed in the sphygmomanometer 1, the
blood pressure derivation processing in the blood pressure
measurement processing may be executed in a separate infor-
mation processing apparatus (representatively, a personal
computer). That is, in a blood pressure measurement system
including the sphygmomanometer 1 and the information pro-
cessing apparatus, the blood pressure measurement process-
ing as described above may be realized.

Such a case is described as Modification 3.

In Modification 3, in the sphygmomanometer 1, the pro-
cessing in steps S102 to S502 of the blood pressure measure-
ment processing shown in FIG. 10, is executed, and then
executed is the processing of recording the arterial volume
signals and the cuff pressures detected in steps S112 and S114
on the recording medium 132 in chronological order.

FIG. 11 is a functional block diagram showing a functional
configuration of the sphygmomanometer 1 in Modification 3
of the embodiment of the present invention.

Referring to FIG. 11, the CPU 100 of the sphygmomanom-
eter 1 includes the drive control unit 101, the volume signal
detection processing unit 102, the cuffpressure acquiring unit
103, and a storage processing unit 106A.

The storage processing unit 106A records, on the detach-
able recording medium 132, the measurement data including
the arterial volume (volume pulse wave) data acquired by the
volume signal detection processing unit 102, and the cuff
pressure data acquired by the cuff pressure acquiring unit
103.

FIG. 12(a) is a diagram showing one example of a data
structure of measurement data 80 recorded on the recording
medium 132 in Modification 3 of the embodiment of the
present invention.

Referring to FIG. 12(a), each piece of the measurement
data 80 stored in the recording medium 132 includes three
fields 81 to 83 of “ID information”, “recording date and
time”, and “blood pressure information” as one example. In
outlines of contents of the respective fields, the “ID informa-
tion” field 81 stores an identification number for specifying
each piece of the measurement data, and the like, and the
“recording date and time” field 82 stores the information such
as the measurement date and time, and the measurement
period of each piece of the measurement data, which are
measured by the timing unit 45, and the like. Moreover, the
“blood pressure information” field 83 stores the arterial vol-
ume data and the cuff pressure data for use in the derivation of
the blood pressure.

FIG. 12(b) is a diagram showing a data structure of the
blood pressure information field 83 included in the measure-
ment data.

Referring to FIG. 12(4), the blood pressure information
field 83 has an area 831 in which “time data” is stored, an area
832 in which the “arterial volume data” is stored, and an area
833 in which the “cuff pressure data” is stored.

In the area 831, a plurality of pieces of time data 1, 2,
3,...,Ninaccordance with a sampling cycle are stored. In the
area 832, volume data V(1), V(2), . . ., V(n) is stored in
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association with the time data in the area 831, respectively. In
the area 833, cuff pressure data P(1), P(2), . .., P(n) is stored
in association with the time data in the area 831, respectively.

The storage form is not limited to the above-described
example, but the times (clock times) and the respective mea-
surement values only need to be stored in association with one
another.

FIG. 13 is a block diagram showing one example of a
hardware configuration of an information processing appara-
tus 200 that can execute the blood pressure derivation pro-
cessing in Modification 3 of the embodiment of the present
invention.

Referring to FIG. 13, the information processing apparatus
200 includes an information processing apparatus body 210,
a monitor 220, a keyboard 230, and a mouse 240. The infor-
mation processing apparatus body 210 includes a CPU 211, a
memory 212, a fixed disk 213, which functions as a storage
device, an FD (Flexible Disk) drive device 214, a CD-ROM
(Compact Disk-Read Only Memory) drive device 215, and an
interface unit 216. These types of hardware are connected to
one another by a bus.

An FD 214a is loaded on the FD drive device 214, and a
CD-ROM 215a is loaded on the CD-ROM drive device 215.
The information processing apparatus 200 according to the
present embodiment is realized by the CPU (Central Process-
ing Unit) 211 executing software using the hardware such as
the memory 212. Generally, such software is stored in a
recording medium such as the FD 2144 or the CD-ROM
215a, or is distributed through a network. Such software is
read from the recording medium by the FD drive device 214,
the CD-ROM drive device 215 or the like, or is received in a
communication interface (not shown) to be stored on the fixed
disk 213. Furthermore, it is read from the fixed disk 213 onto
the memory 212, and is executed by the CPU 211.

The monitor 2201s a display unit to display the information
such as the blood pressure outputted by the CPU 211, and as
one example, is made of an LCD (Liquid Crystal Display), a
CRT (Cathode Ray Tube), or the like. The mouse 240 receives
an instruction from a user (representatively, a diagnosis pet-
former such as a medical specialist) in accordance with the
operation such as clicking and sliding. The keyboard 230
receives an instruction from the user in accordance with an
inputted key. The CPU 211 is an arithmetic operation unit that
conducts various arithmetic operations by sequentially
executing programmed commands. The memory 212 stores
various types of information in accordance with the program
execution by the CPU 211. The interface unit 216 is a site to
receive the measurement data 80 by the sphygmomanometer
1, and in the present embodiment, is formed by a slot through
which the recording medium 132 can be loaded, a peripheral
circuit that controls the slot, and the like. In place of the slot
through which the recording medium 132 can be loaded, the
interface unit may be configured as a communication inter-
face unit capable of data communication with the sphygmo-
manometer 1. The fixed disk 213 is a nonvolatile storage
device that stores programs executed by the CPU 211, and the
arterial volume data as well as the cuff pressure data (mea-
surement data 80) received from the sphygmomanometer 1.
Moreover, to the information processing apparatus 200 may
be connected an additional output apparatus such as a printer
as needed.

The CPU 211 performs control to derive the blood pres-
sure, based on the measurement data 80 stored in the fixed
disk 213.

FIG. 14 is a functional block diagram showing functions of
the information processing apparatus 200 in Modification 3
of the embodiment of the present invention.
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Referring to FIG. 14, the CPU 211 of the information
processing apparatus 200 includes an envelope extracting
unit 1113, a differential processing unit 1114, a maximum
value extracting unit 1115, a blood pressure decision unit
1116, and adisplay control unit 1108. The processing ofthese
functional blocks is similar to the processing of the functional
blocks shown in FIG. 3 (the envelope extracting unit 113, the
differential processing unit 114, the maximum value extract-
ing unit 115, the blood pressure decision unit 116, and the
display control unit 108). Accordingly, descriptions thereof
are not repeated here. The envelope extracting unit 1113 reads
the measurement data 80 from the fixed disk 213 to extract the
envelopes of the volume pulse wave (the volume minimum
point envelope and the volume maximum point envelope).
Moreover, the display control unit 1108 displays the systolic
blood pressure and the diastolic blood pressure on the moni-
tor 220.

The program to realize the blood pressure derivation pro-
cessing in the above-described general information process-
ing apparatus 200 (blood pressure derivation program)
includes processing in steps S504, S506, S508, S510 and
$126 of the blood pressure measurement processing shown in
FIG. 10.

The blood pressure derivation program according to the
present invention may call out necessary modules in a prede-
termined array at predetermined timing from among the pro-
gram modules provided as a portion of an operating system
(OS) of the computer so as to cause the necessary modules to
execute the processing. In this case, the above-described
modules are not included in the program itself, and the pro-
cessing is executed in cooperation with the OS. The above-
described program not including the modules may also be
included in the program according to the present invention.

Moreover, the blood pressure derivation program accord-
ing to the present invention may be provided by being incor-
porated in a portion of a different program. In this case as
well, the program itself does not include the modules
included in the above-mentioned different program, and the
processing is executed in cooperation with the different pro-
gram. The above-described program incorporated in the dif-
ferent program may be included in the program according to
the present invention.

The blood pressure measurement method itself executed
by the sphygmomanometer 1 in the embodiment or Modifi-
cations 1, 2 of the present invention can be provided as a
program.

It should be considered that the embodiment disclosed this
time is illustrative in all points and not limitative. Therange of
the present invention is indicated not by the foregoing
descriptions but by the claims, and it is intended that mean-
ings equivalent to the claims and all modifications within the
range are included.

The invention claimed is:

1. A blood pressure measurenient apparatus, comprising:

a cuff to be wound around a predetermined physical site of

a measured person;

a pressure detector to detect a cuff pressure representing a

pressure inside the cuff;

a volume detector to detect an arterial volume signal indi-

cating a volume of an artery of the measured person;
an adjustment unit to adjust the pressure inside the cuff;

a drive control unit to control driving of the adjustment

unit; and

a derivation control unit to perform derivation control to

derive ablood pressure ofthe measured person, based on
the cuff pressure and the arterial volume signal, the
derivation control unit including;
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a first extraction unit to extract an envelope of a volume
pulse wave based on the arterial volume signal;
a differential unit to differentiate the envelope with
respect to the cuff pressure;
asecond extraction unit to extract a maximum value ofa
differential value of the envelope’ and
a decision unit to measure the blood pressure based on
the cuff pressure obtained when the maximum value
of the differential value is extracted,
wherein the envelope includes a volume minimum point
envelope in contact with arterial volume minimum
points of respective pulse wave components included
in the volume pulse wave, and a volume maximum
point envelope in contact with arterial volume maxi-
mum points of the respective pulse wave components
included in the volume pulse wave,
wherein the differential unit differentiates the volume
minimum point envelope, and the volume maximum
point envelope,
wherein the second extraction unit extracts a maxinum
value of a differential value of the volume minimum
point envelope, and a maximum value of a differential
value of the volume maximum point envelope,
wherein the derivation control unit performs the deriva-
tion control when the cuff pressure is being decreased
orincreased at a constant rate by the drive control unit,
and
wherein the decision unit measures, as a diastolic blood
pressure, the cuff pressure obtained when the maxi-
mum value of the differential value of the volume
minimum point envelope is extracted by the second
extraction unit, and as a systolic blood pressure, the
cuff pressure obtained when the maximum value of a
differential value of the volume maximum point enve-
lope is extracted by the second extraction unit.
2. A blood pressure measurement apparatus, comprising;:
a cuff to be wound around a predetermined physical site of
a measured person;
a pressure detector to detect a cuff pressure representing a
pressure inside the cuff;
a volume detector to detect an arterial volume signal indi-
cating a volume of an artery of the measured person;
an adjustment unit to adjust the pressure inside the cuff;
a drive control unit to control driving of the adjustment
unit; and
a derivation control unit to perform derivation control to
derive ablood pressure of the measured person, based on
the cuff pressure and the arterial volume signal, the
derivation control unit including;
a first extraction unit to extract an envelope of a volume
pulse wave based on the arterial volume signal;
a differential unit to differentiate the envelope with
respect to the cuff pressure;
asecond extraction unit to extract a maximum value ofa
different value of the envelope; and
a decision unit to measure the blood pressure based on
the cuff pressure obtained when the maximum value
of the differential value is extracted,
wherein the envelope includes a volume minimum point
envelope in contact with arterial volume minimum
points of respective pulse wave components included
in the volume pulse wave, and a volume maximum
point envelope in contact with arterial volume maxi-
mum points of the respective pulse wave components
included in the volume pulse wave,
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wherein the differential unit differentiates the volume
minimum point envelope, and the volume maximum
point envelope,
wherein the second extraction unit extracts a maximum
value of a differential value of the volume minimum
point envelope, and a maximum value of a differential
value of the volume maximum point envelope,
wherein the derivation control unit performs the deriva-
tion control when the cuff pressure is controlled so as
to be decreased or increased in stages by a predeter-
mined pressure difference by the drive control unit,
wherein the decision unit measures, as a diastolic blood
pressure, the cuff pressure obtained when the maxi-
mum value of the differential value of the volume
minimum point envelope is extracted by the second
extraction unit, and as a systolic blood pressure, the
cuff pressure obtained when the maximum value of a
differential value of the volume maximum point enve-
lope is extracted by the second extraction unit, and
wherein the decision unit measures the blood pressure
by correcting the cuff pressure.
3. The blood pressure measurement apparatus according to
claim 2,
wherein the second extraction unit further extracts differ-
ential values before and after the maximum value, and
wherein the decision unit measures the diastolic blood
pressure by correcting the cuff pressure based on the
maximum value, the differential values before and after
the maximum value, and the predetermined pressure
difference.
4. The blood pressure measurement apparatus according to
claim 2,
wherein the second extraction unit further extracts differ-
ential values before and after the maximum value, and
wherein the decision unit measures the a systolic blood
pressure by correcting the cuff pressure based on the
maximum value, the differential values before and after
the maximum value, and the predetermined pressure
difference.
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5. The blood pressure measurement apparatus according to
claim 1, wherein the volume detector includes:

a light emitting element to emit light to the artery; and

a light receiving element to receive light transmitted

through or light reflected at the artery of the light emitted
by the light emitting element.

6. The blood pressure measurement apparatus according to
claim 1, wherein the volume detector includes a plurality of
electrodes to detect impedance of a site including the artery.

7. The blood pressure measurement apparatus according to
claim 2, wherein the volume detector includes:

a light emitting element to emit light to the artery; and

a light receiving element to receive light transmitted

through orlight reflected at the artery of the light emitted
by the light emitting element.

8. The blood pressure measurement apparatus according to
claim 3, wherein the volume detector includes:

a light emitting element to emit light to the artery; and

a light receiving element to receive light transmitted

through orlight reflected at the artery of the light emitted
by the light emitting element.

9. The blood pressure measurement apparatus according to
claim 4, wherein the volume detector includes:

a light emitting element to emit light to the artery; and

a light receiving element to receive light transmitted

through orlight reflected at the artery of the light emitted
by the light emitting element.

10. The blood pressure measurement apparatus according
to claim 2, wherein the volume detector includes a plurality of
electrodes to detect impedance of a site including the artery.

11. The blood pressure measurement apparatus according
to claim 3, wherein the volume detector includes a plurality of
electrodes to detect impedance of a site including the artery.

12. The blood pressure measurement apparatus according
to claim 4, wherein the volume detector includes a plurality of
electrodes to detect impedance of a site including the artery.
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