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BIOLOGICAL INFORMATION MEASURING
APPARATUS, METHOD AND PROGRAM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation Application of
PCT Application No. PCT/JP2018/009567, filed Mar. 12,
2018 and based upon and claiming the benefit of priority
from Japanese Patent Application No. 2017-050616, filed
Mar. 15, 2017, the entire contents of all of which are
incorporated herein by reference.

FIELD

[0002] This invention relates to a biological information
measuring apparatus, a method and a program for measuring
biological information continuously.

BACKGROUND

[0003] Detecting and treating a biological abnormality
early using biological information has gradually been
becoming important to medical care because of an environ-
ment in which a high-performance sensor can easily be used
with the development of sensor technologies.

[0004] A biological information measuring apparatus is
known which is capable of measuring biological information
about pulse, blood pressure and the like, using information
detected by a pressure sensor that is in direct contact with a
biological portion through which the arteries such as the
radial artery of a user’s wrist pass (see, for example, Jpn.
Pat. Appln. KOKAIT Publication No. 2004-113368).

[0005] The blood pressure measuring apparatus described
in Jpn. Pat. Appln. KOKAI Publication No. 2004-113368
calculates a blood pressure value using a cuff in a portion
different from a biological portion with which a pressure
sensor is brought into contact to generate calibration data
from the calculated blood pressure value. Then, the pressure
pulse wave detected by the pressure sensor is calibrated
using the calibration data to calculate a blood pressure value
for each beat.

[0006] Since however, the blood pressure measuring appa-
ratus described in Jpn. Pat. Appln. KOKAT Publication No.
2004-113368 is large, the accuracy of measurement is dif-
ficult to increase. Since, furthermore, the blood pressure
measuring apparatus is based on the premise that it is used
in the limited environment and operated by a specific person,
it is difficult to use for daily medical treatment and home
medical care. Since, moreover, the blood pressure measuring
apparatus is provided with a number of tubes and wires and
is annoying, it is impractical to use the apparatus routinely
and during sleep.

[0007] In addition, it is not certain that the blood pressure
apparatus for calibration can make normal measurement.
For example, it is likely that the pulse waves will become
irregular during their calibration and influence the blood
pressure.

SUMMARY

[0008] A first aspect of the invention is a biological
information measuring apparatus including a detector that
detects pulse waves continuously in terms of time, a mea-
suring unit that measures first biological information inter-
mittently, a calculator that calculates second biological
information from the pulse waves based on the first biologi-
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cal information, and a calibrated blood pressure determining
unit that determines whether a result of measurement of the
measuring unit is normal. The measuring unit suspends the
measurement in a case where the calibrated blood pressure
determining unit does not determine that the result of
measurement is normal and resumes the measurement after
a lapse of a prescribed period.

[0009] A second aspect of the invention is a biological
information measuring apparatus including a sensing appa-
ratus and a calibrating apparatus. The calibrating apparatus
includes a measuring unit that measures first biological
information intermittently and a transmission unit that trans-
mits data containing the first biological information to the
sensing apparatus. The sensing apparatus includes a detector
that detects pulse waves continuously in terms of time, a
reception unit that receives the first biological information,
a calculator that calculates second biological information
from the pulse waves based on the first biological informa-
tion, a calibrated blood pressure determining unit that deter-
mines whether a result of measurement of the measuring
unit is normal. The measuring unit suspends the measure-
ment in a case where the calibrated blood pressure deter-
mining unit does not determine that the result of measure-
ment is normal and resumes the measurement after a lapse
of a prescribed period, and the measuring unit continues the
measurement in other cases.

[0010] A third aspect of the invention is the biological
information measuring apparatus further including a body
motion detector. The calculator calibrates the pulse waves by
the first biological information and calculates second bio-
logical information from the calibrated pulse waves. The
calibrated blood pressure determining unit includes a body
motion determining unit that determines whether body
motion is generated during a first period of the measurement
of the first biological information before the pulse waves are
calibrated, a pulse wave determining unit that determines
whether the pulse waves are irregular during a second period
of the measurement of the first biological information before
the pulse waves are calibrated, and a blood pressure deter-
mining unit that determines whether a blood pressure value
varies during a third period of the measurement of the first
biological information before the pulse waves are calibrated.
The measuring unit continues the measurement when body
motion is not generated during the first period, the pulse
waves are not irregular during the second period, or the
blood pressure value does not vary during the third period.

[0011] A fourth aspect of the invention is the biological
information measuring apparatus in which that the calculator
calibrates the pulse waves by the first biological information
and calculates second biological information from the cali-
brated pulse waves, the sensing apparatus further includes a
body motion detector that detects body motion information
of the calibrating apparatus, the calibrated blood pressure
determining unit includes a body motion determining umt
that determines whether body motion is generated during a
first period of the measurement of the first biological infor-
mation before the pulse waves are calibrated, based on the
body motion information, a pulse wave determining unit that
determines whether the pulse waves are irregular during a
second period of the measurement of the first biological
information before the pulse waves are calibrated, based on
the pulse waves, and a blood pressure determining unit that
determines whether a blood pressure value varies during a
third period of the measurement of the first biological
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information before the pulse waves are calibrated, based on
the second biological information. The measuring unit con-
tinues the measurement when at least one of determinations
that body motion is not generated during the first period, the
pulse waves are not irregular during the second period, and
the blood pressure value does not vary during the third
period, is made.

[0012] A fifth aspect of the invention is the biological
information measuring apparatus in which the measuring
unit suspends the measurement when it is determined that
body motion is generated during the first period, it is
determined that the pulse waves are irregular during the
second period, or it is determined that the blood pressure
value varies during the third period, and the measuring unit
resumes the measurement after a lapse of a prescribed
period.

[0013] A sixth aspect of the invention is the biological
information measuring apparatus in which the body motion
detector includes an acceleration sensor, and the body
motion determining unit determines that body motion is
generated when acceleration indicated by the acceleration
sensor is larger than a first threshold value during the first
period, the pulse wave determining unit determines that the
pulse waves are irregular when a period during which an
amplitude of the pulse waves is smaller than a second
threshold value is longer than a prescribed period of time
during the second period, and the blood pressure determin-
ing unit determines that the blood pressure value varies
when increase or decrease of each of the amplitude of the
pulse waves, systolic blood pressure and diastolic blood
pressure for each beat exceeds a third threshold value.
[0014] A seventh aspect of the invention is the biological
information measuring apparatus in which the measuring
unit measures the first biological information with higher
accuracy than the second biological information detected
from the detector.

[0015] An eighth aspect of the invention is the biological
information measuring apparatus in which the detector
detects the pulse waves for each beat, and the first biological
information and the second biological information are
blood.

[0016] According to the first aspect of the invention, since
the biological information measuring apparatus is com-
pacted by the detector that detects pulse waves continuously
in terms of time and the measuring unit that measures
biological information intermittently, it can easily be
attached to perform measurement and is highly convenient
for the user. Since, furthermore, the measuring unit only
measures the biological information intermittently, the time
for the measuring unit to interfere with the user is shortened.
In addition, it is determined whether a result of the mea-
surement is normal to determine whether the measuring unit
continues measuring the first biological information or sus-
pends the measurement and resumes it after a prescribed
period. The pulse waves can thus be calibrated correctly.
[0017] According to the second aspect of the invention,
since the sensing apparatus includes a detector that detects
pulse waves continuously in terms of time and is separated
from the calibrating apparatus, it is compacted and easily
placed in a position where it can reliably acquire the pulse
waves. The calibrating apparatus can measure the first
biological information intermittently to calculate accurate
biological information from the pulse waves, and the user
can easily obtain high-accuracy biological information.
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Since, furthermore, the measuring unit only measures the
biological information intermittently, the time for the mea-
suring unit to interfere with the user is shortened. Since,
moreover, the calibrating apparatus is independent, it can be
located to easily perform calibration without depending on
the placement of the sensing apparatus. In addition, it is
determined whether a result of the measurement of the
measuring unit is normal to determine whether the measur-
ing unit continues measuring the first biological information
or suspends the measurement and resumes it after a pre-
scribed period. The pulse waves can thus be calibrated
correctly.

[0018] According to the third aspect of the invention,
since the biological information measuring apparatus is
compacted by the detector that detects pulse waves continu-
ously in terms of time and the measuring unit that measures
biological information intermittently, it can easily be
attached to perform measurement and is highly convenient
for the user. Since, furthermore, the measuring unit only
measures the biological information intermittently, the time
for the measuring unit to interfere with the user is shortened.
In addition, it is determined whether body motion is gener-
ated during a first period of the measurement of the first
biological information, whether the pulse waves are irregu-
lar during a second period of the measurement of the first
biological information, and whether a blood pressure value
varies during a third period of the measurement of the first
biological information based on the second biological infor-
mation to determine whether the measuring unit continues or
suspends the measurement of the first biological informa-
tion. The pulse waves can thus be calibrated correctly.

[0019] According to the fourth aspect of the invention,
since the sensing apparatus includes a detector that detects
pulse waves continuously in terms of time and a transmis-
sion unit that transmits data containing the pulse waves to
the calibrating apparatus and is separated from the calibrat-
ing apparatus, it is compacted and easily placed in a position
where it can reliably acquire the pulse waves. The calibrat-
ing apparatus measures the first biological information inter-
mittently, receives the data from the sensing apparatus,
calibrates the pulse waves by the first biological informa-
tion, calculates the second biological information from the
calibrated pulse waves, and calibrates the pulse waves based
on the biological information measured by the measuring
unit. Accurate biological information can thus be calculated
from the pulse waves, and the user can easily obtain high-
accuracy biological information. Since, furthermore, the
measuring unit only measures the biological information
intermittently, the time for the measuring unit to interfere
with the user is shortened. Since, moreover, the calibrating
apparatus is independent, it can be located to easily perform
calibration without depending on the placement of the
sensing apparatus. In addition, it is determined whether body
motion is generated during a first period of the measurement
of the first biological information, whether the pulse waves
are irregular during a second period of the measurement of
the first biological information, and whether a blood pres-
sure value varies during a third period of the measurement
of the first biological information based on the second
biological information to determine whether the measuring
unit continues or suspends the measurement of the first
biological information. The pulse waves can thus be cali-
brated correctly.
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[0020] According to the fifth aspect of the invention, when
it is determined that body motion is generated, it is detet-
mined that the pulse waves are irregular or it is determined
that the blood pressure value varies, the measuring unit can
determine it as an inadequate condition for calibration to
suspend the measurement and avoid calibrating the pulse
waves with low accuracy. Furthermore, the measuring unit
suspends the measurement and resumes it after a lapse of a
prescribed period to start the calibration and repeat the
suspension of the measuring unit and the calibration after a
lapse of a prescribed period until an adequate calibration is
completed. Correct calibration can thus be achieved.
[0021] According to the sixth aspect of the invention, it is
determined that body motion is generated when acceleration
indicated by the acceleration sensor is larger than a first
threshold value, it is determined that the pulse waves are
irregular when a period during which an amplitude of the
pulse waves is smaller than a second threshold value is
longer than a prescribed period of time, and it is determined
that the blood pressure value varies when increase or
decrease of each of the amplitude of the pulse waves,
systolic blood pressure and diastolic blood pressure for each
beat exceeds a third threshold value. It is thus possible to
correctly determine whether to continue a calibrating opera-
tion or stop the calibrating operation and resume it after a
lapse of a prescribed period. Correct calibration can thus be
achieved.

[0022] According to the seventh aspect of the invention,
since the first biological information is measured with higher
accuracy than the second biological information detected
from the detector, the accuracy of the biological information
obtained based on the pulse waves from the detector can be
secured and thus the biological information can be calcu-
lated with accuracy continuously in terms of time.

[0023] According to the eighth aspect of the invention,
since the detector detects the pulse waves for each beat and
the first biological information and the second biological
information are blood, the biological information measuring
apparatus can measure blood pressure for each beat con-
tinuously in terms of time.

[0024] In summary, according to each of the aspects of the
invention, there can be provided a biological information
measuring apparatus that can always be attached to calibrate
biological information continuously in terms of time and
acquire correct information, a method, and a program.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 is a block diagram showing an integral-type
blood pressure measuring apparatus according to an embodi-
ment.

[0026] FIG. 2 is an illustration of an example of the blood
pressure measuring apparatus of FIG. 1 that is worn around
the wrist.

[0027] FIG. 3 is an illustration of another example of the
blood pressure measuring apparatus of FIG. 1 that is worn
around the wrist.

[0028] FIG. 4 is a graph showing cufl’ pressure and pulse
wave signal varying with the passage of time in the oscil-
lometric technique.

[0029] FIG. 5 is a diagram showing pulse pressure varying
for each beat with the passage of time and one pulse wave.
[0030] FIG. 6 is a flowchart showing a first calibration
method.
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[0031] FIG. 7 is a block diagram showing a discrete-type
blood pressure measuring apparatus according to an embodi-
ment.

[0032] FIG. 8 is a flowchart for determining whether to
continue blood measurement for calibration of the blood
pressure measuring apparatus of FIG. 1 or 7.

DETAILED DESCRIPTION

[0033] A biological information measuring apparatus, a
method and a program according to an embodiment of this
invention will be described below with reference to the
drawings. Note that in the following embodiment, the por-
tions denoted by the same numeral perform similar opera-
tions and their overlapping descriptions will be omitted.
[0034] The embodiments have been developed in consid-
eration of the foregoing situation and its object is to provide
a biological information measuring apparatus that can
always be attached to calibrate biological information con-
tinuously in terms of time and acquire correct information,
a method and a program.

[0035] (Integral Tvpe)

[0036] A blood pressure measuring apparatus 100, which
is one example of the biological information measuring
apparatus according to the present embodiment, will be
described with reference to FIGS. 1, 2 and 3. FIG. 1 is a
functional block diagram of the blood pressure measuring
apparatus 100, showing a pulse wave detector 110 and a
blood pressure calibrating device 150 in detail. FIG. 2 is an
illustration of one example where the blood pressure mea-
suring apparatus 100 is worn around the wrist and is a
schematic perspective view of the example viewed from
above the palm. A pressure pulse wave sensor 111 is placed
on the wrist side of the pulse wave detector 110. FIG. 3 is
an image view of the wearing of the blood pressure mea-
suring apparatus 100 and is a schematic perspective view of
the palm viewed from its side (the direction in which the
fingers are arranged when the hand is opened). FIG. 3 also
shows an example where the pressure pulse wave sensor 111
is placed orthogonally to the radial artery. It is seen from
FIG. 3 that the blood pressure measuring apparatus 100 is
only put on the arm on the palm side, but in fact the blood
pressure measuring apparatus 100 is worn around the arm.
[0037] The blood pressure measuring apparatus 100
includes the pulse wave detector 110, a connecting unit 130
and the blood pressure calibrating device 150. The pulse
wave detector 110 includes the pressure pulse wave sensor
111 and a pressing unit 113. The blood pressure calibrating
device 150 includes a pulse wave measuring device 181, a
pump and valve 152, a pressure sensor 153, a calibrating unit
154, a blood pressure measuring device 155, a pump and
valve 156, a pressure sensor 157, a cuff 158, a blood pressure
calculator 159, a memory device 160, an electric power
source unit 161, a display 162, an operation unit 163, a
clocking unit 164, a pulse wave determining unit 171, a
blood pressure determining unit 172, a body motion deter-
mining unit 173 and an acceleration sensor 174. Note that
the pulse wave determining unit 171, blood pressure deter-
mining unit 172 and body motion determining unit 173 may
collectively be referred to as a calibration blood pressure
determining unit.

[0038] The blood pressure measuring apparatus 100 is
annular and is worn around, e.g. a user’s wrist like a bracelet
to measure user’s blood pressure. The pulse wave detector
110 is placed closer to the user’s palm than the blood
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pressure calibrating device 150, as illustrated in FIGS. 2 and
3. In other words, the pulse wave detector 110 is placed in
a position farther from the user’s elbow than the blood
pressure calibrating device 150. In the present embodiment,
the pulse wave detector 110 is placed such that the pressure
pulse wave sensor 111 is located on the radial artery and
accordingly the blood pressure calibrating device 150 is
placed closer to the elbow than the pulse wave detector 110.
The connecting unit 130 physically connects the pulse wave
detector 110 and the blood pressure calibrating device 150
and is made of, e.g. a shock absorber to prevent their
measurements from interfering with each other.

[0039] The length L, of the pulse wave detector 110 in the
stretching direction of the user’s arm is set smaller than the
length L, of the blood pressure calibrating device 150 in the
stretching direction. The length [, of the pulse wave detec-
tor 110 in the stretching direction of the arm is set to 40 mm
or less and, more ideally, 15 mm to 25 mm. Furthermore, the
length W, of the pulse wave detector 110 in a direction
perpendicular to the stretching direction of the arm is set to
4 cm to 5 cm, and the length W, of the blood pressure
calibrating device 150 in a direction perpendicular to the
stretching direction is set to 6 cm to 7 cm. Moreover, there
is the following relationship between the length W, and
length W,: 0 (or 0.5) cm<W,-W <2 cm. With this relation-
ship, W, is set so as not to be too long to make it difficult to
interfere with the surroundings. Since the pulse wave detec-
tor 110 falls within such a range, the blood pressure cali-
brating device 150 is placed closer to the palm, with the
result that pulse waves can easily be detected, and the
accuracy of measurement can be maintained.

[0040] The pressure pulse wave sensor 111 senses pressure
pulse waves continuously in terms of time. For example, the
pressure pulse wave sensor 111 senses a pressure pulse wave
for each beat. The pressure pulse wave sensor 111 is placed
on the palm side as shown in FIG. 2 and usually placed in
parallel to the stretching direction of the arm as shown in
FIG. 3, and includes a plurality of sensors arranged orthogo-
nal to the stretching direction of the arm. The pressure pulse
wave sensor 111 can obtain time series data of blood
pressure values (blood pressure waveforms) that vary in
association with the heartbeat. Note that if the time when the
pulse wave measuring device 181 received a pressure pulse
wave from the pressure pulse wave sensor 111 is obtained
from the clocking unit 164, the time when the pressure pulse
wave sensor 111 detected the pressure pulse wave can be
estimated.

[0041] The pressing unit 113 is an air bag and presses a
sensor portion of the pressure pulse wave sensor 111 against
the wrist to make it possible to increase the sensitivity of the
Sensor.

[0042] The pulse wave measuring device 181 receives
data of pressure pulse waves and time from the pressure
pulse wave sensor 111 and sends the data to the memory
device 160 and the blood pressure calculator 159. The pulse
wave measuring device 181 also drives and controls the
pump and valve 152 and the pressure sensor 153 to pres-
surize or depressurize the pressing unit 113, and adjusts the
pressure pulse wave sensor 111 to be pressed against the
radial artery of the wrist.

[0043] The pump and valve 152 pressurizes or depressur-
izes the pressing unit 113 in response to an instruction from
the pulse wave measuring device 181. The pressure sensor
153 monitors the pressure of the pressing unit 113 and
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notifies the pulse wave measuring device 181 of the pressure
value of the pressing unit 113. Here, the pump and valve 152
and the pressure sensor 153 are placed only in the blood
pressure calibrating device 150; however, they can be placed
in the pulse wave detector 110 together with a unit for
driving and controlling them. In this case, a tube for causing
gas to pass therethrough to adjust the pressure need not be
provided between the pulse wave detector 110 and the blood
pressure calibrating device 150.

[0044] The blood pressure measuring unit 155 measures
blood pressure that is biological information with higher
accuracy than the pressure pulse wave sensor 111. The blood
pressure measuring unit 155 measures blood pressure, for
example, not continuously but intermittently in terms of
time and sends a value of the blood pressure to the calibrat-
ing unit 154 via the memory device 160. The blood pressure
measuring unit 155 also measures blood pressure using, for
example, the oscillometric technique. The blood pressure
measuring unit 155 also controls the pump and valve 156
and the pressure sensor 157 and pressurize or depressurize
the cuff 158 to measure blood pressure. The blood pressure
measuring unit 155 sends systolic blood pressure, time of
measurement of the systolic blood pressure, diastolic blood
pressure, and time of measurement of the diastolic blood
pressure to the memory device 160. Note that the systolic
blood pressure will also be referred to as SBP and the
diastolic blood pressure will also be referred to as DBP.
[0045] The memory device 160 acquires and stores data of
pressure pulse waves and the detection time sequentially
from the pulse wave measuring device 181 and acquires and
stores the SBP, the SBP measurement time, the DBP and the
DBP measurement time from the blood pressure measuring
unit 155 when the measuring unit is operated.

[0046] The -calibrating unit 154 acquires, from the
memory device 160, the SBP and DBP measured with their
measurement time by the blood pressure measuring unit 155
and the data of pressure pulse waves measured with their
measurement time by the pulse wave measuring device 181.
The calibrating unit 154 calibrates the pressure pulse waves
from the pulse wave measuring device 181 based on the
blood pressure values from the blood pressure measuring
unit 155. Some calibration techniques performed by the
calibrating unit 154 are considered and will be described in
detail later with reference to FIG. 6.

[0047] The blood pressure calculator 159 receives a cali-
bration technique from the calibrating unit 154 to calibrate
the pressure pulse wave data from the pulse wave measuring
device 181 and store, in the memory device 161, blood
pressure data, which is obtained from the pressure pulse
wave data, together with the measurement time.

[0048] The electric power source unit 161 supplies power
to each of the pulse wave detector 110 and the blood
pressure calibrating device 150.

[0049] The display 162 displays blood pressure measure-
ment results and displays a variety of information items to
the user. For example, the display 162 receives data from the
memory device 160 and displays the contents of the data.
For example, the display 162 displays the pressure pulse
wave data with the measurement time. Here, the display 162
is placed only in the blood pressure calibrating device 150,
but the display 162 may be placed in the pulse wave detector
110. In this case, for example, in the pulse wave detector
110, the measured blood pressure values are displayed in
real time, and in the blood pressure calibrating device 150,
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a blood pressure value at the time of the last calibration is
displayed and the capacity of the current power supply is
displayed. As a result, the user is able to obtain a lot of
information from the display.

[0050] The operation unit 163 receives an operation from
the user. The operation unit 163 includes, for example, an
operation button for causing the blood pressure measuring
unit 155 to start measurement and an operation button for
performing calibration. Here, the operation unit 163 is
placed only in the blood pressure calibrating device 150, but
the operation unit 163 may be placed in the pulse wave
detector 110.

[0051] The clocking unit 164 generates time and supplies
it to a unit that requires the generated time. For example, the
memory device 160 records time together with data to be
stored.

[0052] The calibration blood pressure determining unit
determines whether the measurement result of the blood
pressure calibrating device 150 for calibration is normal.
The calibration blood pressure determining unit may include
at least one of the pulse wave determining unit 171, blood
pressure determining unit 172 and body motion determining
unit 173.

[0053] The pulse wave determining unit 171 receives a
pulse wave from the pulse wave measuring device 181 to
determine whether the pulse wave is irregular during a
certain period of time (P,). The fact that the pulse wave is
irregular means that the pulse wave is not regular and
specifically the physical quantity of the pulse wave is not
regular in terms of time. In the present embodiment, for
example, when a pulse wave disappears during a period of
time, the pulse wave is considered to be irregular. More
specifically, when the amplitude of a pulse wave is zero or
almost zero during a certain period of time, the pulse wave
is considered to be irregular. In the actual device, a pulse
wave is considered to be irregular when the amplitude of the
pulse wave becomes smaller than a threshold value during a
period of time and when the conditions that the threshold
value is significantly smaller than the amplitude and a period
during which the amplitude is smaller than a threshold value
is longer than a certain period of time are satisfied. This
threshold value is set to, for example, half or 4 of the
amplitude.

[0054] On receiving a blood pressure value, which is
obtained from the calibrated pulse wave, for each beat from
the memory device 160, the blood pressure determining unit
172 determines whether the blood pressure value varies
during a certain period of time (P;). The variation of the
blood pressure value means that the blood pressure value
does not fall within a certain range during a certain period
of time. In the present embodiment, for example, it is
observed whether the amplitude of a pulse wave, SBP and
DBP are each increased or decreased from the last beat
during a period of time. When the increase or decrease
exceeds a threshold value, it is defined that a blood pressure
value varies. Alternatively, for example, an average value is
obtained for each of the amplitude of a pulse wave, SBP and
DBP before the pulse wave determining unit 171 determines
whether the pulse waves are irregular. When the amplitude
of a pulse wave, SBP and DBP are significantly increased or
decreased from their respective average values during which
the pulse wave determining unit 171 determines the pulse
waves, it is defined that a blood pressure value varies.
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[0055] The acceleration sensor 174 measures the accel-
eration of the blood pressure calibrating device 150 and
outputs time and the acceleration at the time (i.e. outputs
time series data of the acceleration). The acceleration sensor
174 measures the acceleration with respect to, for example,
three axes to obtain time series data of the acceleration.
[0056] The body motion determining unit 173 receives the
time series data of the acceleration from the acceleration
sensor 174 to determine whether a body motion is generated
during a certain period of time (P,). In the present embodi-
ment, the fact that a body motion is generated means that the
acceleration is greater than a threshold value during a certain
period of time. In the present embodiment, for example, time
series data of the acceleration for three axes of the accel-
eration sensor 174 is obtained, and when the acceleration for
one or more axes of the acceleration sensor 174 is greater
than the threshold value, it is defined that a body motion is
generated.

[0057] The outputs of the pulse wave determining unit
171, blood pressure determining unit 172 and body motion
determining unit 173 may be displayed on the display 162.
In addition, the determination of the pulse wave determining
unit 171, blood pressure determining unit 172 and body
motion determining unit 173 is used to control the calibrat-
ing operation as shown in FIG. 8 later.

[0058] When the pulse wave measuring device 181, cali-
brating unit 154, blood pressure calculator 159, blood pres-
sure measuring device 155, pulse wave determining unit
171, blood pressure determining unit 172 and body motion
determining unit 173, described so far, are implemented, for
example, a program for executing the foregoing operation is
stored in a secondary storage device included in each of the
units, and the central processing unit (CPU) reads the
program to execute an operation. Note that the secondary
storage device 1s, for example, a hard disk and may be any
device that can store the program, such as a semiconductor
memory, a magnetic storage device, an optical storage
device, a magneto-optical disk, and a storage device using
the phase-change recording technology.

[0059] The contents of the pulse wave measuring device
181 and blood pressure measuring unit 155 before the
calibration unit 154 performs calibration will be described
next with reference to FIGS. 4 and 5. FIG. 4 shows varia-
tions of cuff pressure and pulse wave signal with the passage
of time in the oscillometric blood pressure measurement.
FIG. 4 shows variations of cuff pressure and pulse wave
signal with the passage of time, and shows that the cuff
pressure increases with time and the pulse wave signal
gradually increases with the increase in cuff pressure and
gradually decreases after its value becomes the maximum.
FIG. 5 shows time series data of pulse pressure measured for
each beat. FIG. 5 also shows the waveform of one pressure
wave.

[0060] First, an operation of the blood pressure measuring
unit 155 to measure blood pressure by the oscillometric
technique will be briefly described with reference to FIG. 4.
The calculation of a blood pressure value may be performed
in a depressurization process as well as a pressurization
process, but here only the pressurization process will be
described.

[0061] When a user instructs the blood pressure measuring
unit 155 to measure blood pressure by the oscillometric
technique using the operation unit 163 provided in the blood
pressure calibrating device 150, the blood pressure measur-
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ing unit 155 starts the operation to initialize a memory area
for processing. The blood pressure measuring unit 155
closes the pump of the pump and valve 156 and opens the
valve thereof to exhaust air from the cuff 158. Then, it sets
the current output value of the pressure sensor 157 as a value
corresponding to atmospheric pressure (0 mmHg adjust-
ment).

[0062] Then, the blood pressure measuring unit 155 oper-
ates as a pressure controller to close the valve of the pump
and valve 156, then drive the pump and supply air to the cuff
158. Accordingly, the cuff 158 is expanded and pressurized
with a gradual increase in the cuff pressure (Pc in FIG. 4).
In this pressurization process, in order to calculate a blood
pressure value, the blood pressure measuring unit 155 uses
the pressure sensor 157 to monitor the cuff pressure Pc and
acquire a variation component of the arterial volume gen-
erated in the radial artery of the user’s wrist to be measured
as a pulse wave signal Pm as shown in FIG. 4.

[0063] Then, the blood pressure measuring unit 155 tries
to calculate a blood pressure value (SBP and DBP) using a
known algorithm through the oscillometric technique, based
on the pulse wave signal Pm acquired at this time. When no
blood pressure value can be calculated because of data
shortage at this time, the same pressurization process as
described above is repeated unless the cuff pressure Pc
reaches the upper limit pressure (which is preset to, for
example, 300 mmHg for safety (correctly this value is a
pressurization value)).

[0064] If a blood pressure value can be calculated as
described above, the blood pressure measuring unit 155
stops the pump of the pump and valve 156 and opens the
valve thereof to exhaust air from the cuff 158. Finally, the
measurement results of the blood pressure value are sent to
the calibrating unit.

[0065] Measuring a pulse wave for each beat by the pulse
wave measuring device 181 will be described next with
reference to FIG. 5. The pulse wave measuring device 181
measures a pulse wave by, for example, the tonometry
method.

[0066] The Pulse wave measuring device 181 controls the
pump and valve 152 and the pressure sensor 153 so that the
predetermined pressing pressure becomes the optimum to
achieve the optimum measurement by the pressure pulse
wave sensor 111, and increases the internal pressure of the
pressing unit 113 to the optimum pressing pressure and
maintains it. Then, when the pressure pulse wave sensor 111
senses a pressure pulse wave, the pulse wave measuring
device 181 acquires the pressure pulse wave.

[0067] A pressure pulse wave is detected for each beat as
a waveform as shown in FIG. 5, with the result that pressure
pulse waves are detected continuously. The pressure pulse
wave 500 shown in FIG. 5 is a pressure pulse wave for one
beat, and the pressure value indicated by numeral 501
corresponds to SBP and the pressure value indicated by
numeral 502 corresponds to DBP. As represented by the
time-series pressure pulse waves in FIG. 5, SBP 503 and
DBP 504 usually vary for each pressure pulse wave.
[0068] The operation of the calibrating unit 154 will be
described next with reference to FIG. 6.

[0069] The calibrating unit 154 calibrates the pressure
pulse wave detected by the pulse wave measuring device
181 using the blood pressure value measured by the blood
pressure measuring unit 155. That is, the calibrating unit 154
determines the blood pressure value of the maximum value

Dec. 19, 2019

501 and the minimum value 502 of the pressure pulse wave
detected by the pulse wave measuring device 181.

[0070] (Calibration Method)

[0071] The pulse wave measuring device 181 starts to
record pressure pulse wave data of the pressure pulse wave
and store the pressure pulse wave data in sequence in the
memory device 160 (step S601). After that, for example, the
user activates the blood pressure measuring unit 155 using
the operation unit 163 and starts measurement by the osc-
illometric technique (step S602). The blood pressure mea-
suring unit 155 records SBP data and DBP data of SBP and
DBP detected by the oscillometric technique, based on the
pulse wave signal Pm and stores the SBP data and DBP data
in the memory device 160 (step S603).

[0072] The calibrating unit 154 acquires pressure pulse
waves corresponding to the SBP data and DBP data from the
pressure pulse wave data (step S604). The calibrating unit
154 obtains a calibration expression based on the maximum
value 501 of the pressure pulse wave corresponding to the
SBP and the minimum value 502 of the pressure pulse wave
corresponding to the DBP (step S605).

[0073]

[0074] A blood pressure measuring apparatus 700, which
is one example of the biological information measuring
apparatus according to the present embodiment, will be
described with reference to FIGS. 7, 2 and 3. FIG. 7 is a
functional block diagram of the blood pressure measuring
apparatus 700 in which a sensing apparatus 710 and a
calibrating apparatus 750 are separated, showing the sensing
apparatus 710 and calibrating apparatus 750 in detail. FIG.
2 is an illustration of one example where the blood pressure
measuring apparatus 100 is worn around the wrist and is a
schematic perspective view of the example viewed from
above the palm, and the same holds true for the blood
pressure measuring apparatus 700, excluding the connecting
unit 130 shown in FIGS. 2 and 3. A pressure pulse wave
sensor 111 is placed on the wrist side of the sensing
apparatus 710. FIG. 3 is an image view of the wearing of the
blood pressure measuring apparatus 100 and is a schematic
perspective view of the palm viewed from its side (the
direction in which the fingers are arranged when the hand is
opened), and the same holds true for the blood pressure
measuring apparatus 700, excluding the connecting unit 130
shown in FIGS. 2 and 3. FIG. 3 also shows an example
where the pressure pulse wave sensor 111 is placed orthogo-
nally to the radial artery. It is seen from FIG. 3 that the blood
pressure measuring apparatus 700 is only put on the arm on
the palm side, but in fact the blood pressure measuring
apparatus 700 is worn around the arm. With respect to FIGS.
2 and 3, the separation type is similar to the integration type.

[0075] The blood pressure measuring apparatus 700
includes the sensing apparatus 710 and calibrating apparatus
750. The sensing apparatus 710 includes a pressure wave
sensor 111, a clocking unit 112, a pressing unit 113, a pulse
wave measuring device 114, a pump and valve 115, a
pressure sensor 116, a communication unit 117, an operation
unit 118, a display 119, an electric power source unit 120, a
blood pressure calculator 121, a calibrating unit 122, a
memory device 123, a body motion determining unit 711, an
acceleration sensor 712, a blood pressure determining unit
713, and a pulse wave determining unit 714. The calibrating
apparatus 750 includes an electric power source unit 165, a
blood pressure measuring unit 155, a pump and valve 156,

(Separation Type)
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a pressure sensor 157, a cuff 158, a display 162, an operation
unit 163, a clocking unit 164, a communication unit 151, and
an acceleration sensor 751.

[0076] The blood pressure measuring apparatus 700 is
annular and is worn around, e.g. a user’s wrist like a bracelet
to measure user’s blood pressure from biological informa-
tion. The sensing apparatus 710 is placed closer to the user’s
palm than the calibrating apparatus 750, as illustrated in
FIGS. 2 and 3. In other words, the sensing apparatus 710 is
placed in a position farther from the user’s elbow than the
calibrating apparatus 750. In the present embodiment, the
sensing apparatus 710 is placed such that the pressure pulse
wave sensor 111 is located on the radial artery and accord-
ingly the calibrating apparatus 750 is placed closer to the
elbow than the sensing apparatus 710. In addition, the
sensing apparatus 710 and the calibrating apparatus 750 can
be put on different arms. It is preferable that the sensing
apparatus 710 and the calibrating apparatus 750 be usually
placed on the same level. It is also preferable that the sensing
apparatus 710 and the calibrating apparatus 750 be aligned
with the heart.

[0077] The length L, of the sensing apparatus 710 in the
stretching direction of the user’s arm is set smaller than the
length L, of the calibrating apparatus 750 in the stretching
direction. The length L, of the sensing apparatus 710 in the
stretching direction of the arm is set to 40 mm or less and,
more preferably, 15 mm to 25 mm. Furthermore, the length
W, of the pulse wave detector 110 in a direction perpen-
dicular to the stretching direction of the arm is set to 4 cm
to 5 cm, and the length W, of the calibrating apparatus 750
in a direction perpendicular to the stretching direction is set
to 6 cm to 7 cm. Moreover, there is the following relation-
ship between the length W, and length W,: 0 (or 0.5)
cm<W,-W,<2 cm. With this relationship, W, is set so as not
to be too long to make it difficult to interfere with the
surroundings. Since the sensing apparatus 710 falls within
such a range, the calibrating apparatus 750 is placed closer
to the palm, with the result that pulse waves can easily be
detected, and the accuracy of measurement can be main-
tained. However, the calibrating apparatus 750 may be put
on the arm for measurement.

[0078] The pressure pulse wave sensor 111, clocking unit
112 and pressing unit 113 are similar to the pulse wave
detector 110 of the integration type shown in FIG. 1. Since
the sensing apparatus 710 of the separation type is separated
from the calibrating apparatus 750, the pump and valve 115
and pressure sensor 116 for operating the pressing unit 113
need to be provided in the sensing apparatus 710. The pulse
wave measuring device 114 for controlling the pump and
valve 115 and pressure sensor 116 also need to be provided
in the sensing apparatus 710. The electric power source unit
120 also need to be provided in the sensing apparatus 710.
In addition, the operation unit 118 and display 119 may be
provided in the sensing apparatus 710.

[0079] The display 119 also displays blood pressure mea-
surement results and displays a variety of information items
to the user. For example, the display 119 receives data from
the pulse wave measuring device 114 and displays the
contents of the data. For example, the display 119 displays
the pressure pulse wave data with the measurement time.
[0080] The communication units 117 and 151 communi-
cate to each other by a communication system capable of
exchanging data at close range. These communication units
employ, for example, a close-range wireless communication
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system. Specifically, the communication system includes
Bluetooth (registered trademark), TransferJet (registered
trademark), ZigBee (registered trademark), IrDA (registered
trademark) and the like.

[0081] The pump and valve 115 pressurizes or depressur-
izes the pressing unit 113 in response to an instruction from
the pulse wave measuring device 114. The pressure sensor
116 monitors the pressure of the pressing unit 113 and
notifies the pulse wave measuring device 114 of the pressure
value of the pressing unit 113.

[0082] The electric power source unit 120 supplies power
to each unit of the sensing apparatus 710.

[0083] The acceleration sensor 712 measures the accel-
eration of the sensing apparatus 710 and outputs time and the
acceleration at the time. Like the acceleration sensor 751,
the acceleration sensor 712 measures the acceleration with
respect to, for example, X, y and z axes of three spaces axes
to obtain time series data of the acceleration.

[0084] The operation unit 118 receives an operation from
the user. The operation unit 118 includes, for example, an
operation button for causing the pulse wave measuring
device 114 to start measurement and an operation button for
starting or stopping communications.

[0085] The memory device 123 acquires and stores data of
pressure pulse waves and the detection time sequentially
from the pulse wave measuring device 114 of the sensing
apparatus 710, and acquires and stores the SBP, the SBP
measurement time, the DBP and the DBP measurement time
from the blood pressure measuring unit 155 when the
measuring unit is operated. In addition, the memory device
123 records type information and (or) unique identification
information of the calibrating apparatus that is a measuring
device of first biological information (measured by the blood
pressure measuring device 155) for calibration used for
calculation of the measured biological information (continu-
ous blood pressure) in association with the measured bio-
logical information. It is therefore possible to know which
blood pressure monitor (type and unique number of the
device) was used for calibration from the measured biologi-
cal information.

[0086] The blood pressure calculator 121 receives a cali-
bration technique from the calibrating unit 122 to calibrate
the pressure pulse wave data from the pulse wave measuring
device 114 and store, in the memory device 123, blood
pressure data, which is obtained from the pressure pulse
wave data, together with the measurement time.

[0087] The electric power source unit 165 supplies power
to each unit of the calibrating apparatus 750.

[0088] The operation unit 163 receives an operation from
the user. The operation unit 163 includes, for example, an
operation button for causing the blood pressure measuring
device 155 to start measurement and an operation button for
performing calibration, and an operation button for starting
or stopping communications.

[0089] The clocking unit 164 generates time and supplies
it to a unit that requires the generated time.

[0090] The pulse wave determining unit 714 receives a
pulse wave from the pulse wave measuring device 114. In
other respects, the pulse wave determining unit 714 is
similar to the pulse wave determining unit 171 of the integral
type.

[0091] The blood pressure determining unit 713 is similar
to the blood pressure determining unit 172 of the integral
type.
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[0092] The acceleration sensor 751 measures the accel-
eration of the calibrating apparatus 750 and outputs time and
the acceleration at the time (i.e. outputs time series data of
the acceleration). Like the acceleration sensor 712, the
acceleration sensor 751 measures the acceleration with
respect to three axes to obtain time series data of the
acceleration.

[0093] The body motion determining unit 711 receives the
time series data of the acceleration from each of the accel-
eration sensors 751 and 712 to determine whether a body
motion is generated during a certain period of time (P,). In
the present embodiment, the fact that a body motion is
generated means that the acceleration is greater than a
threshold value during a certain period of time. In the
present embodiment, for example, time series data of the
acceleration for three axes of each of the acceleration
sensors 751 and 712 is obtained, and when the acceleration
for one or more axes of each of the acceleration sensors 751
and 712 is greater than the threshold value, it is defined that
a body motion is generated. The axis on which the accel-
eration becomes larger than the threshold value may vary
between the acceleration sensor 751 and the acceleration
sensor 712. Instead of using the values of the acceleration
sensors 751 and 712, the value of only one of the accelera-
tion sensors may be used and, in this case, the other
acceleration sensor need not be provided.

[0094] When the pulse wave measuring device 114, cali-
brating unit 122, blood pressure calculator 121 and blood
pressure measuring device 155 described so far, are imple-
mented, for example, a program for executing the foregoing
operation is stored in a secondary storage device included in
each of the units, and the central processing unit (CPU)
reads the program to execute an operation. Note that the
secondary storage device is, for example, a hard disk and
may be any device that can store the program, such as a
semiconductor memory, a magnetic storage device, an opti-
cal storage device, a magneto-optical disk, and a storage
device using the phase-change recording technology.
[0095] The programs for executing the operations of the
pulse wave measuring device 114, calibrating unit 122,
blood pressure calculator 121, blood pressure measuring
device 155, body motion determining unit 711, blood pres-
sure determining unit 713 and pulse wave determining unit
714 may be stored in, e.g. a server other than the sensor
device and the calibrating device, and may be executed
therein. In this case, the pulse wave data measured by the
sensor device and the blood pressure data that is the bio-
logical information measured by the calibrating device are
transmitted to the server and calibrated therein, with the
result that the server can obtain blood pressure from the
pulse wave. Since, in this case, the processing is performed
by the server, the processing speed is likely to increase.
Since, furthermore, the device portions of the pulse wave
measuring device 114, calibrating unit 122, blood pressure
calculator 121 and blood pressure measuring device 155 are
removed from the sensor device and the calibrating device,
they are decreased in size and thus can be easily disposed at
positions where sensing can be performed accurately. As a
result, the burden on the user is reduced and accordingly
blood pressure can be measured easily and accurately.
[0096] An operation of determining each of the continu-
ation, suspension and resumption of calibrating operation
performed when blood pressure is measured for the calibra-
tion (using the oscillometric technique) by operating the
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blood pressure measuring unit 155 of the blood pressure
calibrating device 150 and the calibrating apparatus 750 will
be described with reference to FIG. 8. The calibrating
operation means an operation in which the blood pressure
measuring unit 155 measures blood pressure for calibration.
FIG. 8 shows the operations performed by the pulse wave
determining unit 171, blood pressure determining unit 172
and body motion determining unit 173 provided in the blood
pressure calibrating device 150 shown in FIG. 1 and the
operations performed by the body motion determining umt
711, blood pressure determining unit 713 and pulse wave
determining unit 714 provided in the sensing apparatus 710.
These determining units may be provided in the sensing
apparatus 710 or the calibrating apparatus 750. Alterna-
tively, a server device outside the blood pressure measuring
apparatus 700 is supplied with necessary information to
execute a program for performing the procedure shown in
FIG. 8.

[0097] First, when the blood pressure measuring device
155 detects that blood pressure measurement for calibration
is started, the acceleration sensors 751 and 712 (or the
acceleration sensor 174, the following parenthesized terms
represent the portions corresponding to the first embodi-
ment) detect acceleration and send the acceleration to the
body motion determining unit 711 (step S801). The body
motion determining unit 711 (or the body motion determin-
ing unit 173) determines whether or not the acceleration is
smaller than a threshold value (TH,) during a prescribed
period (P,) (step S802).

[0098] When the body motion determining unit 711 deter-
mines that the acceleration is smaller than TH,, the cali-
brating operation is continued, and the pulse wave deter-
mining unit 714 (pulse wave determining unit 171) detects
a pulse wave (step S803). The pulse wave determining unit
714 (pulse wave determining unit 171) determines whether
the pulse wave is not irregular during a prescribed period
(P,) (step S804). When the pulse wave determining unit 714
(pulse wave determining unit 171) determines that the pulse
wave is not irregular, the calibrating operation is continued,
and the blood pressure determining unit 713 (blood pressure
determining unit 172) receives a blood pressure value based
on the pulse wave for each beat from the memory device 123
(memory device 160) (step S805). The blood pressure
determining unit 713 (blood pressure determining unit 172)
determines whether the blood pressure value does not vary
during a prescribed period (P;) (step S806). When the blood
pressure determining unit 713 (blood pressure determining
unit 172) determines that the blood pressure value does not
vary, the calibrating operation is continued (step S807).

[0099] On the other hand, when the body motion deter-
mining unit 711 determines in step S802 that the accelera-
tion is larger than the threshold value TH, during the
prescribed period P, and body motion is generated, or when
it determines in step S804 that the pulse wave is irregular
during the prescribed period P,, or when it determines in
step S806 that the blood pressure value varies during the
prescribed period P, the process proceeds to step S809 and
the calibrating operation is suspended (step S809). After a
prescribed period (P,), the calibrating operation is resumed
(step S810), and the process returns to step S801.

[0100] When the body motion determining unit 711 does
not determine that the calibrating operation has been termi-
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nated, the process returns to step S801. When it determines
that the calibrating operation has been terminated, this
operation ends.

[0101] Steps S802, S804 and S806 are not executed at the
same time. For example, steps S801, S803 and S805 may be
executed during the same period and almost simultaneously
the determination of steps 802, 804 and 806 may be per-
formed.

[0102] Note that the foregoing flowchart is merely an
example. For example, the flow may proceed to step S807
when YES is obtained in one of steps S802, S804 and S806.
[0103] When the blood pressure measuring unit 155 deter-
mines that blood pressure can be measured (OK) in the step
of FIG. 8 before it starts the measurement (step S807), it
may start the measurement. When it determines that blood
pressure cannot be measured (NO) in any of steps S8§02,
S804 and S806, it does not start (or it suspends) the
measurement but may retry the measurement after certain
time elapses.

[0104] In addition, when the blood pressure measuring
unit 155 produces a measurement result, it determines the
measurement result as “NG” as a calibration value based on
at least one of the pressure pulse wave information, the
acceleration signal and, in some cases, the variation infor-
mation of the blood pressure measuring unit 155 under
measurement (NO is obtained in one of steps S802, S804
and S806), it does not use it as a calibration value but may
retry the measurement after certain time elapses.

[0105] According to the embodiment described above, in
the integral type, the biological information measuring appa-
ratus is compacted by the pulse wave detector that detects
pulse waves continuously in terms of time, the blood pres-
sure measuring unit that measures biological information
(first biological information) intermittently, and the connect-
ing unit into which the pulse wave detector and the blood
pressure measuring unit are physically integrated. Thus, the
biological information measuring apparatus can easily per-
form measurement and is highly convenient for the user.
Since, furthermore, the calibrating apparatus calibrates a
pulse wave based on the biological information measured by
the blood pressure measuring unit, it can calculate the
biological information from the pulse wave with high accu-
racy, and the user can easily obtain high-accuracy biological
information. In addition, since the blood pressure measuring
unit only measures the biological information intermittently,
the time for the blood pressure measuring unit to interfere
with the user is shortened.

[0106] On the other hand, in the separation type, since the
sensing apparatus and the calibrating apparatus are separated
from each other, the alignment of the calibrating apparatus
need not be considered, and the pressure pulse wave sensor
of the sensing apparatus can be placed in the optimum
position. Since the pulse wave is calibrated by the first blood
pressure value measured by the calibrating apparatus and the
second blood pressure value is calculated from the pulse
wave, high-accuracy biological information can be calcu-
lated from the pulse wave, and the user can easily obtain the
high-accuracy biological information. Since, furthermore,
the calibrating apparatus is also independent, it can be
located to easily perform calibration without depending on
the placement of the sensing apparatus. Since the sensing
apparatus and the calibrating apparatus each include an
acceleration sensor and a barometric pressure sensor and
their time histories are compared to know the histories of
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motion and height of the sensing apparatus and the calibrat-
ing apparatus, the relationship in location between the
sensing apparatus and the calibrating apparatus can be
estimated. As a result, it can be determined whether the
sensing apparatus and the calibrating apparatus can properly
be attached.

[0107] In addition, the determination during the calibrat-
ing operation of the present embodiment makes it possible
to eliminate as many noise components as possible in
calibrating body motion, irregular pulse waves, and varying
blood pressure. As a result, desirable blood pressure cali-
bration can be achieved correctly.

[0108] In the embodiment described above, the pressure
pulse wave sensor 111 detects, for example, a pressure pulse
wave of the radial artery passing through a portion to be
measured (e.g. the left wrist) (tonometry method). However,
the invention is not limited to this. The pressure pulse wave
sensor 111 may detect the pulse wave of the radial artery
passing through a portion to be measured (e.g. the left wrist)
as a change in impedance (impedance method). The pressure
pulse wave sensor 111 may include a light-emitting element
that emits light toward an artery passing through a corre-
sponding portion of the portion to be measured and a
light-receiving element that receives reflected light (or trans-
mitted light) of the light to detect the pulse wave of the artery
as a change in volume (photoelectric method). The pressure
pulse wave sensor 111 may also include a piezoelectric
sensor that is in contact with the portion to be measured to
detect distortion due to the pressure of the artery passing
through the corresponding portion of the portion to be
measured as a change in electrical resistance (piezoelectric
method). The pressure pulse wave sensor 111 may also
include a transmitting element that transmits a radio wave
(transmission wave) toward an artery passing through the
corresponding portion of the portion to be measured and a
receiving element that receives a reflected wave of the radio
wave to detect a change in the distance between the artery
and the sensor due to the pulse wave of the artery as a phase
shift between the transmission wave and the reflected wave
(radio wave irradiation method). If a physical quantity
capable of calculating blood pressure can be observed, a
method other than the foregoing methods may be applied.

[0109] Furthermore, it is assumed in the foregoing
embodiment that the blood pressure measuring apparatus
100 is put on the left wrist as a portion to be measured, but
this invention is not limited thereto. For example, it may be
put on the right wrist. The portion to be measured has only
to include an artery and may be an upper limb such as an
upper arm other than the wrist or an lower limb such as an
ankle and a thigh.

[0110] The apparatus of the present invention can also be
implemented by a computer and a program. The program
can be recorded on a recording medium and provided via a
network.

[0111] In addition, the foregoing apparatuses and their
apparatus portions can be implemented by either a hardware
configuration or a combination configuration of hardware
resources and software. As the software of the combination
configuration, a program that is installed in a computer in
advance from a network or a computer-readable recording
medium and executed by a processor of the computer to
cause the computer to fulfill the functions of the respective
apparatuses is used.
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[0112] This invention is not limited to the foregoing
embodiments. When the invention is reduced to practice, its
structural elements can be modified in different ways and
embodied without departing from the spirit of the invention.
In addition, a variety of inventions can be made by appro-
priate combinations of the structural elements of the
embodiments. For example, some of the structural elements
of the embodiments can be deleted. Furthermore, the struc-
tural elements of different embodiments can be combined
appropriately.

[0113] Part or all of the foregoing embodiments may be
described as in the following additional statements, but are
not limited thereto.

[0114] (Additional Statement 1)

[0115] A biological information measuring apparatus
including a first hardware processor and a memory, com-
prising:

[0116] detecting pulse waves continuously in terms of
time;

[0117] measuring first biological information intermit-
tently;

[0118] calculating second biological information from the

pulse waves based on the first biological information;
[0119] determining whether a result of measurement of the
first biological information is normal; and
[0120] suspending the measurement in a case where it is
not determined that the result of measurement is normal and
resuming the measurement after a lapse of a prescribed
period, and continuing the measurement in the other cases,
[0121] wherein the memory includes a memory device
that stores the second biological information.
[0122] (Additional Statement 2)
[0123] A biological information measuring apparatus
including a sensing apparatus including a first hardware
processor and a calibrating apparatus including a second
hardware processor and a memory,
[0124] the first hardware processor being configured to:
[0125] measure first biological information intermit-
tently; and
[0126] transmit data containing the first biological
information to the sensing apparatus,
[0127] the second hardware processor being configured to:
[0128] detecting pulse waves continuously in terms of
time;
[0129] receiving the first biological information;
[0130] calculating second biological information from
the pulse waves based on the first biological informa-
tion;
[0131] determine whether a result of measurement of
the first biological information is normal; and
[0132] suspend the measurement in a case where it is
not determined that the result of measurement is normal
and resume the measurement after a lapse of a pre-
scribed period, and continue the measurement in the
other cases, and
[0133] the memory including a memory device that stores
the second biological information.

[0134] (Additional Statement 3)

[0135] A biological information measuring method com-
prising:

[0136] detecting pulse waves continuously in terms of

time using at least one hardware processor;
[0137] measuring first biological information intermit-
tently using at least one hardware processor;
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[0138] calculating second biological information from the
pulse waves based on the first biological information using
at least one hardware processor; and

[0139] determining whether a result of measurement of the
first biological information is normal using at least one
hardware processor,

[0140] wherein the measurement is suspended in a case
where it is not determined that the result of measurement is
normal using at least one hardware processor and resumed
after a lapse of a prescribed period, and the measurement is
continued in the other cases.

[0141] (Additional Statement 4)

[0142] A biological information measuring method com-
prising:

[0143] measuring first biological information intermit-

tently using at least one hardware processor;

[0144] transmitting data containing the first biological
information to the sensing apparatus using at least one
hardware processor;

[0145] detecting pulse waves continuously in terms of
time using at least one hardware processor;

[0146] receiving the first biological information using at
least one hardware processor;

[0147] calculating second biological information from the
pulse waves based on the first biological information using
at least one hardware processor; and

[0148] determining whether a result of measurement of the
first biological information is normal using at least one
hardware processor,

[0149] wherein the measurement is suspended in a case
where it is not determined that the result of measurement is
normal using at least one hardware processor and resumed
after a lapse of a prescribed period, and the measurement is
continued in the other cases.

What is claimed is:

1. A biological information measuring apparatus compris-

ing:

a detector configured to detect pulse waves continuously
in terms of time;

a measuring unit configured to measure first biological
information intermittently;

a calculator configured to calculate second biological
information from the pulse waves based on the first
biological information; and

a determining unit configured to determine whether a
result of measurement of the measuring unit is normal
based on whether body motion is generated, whether
the pulse waves are irregular and whether a blood
pressure value varies during the measurement of the
first biological information,

wherein the measuring unit is configured to suspend the
measurement and resume the measurement after a lapse
of a prescribed period in a case where the determining
unit is configured not to determine that the result of
measurement is normal, and the measuring unit is
configured to continue the measurement in other cases
where the body motion is not generated, the pulse
waves are not irregular or the blood pressure value fails
to vary.

2. Abiological information measuring apparatus compris-

ing a sensing apparatus and a calibrating apparatus,

the calibrating apparatus comprising;

a measuring unit configured to measure first biological
information intermittently; and
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a transmission unit configured to transmit data contain-
ing the first biological information to the sensing
apparatus,

the sensing apparatus including:

a detector configured to detect pulse waves continu-
ously in terms of time;

a reception unit configured to receive the first biologi-
cal information;

a calculator configured to calculate second biological
information from the pulse waves based on the first
biological information; and

a determining unit configured to determine whether a
result of measurement of the measuring unit is
normal based on whether body motion is generated,
whether the pulse waves are irregular and whether a
blood pressure value varies during the measurement
of the first biological information,

wherein the measuring unit is configured to suspend the

measurement and resume the measurement after a lapse
of a prescribed period in a case where the determining
unit is configured not to determine that the result of
measurement is normal, and the measuring unit is
configured to continue the measurement in other cases
where the body motion is not generated, the pulse
waves are not irregular or the blood pressure value fails
to vary.

3. The apparatus according to claim 1, further comprising
a body motion detector configured to detect body motion
information,

wherein:

the calculator is configured to calibrate the pulse waves by
the first biological information and calculate second
biological information from the calibrated pulse waves;
the determining unit comprises:

a body motion determining unit configured to deter-
mine whether body motion is generated during a first
period of the measurement of the first biological
information before the pulse waves are calibrated,
based on the body motion information;

a pulse wave determining unit configured to determine
whether the pulse waves are irregular during a sec-
ond period of the measurement of the first biological
information before the pulse waves are calibrated,
based on the pulse waves; and

a blood pressure determining unit configured to deter-
mine whether a blood pressure value varies during a
third period of the measurement of the first biologi-
cal information before the pulse waves are cali-
brated, based on the second biological information;
and

the measuring unit is configured to continue the measure-
ment when body motion is not generated during the
first period, the pulse waves are not irregular during the
second period, or the blood pressure value fails to vary
during the third period.

4. The apparatus according to claim 2, wherein:

the calculator is configured to calibrate the pulse waves by
the first biological information and calculate second
biological information from the calibrated pulse waves;

the sensing apparatus further comprises a body motion
detector configured to that detect body motion infor-
mation of the calibrating apparatus;
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the calibrated blood pressure determining unit comprises:

a body motion determining unit configured to deter-
mine whether body motion is generated during a first
period of the measurement of the first biological
information before the pulse waves are calibrated,
based on the body motion information;

a pulse wave determining unit configured to determine
whether the pulse waves are irregular during a sec-
ond period of the measurement of the first biological
information before the pulse waves are calibrated,
based on the pulse waves; and

a blood pressure determining unit configured to deter-
mine whether a blood pressure value varies during a
third period of the measurement of the first biologi-
cal information before the pulse waves are cali-
brated, based on the second biological information;
and

the measuring unit is configured to continue the measure-

ment when it is determined that body motion is not

generated during the first period, the pulse waves are
not irregular during the second period or the blood
pressure value fails to vary during the third period.

5. The apparatus according to claim 3, wherein the
measuring unit is configured to suspend the measurement
when it is determined that body motion is generated during
the first period, it is determined that the pulse waves are
irregular during the second period or it is determined that the
blood pressure value varies during the third period, and the
measuring unit resumes the measurement after a lapse of a
prescribed period.

6. The apparatus according to claim 3, wherein:

the body motion detector comprises an acceleration sen-

sor, and the body motion determining unit configured to

determine that body motion is generated when accel-
eration indicated by the acceleration sensor is larger
than a first threshold value during the first period;

the pulse wave determining unit is configured to deter-

mine that the pulse waves are irregular when a period

during which an amplitude of the pulse waves is

smaller than a second threshold value is longer than a

prescribed period of time during the second period; and

the blood pressure determining unit is configured to
determine that the blood pressure value varies when
increase or decrease of each of the amplitude of the
pulse waves, systolic blood pressure and diastolic
blood pressure for each beat exceeds a third threshold
value.

7. The apparatus according to claim 1, wherein the
measuring unit is configured to measure the first biological
information with higher accuracy than the second biological
information detected from the detector.

8. The apparatus according to claim 3, wherein the
detector is configured to detect the pulse waves for each
beat, and the first biological information and the second
biological information indicate blood.

9. A biological information measuring method compris-
ing:

detecting pulse waves continuously in terms of time;

measuring first biological information intermittently;

calculating second biological information from the pulse
waves based on the first biological information; and

determining whether a result of measurement of the first
biological information is normal based on whether
body motion is generated, whether the pulse waves are
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irregular and whether a blood pressure value varies
during the measurement of the first biological informa-
tion,
wherein the measurement is suspended and resumed after
a lapse of a prescribed period in a case where it is not
determined that the result of measurement is normal,
and the measurement is continued in other cases where
the body motion is not generated, the pulse waves are
not irregular or the blood pressure value fails to vary.
10. A biological information measuring method in a
biological information measuring apparatus including a
sensing apparatus and a calibrating apparatus,
in the calibrating apparatus:
measuring first biological information intermittently;
and
transmitting data containing the first biological infor-
mation to the sensing apparatus,
in the sensing apparatus:
detecting pulse waves continuously in terms of time;
receiving the first biological information;
calculating second biological information from the
pulse waves based on the first biological informa-
tion; and
determining whether a result of measurement of the
first biological information is normal based on
whether body motion is generated, whether the pulse
waves are irregular and whether a blood pressure
value varies during the measurement of the first
biological information,
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wherein the measurement is suspended and resumed after
a lapse of a prescribed period in a case where it is not
determined that the result of measurement is normal,
and the measurement is continued in other cases where
the body motion is not generated, the pulse waves are
not irregular or the blood pressure value fails to vary.

11. A non-transitory computer readable medium storing a

computer program which is executed by a computer to
provide the steps of:

measuring first biological information intermittently; and

transmitting data containing the first biological informa-
tion to the sensing apparatus,

detecting pulse waves continuously in terms of time;

receiving the first biological information;

calculating second biological information from the pulse
waves based on the first biological information; and

determining whether a result of measurement of the first
biological information is normal based on whether
body motion is generated, whether the pulse waves are
irregular and whether a blood pressure value varies
during the measurement of the first biological informa-
tion,

wherein the measurement is suspended and resumed after
a lapse of a prescribed period in a case where it is not
determined that the result of measurement is normal,
and the measurement is continued in other cases where
the body motion is not generated, the pulse waves are
not irregular or the blood pressure value fails to vary.
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