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7) ABSTRACT

A blood pressure estimation apparatus (1) is provided with: a
blood pressure measuring device (11) which measures a
blood pressure (BPm) of a living body every first period; a
blood flow measuring device (12) which measures a blood
flow volume (BF) of the living body every second period
which is shorter than the first period; and a blood pressure
estimating device (13) which estimates the blood pressure
(BPc¢) every third period which is shorter than the first period,
on the basis of the blood pressure which is measured by the
blood pressure measuring device and the blood flow volume
which is measured by the blood flow measuring device.
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[FIG. 1]
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[FIG. 2]
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[FIG. 4]
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(FIG. 5]
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[FIG. 7]
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[FIG. 11]
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BLOOD PRESSURE ESTIMATION
APPARATUS AND METHOD

TECHNICAL FIELD

[0001] The present invention relates to a blood pressure
estimation apparatus and method which estimate a blood
pressure of a living body (especially, which sequentially esti-
mate the blood pressure), for example.

BACKGROUND ART

[0002] As this type of a blood pressure apparatus, for
example, an apparatus which converts a sequential change of
an area of a blood vessel, which is obtained from a reflected
wave of an ultrasonic wave (a reflected ultrasonic wave) with
which a living body is irradiated, into a sequential blood
pressure value as a physiology parameter is proposed as dis-
closed in a Patent Literature 1.

[0003] Moreover, as this type of ablood apparatus, an appa-
ratus which calculates a correspondence curve and sequen-
tially estimates a blood pressure by using the correspondence
curve, wherein the correspondence curve represents a corre-
spondence relation between a power of a sound of a blood
flow which is obtained from the sound of the blood flow and
an estimated blood pressure is proposed as disclosed in a
Patent Literature 2.

[0004] Moreover, as this type of ablood apparatus, an appa-
ratus which monitors a change of the blood pressure by using
a blood pressure measuring unit and a pulse moving time
measuring unit is proposed as disclosed in a Patent Literature
3.

[0005] Moreover, as this type of a blood pressure estima-
tion apparatus, an apparatus which extracts a pulse wave
signal by detecting a light with which the living body is
irradiated and which calculates the change of the blood pres-
sure from a temporal change of a second order differential
value of the pulse wave signal is proposed as disclosed in a
Patent Literature 4.

CITATION LIST

Patent Literature

[0006] Patent Literature 1: Japanese Patent Application
Laid Open No. Heil1-309144

[0007] Patent Literature 2: International Publication No.
2009/125811
[0008] Patent Literature 3: Japanese Patent Application

Laid Open No. 2009-528860

[0009] Patent Literature 4: Japanese Patent Application
Laid Open No. 2011-167424
SUMMARY OF INVENTION
Technical Problem

[0010] Itisanobject ofthe present invention to provide, for
example, a blood pressure estimation apparatus and method
which are capable of appropriately estimating the blood pres-
sure by using a method which is different from the methods
disclosed in the Patent Literature 1 to the Patent Literature 4
as described above.
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Solution to Problem

[0011] A blood pressure estimation apparatus which is to
solve the above described technical problem is provided with:
a blood pressure measuring device which measures a blood
pressure of a living body every first period; a blood flow
measuring device which measures a blood flow volume of the
living body every second period which is shorter than the first
period; and a blood pressure estimating device which esti-
mates the blood pressure every third period which is shorter
than the first period, on the basis of the blood pressure which
is measured by the blood pressure measuring device and the
blood flow volume which is measured by the blood flow
measuring device.

[0012] A blood pressure estimation method which is to
solve the above described technical problem is provided with:
a blood pressure measuring process which measures a blood
pressure of a living body every first period; a blood flow
measuring process which measures a blood flow volume of
the living body every second period which is shorter than the
first period; and a blood pressure estimating process which
estimates the blood pressure every third period which is
shorter than the first period, on the basis of the blood pressure
which is measured by the blood pressure measuring process
and the blood flow volume which is measured by the blood
flow measuring process.

BRIEF DESCRIPTION OF DRAWINGS

[0013] FIG. 1isablock diagram illustrating a configuration
of a blood pressure estimation apparatus in a first example.
[0014] FIG. 2 is a flowchart illustrating the flow of the
operation of the blood pressure estimation apparatus in the
first example.

[0015] FIG. 3 is a graph illustrating a blood pressure and a
blood flow volume which are measured by the blood pressure
estimation apparatus in the first example.

[0016] FIG. 4 is a graph illustrating a blood pressure and a
blood flow volume which are related to an operation of the
blood pressure estimation apparatus which estimates a blood
pressure at a desired time point on the basis of a blood flow
volume at a time point which is prior to a reference time point
and a blood flow volume at a time point which is prior to the
desired time point.

[0017] FIG. 5 is a graph illustrating a blood pressure and a
blood flow volume which are related to an operation of the
blood pressure estimation apparatus which estimates a blood
pressure at a desired time point on the basis of an average
value of a blood flow volume within a predetermined time
span defined by using a reference time point as a base and an
average value of a blood flow volume within a predetermined
time span defined by using the desired time point as a base.
[0018] FIG. 6 is a flowchart illustrating the flow of the
operation of the blood pressure estimation apparatus in the
first example which adjusts a weighting coefficient as occa-
sion demands.

[0019] FIG. 7isablock diagram illustrating a configuration
ofablood pressure estimation apparatus in a second example.
[0020] FIG. 8 is a flowchart illustrating the flow of the
operation of the blood pressure estimation apparatus in the
second example.

[0021] FIG. 9 is a flowchart illustrating the flow of another
operation of the blood pressure estimation apparatus in the
second example.



US 2015/0080673 A1l

[0022] FIG.10is a graph illustrating a blood pressure and a
blood flow volume which are related to another operation of
the blood pressure estimation apparatus in the second
example.

[0023] FIG. 11 is a block diagram illustrating a configura-
tion of a blood pressure estimation apparatus in a third
example.

[0024] FIG. 12 is a flowchart illustrating the flow of the
operation of the blood pressure estimation apparatus in the
third example.

[0025] FIG. 13 is a block diagram illustrating a configura-
tion of a blood pressure estimation apparatus in a fourth
example.

[0026] FIG. 14 is a flowchart illustrating the flow of the
operation of the blood pressure estimation apparatus in the
fourth example.

DESCRIPTION OF EMBODIMENT

[0027] Hereinafter, as an embodiment of the present inven-
tion, an embodiments of a blood pressure estimation appara-
tus and method will be described.

[0028] (Embodiment of Blood Pressure Estimation Appa-
ratus)

[0029] <I>

[0030] Ablood pressure estimation apparatus of the present

embodiment is provided with: a blood pressure measuring
device which measures a blood pressure of a living body
every first period; a blood flow measuring device which mea-
sures a blood flow volume of the living body every second
period which is shorter than the first period; and a blood
pressure estimating device which estimates the blood pres-
sure every third period which is shorter than the first period,
on the basis of the blood pressure which is measured by the
blood pressure measuring device and the blood flow volume
which is measured by the blood flow measuring device.
[0031] According to the blood pressure estimation appara-
tus of the present embodiments, the blood pressure measuring
device measures the blood pressure of the living body. The
blood pressure measuring device measures the blood pressure
of every first period. In other words, the blood pressure mea-
suring device measures the blood pressure every first period.
More specifically, the blood pressure measuring device mea-
sures the blood pressure at a first timing. Then, the blood
pressure measuring device measures the blood pressure once
again at a second timing which is obtained by an elapse of a
time span corresponding to the first period from the first
timing. After that, the blood pressure measuring device
repeats a same operation.

[0032] The blood flow measuring device measures the
blood flow volume of the living body. The blood flow mea-
suring device measures the blood flow volume of every sec-
ond period. In other words, the blood flow measuring device
measures the blood flow volume every second period. More
specifically, the blood flow measuring device measures the
blood flow volume at a third timing. Then, the blood flow
measuring device measures the blood flow volume once again
at a fourth timing which is obtained by an elapse of a time
span corresponding to the second period from the third tim-
ing. After that, the blood flow measuring device repeats a
same operation.

[0033] Here, the second period in which the blood flow
measuring device measures the blood flow volume is shorter
than the first period in which the blood pressure measuring
device measures the blood pressure. Namely, a frequency at
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which the blood flow measuring device measures the blood
flow volume is higher than a frequency at which the blood
pressure measuring device measures the blood pressure. In
other words, the number of times which the blood flow mea-
suring device measures the blood flow volume within a cer-
tain time span is larger than the number of times which the
blood pressure measuring device measures the blood pressure
within the certain time span.

[0034] The blood pressure estimating device estimates the
blood pressure of every third period on the basis of the blood
pressure which is measured by the blood pressure measuring
device (namely, the blood pressure of every first period) and
the blood flow volume which is measured by the blood flow
measuring device (namely, the blood flow volume of every
second period). In other words, the blood pressure estimating
device estimates the blood pressure every third period on the
basis of the blood pressure which is measured by the blood
pressure measuring device every first period and the blood
flow volume which is measured by the blood flow measuring
device every second period.

[0035] Here, the third period in which the blood pressure
estimating device estimates the blood pressure is shorter than
the first period in which the blood pressure measuring device
measures the blood pressure. Namely, a frequency at which
the blood pressure estimating device estimates the blood pres-
sure is higher than a frequency at which the blood pressure
measuring device measures the blood pressure. In other
words, the number of times which the blood pressure estimat-
ing device estimates the blood pressure within a certain time
span is larger than the number of times which the blood
pressure measuring device measures the blood pressure
within the certain time span. Therefore, the blood pressure
estimating device is capable of estimating the blood pressure
at a time point when the blood pressure measuring device
does not measure the blood pressure, for example. Inciden-
tally, as described later in detail, the third period in which the
blood pressure estimating device estimates the blood pressure
may be same as the second period in which the blood flow
measuring device measures the blood flow volume.

[0036] As described above, the blood pressure estimation
apparatus of the present embodiment is capable of estimating
the blood pressure of every third period (namely, the blood
pressure which is relatively sequential) on the basis of the
blood pressure which is measured by the blood pressure mea-
suring device (namely, the blood pressure of every first period
and the blood pressure which is relatively discrete) and the
blood flow volume which is measured by the blood flow
measuring device (namely, the blood flow volume of every
second period and the blood flow volume which is relatively
sequential). In other words, the blood pressure estimation
apparatus of the present embodiment is capable of sequen-
tially estimating the blood pressure on the basis of the blood
pressure which is discretely measured by the blood pressure
measuring device and the blood flow volume which is sequen-
tially measured by the blood flow measuring device. More-
over, in other words, the blood pressure estimation apparatus
of the present embodiment is capable of estimating the blood
pressure every third period (namely, relatively sequentially
estimating the blood pressure) on the basis of the blood pres-
sure which is measured by the blood pressure measuring
device every first period and the blood flow volume which is
measured by the blood flow measuring device every second
period.
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[0037] Incidentally, all apparatuses which are disclosed in
the above described Patent Literature 1 to the above described
Patent Literature 4 do not mention the method of estimating
the sequential blood pressure by using the sequential blood
flow volume at all. However, the blood pressure estimation
apparatus of the present embodiment is capable of estimating
the sequential blood pressure by using the sequential blood
flow volume which a Laser Doppler blood flow meter and so
on is capable of measuring relatively easily. Therefore, the
blood pressure estimation apparatus of the present embodi-
ment is capable of estimating the sequential blood pressure
relatively easily.

[0038] Incidentally, the “first period” in the present
embodiment may be a constant value or may be a variable
value. Namely, the “first period” in the present embodiment
mainly represents a cycle of each operation when same opera-
tion (for example, the measurement of the blood pressure) is
repeatedly performed periodically or non-periodically.

[0039] Same argument can be applied to the “second
period” and the “third period”.

[0040] <2>

[0041] In another aspect of the blood pressure estimation

apparatus of the present embodiment, the blood pressure esti-
mating device estimates the blood pressure at a desired time
point on the basis of the blood pressure at a reference time
point which is measured by the blood pressure measuring
device and a ratio or a change rate of the blood flow volume at
the desired time point which is measured by the blood flow
measuring device to the blood flow volume at the reference
time point which is measured by the blood flow measuring
device

[0042] According to this aspect, the blood pressure estimat-
ing device is capable of estimating the blood pressure at the
desired time point on the basis of the blood pressure at the
reference time point and the ratio or the change rate of the
blood flow volume at the desired time point to the blood flow
volume at the reference time point. The reason is as follows.
There is often a certain correlation between the temporal
change of the blood pressure and the temporal change of the
blood flow volume. Thus, the blood pressure likely changes in
amanner which is same as a manner in which the blood flow
volume changes. Therefore, according to this aspect, the
blood pressure estimating device is capable of estimating the
blood pressure appropriately.

[0043] For example, the blood pressure estimating device
may regard a value which is obtained by multiplying the
blood pressure at the reference time point by the ratio of the
blood flow volume at the desired time point to the blood flow
volume at the reference time point as the blood pressure at the
desired time point. Alternatively, the blood pressure estimat-
ing device may regard a value which is obtained by adding a
multiplied value to the blood pressure at the reference time
point as the blood pressure at the desired time point, wherein
the multiplied value is obtained by multiplying the blood
pressure at the reference time point by the change rate of the
blood flow volume at the desired time point to the blood flow
volume at the reference time point.

[0044] <3>

[0045] In another aspect of the blood pressure estimation
apparatus which estimates the blood pressure at the desired
time point on the basis of the blood pressure at the reference
time point and the ratio or the change rate of the blood flow
volume at the desired time point to the blood flow volume at
the reference time point as described above, the blood pres-
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sure estimating device estimates the blood pressure at the
desired time point on the basis of the ratio or the change rate
which is weighted depending on a predetermined reflecting
coefficient.

[0046] According to this aspect, the blood pressure estimat-
ing device is capable of estimating the blood pressure at the
desired time point on the basis of not only the blood pressure
at the reference time point and the ratio or the change rate of
the blood flow volume at the desired time point to the blood
flow volume at the reference time point but also the reflecting
coefficient which represents a degree of the weighting to the
ratio or the change rate. This is why the correlation between
the temporal change of the blood pressure and the temporal
change of the blood flow volume may vary depending on the
individual difference of the living body. Thus, the blood pres-
sure estimating device is capable of appropriately estimating
the blood pressure while considering the individual differ-
ence of the living body (for example, absorbing or compen-
sating the individual difference) by adjusting the reflecting
coefficient to absorb or compensate the individual difference.

[0047] Moreover, the reflecting coefficient, which is one
example of an information which is capable of specifying the
individual difference, may be stored as an archival record (for
example, as a database which represents the archival record)
by a storing device every time the blood pressure measuring
device measures the blood pressure or every time the blood
pressure estimating device estimates the blood pressure, for
example. Especially, considering that the reflecting coeffi-
cient 1s the information which is capable of specifying the
individual difference of the living body, the reflecting coeffi-
cient may be stored in such a manner that the reflecting
coefficient can be distinguished for each living body (for
example, in such a manner that the reflecting coefficient is
associated with the living body). In this case, the blood pres-
sure estimating device is capable of improving an accuracy of
estimating the blood pressure by using the reflecting coeffi-
cient which is stored in the storing device in estimating the
blood pressure next time.

[0048] Incidentally, it is preferable that the storing of the
reflecting coefficient by the storing device be performed espe-
cially when the reflecting coefficient is corrected (namely, the
reflecting coefficient is updated as occasion demands) as
described later. However, the storing of the reflecting coeffi-
cient by the storing device may be performed when the
reflecting coefficient is not corrected (namely, the reflecting
coefficient has a constant value). In this case, the storing
device may stores the reflecting coefficient which is the con-
stant value (namely, the reflecting coefficient in default).

[0049] <4>

[0050] In another aspect of the blood pressure estimation
apparatus which estimates the blood pressure at the desired
time point on the basis of the weighted ratio or change rate as
described above, the blood pressure estimation apparatus is
further provided with: a storing device which stores the blood
pressure which is estimated by the blood pressure estimating
device within a predetermined estimating time span, wherein
the blood pressure estimating device estimates the blood pres-
sure within the estimating time span, and then collectively
corrects the blood pressure within the estimating time span
ex-post facto by collectively weighting the blood pressure
which is stored in the storing device and which is estimated
within the estimating time span on the basis of the reflecting
coefficient.
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[0051] According to this aspect, the blood pressure estimat-
ing device is capable of collectively performing the weighting
(namely, the weighting which influences the blood pressure
which is already estimated in the past) based on the reflecting
coefficient span ex-post facto on a series of the blood pressure
which is estimated within the estimating time, in addition to
or instead of performing the weighting (namely, the weight-
ing which influences the estimation of the current blood pres-
sure or the blood pressure in the future) based on the reflecting
coefficient every time the blood pressure is estimated.
[0052] <5>

[0053] In another aspect of the blood pressure estimation
apparatus which estimates the blood pressure at the desired
time point on the basis of the weighted ratio or change rate as
described above, the blood pressure estimating device cor-
rects the reflecting coefficient such that a difference between
the blood pressure at the reference time point which is mea-
sured by the blood pressure measuring device and the blood
pressure at the reference time point which is estimated by the
blood pressure estimating device decreases.

[0054] According to this aspect, the blood pressure estimat-
ing device is capable of correcting the reflecting coefficient
which is used for the weighting such that the difference
between the blood pressure which is measured by the blood
pressure measuring device and the blood pressure which is
estimated by the blood pressure estimating device is absorbed
or compensated. For example, the blood pressure estimating
device may correct the reflecting coefficient such that the
difference (especially, an absolute value of the difference)
between the blood pressure which is measured by the blood
pressure measuring device and the blood pressure which is
estimated by the blood pressure estimating device becomes
zero. As a result, the blood pressure estimating device is
capable of estimating the blood pressure appropriately.
[0055] <6>

[0056] In another aspect of the blood pressure estimation
apparatus which corrects the reflecting coefficient as
described above, the blood pressure estimation apparatus is
further provided with: a storing device which stores the
reflecting coefficient which is corrected by the blood pressure
estimating device, wherein the blood pressure estimating
device estimates the blood pressure at the desired time point
on the basis of the ratio or the change rate which is weighted
depending on the reflecting coefficient which is stored in the
storing device.

[0057] According to this aspect, the reflecting coefficient,
which is one example of the information which is capable of
specifying the individual difference, may be stored as the
archival record (for example, as the database which repre-
sents the archival record) by the storing device every time the
blood pressure measuring device measures the blood pressure
or every time the blood pressure estimating device estimates
the blood pressure, for example. In this case, the blood pres-
sure estimating device is capable of improving the accuracy
of estimating the blood pressure by using the reflecting coef-
ficient which is stored in the storing device in estimating the
blood pressure next time.

[0058] Incidentally, as described above, considering that
the reflecting coefficient is the information which is capable
of specifying the individual difference of the living body, the
reflecting coefficient may be stored in such a manner that the
reflecting coefficient can be distinguished for each living
body (for example, in such a manner that the reflecting coef-
ficient is associated with the living body). In addition, in this
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aspect, the reflecting coefficient is likely corrected as time
goes on. Therefore, the reflecting coefficient may be stored in
such a manner that the reflecting coefficient can be distin-
guished for each time (for example, in such a manner that the
reflecting coefficient is associated with the time).

[0059] <7>

[0060] In another aspect of the blood pressure estimation
apparatus of the present embodiment, the blood pressure esti-
mation apparatus is further provided with: a storing device
which stores the blood pressure which is estimated by the
blood pressure estimating device within a predetermined esti-
mating time span, wherein the blood pressure estimating
device estimates the blood pressure within the estimating
time span, and then collectively corrects the blood pressure
within the estimating time span ex-post facto by collectively
performing a predetermined filtering process on the blood
pressure which is stored in the storing device and which is
estimated within the estimating time span.

[0061] According to this aspect, the blood pressure estimat-
ing device is capable of performing the predetermined filter-
ing process (namely, the filtering process which influences
the blood pressure which is already estimated in the past) on
a series of the blood pressure which is estimated within the
estimating time span correctively or ex-post facto.

[0062] <8>

[0063] In another aspect of the blood pressure estimation
apparatus of the present embodiment, the blood pressure esti-
mating device estimates the blood pressure at a desired time
point on the basis of the blood pressure at a reference time
point which is measured by the blood pressure measuring
device and a ratio or a change rate of the blood flow volume at
atime point prior to the desired time point by a predetermined
time whichis measured by the blood flow measuring device to
the blood flow volume at a time point prior to the reference
time point by a predetermined time which is measured by the
blood flow measuring device.

[0064] According to this aspect, the blood pressure estimat-
ing device is capable of estimating the blood pressure at the
reference time point onthe basis of the ratio or the change rate
of the blood flow volume at the time point prior to the desired
time point by the predetermined time to the blood flow vol-
ume at the time point prior to the reference time point by the
predetermined time, instead of the ratio or the change rate of
the blood flow volume at the desired time point to the blood
flow volume at the reference time point. This is why the
correlation between the temporal change of the blood pres-
sure and the temporal change of the blood flow volume may
vary depending on the individual difference of the living
body. More specifically, this is why a time which is required
for the change of the blood flow volume to result in the change
of the blood pressure may vary depending on the individual
difference of the living body. Thus, according to this aspect,
the blood pressure estimating device is capable of appropri-
ately estimating the blood pressure while considering the
individual difference of the living body (for example, absorb-
ing or compensating the individual difference).

[0065] <9>

[0066] In another aspect of the blood pressure apparatus of
the present embodiment, the blood pressure estimating device
estimates the blood pressure at a desired time point on the
basis of the blood pressure at a reference time point which is
measured by the blood pressure measuring device and a ratio
or a change rate of an average value of the blood flow volume
within a predetermined time span defined by using the desired
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time point as a base which is measured by the blood flow
measuring device to an average value of the blood flow vol-
ume within a predetermined time span defined by using the
reference time point as a base which is measured by the blood
flow measuring device.

[0067] According to this aspect, the blood pressure estimat-
ing device is capable of estimating the blood pressure at the
reference time point on the basis of the ratio or the change rate
of the average value of the blood flow volume within the
predetermined time span defined by using the desired time
point as a base to the average value of the blood flow volume
within the predetermined time span defined by using the
reference time point as a base, instead of the ratio or the
change rate of the blood flow volume at the desired time point
to the blood flow volume at the reference time point. Thus, the
blood pressure estimating device is capable of appropriately
estimating the blood pressure while eliminating an influence
of a pulsation and a fluctuation caused by the living body
included in the blood flow.

[0068] <10>

[0069] In another aspect of the blood pressure estimation
apparatus of the present embodiment, the blood pressure esti-
mating device (i) estimates the blood pressure if the blood
pressure which is measured by the blood pressure measuring
device satisfies a predetermined condition, and (ii) does not
estimate the blood pressure if the blood pressure which is
measured by the blood pressure measuring device does not
satisfy the predetermined condition.

[0070] According to this aspect, the blood pressure estimat-
ing device is capable of estimating the blood pressure if the
blood pressure satisfies the predetermined condition (for
example, if it is preferable that the blood pressure be esti-
mated). In other words, the blood pressure estimating device
does not need to estimate the blood pressure if the blood
pressure does not satisfy the predetermined condition (for
example, if there is no need to estimate the blood pressure).
Therefore, a power consumption of the blood pressure esti-
mation apparatus decreases, in comparison with a blood pres-
sure estimation apparatus in a comparative example which
always keeps estimating the blood pressure.

[0071] <l11>

[0072] In another aspect of the blood pressure estimation
apparatus of the present embodiment, the blood flow measut-
ing device (i) measures the blood flow volume if the blood
pressure which is measured by the blood pressure measuring
device satisfies a predetermined condition, and (ii) does not
measure the blood flow volume if the blood pressure which is
measured by the blood pressure measuring device does not
satisty the predetermined condition.

[0073] According to this aspect, the blood flow measuring
device is capable of measuring the blood flow volume if the
blood pressure satisfies the predetermined condition (for
example, if it is preferable that the blood pressure be esti-
mated). In other words, the blood flow measuring device does
not need to measure the blood flow volume if the blood
pressure does not satisfy the predetermined condition (for
example, if there is no need to estimate the blood pressure).
Therefore, a power consumption of the blood pressure esti-
mation apparatus decreases, in comparison with a blood pres-
sure estimation apparatus in a comparative example which
always keeps measuring the blood flow volume.

[0074] <12>

[0075] In another aspect of the blood pressure estimation
apparatus of the present embodiment, the blood pressure esti-
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mation apparatus is further provided with: a timer device
which sets a timing at which the blood pressure measuring
device measures the blood pressure, wherein the blood pres-
sure measuring device automatically measures the blood
pressure every first period by measuring blood pressure at the
timing which is set by the timer device

[0076] According to this aspect, the blood pressure mea-
suring device is capable of automatically measuring the blood
pressure every first period. Incidentally, the blood pressure
measuring device is likely provided with a blood pressure
meter which needs a manual operation of an operator (for
example, a non-invasive blood pressure meter which loops a
cuff around an arm and applies a pressure to the arm via the
cuff), for example. Even in this case, the blood pressure
measuring device is capable of automatically measuring the
blood pressure every first period depending on the timing
which the timer device sets, even when the operator does not
match the timing (alternatively, the operator does not perform
the manual operation).

[0077] <I13>

[0078] In another aspect of the blood pressure estimation
apparatus which is provided with the timer device as
described above, the timer device sets the timing such that (i)
a frequency of the timing at which the blood pressure is
measured when the blood pressure which is measured by the
blood pressure measuring device satisfies a predetermined
condition is higher than (ii) a frequency of the timing at which
the blood pressure is measured when the blood pressure
which is measured by the blood pressure measuring device
does not satisfy the predetermined condition.

[0079] According to this aspect, the timer device is capable
of appropriately setting the timing, at which the blood pres-
sure measuring device measures the blood pressure, depend-
ing on the blood pressure which is measured by the blood
pressure measuring device. For example, the timer device is
capable of setting the timing at which the blood pressure
measuring device measures the blood pressure such that the
blood pressure is measured at a relatively high frequency if
the blood pressure satisfies the predetermined condition (for
example, if it is preferable that the blood pressure be esti-
mated). On the other hand, the timer device is capable of
setting the timing at which the blood pressure measuring
device measures the blood pressure such that the blood pres-
sure is measured at a relatively low frequency if the blood
pressure does not satisfy the predetermined condition (for
example, if there is no need to estimate the blood pressure).

[0080] (Embodiment of Blood Pressure Estimation
Method)

[0081] <I14>

[0082] A blood pressure estimation method of the present

embodiment is provided with: a blood pressure measuring
process which measures a blood pressure of a living body
every first period; a blood flow measuring process which
measures ablood flow volume of the living body every second
period which is shorter than the first period; and a blood
pressure estimating process which estimates the blood pres-
sure every third period which is shorter than the first period,
on the basis of the blood pressure which is measured by the
blood pressure measuring process and the blood flow volume
which is measured by the blood flow measuring process.
[0083] According to the blood pressure estimation method
of the present embodiment, it is possible to enjoy various
effects which the above described blood pressure estimation
apparatus of the present embodiment enjoys.
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[0084] Incidentally, the blood pressure estimation method
of the present embodiment may adopt various aspects in
accordance with the various aspect which the blood pressure
estimation apparatus of the present embodiment adopts.
[0085] These operations and other advantages of the
present embodiment will become more apparent from the
examples explained below.

[0086] As described above, the blood pressure estimation
apparatus of the present embodiment is provided with the
blood pressure measuring device, the blood flow measuring
device and the blood pressure estimating device. The blood
pressure estimation method of the present embodiment is
provided with the blood pressure measuring process, the
blood flow measuring process and the blood pressure estimat-
ing process. Therefore, it is possible to estimate the blood
pressure appropriately.

EXAMPLES

[0087] Hereinafter, examples of the blood pressure estima-
tion apparatus will be described with reference to the draw-
ings.

(1) First Example

[0088] Firstly, with reference to FIG. 1 to FIG. 6, a blood
pressure estimation apparatus 1 in a first example will be
explained.

(1-1) Configuration of Blood Pressure Estimation
Apparatus

[0089] Firstly, with reference to FIG. 1, a configuration of
the blood pressure estimation apparatus 1 in the first example
will be explained. FIG. 1 is a block diagram illustrating the
configuration of the blood pressure estimation apparatus 1 in
the first example.

[0090] As illustrated in FIG. 1, the blood pressure estima-
tion apparatus 1 in the first example is provided with: a blood
pressure measuring unit 11; a blood flow measuring unit 12;
and a controller 13.

[0091] The blood pressure measuring unit 11 measures a
blood pressure BPm (n: incidentally, n is a variable number
representing a time point) of a living body (for example, a
human, an animal and the like), for example. The blood
pressure measuring unit 11 may be a non-invasive blood
pressure meter (for example, a blood pressure meter which
measures the blood pressure BPm(n) by looping a cuff around
an arm and applying a pressure to the arm via the cuff).
However, the configuration of the blood pressure measuring
unit 11 may be arbitrary as long as the blood pressure mea-
suring unit 11 is capable of measuring the blood pressure
BPm(n) by using any method.

[0092] Theblood flow measuring unit 12 measures a blood
flow volume (namely, a flow volume of a blood which flows
in a blood vessel) BF(n) of the living body. A Laser Doppler
blood flow meter may be used as the above described blood
flow measuring unit 12, for example. However, the configu-
ration of the blood flow measuring unit 12 may be arbitrary as
long as the blood flow measuring unit 12 is capable of mea-
suring the blood flow volume BF (n) by using any method.
Hereinafter, the explanation will be provided by using an
example in which the blood flow measuring unit 12 is the
Laser Doppler blood flow meter, for the purpose of the expla-
nation.
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[0093] The blood flow measuring unit 12 is provided with:
alaser element 121; a light receiving element 122; an ampli-
fier 123; an A/D (Analogue to Digital) converter 124; and a
processor 125.

[0094] The laser element 11 irradiates the living body with
a laser light.
[0095] Inthis case, it is preferable that the laser element 11

irradiate the blood vessel in the living body with the laser
light. Especially, it is preferable that the laser element 11
irradiate the blood vessel of an ear lobe with the laser light.
However, the laser element 11 may irradiate the blood vessel
of another portion with the laser light.

[0096] The light receiving element 122 receives a beat sig-
nal light which is generated by a mutual interference between
a reflected light from the living body and a scattered light of
the laser light from the living body. The light receiving ele-
ment 12 generates a detection electric current which is
obtained by converting the received beat signal light into an
electric signal.

[0097] The amplifier 123 converts the detection electric
current which is outputted from the light receiving element
122 into a voltage signal and amplifies the voltage signal.
[0098] The A/D converter 124 performs an A/D converting
process (namely, a quantizing process) on the output of the
amplifier 123 (namely, the voltage signal which depends on
the beat signal light which is received by the light receiving
element 122). As a result, the A/D converter 124 outputs a
sample value of the voltage signal (namely, the quantized
voltage signal), which depends on the beat signal light which
is received by the light receiving element 122, into the pro-
cessor 125.

[0099] The processor 125 performs a frequency analysis on
the output of the A/D converter 124 (namely, the sample value
of the voltage signal which depends on the beat signal light
whichis received by the light receiving element 122) by using
aFFT (Fast Fourier Transform). As a result, the processor 125
calculates the blood flow volume BF(n).

[0100] The controller 13 is a central controlling device (for
example, a CPU: Central Processing Unit) for controlling the
blood pressure estimation apparatus 1. The controller 13 is
provided with: a reference blood pressure storing unit 131; a
blood flow volume storing unit 132; a blood pressure estimat-
ingunit 133; and an outputting unit 134, as processing circuits
which are physically realized therein or processing blocks
which are logically realized therein.

[0101] The reference blood pressure storing unit 131 is a
memory which stores a reference blood pressure BP(s),
wherein the reference blood pressure BP(s) is used when the
blood pressure estimating unit 133 estimates the blood pres-
sure BPc(n). Incidentally, the reference blood pressure BP(s)
is a blood pressure BPm(n) which is measured by the blood
pressure measuring unit 11, for example. Especially, the ref-
erence blood pressure BP(s) may be the latest blood pressure
BPm(n) among the blood pressures BPm(n) which are mea-
sured by the blood pressure measuring unit 11, for example.
More specifically, the reference blood pressure BP(s) may be
the blood pressure BPm(s) which is measured at the latest
time point (a reference time point s) among the blood pres-
sures BPm(n) which are measured by the blood pressure
measuring unit 11, for example.

[0102] Theblood flow volume storing unit 132 is amemory
which stores the blood flow volumes BF(n) which are mea-
sured by the blood flow measuring unit 12. Incidentally, it is
preferable that the blood flow volume storing unit 132 store



US 2015/0080673 A1l

the blood flow volumes BF(n) which are measured by the
blood flow measuring unit 12 within a certain time span.
Alternatively, the blood flow volume storing unit 132 may
store all of the blood flow volumes BF(n) which are measured
by the blood flow measuring unit 12.

[0103] Incidentally, the reference blood pressure storing
unit 131 may be physically separated from the blood flow
volume storing unit 132. Alternatively, single memory may
constitute the reference blood pressure storing unit 131 and
the blood flow volume storing unit 132.

[0104] The blood pressure estimating unit 133 estimates
the blood pressure BPc(n) on the basis of the reference blood
pressure BP(s) which is stored in the reference blood pressure
storing unit 131 and the blood flow volume BF(n) which is
stored in the blood flow volume storing unit 132. For
example, the blood pressure estimating unit 133 estimates the
blood pressure BPc(t) at a desired time point t. Especially, the
blood pressure estimating unit 133 is capable of estimating
the blood pressure BPc(t) at the desired time point t at which
the blood pressure measuring unit 11 does not measure the
blood pressure BPm(n). In other words, the blood pressure
estimating unit 133 is capable of estimating the blood pres-
sure BPc(n) every period which is shorter than a period every
which the blood pressure measuring unit 11 measures the
blood pressure BPm(n). Moreover, in other words, the blood
pressure estimating unit 133 is capable of sequentially esti-
mating the blood pressure BPc(n) of the living body on the
basis of the blood pressures BPm(n) which are discretely
measured by the blood pressure measuring unit 11.

[0105] The outputting unit 134 outputs the blood pressure
BPc(n) which is estimated by the blood pressure estimating
unit 133 into an instrument which is outside of the blood
pressure estimation apparatus 1. For example, the outputting
unit 134 sequentially outputs the blood pressure BPc(n),
which is sequentially estimated by the blood pressure esti-
mating unit 134, into the instrument which is outside of the
blood pressure estimation apparatus 1.

[0106] Incidentally, hereinafter, the blood pressure BP(n)
which is measured by the blood pressure measuring unit 11 is
referred to as the “blood pressure BPm(n)” and the blood
pressure BP(n) which is estimated by the blood pressure
estimating unit 133 is referred to as the “blood pressure BPc
(n)”, and thus both are distinguished, for the purpose of the
explanation. However, if both do not need to be distinguished,
the explanation will be provided by simply calling the “BP

()7

(1-2) Operation of Blood Pressure Estimation
Apparatus

[0107] Next, with reference to FIG. 2 to FIG. 3, a flow of an
operation of the blood pressure estimation apparatus 1 in the
first example will be explained. FIG. 2 is a flowchart illus-
trating the flow of the operation of the blood pressure estima-
tion apparatus 1 in the first example. FIG. 3 is a graph illus-
trating the blood pressure BP(n) and the blood flow volume
BF(n) which are measured by the blood pressure estimation
apparatus 1 in the first example.

[0108] As illustrated in FIG. 2, the blood flow measuring
unit 12 measures the blood flow volume BF(n) of the living
body (step S11). Incidentally, the measurement of the blood
flow volume BF(n) of the living body by the blood flow
measuring unit 12 is performed continuously until the esti-
mating operation of the blood pressure BP(n) by the blood
pressure estimation apparatus 1 is ended (step S15).
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[0109] Specifically, the laser element 121 irradiates the liv-
ing body with the laser light.

[0110] Then, the light receiving element 122 receives the
beat signal light which is generated by the mutual interfer-
ence of the scattered lights of the laser light from the living
body (more specifically, the mutual interference between a
scattered light which is scattered by a blood cell which is a
moving scattering substance and a scattered light which is
scattered by a static tissue). Specifically, when the living body
is irradiated with the laser light, the scattered light which is
caused by a flow of the blood (namely, the movement of the
red blood cell which is the scattering substance) in the blood
vessel of the living body is generated. The frequency of the
scattered light is different from the frequency of the original
laser light, due to a Laser Doppler function depending on a
moving velocity of the blood. The light receiving element 122
receives the beat signal light (what we call a frequency dif-
ferential signal) which is generated by the mutual interfer-
ence of the above described scattered lights. Incidentally, a
forward scattered light which corresponds to a transmitted
light of the laser light LB with which the living body is
irradiated may be used as the scattered light which generates
the beat signal light.

[0111] Then, the light receiving element 122 generates the
detection electric current which is obtained by converting the
received beat signal light into the electric signal. The light
receiving element 122 outputs the generated detection elec-
tric current into the amplifier 123. The amplifier 123 converts
the detection electric current (namely, the detection electric
current which depends on the beat signal light which is
received by the light receiving element 122) which is output-
ted from the light receiving element 122 into the voltage
signal and amplifies the voltage signal. The amplifier 123
outputs the voltage signal into the A/D converter 124.
[0112] Then, the A/D converter 124 performs the A/D con-
verting process (namely, the quantizing process) on the out-
put of the amplifier 123 (namely, the voltage signal which
depends on the beat signal light which is received by the light
receiving element 122). As a result, the A/D converter 124
outputs the sample value of the voltage signal (namely, the
quantized voltage signal), which depends on the beat signal
light which is received by the light receiving element 122,
into the processor 125. Specifically, ifa sampling cycle of the
A/D converter 124 is Ta, the A/D converter 124 outputs the
sample value of the voltage signal (namely, the quantized
voltage signal), which depends on the beat signal light which
is received by the light receiving signal 122, every cycle Ta.
[0113] Then, the processor 125 performs the frequency
analysis on the output of the A/D converter 124 (namely, the
sample value of the voltage signal which depends on the beat
signal light which is received by the light receiving signal 12)
by using the FFT (Fast Fourier Transform). As a result, the
processor 125 calculates the blood flow volume BF(n). Spe-
cifically, for example, the processor 125 performs the FFT on
the sample value of the voltage signal which depends on the
beat signal light. The processor 125 calculates the blood flow
volume BF(n) by using a primary (first) moment which is a
result ofa multiplication ofa power spectrum and a frequency
vector which are obtained by performing the FFT. Inciden-
tally, as a method of calculating the blood flow volume BF(n)
by performing the frequency analysis using the FFT, a well-
known method (for example, Japanese Patent No. 3 313 841)
may be used. Thus, its detailed explanation will be omitted.
The processor 125 outputs the calculated blood flow volume
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BF(n) into the controller 13 (especially, the blood flow vol-
ume storing unit 132). As a result, the blood flow volume
storing unit 132 stores the blood flow volumes BF(n) which
are measured by the blood flow measuring unit 12.

[0114] Subsequent to, in tandem with or in parallel with the
measurement of the blood flow volume BF(n) at the step S11,
the blood pressure measuring unit 11 measures the blood
pressure BPm(n) of the living body (step S12). Incidentally,
the measurement of the blood pressure BPm(n) of the living
body by the blood pressure measuring unit 11 is performed
continuously until the estimating operation of the blood pres-
sure BPc(n) by the blood pressure estimation apparatus 1 is
ended (step S15).

[0115] Especially, the blood pressure measuring unit 11
measures the blood pressure BPm(n) every certainperiod (for
example, every 20 minutes). For example, the blood pressure
BPm(n) is measured every certain period by that an operator
manipulates the blood pressure measuring unit 11 (for
example, makes the cuff be loop around an arm of the living
body and makes the cuff apply the pressure to the arm) every
certain period.

[0116] Here, the period every which the blood pressure
measuring unit 11 measures the blood pressure BPm(n) is
longer than the period every which the blood flow measuring
unit 12 measures the blood flow volume BF(n). For example,
the blood pressure measuring unit 11 may measure the blood
pressure BPm(n) every 20 minutes and the blood flow mea-
suring unit 12 may measure the blood flow volume BF(n)
every period which is shorter than 20 minutes (for example,
every several dozen mili-seconds to several dozen seconds).
Incidentally, if the blood pressure measuring unit 11 is the
non-invasive blood pressure meter and the blood flow mea-
suring unit 12 is the Laser Doppler blood flow meter, the
period every which the blood pressure measuring unit 11
measures the blood pressure BPm(n) is likely longer than the
period every which the blood flow measuring unit 12 mea-
sures the blood flow volume BF(n), because of a time con-
suming of measuring the blood pressure BPm(n).

[0117] Then, the blood pressure BPm(n) which is measured
by the blood pressure measuring unit 11 is outputted to the
controller 13 (especially, the reference blood pressure storing
unit 131). As aresult, the reference blood pressure storing unit
131 stores the blood pressure BPm(n) which is measured by
the blood pressure unit 11 as the reference blood pressure
BP(s) (step S13). Incidentally, in the first example, it is pref-
erable that the reference blood pressure storing unit 131 store
the newly measured blood pressure BPm(n) as the reference
blood pressure BP(s) every time the blood pressure measur-
ing unit 11 newly measures the blood pressure BPm(n). How-
ever, the reference blood pressure storing unit 131 may not
store the newly measured blood pressure BPm(n) as the ref-
erence blood pressure BP(s) even when the blood pressure
measuring unit 11 newly measures the blood pressure BPm
(n). In other words, the reference blood pressure storing unit
131 may continue to store the previously stored reference
blood pressure BP(s) without change even when the blood
pressure measuring unit 11 newly measures the blood pres-
sure BPm(n).

[0118] Subsequent to, in tandem with or in parallel with the
measurement of the blood flow volume BF(n) at the step S11
and the measurement of the blood pressure BPm(n) at the step
S12, the blood pressure estimating unit 133 estimates the
blood pressure BPc(n) (step S14). For example, the blood
pressure estimating unit 133 estimates the blood pressure
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BPc(t) at the desired time point t. Incidentally, the estimation
of the blood pressure BPc(n) by the blood pressure estimating
unit 133 is performed continuously until the estimating
operation of the blood pressure BPc(n) by the blood pressure
estimation apparatus 1 is ended (step S15).

[0119] Forexample, the blood pressure estimating unit 133
estimates the blood pressure BPc(t) at the desired time point
t on the basis of the reference blood pressure BP(s) at a
reference time point s which is stored in the reference blood
pressure storing unit 131 and the blood flow volume BF(s) at
the reference time point s and the blood flow volume (t) at the
desired time point t which are stored in the blood flow volume
storing unit 132.

[0120] In this case, the blood pressure estimating unit 133
may estimate the blood pressure BPc(n) at the time point at
which the blood flow volume BF(n) is measured, every time
the blood flow measuring unit 12 measures the blood flow
volume BF(n). Namely, the blood pressure estimating unit
133 may estimate the blood pressure BPc(n) every period
which is same as a period every which the blood flow mea-
suring unit 12 measures the blood flow volume BF(n). Alter-
natively, the blood pressure estimating unit 133 may estimate
the blood pressure BPc(n) every period which is different
from the period every which the blood flow measuring unit 12
measures the blood flow volume BF(n). However, it is pref-
erable that the blood pressure estimating unit 133 estimate the
blood pressure BPc(n) every period which is shorter than a
period every which the blood pressure measuring unit 11
measures the blood pressure BPm(n). In other words, it is
preferable that the blood pressure estimating unit 133 esti-
mate the blood pressure BPc(n) at a frequency which is higher
than a frequency at which the blood pressure measuring unit
11 measures the blood pressure BPm(n).

[0121] Specifically, the blood pressure estimating unit 133
may regard a value which is obtained by multiplying a ratio A
of the blood flow volume BF(t) at the desired time point t to
the blood flow volume BF(s) at the reference time point s with
the reference blood pressure BP(s) at the reference time point
s as the blood pressure BPc(t) at the desired time point t.
Namely, the blood pressure estimating unit 133 may estimate
the blood pressure BPc(t) at the desired time point t by using
a formula of BPc(t)=BP(s)*A=BP (s)*(BF(t)/BF(s)). For
example, if the blood pressure BPm(20) which is measured
by the blood pressure measuring unit 11 at the time point of
“n=20 minutes” is the reference blood pressure BP(s), the
blood pressure BPc(t) at the desired time point t is BPm(20)
*(BF(t)/BF(20)).

[0122] Alternatively, the blood pressure estimating unit
133 may regard a value which is obtained by adding a multi-
plied value to the reference blood pressure BP(s) at the ref-
erence time point s as the blood pressure BPc(t) at the desired
time point t, wherein the multiplied value is obtained by
multiplying a change rate B of the blood flow volume BF(t) at
the desired time point t to the blood flow volume BF(s) at the
reference time point s with the reference blood pressure BP(s)
at the reference time point s. Namely, the blood pressure
estimating unit 133 may estimate the blood pressure BPc(t) at
the desired time point t by using a formula of BPc(t)=BP(s)+
BP(s)*B=BP  (s)+BP(s)*((BF(t)-BF(s))/BF(s)).  For
example, if the blood pressure BPm(20) which is measured
by the blood pressure measuring unit 11 at the time point of
“n=20 minutes” is the reference blood pressure BP(s), the
blood pressure BPc(t) at the desired time point t is BPm(20)+
BPm(20)*((BF(t)-BF(20)/BF(20)).
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[0123] Incidentally, in the above described explanation, the
formula of BPc(t)=BP (s)*(BF(t)/BF(s)) and the formula of
BPc(t)=BP(s)+BP(s)*((BF(1)-BF(s))/BF(s)) are listed as the
examples. However, these two formulas are substantially
same formula by the development.

[0124] Incidentally, it is preferable that the desired time
point t be a time point at which at least the blood flow mea-
suring unit 12 has measured the blood flow volume BF(n).
However, the desired time point t may be a time point at which
the blood flow measuring unit 12 has not measured the blood
flow volume BF(n). In this case, the blood flow volume BF(n)
which is measured by the blood flow measuring unit 12 at a
time point which is the closest to the desired time point t may
be used as the blood flow volume BF(t) at the desired time
point t. Alternatively, the blood flow volume BF(t) at the
desired time point t which is calculated or estimated from an
approximate line or an approximate expression may be used,
wherein the approximate line or the approximate expression
is obtained by connecting the blood flow volumes BF(n)
which are measured by the blood flow measuring unit 12.
[0125] More specifically, the explanation using the graph
illustrated in F1G. 3 will be provided. A graph at the first step
in FIG. 3 illustrates the blood flow volumes BF(n) which are
measured by the blood flow measuring unit 12 (incidentally,
the approximate line which connects the measured blood flow
volumes BF(n) is illustrated for reference). A graph at the
second step in FIG. 3 illustrates the blood pressures BPm(n)
which are measured by the blood pressure measuring unit 11
(incidentally, the approximate line which connects the mea-
sured blood pressures BPm(n) is illustrated for reference). A
graph at the third step in FIG. 3 illustrate the blood pressures
BPc(n) which are estimated by the blood pressure estimating
unit 133 (incidentally, the approximate line which connects
the estimated blood pressures BPc(n) is illustrated for refer-
ence). Incidentally, FIG. 3 illustrates an example in which the
blood pressure BPm(20) which is measured by the blood
pressure measuring unit 11 at the time point of “n=20 min-
utes” is the reference blood pressure BP(s).

[0126] As illustrated in FIG. 3, if the blood pressure esti-
mating unit 133 estimates the blood pressure BPc(t) at the
desired time point t in the above described aspect, it is under-
stood that the estimated blood pressure BPc(t) varies in an
aspect which is same as an aspect in which the blood flow
volume BF(n) which is measured by the blood flow measur-
ing unit 12 varies. This is why there is a certain correlation
between the blood pressure BP(n) of the living body and the
blood flow volume BF(n) of the living body. Therefore, the
blood pressure estimating unit 133 appropriately estimates
the blood pressure BPc(t) at the desired time point t on the
basis of the reference blood pressure BP(s) at the reference
time point s, the blood flow volume BF(s) at the reference
time point s and the blood flow volume BF(t) at the desired
time point t.

[0127] Especially, the blood pressure estimating unit 133
estimates the blood pressure BPc(n) on the basis of the blood
flow volume BF(n) which is measured at the higher frequency
than the blood pressure BPm(n) is. Therefore, even if the
blood pressure measuring unit 11 has not measured the blood
pressure BPm(t) at the desired time point t, the blood pressure
estimating unit 133 is capable of appropriately estimating the
blood pressure BPc(t) at the desired time point t. Namely, in
the first example, the blood pressure estimating unit 133 is
capable of estimating the blood pressure BPc(n) every period
which is shorter than a period every which the blood pressure
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measuring unit 11 measures the blood pressure BPm(n). In
other words, the blood pressure estimating unit 133 is capable
of estimating the blood pressure BPc(n) at a frequency which
is higher than a frequency at which the blood pressure mea-
suring unit 11 measures the blood pressure BPm(n). More-
over, in other words, the blood pressure estimating unit 133 is
capable of sequentially estimating the blood pressure BPc(n)
on the basis of the blood pressures BPm(n) which are dis-
cretely measured by the blood pressure measuring unit 11.
[0128] As described above, the blood pressure estimation
apparatus 1 in the first example is capable of appropriately
estimating the blood pressure BPc(n) of the living body.

(1-3) First Modified Example

[0129] 1Inthe above described explanation, the blood pres-
sure estimating unit 133 estimates the blood pressure BPc(t)
at the desired time point t on the basis of the blood flow
volume BF(s) at the reference time point s and the blood flow
volume BF(t) at the desired time point t. However, in a first
modified example, the blood pressure estimating unit 133
may estimate the blood pressure BPc(t) at the desired time
point t on the basis of the blood flow volume BF(s') at a time
point s' which is prior to the reference time point s and the
blood flow volume BF(t') at a time point t' which is prior to at
the desired time point t. The first modified example like this
will be explained with reference to FIG. 4. FIG. 4 is a graph
illustrating the blood pressure BP(n) and the blood flow vol-
ume BF(n) which are related to an operation of the blood
pressure estimation apparatus 1 which estimates the blood
pressure BPc(t) at the desired time point t on the basis of the
blood flow volume BF(s') at the time point s' which is prior to
the reference time point s and the blood flow volume BF(t') at
the time point t' which is prior to at the desired time point t.

[0130] As illustrated in FIG. 4, the blood pressure estimat-
ing unit 133 may estimate the blood pressure BPc(t) at the
desired time point t on the basis of the blood flow volume
BF(s-Atl) at the time point s—At1 which is prior to the refer-
ence time point s (in FIG. 4, s=20) by a predetermined
timeAt1 and the blood flow volume BF(t-Atl) at the time
point t—Atl which is prior to at the desired time point t by the
predetermined time Atl.

[0131] More specifically, the blood pressure estimating
unit 133 may regard a value which is obtained by multiplying
aratio A ofthe blood flow volume BF(t-At1) to the blood flow
volume BF(s-At1) with the reference blood pressure BP(s) at
the reference time point s as the blood pressure BPc(t) at the
desired time point t. Namely, the blood pressure estimating
unit 133 may estimate the blood pressure BPc(t) at the desired
time point t by using a formula of BPc(t)=BP(s)*A=BP (s)*
(BF(t-At1)/BF(s-Atl)). For example, if the blood pressure
BPm(20) which is measured by the blood pressure measuring
unit 11 at the time point of “n=20 minutes” is the reference
blood pressure BP(s), the blood pressure BPc(t) at the desired
time point t is BPm(20)*(BF(t-At1)/BF(20-At1)).

[0132] Alternatively, the blood pressure estimating unit
133 may regard a value which is obtained by adding a multi-
plied value to the reference blood pressure BP(s) at the ref-
erence time point s as the blood pressure BPc(t) at the desired
time point t, wherein the multiplied value is obtained by
multiplying a change rate B of the blood flow volume BF(t-
Atl) to the blood flow volume BF(s—Atl) with the reference
blood pressure BP(s) at the reference time point s. Namely,
the blood pressure estimating unit 133 may estimate the blood
pressure BPc(t) at the desired time point t by using a formula
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of BPc(t)=BP(s)+BP(s)*B=BP (s)+BP(s)*((BF(t-Atl)-BF
(s—At1))/BF(s-Atl)). Forexample, if the blood pressure BPm
(20) which is measured by the blood pressure measuring unit
11 at the time point of “n=20 minutes” is the reference blood
pressure BP(s), the blood pressure BPc(t) at the desired time
point t is BPm(20)+BPm(20)*((BF(t-At1)-BF(20-Atl )/BF
(20-At1)).

[0133] Inthis case, for example, if the living body in which
atimerequired for the change of the blood flow volume BF(n)
to resultin the change of the blood pressure BP(n) is relatively
long is a target for the estimation of the blood pressure BPc
(n), it is preferable that the blood pressure estimating unit 133
set a relatively large value to the above described Atl. On the
other hand, if the living body in which the time required for
the change of the blood flow volume BF(n) to result in the
change of the blood pressure BP(n) is relatively short is the
target for the estimation of the blood pressure BPc(n), it is
preferable that the blood pressure estimating unit 133 set a
relatively small value to the above described Atl. As a result,
even if there is an influence of an individual difference of the
living body (for example, a variation of a correlation between
atemporal change of the blood pressure BP(n) and a temporal
change of the blood flow volume BF(n) which is caused by the
individual difference), the blood pressure estimating unit 133
is capable of appropriately estimating the blood pressure
BPc(t) at the desired time point t while absorbing or compen-
sating the influence of the individual difference.

(1-4) Second Modified Example

[0134] Inthe above described explanation, the blood pres-
sure estimating unit 133 estimates the blood pressure BPc(t)
at the desired time point t on the basis of the blood flow
volume BF(s) at the reference time point s and the blood flow
volume BF(t) at the desired time point t. However, in a second
modified example, the blood pressure estimating unit 133
may estimate the blood pressure BPc(t) at the desired time
point t on the basis of an average value of the blood flow
volumes BF(n) within a predetermined time span defined by
using the reference time point s as a base and an average value
of the blood flow volumes BF(n) within a predetermined time
span defined by using the desired time point t as a base. The
second modified example like this will be explained with
reference to FIG. 5. FIG. 5 is a graph illustrating the blood
pressure BP(n) and the blood flow volume BF(n) which are
related to an operation of the blood pressure estimation appa-
ratus 1 which estimates the blood pressure BPc(t) at the
desired time point t on the basis of the average value of the
blood flow volumes BF(n) within the predetermined time
span defined by using the reference time point s as the base
and the average value of the blood flow volumes BF(n) within
the predetermined time span defined by using the desired time
point t as the base.

[0135] As illustrated in FIG. 5, the blood pressure estimat-
ing unit 133 may estimate the blood pressure BPc(t) at the
desired time point t on the basis of an average value Ave(1) of
the blood flow volumes BF (1) within a time span (s—At2 to s)
which is from the reference time point s (in FIG. 5, s=20)to a
time point prior to the reference time point s by At2 and an
average value Ave(2) of the blood flow volumes BF(n) within
a time span (t-At2 to t) which is from the desired time point t
to a time point prior to the desired time point t by At2.
[0136] More specifically, the blood pressure estimating
unit 133 may regard a value which is obtained by multiplying
a ratio A of the average value Ave(2) to the average value
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Ave(1) with the reference blood pressure BP(s) at the refer-
ence time point s as the blood pressure BPc(t) at the desired
time point t. Namely, the blood pressure estimating unit 133
may estimate the blood pressure BPc(t) at the desired time
point t by using a formula of BPc(t)=BP(s)*A=BP (s)*(Ave
(2)/Ave(1)). For example, if the blood pressure BPm(20)
which is measured by the blood pressure measuring unit 11 at
the time point of “n=20 minutes” is the reference blood pres-
sure BP(s), the blood pressure BPc(t) at the desired time point
tis BPm(20)*(Ave(2)/Ave(1)).

[0137] Alternatively, the blood pressure estimating unit
133 may regard a value which is obtained by adding a multi-
plied value to the reference blood pressure BP(s) at the ref-
erence time point s as the blood pressure BPc(t) at the desired
time point t, wherein the multiplied value is obtained by
multiplying a change rate B of the average value Ave(2) to the
average value Ave(1) with the reference blood pressure BP(s)
at the reference time point s. Namely, the blood pressure
estimating unit 133 may estimate the blood pressure BPc(t) at
the desired time point t by using a formula of BPc(t)=BP(s)+
BP(s)*B=BP (s5)+BP(s)*((Ave(2)-Ave(1))/Ave(1)). For
example, if the blood pressure BPm(20) which is measured
by the blood pressure measuring unit 11 at the time point of
“n=20 minutes” is the reference blood pressure BP(s), the
blood pressure BPc(t) at the desired time point t is BPm(20)+
BPm(20)*((Ave(2)-Ave(1))/Ave(1)).

[0138] According to the above described second modified
example, even if there is an influence of a pulsation and a
fluctuation caused by the living body in the blood flow vol-
ume BF(n) which is measured by the blood flow measuring
unit 12, the blood pressure estimating unit 133 is capable of
appropriately estimating the blood pressure BPc(t) at the
desired time point t while absorbing or compensating the
influence of the pulsation and the fluctuation caused by the
living body.

(1-5) Third Modified Example

[0139] Inthe above described explanation, the blood pres-
sure estimating unit 133 estimates the blood pressure BPc(t)
at the desired time point t on the basis of the ratio A or the
change rate B of the blood flow volume BF(t) at the desired
time point t to the blood flow volume BF(s) at the reference
time point s. However, in a third modified example, the blood
pressure estimating unit 133 may perform a weighting pro-
cess, which depends on a predetermined weighting coeffi-
cient a, on the ratio A or the change rate B of the blood flow
volume BF(t) at the desired time point t to the blood flow
volume BF(s) at the reference time point s. Specifically, the
blood pressure estimating unit 133 may multiple the weight-
ing coefficient o with the ratio A or the change rate B of the
blood flow volume BF(t) at the desired time point t to the
blood flow volume BF(s) at the reference time point s.

[0140] More specifically, the blood pressure estimating
unit 133 may regard a value which is obtained by multiplying
a multiplied value with the reference blood pressure BP(s) at
the reference time point s as the blood pressure BPc(t) at the
desired time point t, wherein the multiplied value is obtained
by multiplying the weighting coefficient o with the ratio A of
the blood flow volume BF(t) at the desired time point t to the
blood flow volume BF(s) at the reference time point s.
Namely, the blood pressure estimating unit 133 may estimate
the blood pressure BPc(t) at the desired time point t by using
a formula of BPc(t)=BP(s)*(a*A)=BP (s)*a*(BF(t)/BF(s)).
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[0141] Alternatively, the blood pressure estimating unit
133 may regard a value which is obtained by adding a value,
which is obtained by multiplying a multiplied value with the
reference blood pressure BP(s) at the reference time point s,
to the reference blood pressure BP(s) at the reference time
point s as the blood pressure BPc(t) at the desired time point
t, wherein the multiplied value is obtained by multiplying the
weighting coefficient a with the change rate B of the blood
flow volume BF(t) at the desired time point t to the blood flow
volume BF(s) at the reference time point s. Namely, the blood
pressure estimating unit 133 may estimate the blood pressure
BPc(t) at the desired time point t by using a formula of
BPc()=BP(s)+BP(s)*(c.*B)=BP(s)}+BP (s)*a*((BF(t)-BF
()YBE(s)).

[0142] Incidentally, if the weighting coefficient o is 1, both
formulas are same as the formulas which are used in the above
described first example.

[0143] Inthis case, for example, if the living body in which
the change of the blood flow volume BF(n) cannot result in
the change of the blood pressure BP(n) relatively well is the
target for the estimation of the blood pressure BP (n), it is
preferable that the blood pressure estimating unit 133 set a
relatively small value to the above described weighting coef-
ficient at. On the other hand, if the living body in which the
change of the blood flow volume BF(n) can result in the
change of the blood pressure BP(n) relatively well is the target
for the estimation of the blood pressure BPc(n), it is prefer-
able that the blood pressure estimating unit 133 set a rela-
tively large value to the above described weighting coefficient
a.. According to the third modified example like this, even if
there is the influence of the individual difference of the living
body (for example, the variation of the correlation between
the temporal change of the blood pressure BP(n) and the
temporal change of the blood flow volume BF(n) which is
caused by the individual difference), the blood pressure esti-
mating unit 133 is capable of appropriately estimating the
blood pressure BPc(t) at the desired time point t while absorb-
ing or compensating the influence of the individual differ-
ence.

(1-6) Fourth Modified Example

[0144] In a fourth modified example, the blood pressure
estimating unit 133 may adjust (in other words, change) the
above described weighting coefficient o, as occasion
demands. Hereinafter, with reference to FIG. 6, an operation
of adjusting the weighting coefficient o as occasion demands
will be explained. FIG. 6 is a flowchart illustrating the flow of
the operation of the blood pressure estimation apparatus 1 in
the first example which adjusts a weighting coefficient « as
occasion demands. Incidentally, a detailed explanation of an
operation which is same as the operation illustrated in FIG. 2
will be omitted by assigning the same step number.

[0145] As illustrated in FIG. 6, even in the fourth modified
example, the blood flow measuring unit 12 measures the
blood flow volume BF(n) of the living body (step S11), as
with the first example. Moreover, even in the fourth modified
example, subsequent to, in tandem with or in parallel with the
measurement of the blood flow volume BF(n) at the step S11,
the blood pressure measuring unit 11 measures the blood
pressure BPm(n) of the living body (step S12), as with the first
example. Moreover, even in the fourth modified example,
subsequent to, in tandem with or in parallel with the measure-
ment of the blood flow volume BF(n) at the step S11 and the
measurement of the blood pressure BPm(n) at the step S12,
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the blood pressure estimating unit 133 estimates the blood
pressure BPc(n) (step S14), as with the first example.

[0146] Especially, in the fourth modified example, the
blood pressure measuring unit 11 determines whether or not
the reference blood pressure BP(s) is already stored in the
reference blood pressure storing unit 131 after measuring the
blood pressure BPm(n) at the step S12 (step S16).

[0147] As aresult of the determination at the step S16, if it
is determined that the reference blood pressure BP(s)is stored
in the reference blood pressure storing unit 131 (step S16:
Yes), the blood pressure estimating unit 133 updates the
weighting coefficient o on the basis of the reference blood
pressure BPm(s) at the reference time point s and the blood
pressure BPc(s) at the reference time point s which is esti-
mated by the blood pressure estimating unit 133 (step S17).
Specifically, the blood pressure estimating unit 133 updates
the weighting coefficient o such that a difference (especially,
an absolute value of the difference) between the reference
blood pressure BPm(s) at the new reference time point s
which is measured by the blood pressure measuring unit 11
and the blood pressure BPc(s) at the reference time point s
which is estimated by the blood pressure estimating unit 13
decreases. Especially, the blood pressure estimating unit 133
may update the weighting coefficient o such that the differ-
ence (especially, an absolute value of the difference) between
the reference blood pressure BPm(s) at the reference time
point s and the blood pressure BPc(s) at the reference time
point s which is estimated by the blood pressure estimating
unit 13 becomes zero.

[0148] On the other hand, as a result of the determination at
the step S16, if it is determined that the reference blood
pressure BP(s) is not stored in the reference blood pressure
storing unit 131 (step S16: No), the blood pressure estimating
unit 133 does not need to update the weighting coefficient c..
[0149] Then, the reference blood pressure storing unit 131
with which the controller 13 is provided stores the blood
pressure BPm(n), which is measured by the blood pressure
measuring unit 11 at the step S12, as the reference blood
pressure BP(s) (step S13).

[0150] According to the above described fourth modified
example, the blood pressure estimating unit 133 is capable of
the weighting coefficient o such that a false factor of the blood
pressure BPc(n) which is actually estimated by the blood
pressure estimating unit 133 to the blood pressure BPm(n)
which is actually measured by the blood pressure measuring
unit 11 becomes small or zero. Therefore, the blood pressure
estimating unit 133 is capable of estimating the blood pres-
sure BPc(n) at the desired time point t with higher accuracy by
using the updated weighting coefficient a.

[0151] Incidentally, the blood pressure estimation appara-
tus 1 may stores the weighting coefficient « as an archival
record every time the measurement of the blood pressure
BPm(n), the estimation of the blood pressure BPc(n) or the
updating of the weighting coefficient « is performed. For
example, the reference blood pressure storing unit 131 which
is the memory may stores the weighting coefficient o. in
addition to the reference blood pressure BP(s). Especially,
considering that the weighting coefficient . is an information
which is capable of specifying the individual difference of the
living body, the weighting coefficient o may be stored in such
amanner that the weighting coefficient c.can be distinguished
for each living body (for example, in a database form includ-
ing a record in which the weighting coefficient c is associated
with a living body ID which is used to uniquely identify the
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living body). In addition, the weighting coefficient ¢ is
adjusted as occasion demands as time goes on. Therefore, the
weighting coefficient o may be stored in such a manner that
the weighting coefficient o can be distinguished for each time
(for example, in a database form including a record in which
a series of the weighting coefficients o which has been
updated as time goes on is associated with the living body 1D
which is used to uniquely identify the living body.

[0152] Ifthe weighting coefficients o is stored as the archi-
val record, the blood pressure estimating umit 133 may esti-
mate the blood pressure BPc(t) at the desired time t by using
the weighting coefficients o which is stored as the archival
record. As a result, the blood pressure estimating unit 133 is
capable of estimating the blood pressure BPc(t) at the desired
time point t with higher accuracy and relatively easily.

(2) Second Example

[0153] Next, with reference to FIG. 7 to FIG. 10, a blood
pressure estimation apparatus 2 in a second example will be
explained. Incidentally, a detailed explanation of a configu-
ration and an operation which are respectively same as the
configuration and the operation of the blood pressure estima-
tion apparatus 1 in the first example will be omitted by assign-
ing the same reference number and the same step number,
respectively.

(2-1) Configuration of Blood Pressure Estimation
Apparatus

[0154] Firstly, with reference to FIG. 7, a configuration of
the blood pressure estimation apparatus 2 in the second
example will be explained. FIG. 7 is a block diagram illus-
trating the configuration of the blood pressure estimation
apparatus 2 in the second example.

[0155] As illustrated in FIG. 7, the blood pressure estima-
tion apparatus 2 in the second example is provided with: the
blood pressure measuring unit 11; and the blood flow mea-
suring unit 12, as with the blood pressure estimation appara-
tus 1 in the first example.

[0156] The blood pressure estimation apparatus 2 in the
second example is further provided with a controller 23. The
controller 23 in the second example is different from the
controller 13 in the first example in that the controller 23 is
provided with a blood pressure storing unit 231 instead of the
reference blood pressure storing unit 131. Another compo-
nent with which the controller 23 in the second example is
provided may be same as another component with which the
controller 13 in the first example is provided.

[0157] The blood pressure storing unit 231 is a memory
which stores the blood pressures BPm(n) which are measured
by the blood pressure measuring unit 11 and the blood pres-
sures BPc(n) which are estimated by the blood pressure esti-
mating unit 133. Incidentally, in the second example, the
blood pressure BPm(n) which is measured by the blood pres-
sure measuring unit 11 is referred to as the “measured blood
pressure BPm(n)” and the blood pressure BPc(n) which is
estimated by the blood pressure estimating unit 133 is
referred to as the “estimated blood pressure BPc(n)”, for the
purpose of the explanation. Incidentally, the blood pressure
storing unit 231 may store all of the blood pressures BPm(n)
which are measured by the blood pressure measuring unit 11,
or may selectively store one portion of the blood pressures
BPm(n) which are measured by the blood pressure measuring
unit 11 (for example, the latest measured blood pressure
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BPm(n)). Similarly, the blood pressure storing unit 231 may
store all of the blood pressures BPc(n) which are estimated by
the blood pressure estimating unit 133, or may selectively
store one portion of the blood pressures BPc(n) which are
estimated by the blood pressure estimating unit 133.

[0158] Incidentally, the blood pressure storing unit 231
may be physically separated from the blood flow volume
storing unit 132. Alternatively, single memory may constitute
the blood pressure storing unit 231 and the blood flow volume
storing unit 132.

(2-2) Operation of Blood Pressure Estimation
Apparatus

[0159] Next, with reference to FI1G. 8, a flow of an operation
of the blood pressure estimation apparatus 2 in the second
example will be explained. FIG. 8 is a flowchart illustrating
the flow of the operation of the blood pressure estimation
apparatus 2 in the second example.

[0160] Asillustrated in FIG. 8, even in the second example,
the blood flow measuring unit 12 measures the blood flow
volume BF(n) of the living body (step S11), as with the first
example.

[0161] Moreover, even in the second example, subsequent
to, in tandem with or in parallel with the measurement of the
blood flow volume BF(n) at the step S11, the blood pressure
measuring unit 11 measures the blood pressure BPm(n) ofthe
living body (step S12), as with the first example.

[0162] Then, the blood pressure BPm(n) which is measured
by the blood pressure measuring unit 11 is outputted to the
controller 23 (especially, the blood pressure storing unit 231).
As a result, the blood pressure storing unit 231 stores the
blood pressure BPm(n) which is measured by the blood pres-
sure measuring unit 11 as the measured blood pressure BPm
(n) (step S21).

[0163] Subsequent to, in tandem with or in parallel with the
measurement of the blood flow volume BF(n) at the step S11
and the measurement of the blood pressure BPm(n) at the step
S12, the blood pressure estimating unit 133 set either one of
the measured blood pressure BPm(n) and the estimated blood
pressure BPc(n) which are stored in the blood pressure stor-
ing unit 231 to the reference blood pressure BP(s) (step S22).
Namely, in the second example, not only the blood pressure
BPm(n) which is measured by the blood pressure measuring
unit 11 but also the blood pressure BPc(n) which is estimated
by the blood pressure estimating unit 133 sometimes
becomes the reference blood pressure BP(s).

[0164] Then, even in the second example, the blood pres-
sure estimating unit 133 the blood pressure estimating unit
133 estimates the blood pressure BPc(n) (step S14), as with
the first example. However, in the second example, the refer-
ence blood pressure BP(s) which is used when the blood
pressure BPc(n) is estimated is the reference blood pressure
BP(s) which is set at the step S22.

[0165] Then, the blood pressure BPc(n) which is estimated
by the blood pressure estimating unit 133 is outputted to the
blood pressure storing unit 231. The blood pressure storing
unit 231 stores the blood pressure BPc(n) which is estimated
by the blood pressure estimating unit 133 as the estimated
blood pressure BPc(n) (step S23).

[0166] As described above, the blood pressure estimation
apparatus 2 in the second example is capable of appropriately
enjoying various effects which the blood pressure estimation
apparatus 1 in the first example is capable of enjoying.
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[0167] Inaddition, the blood pressure estimation apparatus
2 in the second example is capable of storing the blood pres-
sure BPm(n) which is measured by the blood pressure mea-
suring unit 11 and the blood pressure BPc(n) which is esti-
mated by the blood pressure estimating unit 133. Thus, the
blood pressure estimating unit 133 is capable of using, as the
reference blood pressure BP(s), not only the blood pressure
BPm(n) which is measured by the blood pressure measuring
unit 11 but also the blood pressure BPc(n) which is estimated
by the blood pressure estimating unit 133.

(2-3) First Modified Example

[0168] In a first modified example, the blood pressure esti-
mating unit 133 may perform a predetermined filtering pro-
cess and the like collectively ex-post facto on the estimated
blood pressures BPc(n) within a certain time span after esti-
mating the blood pressures BPc(n) within the certain time
span, by using the fact that the estimated blood pressures
BPc(n) which is estimated by the blood pressure estimating
unit 133 are stored in the blood pressure storing unit 231.
Alternatively, if the weighting coefficient o which is
explained in the third modified example of the first example is
used, the blood pressure estimating unit 133 may reflect the
weighting coefficient o correctively ex-post facto on the esti-
mated blood pressures BPc(n) within the certain time span
after estimating the blood pressures BPc(n) within the certain
time span. An operation in this case will be explained with
reference to FIG. 9. F1G. 9 is a flowchart illustrating a flow of
the first modified example of the operation of the blood pres-
sure estimation apparatus 2 in the second example. FIG. 10 is
a graph illustrating the blood pressure and the blood flow
volume which are related to the first modified example of the
operation of the blood pressure estimation apparatus 2 in the
second example.

[0169] As illustrated in FIG. 9, even in the first modified
example, the blood flow measuring unit 12 measures the
blood flow volume BF(n) of the living body (step S11), as
with the second example.

[0170] Moreover, even in the first modified example, sub-
sequent to, in tandem with or in parallel with the measure-
ment of the blood flow volume BF(n) at the step S11, the
blood pressure measuring unit 11 measures the blood pres-
sure BPm(n) of the living body (step S12), as with the second
example.

[0171] Moreover, even in the first modified example, sub-
sequent to, in tandem with or in parallel with the measure-
ment of the blood flow volume BF(n) at the step S11 and the
measurement of the blood pressure BPm(n) at the step S12,
the blood pressure estimating unit 133 set either one of the
measured blood pressure BPm(n) and the estimated blood
pressure BPc(n) which are stored in the blood pressure stor-
ing unit 231 to the reference blood pressure BP(s) (step S22).
Then, the blood pressure estimating unit 133 estimates the
blood pressure BPc(n) (step S14). Then, the blood pressure
storing unit 231 stores the blood pressure BPc(1) which is
estimated by the blood pressure estimating unit 133 as the
estimated blood pressure BPc(n) (step S23).

[0172] Even in the first modified example, the blood pres-
sure measuring unit 11 determines whether or not the refer-
ence blood pressure BP(s) is already stored in the blood
pressure storing unit 231 after measuring the blood pressure
BPm(n) at the step S12 (step S16), as with the second
example.
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[0173] As aresult of the determination at the step S16, if it
is determined that the reference blood pressure BP(s)is stored
in the blood pressure storing unit 231 (step S16: Yes), the
blood pressure estimating unit 133 updates the weighting
coefficient o on the basis of the reference blood pressure
BPm(s) at the reference time point s which is measured by the
blood pressure measuring unit 11 and the blood pressure
BPc(s) at the reference time point s which is estimated by the
blood pressure estimating unit 133 (step S17).

[0174] Especially, in the first modified example, the blood
pressure estimating unit 133 updates the blood pressure BPc
(n) which has been already estimated before by using the
updated weighting coefficient a (step S24). In other words,
the blood pressure estimating unit 133 updates the estimated
blood pressure BPc(n) which is stored in the blood pressure
storing unit 231 by using the updated weighting coefficient c..
For example, the blood pressure estimating unit 133 replaces
the estimated blood pressure BPc(n) which is estimated by
using the weighting coefficient o before the updating by the
estimated blood pressure BPc(n) which is estimated by using
the weighting coefficient o after the updating.

[0175] Ontheotherhand, As aresult of the determination at
the step S16, if it is determined that the reference blood
pressure BP(s) is not stored in the blood pressure storing unit
231 (step S16: No), the blood pressure estimating unit 133
does not need to update the weighting coefficient . In addi-
tion, the blood pressure does not need to update the blood
pressure BPc(n) which has been already estimated before.
[0176] Then, the blood pressure storing unit 231 stores the
blood pressure BPm(n) which is measured by the blood pres-
sure measuring unit 11 as the measured blood pressure BPm
(n) (step S21).

[0177] Furthermore in the first modified example, if it is
determined that the operation of estimating the estimated
blood pressure BPc(n) by the blood pressure estimation appa-
ratus 2 is ended (step S15: No), the outputting unit 134 deter-
mines whether or not to output the estimated blood pressure
BPc(n) which is corrected (step S25). For example, the out-
putting unit 134 may determine whether or not to output the
estimated blood pressure BPc(n) which is corrected by moni-
toring an instruction or a requirement from a uset.

[0178] As aresult of the determination at the step S25, if'it
is determined that the blood pressure BP(n) which is cor-
rected needs to be outputted (step S25: Yes), the blood pres-
sure estimating unit 133 performs a predetermined correction
process on the blood pressure BP(n) which has been esti-
mated ever (step S26). In other words, the blood pressure
estimating unit 133 performs the predetermined correction
process on the estimated blood pressure BPc(n) which is
stored in the blood pressure storing unit 231 (step S26).
[0179] Specifically, the blood pressure estimating unit 133
may update the weighting coefficient o ex-post facto again,
on the basis of the estimated blood pressure BPc(n) and the
measured blood pressure BPm(n) which are stored in the
blood pressure storing unit 231. Then, the blood pressure
estimating unit 133 may update the estimated blood pressure
BPc(n) which is stored in the blood pressure storing unit 231
by using the weighting coefficient o which is updated ex-post
facto.

[0180] Alternatively, the blood pressure estimating unit
133 may perform the predetermined filtering process on the
estimated blood pressure BPc(n) which are stored in the
blood pressure storing unit 231. As one example of the pre-
determined filtering process, a process of converting the esti-
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mated blood pressure BPc(n) in a more visible format, a
process of reducing or eliminating an influence of the esti-
mated blood pressure BPc(n) which is possibly estimated
abnormally, a process of reducing or eliminating an arbitrary
noise (for example, anoise of a predetermined frequency) and
the like are listed. For example, the blood pressure estimating
unit 133 may update the estimated blood pressure BPc(t) at
the desired time point t by using a formula of BPc(t)=B1*BPc
(t=-D)+B2*BPc(t-2)+ . . . +Bk*BPc(t-k) (incidentally, B1 to
Bk are arbitrary constant number).

[0181] On the other hand, as a result of the determination at
the step S25, if it is determined that the blood pressure BP(n)
which is corrected does not need to be outputted (step S25:
No), the outputting unit 134 outputs the estimated blood
pressure BPc(n) which is estimated by the blood pressure
estimating unit 133 without change. In other words, the out-
putting unit 134 outputs the estimated blood pressure BPc(n)
which is stored in the blood pressure storing unit 231 without
change.

(3) Third Example

[0182] Next, with reference to FIG. 11 to FIG. 12, a blood
pressure estimation apparatus 3 in a third example will be
explained. Incidentally, a detailed explanation of a configu-
ration and an operation which are respectively same as the
configuration and the operation of the blood pressure estima-
tion apparatus 1 in the first example to the blood pressure
estimation apparatus 2 in the second example will be omitted
by assigning the same reference number and the same step
number, respectively.

(3-1) Configuration of Blood Pressure Estimation
Apparatus

[0183] Firstly, with reference to FIG. 11, a configuration of
the blood pressure estimation apparatus 3 in the third example
will be explained. FIG. 11 is a block diagram illustrating the
configuration of the blood pressure estimation apparatus 3 in
the third example.

[0184] As illustrated in FIG. 11, the blood pressure estima-
tion apparatus 3 in the third example is provided with: the
blood pressure measuring unit 11; and the blood flow mea-
suring unit 12, as with the blood pressure estimation appara-
tus 1 in the first example.

[0185] The blood pressure estimation apparatus 3 in the
third example is further provided with a controller 33. The
controller 33 in the third example is different from the con-
troller 13 inthe first example in that the controller 33 is further
provided with a measurement instructing unit 335. Another
component with which the controller 33 in the third example
is provided may be same as another component with which
the controller 12 in the first example is provided.

[0186] The measurement instructing unit 335 may control
the blood flow measuring unit 12 such that the blood flow
measuring unit 12 measures the blood flow volume BF(n)
when the blood pressure BPm(n) which is measured by the
blood pressure measuring unit 11 satisfies a predetermined
condition. In other words, the measurement instructing unit
335 may control the blood flow measuring unit 12 such that
the blood flow measuring unit 12 does not measure the blood
flow volume BF(n) when the blood pressure BPm(n) which is
measured by the blood pressure measuring unit 11 does not
satisfy the predetermined condition.
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[0187] The measurement instructing unit 335 may control
the blood pressure estimating unit 133 such that the blood
pressure estimating unit 133 estimates the blood pressure
BPc(n) when the blood pressure BPm(n) which is measured
by the blood pressure measuring unit 11 satisfies the prede-
termined condition, in addition to or instead of controlling the
blood flow measuring unit 12. In other words, the measure-
ment instructing unit 335 may control the blood pressure
estimating unit 133 such that the blood pressure estimating
unit 133 does not estimate the blood pressure BPc(n) when
the blood pressure BPm(n) which is measured by the blood
pressure measuring unit 11 does not satisfy the predetermined
condition.

(2-2) Operation of Blood Pressure Estimation
Apparatus

[0188] Next, with reference to FIG. 12, a flow of an opera-
tion of the blood pressure estimation apparatus 3 in the third
example will be explained. FIG. 12 is a flowchart illustrating
the flow of the operation of the blood pressure estimation
apparatus 3 in the third example.

[0189] As illustrated in FIG. 12, even in the third example,
the blood pressure measuring unit 11 measures the blood
pressure BPm(n) of the living body (step S12), as with the first
example. Moreover, the reference blood pressure storing unit
131 stores the blood pressure BPm(n) which is measured by
the blood pressure measuring unit 11 as the reference blood
pressure BP (s) (step S13).

[0190] Especially in the third example, the measurement
instructing unit 335 determines whether or not the blood
pressure BPm(n) which is measured at the step S12 satisfies
the predetermined condition (step S31). For example, the
measurement instructing unit 335 may determine whether or
not the blood pressure BPm(n) which is measured at the step
S12 is a value which needs to be monitored continuously (for
example, a value which is not a normal value, a value which
is anormal value but requires the attention, and the like). If the
blood pressure BPm(n) which is measured at the step S12 is
the value which needs to be monitored, it may be determined
that the blood pressure BPm(n) which is measured at the step
S12 satisfies the predetermined condition. On the other hand,
if the blood pressure BPm(n) which is measured at the step
S12 is not the value which needs to be monitored, it may be
determined that the blood pressure BPm(n) which is mea-
sured at the step S12 does not satisfy the predetermined
condition. Alternatively, the measurement instructing umit
335 may determine that the blood pressure BPm(n) which is
measured at the step S12 satisfies the predetermined condi-
tion by determining whether or not the blood pressure BPm
(n) which is measured at the step S12 is another desired value
or predetermined value or is within a predetermined range.
[0191] As aresult of the determination at the step S31, if it
is determined that the blood pressure BPm(n) which is mea-
sured at the step S12 does not satisfy the predetermined
condition (step S31: No), the operations at the step S12, the
step S13 and the step S31 are repeated. Namely, the blood
pressure measuring unit 11 measures the blood pressure BPm
(n) of the living body. The reference blood pressure storing
unit 131 stores the blood pressure BPm(n) which is measured
by the blood pressure measuring unit 11 as the reference
blood pressure BP(s). The measurement instructing unit 335
determines whether or not the blood pressure BPm(n) which
is measured at the step S12 satisfies the predetermined con-
dition.
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[0192] In addition, in this case, the measurement instruct-
ing unit 335 may control the blood flow measuring unit 12
such that the blood flow measuring unit 12 does not measure
the blood flow volume BF(n). As a result, the blood flow
measuring unit 12 does not need to measure the blood flow
volume BF(n). Moreover, the measurement instructing unit
335 may control the blood pressure estimating unit 133 such
that the blood pressure estimating unit 133 does not estimate
the blood pressure BPc(n), in addition to or instead of con-
trolling the blood flow measuring unit 12. As a result, the
blood pressure estimating unit 133 does not need to estimate
the blood pressure BPc(n).

[0193] On the other hand, as a result of the determination at
the step S31, if it is determined that the blood pressure BPm
(n) which is measured at the step S12 satisfies the predeter-
mined condition (step S31: Yes), the measurement instructing
unit 335 may control the blood flow measuring unit 12 such
that the blood flow measuring unit 12 measures the blood flow
volume BF(n). As a result, the blood flow measuring unit 12
measures the blood flow volume BF(n) (step S11). Moreover,
the measurement instructing unit 335 may control the blood
pressure estimating unit 133 such that the blood pressure
estimating unit 133 estimates the blood pressure BPc(n), in
addition to or instead of controlling the blood flow measuring
unit 12. As a result, the blood pressure estimating unit 133
estimates the blood pressure BPc(n) (step S14).

[0194] In addition, even if it is determined that the blood
pressure BPm(n) which is measured at the step S12 satisfies
the predetermined condition, it is preferable that the blood
pressure measuring unit 11 measure the blood pressure BPm
(n) of the living body. If the blood pressure measuring unit 11
measures the blood pressure BPm(n), it is preferable that the
measurement instructing unit 335 determine whether or not
the newly measured blood pressure BPm(n) satisfies the pre-
determined condition.

[0195] As described above, the blood pressure estimation
apparatus 3 in the third example is capable of appropriately
enjoying various effects which the blood pressure estimation
apparatus 1 in the first example is capable of enjoying.
[0196] In addition, the blood pressure estimation apparatus
3 inthe third example performs the measurement of the blood
flow volume BF(n) and the estimation of the blood pressure
BPc(n) when the blood pressure BPm(n) which is measured
by the blood pressure measuring unit 11 satisfies the prede-
termined condition. In other words, the blood pressure esti-
mation apparatus 3 in the third example does not need to
perform the measurement of the blood flow volume BF(n)
and the estimation of the blood pressure BPc(n) when the
blood pressure BPm(n) which is measured by the blood pres-
sure measuring unit 11 does not satisfy the predetermined
condition. Thus, a power consumption of the blood pressure
estimation apparatus 3 decreases, i comparison with ablood
pressure estimation apparatus in a comparative example
which always keeps performing the measurement of the
blood flow volume BF(n) and the estimation of the blood
pressure BPc(n).

(4) Fourth Example

[0197] Next, with reference to FIG. 13 to FIG. 14, a blood
pressure estimation apparatus 4 in a fourth example will be
explained. Incidentally, a detailed explanation of a configu-
ration and an operation which are respectively same as the
configuration and the operation of the blood pressure estima-
tion apparatus 1 in the first example to the blood pressure
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estimation apparatus 3 in the third example will be omitted by
assigning the same reference number and the same step num-
ber, respectively.

(4-1) Configuration of Blood Pressure Estimation
Apparatus

[0198] Firstly, with reference to FIG. 13, a configuration of
the blood pressure estimation apparatus 4 in the fourth
example will be explained. FIG. 13 is a block diagram illus-
trating the configuration of the blood pressure estimation
apparatus 4 in the fourth example.

[0199] Asillustrated in FIG. 13, the blood pressure estima-
tion apparatus 4 in the fourth example is provided with: the
blood pressure measuring unit 11; and the blood flow mea-
suring unit 12, as with the blood pressure estimation appara-
tus 1 in the first example.

[0200] The blood pressure estimation apparatus 4 in the
fourth example is further provided with a controller 43. The
controller 43 in the fourth example is different from the
controller 13 in the first example in that the controller 43 is
further provided with a timer unit 436. Another component
with which the controller 43 in the fourth example is provided
may be same as another component with which the controller
13 in the first example is provided.

[0201] The timer unit 436 sets a timing at which the blood
pressure measuring unit 11 measures the blood pressure BPm
(n). In addition, the timer unit 436 controls the blood pressure
measuring unit 11 to measure the blood pressure BPm(n)
when the timing at which the blood pressure measuring unit
11 measures the blood pressure BPm(n) comes.

(4-2) Operation of Blood Pressure Estimation
Apparatus

[0202] Next, with reference to F1G. 14, a flow of an opera-
tion of the blood pressure estimation apparatus 4 in the fourth
example will be explained. FIG. 14 is a flowchart illustrating
the flow of the operation of the blood pressure estimation
apparatus 4 in the fourth example.

[0203] As illustrated in FIG. 14, the timer unit 436 sets the
timing at which the blood pressure measuring unit 11 mea-
sures the blood pressure BPm(n) (step S41). For example, the
timer unit 436 may set a period (for example, a period of 20
minutes) as the timing at which the blood pressure measuring
unit 11 measures the blood pressure BPm(n). The timer unit
436 may set a time point itself (for example, a time point of 20
minutes, 40 minutes, 60 minutes, . . . ) as the timing at which
the blood pressure measuring unit 11 measures the blood
pressure BPm(n).

[0204] Then, even in the fourth example, the blood flow
measuring unit 12 measures the blood flow volume BF(n) of
the living body (step S11), as with the first example. In addi-
tion, even in the fourth example, the blood pressure estimat-
ing unit 133 the blood pressure estimating unit 133 estimates
the blood pressure BPc(n) (step S14), as with the first
example.

[0205] Moreover, even in the fourth example, subsequent
to, in tandem with or in parallel with the measurement the
measurement of the blood flow volume BF(n) at the step S11,
the blood pressure measuring unit 11 measures the blood
pressure BPm(n) of the living body (step S12), as with the first
example. In addition, the reference blood pressure storing
unit 131 stores the blood pressure BPm(n) which is measured
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by the blood pressure measuring unit 11 as the reference
blood pressure BP(s) (step S13).

[0206] Then, in the fourth example, the timer unit 436
determines whether or not a current timing is the timing
which is set at the step S41 (namely, the timing at which the
blood pressure measuring unit 11 measures the blood pres-
sure BPm(n)) (step S42). In other words, the timer unit 436
determines whether or not the timing which is set at the step
S41 (namely, the timing at which the blood pressure measur-
ing unit 11 measures the blood pressure BPm(n)) comes (step
S42).

[0207] As aresult of the determination at the step S42, if'it
is determined that the current timing is the timing which is set
at the step S41 (namely, the timing at which the blood pres-
sure measuring unit 11 measures the blood pressure BPm(n))
(step S42: Yes), the operations at the step S12 and the step S13
are repeated. Namely, the blood pressure measuring unit 11
measures the blood pressure BPm(n) of the living body (step
$12). In addition, the reference blood pressure storing unit
131 stores the blood pressure BPm(n) which is measured by
the blood pressure measuring unit 11 as the reference blood
pressure BP(s) (step S13).

[0208] On the other hand, as a result of the determination at
the step S42, if it is determined that the current timing is not
the timing which is set at the step S41 (namely, the timing at
which the blood pressure measuring unit 11 measures the
blood pressure BPm(n)) (step S42: No), the operations at the
step S12 and the step S13 do not need to be performed.
Namely, the blood pressure measuring unit 11 does not need
to measure the blood pressure BPm(n) of the living body until
the timing which is set at the step S41 (namely, the timing at
which the blood pressure measuring unit 11 measures the
blood pressure BPm(n)) comes again. In addition, the refer-
ence blood pressure storing unit 131 does not need to store the
blood pressure BPm(n) which is measured by the blood pres-
sure measuring unit 11 as the reference blood pressure BP(s)
until the timing which is set at the step S41 (namely, the
timing at which the blood pressure measuring unit 11 mea-
sures the blood pressure BPm(n)) comes again.

[0209] As described above, the blood pressure estimation
apparatus 4 in the fourth example is capable of appropriately
enjoying various effects which the blood pressure estimation
apparatus 1 in the first example is capable of enjoying.
[0210] Inaddition, the blood pressure estimation apparatus
4in the fourth example is capable of automatically measuring
the blood pressure BPm(n) at a desired timing by the opera-
tion of the timer unit 436. Thus, the blood pressure estimation
apparatus 4 in the fourth example is capable of automatically
measuring the blood pressure BPm(n) even when the operator
does not match the timing (alternatively, the operator does not
perform the manual operation).

[0211] Incidentally, the timer unit 436 may change the set
timing depending on whether or not the blood pressure BPm
(n) which 1s measured by the blood pressure measuring unit
11 satisfies the predetermined condition. For example, the
timer unit 436 may set a relatively short period as the timing
at which the blood pressure measuring unit 11 measures the
blood pressure BPm(n), if the blood pressure BPm(n) which
is measured by the blood pressure measuring unit 11 satisfies
the predetermined condition (for example, is the value which
needs to be monitored continuously). As a result, the blood
pressure measuring unit 11 measures the blood pressure BPm
(n) at a relatively high frequency, if the blood pressure BPm
(n) which is measured by the blood pressure measuring unit
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11 satisfies the predetermined condition. On the other hand,
the timer unit 436 may set a relatively long period as the
timing at which the blood pressure measuring unit 11 mea-
sures the blood pressure BPm(n), if the blood pressure BPm
(n) which is measured by the blood pressure measuring unit
11 does not satisfy the predetermined condition (for example,
is not the value which needs to be monitored continuously).
As a result, the blood pressure measuring unit 11 measures
the blood pressure BPm(n) at arelatively low frequency, if the
blood pressure BPm(n) which is measured by the blood pres-
sure measuring unit 11 does not satisfy the predetermined
condition. Thus, the blood pressure measuring unit 11 is
capable of measuring the blood pressure BPm(n) at an appro-
priate frequency which depends on whether or not the blood
pressure BPm(n) is the value which needs to be monitored
continuously.

[0212] Incidentally, one part of the components which are
explained in the first example to the fourth example can be
combined as occasion demand. Even in this case, the blood
flow volume detection apparatus, which is obtained by com-
bining one part of the components which are explained in the
first example to the fourth example, is capable of enjoying the
above described various effects.

[0213] The present invention can be changed without
departing from the essence or spirit of the invention which can
be read from the claims and the entire specification. A blood
pressure estimation apparatus and method, which involve
such changes, is also intended to be within the technical scope
of the present invention.

DESCRIPTION OF REFERENCE SIGNS

[0214] 1.2, 3, 4 blood pressure estimation apparatus
[0215] 11 blood pressure measuring unit

[0216] 12 blood flow measuring unit

[0217] 121 laser element

[0218] 122 light receiving element

[0219] 123 amplifier

[0220] 124 A/D converter

[0221] 125 processor

[0222] 13,23, 33, 43 controller

[0223] 131 reference blood pressure storing unit
[0224] 132 blood flow volume storing unit
[0225] 133 blood pressure estimating unit
[0226] 134 outputting unit

[0227] 231 blood pressure storing unit

[0228] 335 measurement instructing unit

[0229] 436 timer unit

1. A blood pressure estimation apparatus comprising:

ablood pressure measuring device which measures a blood
pressure of a living body every first period,

a blood flow measuring device which measures a blood
flow volume of the living body every second period
which is shorter than the first periods; and

a blood pressure estimating device which estimates the
blood pressure every third period which is shorter than
the first periods, on the basis of the blood pressure which
is measured by the blood pressure measuring device and
the blood flow volume which is measured by the blood
flow measuring device, wherein

the blood pressure estimating device estimates the blood
pressure at a desired time point on the basis of the blood
pressure at a reference time point which is measured by
the blood pressure measuring device and a ratio or a
change rate of the blood flow volume at the desired time
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point which is measured by the blood flow measuring
device to the blood flow volume at the reference time
point which is measured by the blood flow measuring
device,

the ratio or the change rate is weighted depending on a

predetermined reflecting coefficient.

2-3. (canceled)

4. The blood pressure estimation apparatus according to
claim 1 further comprising: a storing device which stores the
blood pressure which is estimated by the blood pressure esti-
mating device within a predetermined estimating time span,
wherein

the blood pressure estimating device estimates the blood

pressure within the estimating time span, and then col-
lectively corrects the blood pressure within the estimat-
ing time span ex-post facto by collectively weighing the
blood pressure which is stored in the storing device and
which is estimated within the estimating time span on
the basis of the reflecting coefficient.

5. The blood pressure estimation apparatus according to
claim 4, wherein

the blood pressure estimating device corrects the reflecting

coefficient such that a difference between the blood
pressure at the reference time point which is measured
by the blood pressure measuring device and the blood
pressure at the reference time point which is estimated
by the blood pressure estimating device decreases.

6. The blood pressure estimation apparatus according to
claim 5 further comprising: a storing device which stores the
reflecting coefficient which is corrected by the blood pressure
estimating device, wherein

the blood pressure estimating device estimates the blood

pressure at the desired time point on the basis ofthe ratio
or the change rate which is weighted depending on the
reflecting coeflicient which is stored in the storing
device.

7. The blood pressure estimation apparatus according to
claim 1 further comprising: a storing device which stores the
blood pressure which is estimated by the blood pressure esti-
mating device within a predetermined estimating time span,
wherein

the blood pressure estimating device estimates the blood

pressure within the estimating time span, and then col-
lectively corrects the blood pressure within the estimat-
ing time span ex-post facto by collectively performing a
predetermined filtering process on the blood pressure
which is stored in the storing device and which is esti-
mated within the estimating time span.

8. The blood pressure estimation apparatus according to
claim 1, wherein

the blood pressure estimating device estimates the blood

pressure at a desired time point on the basis of the blood
pressure at a reference time point which is measured by
the blood pressure measuring device and a ratio or a
change rate of the blood flow volume at a time point prior
to the desired time point by a predetermined time which
is measured by the blood flow measuring device to the
blood flow volume at a time point prior to the reference
time point by a predetermined time which is measured
by the blood flow measuring device.

9. The blood pressure estimation apparatus according to
claim 1, wherein

the blood pressure estimating device estimates the blood

pressure at a desired time point on the basis of the blood
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pressure at a reference time point which is measured by
the blood pressure measuring device and a ratio or a
change rate of an average value of the blood flow volume
within a predetermined time span defined by using the
desired time point as a base which is measured by the
blood flow measuring device to an average value of the
blood flow volume within a predetermined time span
defined by using the reference time point as a base which
is measured by the blood flow measuring device.

10. The blood pressure estimation apparatus according to
claim 1, wherein

the blood pressure estimating device (i) estimates the blood

pressure if the blood pressure which is measured by the
blood pressure measuring device satisfies a predeter-
mined condition, and (ii) does not estimate the blood
pressure if the blood pressure which is measured by the
blood pressure measuring device does not satisfy the
predetermined condition.

11. The blood pressure estimation apparatus according to
claim 1, wherein

the blood flow measuring device (i) measures the blood

flow volume if the blood pressure which is measured by
the blood pressure measuring device satisfies a prede-
termined condition, and (ii) does not measure the blood
flow volume if the blood pressure which is measured by
the blood pressure measuring device does not satisfy the
predetermined condition.

12. The blood pressure estimation apparatus according to
claim 1 further comprising: a timer device which sets a timing
at which the blood pressure measuring device measures the
blood pressure, wherein

the blood pressure measuring device automatically mea-

sures the blood pressure in the first periods by measuring
blood pressure at the timing which is set by the timer
device.

13. The blood pressure estimation apparatus according to
claim 12, wherein

the timer device sets the timing such that (i) a frequency of

the timing at which the blood pressure is measured when
the blood pressure which is measured by the blood pres-
sure measuring device satisfies a predetermined condi-
tion is higher than (ii) a frequency of the timing at which
the blood pressure is measured when the blood pressure
which is measured by the blood pressure measuring
device does not satisfy the predetermined condition.

14. A blood pressure estimation method comprising:

a blood pressure measuring process which measures a
blood pressure of a living body every first period,

a blood flow measuring process which measures a blood
flow volume of the living body every second period
which is shorter than the first period; and

a blood pressure estimating process which estimates the
blood pressure every third period which is shorter than
the first period, on the basis of the blood pressure which
is measured by the blood pressure measuring process
and the blood flow volume which is measured by the
blood flow measuring process, wherein

the blood pressure estimating process estimates the blood
pressure at a desired time point on the basis of the blood
pressure at a reference time point which is measured by
the blood pressure measuring process and a ratio or a
change rate of the blood flow volume at the desired time
point which is measured by the blood flow measuring
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process to the blood flow volume at the reference time
point which is measured by the blood flow measuring
process,

the ratio or the change rate is weighted depending on a
predetermined reflecting coefficient.

® 0% % % %
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HE(F) Ablood pressure estimation apparatus (1) is provided with: a

MRS (1) BF  mMENERE (1), ESB—MEEN blood pressure measuring device (11) which measures a

BEWANIE (BPm) . MANERE (12 ) , HERETH—w o L
B =R BN BE AR R R ( BF ) FIMESTTRE (13 ) blood pressure (BPo) of  Lvng body every first period; a

HETESnENENENNER B - senss=mmg 000 fow measuring device (12) which measures a blood

WIE ( BPc ) #EA AN EEEN BN NS, flow volume (BF) of the living body every second period
which is shorter than the first period; and a blood pressure
estimating device (13) which estimates the blood pressure
(BPc) every third period which s shorter than the first period,
on the basis of the blood pressure which is measured by the
blood pressure measuring device and the blood flow volume
which is measured by the blood flow measuring device.
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