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57 ABSTRACT

It is possible to improve a measurement accuracy of a liquid
flow volume, thereby improving reproducibility of a mea-
sured value. Provided is a flow volume measuring device
including a light source which emits light to a measuring-
target region; a light receiving element which receives light
scattered at the measuring-target region from the light emit-
ted from the light source; a contact member having trans-
lucency with respect to a wavelength of the emitted light and
a wavelength of the scattered light, the contact member
including a surface which faces the measuring-target region
and with which the measuring-target region is contactable
over the entire surface; and a flow volume measuring unit
which measures a flow volume of liquid flowing through the
measuring-target region based upon the scattered light.
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FIG. 1A

FIG.1B
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FIG.2A
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FIG.6A
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FIG.10A
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FLOW VOLUME MEASURING DEVICE,
FLOW VOLUME MEASURING METHOD,
PRESSURE MEASURING DEVICE, AND
PRESSURE MEASURING METHOD

TECHNICAL FIELD

[0001] The present disclosure relates to a flow volume
measuring device, a flow volume measuring method, a
pressure measuring device, and a pressure measuring
method.

RELATED ART

[0002] In the related art, there is known a biosensor in
which light emitted from a light emitting part is emitted
toward an external biological tissue, and scattered light from
the biological tissue is received at a light receiving part,
thereby measuring a value concerning a liquid substance
existing in the biological tissue (refer to Japanese Patent No.
4061409). The biosensor is, for example, a blood flow
volume measuring device.

[0003] In the blood flow volume measuring device, a
measurement value of a blood flow volume is affected by
pressure (contact pressure) to be applied to an object mea-
suring unit. In addition, there is known a blood flow volume
measuring device which measures a blood flow volume of a
measuring-target region when contact pressure against the
measuring measuring-target region of a subject is detected,
and the contact pressure against the measuring measuring-
target region becomes a preset contact pressure (refer to WO
2015/199159 A).

[0004] A blood flow volume measuring device in the
related art takes into consideration of contact pressure
against the blood flow volume measuring device, but does
not take into consideration of a contact place and a contact
area of the blood flow volume measuring device. Therefore,
a measured value of a blood flow volume may fluctuate
depending on the contact place and the contact area, thereby
resulting in deterioration of measurement accuracy.

[0005] The present disclosure has been made in consider-
ation of the above-mentioned circumstances, and provides a
flow volume measuring device, a flow volume measuring
method, a pressure measuring device, and a pressure mea-
suring method capable of improving a measurement accu-
racy of a liquid flow volume, thereby improving the repro-
ducibility of a measured value.

SUMMARY OF THE INVENTION

[0006] A flow volume measuring device according to the
present disclosure includes a light source which emits light
to a measuring-target region; a light receiving element
which receives light scattered at the measuring-target region
from the light emitted from the light source; a contact
member having translucency with respect to a wavelength of
the emitted light and a wavelength of the scattered light, the
contact member including a surface which faces the mea-
suring-target region and with which the measuring-target
region is contactable over the entire surface; and a flow
volume measuring unit which measures a flow volume of
liquid flowing through the measuring-target region based
upon the scattered light.

[0007] A flow volume measuring device according to the
present disclosure includes a light source which emits light
to a measuring-target region; a light receiving element
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which receives light scattered at the measuring-target region
from the light emitted from the light source; a translucent
member having translucency with respect to a wavelength of
the emitted light and a wavelength of the scattered light; a
pressure sensor embedded in the translucent member, and
including a surface which faces the measuring-target region
and with which the measuring-target region is contactable
over the entire surface, the pressure sensor detecting contact
pressure caused by contact with the measuring-target region;
and a flow volume measuring unit which measures a flow
volume of liquid flowing through the measuring-target
region based upon the scattered light.

[0008] A pressure measuring device according to the pres-
ent disclosure includes a light source which emits light to a
measuring-target region; a light receiving element which
receives light scattered at the measuring-target region from
the light emitted from the light source; a contact member
having translucency with respect to a wavelength of the
emitted light and a wavelength of the scattered light, and
including a surface which faces the measuring-target region
and with which the measuring-target region is contactable
over the entire surface; a flow volume measuring unit which
measures a flow volume of liquid flowing through the
measuring-target region based upon the scattered light; and
a pressure measuring unit which measures pressure of the
liquid flowing through the measuring-target region based
upon pulse wave amplitude of the flow volume of the
measuring-target region.

[0009] A flow volume measuring method according to the
present disclosure is a flow volume measuring method in a
flow volume measuring device, the method including: emit-
ting light to a measuring-target region; receiving light scat-
tered at the measuring-target region from the emitted light;
and measuring a flow volume of liquid flowing through the
measuring-target region based upon the scattered light. A
contact member may have translucency with respect to a
wavelength of the emitted light and a wavelength of the
scattered light, and may include a surface which faces the
measuring-target region and with which the measuring-
target region is contactable over the entire surface.

[0010] A pressure measuring method of the present dis-
closure is a pressure measuring method in a pressure mea-
suring device, the method including: emitting light to a
measuring-target region; receiving light scattered at the
measuring-target region from the emitted light; measuring a
flow volume of liquid flowing through the measuring-target
region based upon the scattered light; and measuring pres-
sure of the liquid flowing through the measuring-target
region based upon pulse wave amplitude of the flow volume
of the measuring-target region. A contact member may have
translucency with respect to a wavelength of the emitted
light and a wavelength of the scattered light, and may
include a surface which faces the measuring-target region
and with which the measuring-target region is contactable
over the entire surface.

Advantageous Effects of Invention

[0011] According to the present disclosure, it is possible to
improve the measurement accuracy of a liquid flow volume,
thereby improving the reproducibility of a measured value.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIGS. 1A and 1B are schematic diagrams illustrat-
ing a first configuration example of a blood flow volume
measuring device including a blood flow volume sensor and
electronic equipment.

[0013] FIGS. 2A and 2B are schematic diagrams illustrat-
ing a second configuration example of a blood flow volume
measuring device including a blood flow volume sensor and
electronic equipment.

[0014] FIG. 3 is a cross-sectional view illustrating a first
configuration example of a blood flow volume sensor
according to a first embodiment.

[0015] FIG. 4 is a cross-sectional view illustrating a sec-
ond configuration example of a blood flow volume sensor
according to a second embodiment.

[0016] FIG. 5 is a cross-sectional view illustrating a con-
figuration example of a blood flow volume measuring sys-
tem that applies a load by a second load applying method.
[0017] FIGS. 6A and 6B are cross-sectional views illus-
trating a configuration example of a blood flow volume
measuring system that applies a load by a third load applying
method.

[0018] FIG. 7 is a block diagram illustrating an electrical
configuration example of the blood flow volume measuring
device.

[0019] FIG. 8 is a schematic diagram illustrating an
example of a change in a blood flow volume depending on
contact pressure.

[0020] FIG. 9A is a schematic diagram illustrating a
distribution example of contact pressure at a fingertip por-
tion, and FIG. 9B is a schematic diagram illustrating a
distribution example of Von Mises stress at the fingertip
portion.

[0021] FIGS. 10A and 10B are schematic diagrams illus-
trating one example of a state of equal load distribution in a
doubly supported beam.

[0022] FIG. 11 is a schematic diagram illustrating one
example of a state of wedge load distribution in the doubly
supported beam.

[0023] FIG. 12A is a schematic diagram illustrating one
example of a parameter used for a first simulation, FIG. 12B
is a graph illustrating one example of a relationship between
a deflection amount at a beam center part and a contact
length, and FIG. 12C is a graph illustrating one example of
an influence of a change (an inclination) of the contact
length.

[0024] FIG. 13 is a graph illustrating one example of a
relationship between a deflection amount at a center part of
an acrylic beam and a contact length.

[0025] FIG. 14 is a schematic diagram illustrating one
example of a first parameter used for a second simulation.
[0026] FIG. 15A is a schematic diagram illustrating one
example of equal load distribution, FIG. 15B is a schematic
diagram illustrating one example of first wedge load distri-
bution, and FIG. 15C is a schematic diagram illustrating one
example of second wedge load distribution.

[0027] FIG. 16A is a graph illustrating one example of a
relationship between a distance from a beam center part and
a deflection amount of a doubly supported beam in equal
load distribution, and FIG. 16B is a graph illustrating one
example of a relationship between the distance from the
beam center part and an inclination of the doubly supported
beam in the equal load distribution.
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[0028] FIG. 17A is a graph illustrating one example of a
relationship between a distance from a beam center part and
a deflection amount of a doubly supported beam in first
wedge load distribution, and FIG. 17B is a graph illustrating
one example of a relationship between the distance from the
beam center part and an inclination of the doubly supported
beam in the first wedge load distribution.

[0029] FIG. 18A is a graph illustrating one example of a
relationship between a distance from a beam center part and
a deflection amount of a doubly supported beam in second
wedge load distribution, and FIG. 18B is a graph illustrating
one example of a relationship between the distance from the
beam center part and an inclination of the doubly supported
beam in the second wedge load distribution.

[0030] FIG. 19 is a schematic diagram illustrating a
deflection amount and an inclination of a doubly supported
beam at a beam center part and a maximum displacement
portion in each load pattern.

[0031] FIG. 20A is a graph illustrating a temporal change
example of a blood flow volume of the tail of a rat measured
by a blood flow volume measuring device not provided with
a protrusion, and FIG. 20B is a graph illustrating a temporal
change example of a blood flow volume of the tail of a rat
measured by a blood flow volume measuring device pro-
vided with a protrusion.

[0032] FIG. 21A is a graph illustrating a temporal change
example of a blood flow volume of the tail of a healthy rat
(a rat before dehydration), and FIG. 21B is a graph illus-
trating a temporal change example of a blood flow volume
of the tail of a rat in a dehydrated state.

[0033] FIG. 22 is a cross-sectional view illustrating a
configuration example of a blood flow volume sensor
according to a modified example.

[0034] FIG. 23 is a cross-sectional view illustrating a
configuration example of the blood flow volume sensor
according to the second embodiment.

[0035] FIG. 24 is a cross-sectional view illustrating a
configuration example of a blood flow volume sensor
according to a third embodiment.

[0036] FIG. 25A is a cross-sectional side view illustrating
a configuration example of a flow volume sensor according
to a fourth embodiment, and FIG. 25B is a cross-sectional
front view illustrating the configuration example of the flow
volume sensor according to the fourth embodiment.

[0037] FIG. 26 is a cross-sectional view illustrating a
configuration example of a blood flow volume sensor
according to a fifth embodiment.

[0038] FIG. 27A is a plan view illustrating a first configu-
ration example of a blood flow volume sensor according to
a sixth embodiment, and FIG. 27B is a cross-sectional view
taken along the line A-A' of FIG. 27A.

[0039] FIG. 28A is a plan view illustrating a second
configuration example of the blood flow volume sensor
according to the sixth embodiment, and FIG. 28B is a
cross-sectional view taken along the line B-B' of FIG. 28A.
[0040] FIG. 29A is a schematic diagram illustrating one
example of equal load distribution in a beam 65, and FIG.
29B is a schematic diagram illustrating one example of a
parameter used for a third simulation.

[0041] FIG. 30A is a graph illustrating one example of a
relationship between a distance from a beam center part and
a deflection amount of a beam in equal load distribution, and
FIG. 30B is a graph illustrating one example of a relation-
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ship between the distance from the beam center part and an
inclination of the beam in the equal load distribution.
[0042] FIG. 31Ais a plan view illustrating a configuration
example of a blood flow volume sensor according to a
seventh embodiment, and FIG. 31B is a cross-sectional view
taken along the line C-C' of FIG. 31A.

[0043] FIGS. 32A and 32B are schematic diagrams illus-
trating reproducibility of a blood flow volume measurement
depending on presence of a protrusion.

[0044] FIG. 33 is a graph illustrating a temporal change
example of a blood flow volume in a finger of a subject when
contact pressure against a protrusion of a blood flow volume
sensor is gradually lowered before exercise (that is, calm
state).

[0045] FIG. 34 is a graph illustrating a temporal change
example of a blood flow volume in the finger of the subject
when contact pressure against the protrusion of the blood
flow volume sensor is gradually lowered during exercise.
[0046] FIG. 35 is a graph illustrating a temporal change
example of a blood flow volume in the finger of the subject
when contact pressure against the protrusion of the blood
flow volume sensor is gradually lowered after exercise.
[0047] FIG. 36A is a graph illustrating respective
examples of changes in average blood pressure of three
subjects before exercise, during exercise, and after exercise,
FIG. 36B is a graph illustrating respective examples of
changes in heart rates of the three subjects before exercise,
during exercise, and after exercise, FIG. 36C is a graph
illustrating respective examples of changes in a blood flow
volume per one heartbeat of the three subjects before
exercise, during exercise, and after exercise, and FIG. 36D
is a graph illustrating respective examples of changes in total
stroke volume of the three subjects before exercise, during
exercise, and after exercise.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0048] Hereinafter, embodiments of the present disclosure
will be described with reference to the drawings.

First Embodiment

[0049] FIGS. 1A and 1B are perspective views illustrating
a first configuration example of a blood flow volume mea-
suring device 100 according to a first embodiment. The
blood flow volume measuring device 100 includes a blood
flow volume sensor 200 and electronic equipment 300. The
electronic equipment 300 includes, for example, a mobile
terminal device, a smart phone, a mobile phone, a tablet
terminal, and other electronic equipment.

[0050] The blood flow volume sensor 200 comes into
contact with a measuring-target region (for example, a finger
FG of a person), emits light from a light source to the
measuring-target region, and receives light scattered at the
measuring-target region. The electronic equipment 300
acquires information on a light receiving amount obtained
by the blood flow volume sensor 200, and measures a flow
volume of liquid (for example, blood) flowing through the
measuring-target region based upon the information on the
light receiving amount.

[0051] In the blood flow volume measuring device 100
illustrated in FIGS. 1A and 1z, the blood flow volume sensor
200 and the electronic equipment 300 are separately pro-
vided. The blood flow volume sensor 200 and the electronic
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equipment 300 are connected to each other through a wire or
wirelessly, and information on the light receiving amount
measured by the blood flow volume sensor 200 is transmit-
ted to the electronic equipment 300. In FIGS. 1A and 1B, the
blood flow volume sensor 200 and the electronic equipment
300 are connected to each other by a micro USB (Universal
Serial Bus) 250. In FIG. 1B, a finger FG is in contact with
a protrusion 60 provided on the blood flow volume sensor
200 for measuring a blood flow volume.

[0052] FIGS. 2A and 2B are perspective views illustrating
a second configuration example of the blood flow volume
measuring device 100. The blood flow volume measuring
device 100 includes the blood flow volume sensor 200 and
the electronic equipment 300. In FIGS. 2A and 2B, the blood
flow volume sensor 200 is built in the electronic equipment
300. In this way, the blood flow volume sensor 200 and the
electronic equipment 300 are integrally formed. In FIG. 2B,
the finger FG is in contact with the protrusion 60 provided
on the blood flow volume sensor 200 for measuring a blood
flow volume.

[0053] FIG. 3 is a cross-sectional view illustrating a con-
figuration example of the blood flow volume sensor 200
according to the first embodiment. The blood flow volume
sensor 200 is provided with a base 10, a VCSEL 20, a first
photodiode 30 and a second photodiode 40, an acrylic plate
50, and the protrusion 60.

[0054] The base 10 is formed to include silicon and
ceramics, and accommodates each member (for example,
the VCSEL 20, the first photodiode 30, and the second
photodiode 40) of the blood flow volume sensor 200 there-
inside. Further, the protrusion 60 is not accommodated
inside the base 10. In the base 10, an upper part of the base
10 is covered with the acrylic plate 50. An upper end part of
the base 10 fixes both end parts of the acrylic plate 50.
Accordingly, an accommodation space 10a is formed inside
of the base 10.

[0055] The VCSEL (Vertical Cavity Surface Emitting
Laser) 20 emits light. At least part of light [.1 emitted from
the VCSEL 20 is directed toward the finger FG through the
acrylic plate 50 and the protrusion 60. A wavelength of the
emitted light [L1 is, for example, a wavelength of near
infrared light, and the wavelength thereof is, for example,
850 nm to 1300 nm. The emitted light [.1 is reflected and
scattered (hereinafter collectively and simply referred to as
“scattering”) by the finger FG, and becomes scattered light
L2. The VCSEL 20 is one example of a light source
[0056] Further, part of the emitted light L1 is reflected by
a mirror 52 and becomes reflected light [.3. The mirror 52 is
adhered to a first surface Al of the acrylic plate 50 facing the
VCSEL 20.

[0057] The emitted light L1 is propagated in an approxi-
mately hemispherical shape while repeatedly being scattered
or reflected by a blood cell or tissue in a capillary vessel in
the measuring-target region (for example, the finger FG) in
a biological tissue of a user. The scattered light [.2 which is
reflected or scattered by the finger FG from the emitted light
L1 is received in the first photo diode 30.

[0058] The first photodiode 30 is a photodiode for a blood
flow volume sensor (for measuring a blood flow volume).
The first photodiode 30 receives the scattered light 1.2 from
the finger FG. The first photodiode 30 photoelectrically
converts the scattered light [.2 to generate a light detection
signal corresponding to the intensity of the scattered light
L2. The light detection signal may be amplified by an
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amplifier (not illustrated). The first photodiode 30 is one
example of a light receiving element.

[0059] The second photodiode 40 is a photodiode for
detecting displacement. The second photodiode 40 receives
the reflected light 1.3. The second photodiode 40 photoelec-
trically converts the reflected light [.3 to generate a light
detection signal corresponding to the intensity of the
reflected light L.3. The light detection signal may be ampli-
fied by an amplifier (not illustrated). The second photodiode
40 is one example of a pressure sensor.

[0060] Further, as described later, a deflection amount and
an inclination of the acrylic plate 50, contact pressure and
load distribution with respect to the protrusion 60 are
derived based upon a detected value (the intensity of
reflected light [.3) by the second photodiode 40. The deflec-
tion amount of the acrylic plate 50 corresponds to a deflec-
tion amount y which will be described later. The inclination
of the acrylic plate 50 corresponds to a change rate (dy/dx)
and an inclination 6 which will be described later.

[0061] The acrylic plate 50 has translucency with respect
to the wavelengths of the emitted light [.1 and the scattered
light [.2. That is, the acrylic plate 50 is disposed between the
VCSEL 20 and the finger FG, and between the first photo-
diode 30 and the finger FG, thereby allowing the emitted
light .1 and the scattered light L2 to pass through the acrylic
plate 50. Additionally, in FIG. 3, in the acrylic plate 50, both
ends of the acrylic plate 50 are fixed to the upper end of the
base 10. Therefore, the acrylic plate 50 is formed as a doubly
supported beam (a beam fixed at both ends). The acrylic
plate 50 is one example of a translucent member.

[0062] The protrusion 60 is disposed on a second surface
A2 of the acrylic plate 50 facing the finger FG. The
protrusion 60 is disposed, for example, at a center part of the
acrylic plate 50. The protrusion 60 has translucency with
respect to the wavelengths of the emitted light 1.1 and the
scattered light [.2. That is, the protrusion 60 is disposed
between the VCSEL 20 and the finger FG, and between the
first photodiode 30 and the finger FG, thereby allowing the
emitted light [.1 and the scattered light 1.2 to pass through
the protrusion 60.

[0063] The protrusion 60 is formed, for example, by an
acrylic material. In this case, the material thereof is the same
as the acrylic plate 50, such that a refractive index difference
at a boundary between the acrylic plate 50 and the protrusion
60 becomes small, and thus the light permeability becomes
high. Further, the protrusion 60 may be formed of a member
having translucency other than the acrylic material.

[0064] Further, a first surface Ax1 contacting with the
acrylic plate 50 of the protrusion 60 is smaller than a second
surface Ax2 of the acrylic plate 50 (an area is small). Further,
the finger FG can contact with a whole surface of the second
surface Ax2 contacting with the finger FG of the protrusion
60. That is, the second surface Ax2 of the protrusion 60 is
smaller than the finger FG contacting with the protrusion 60.
Therefore, when the protrusion 60 is pressed by the finger
FG, the finger FG contacts with the whole surface of the
second surface Ax2 of the protrusion 60, such that the
contact pressure per a unit area of the protrusion 60 easily
becomes constant. The protrusion 60 is one example of a
contact member.

[0065] FIG. 4 is a cross-sectional view illustrating a sec-
ond configuration example of the blood flow volume sensor
200. In FIG. 4, the blood flow volume sensor 200 is provided
with the base 10, the VCSEL 20, the first photodiode 30, and
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a strain gauge 42, the acrylic plate 50, and the protrusion 60.
That is, in FIG. 4, in comparison with FIG. 3, the blood flow
volume measuring device 100 is not provided with the
second photodiode 40 and the mirror 52 but is provided with
the strain gauge 42.

[0066] In FIG. 4, with respect to the same components as
those of FIG. 3, the same reference sings are denoted
thereto, and descriptions thereof will be omitted or will be
simply described.

[0067] The strain gauge 42 is, for example, attached on the
acrylic plate 50, thereby being mounted on the first surface
Al. Further, a plurality of (for example, two strain gages) the
strain gauges 42 are provided. The strain gauge 42 includes,
for example, a metal foil disposed in a zigzag shape on an
insulator, and electrical resistance thereof is changed by
deformation. Additionally, as described later, the deflection
amount of the acrylic plate 50 and the inclination thereof,
and the contact pressure against the protrusion 60 and the
load distribution thereto are derived based upon a measured
value (a change in the electrical resistance) by the strain
gauge 42.

[0068] Next, a load applying method with respect to the
protrusion 60 will be described. For example, as the load
applying method, the following first to third load applying
methods will be considered.

[0069] As illustrated in FIGS. 3 and 4, the first load
applying method is a method in which the finger FG is
moved to contact with the protrusion 60, and the load is
applied thereto.

[0070] The second load applying method is a method in
which the finger FG is fixed and the blood flow volume
sensor 200 including the protrusion 60 is moved, after which
the finger FG and the protrusion 60 are brought into contact
with each other and the load is applied thereto.

[0071] FIG. 5 is a cross-sectional view illustrating a con-
figuration example of a blood flow volume measuring sys-
tem 1000 that applies the load by the second load applying
method. In FIG. 5, applying the load is performed by using
a guide rail 70 and a weight 74. In FIG. 5, with respect to
the same components as those of FIGS. 3 and 4, the same
reference sings are denoted thereto, and descriptions thereof
will be omitted or will be simply described.

[0072] The blood flow volume measuring system 1000
includes the blood flow volume sensor 200 including the
protrusion 60, the electronic equipment 300 (not illustrated),
the guide rail 70, a base 72, and the weight 74. The
configuration of the blood flow volume sensor 200 may be
the same as those of FIGS. 3 and 4. In the second load
applying method, the blood flow volume sensor 200 is
installed in a direction opposite to a vertical direction of the
first load applying method. In the blood flow volume sensor
200, the protrusion 60 is disposed at an end part in a
vertically downward direction.

[0073] The guide rail 70 is, for example, formed in an
L-shape and the base 72 is connected to a preset connection
range. The base 72 is slidable in an up-and-down direction
along a vertical direction of the guide rail 70. The weight 74
is placed on an upper surface of the base 72. An arbitrary
load is applied downward in the vertical direction by the
weight 74. The blood flow volume sensor 200 is fixed to a
lower surface of the base 72.

[0074] The finger FG is fixedly positioned to face the
protrusion 60 under the blood flow sensor 200. That is, in the
first load applying method, the finger FG is moved to allow
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the finger FG to contact with the protrusion 60. However, in
the second load applying method, the finger FG is fixed, and
the base 72 is moved to allow the protrusion 60 to contact
with the finger FG.

[0075] According to the second load applying measuring
method, even when the load is applied by using the guide rail
70 and the weight 74, the blood flow volume measuring
system 1000 can appropriately apply the load to the protru-
sion 60 by the finger FG. Further, since the finger FG is
fixed, it is possible to prevent an error of applying the load
caused by the movement of the finger FG, and to prevent a
variation in the measured value, thereby improving repro-
ducibility of a measurement result.

[0076] The third load applying measuring method is a
method in which the finger FG is sandwiched and held by
clips, and the finger FG and the protrusion 60 are brought
into contact with each other, thereby applying the load
thereto.

[0077] FIGS. 6A and 6B are cross-sectional views illus-
trating a configuration example of the blood flow volume
measuring system 1000 that applies the load by the third
load applying method. The blood flow volume measuring
system 1000 includes the blood flow volume sensor 200
including the protrusion 60, the electronic equipment 300
(not illustrated), a clip 82, a leaf spring 84, and a screw 86.
The configuration of the blood flow volume sensor 200 may
be the same as those of FIGS. 3 and 4.

[0078] The clip 82 includes a clip upper part 82a and a clip
lower part 826. The blood flow volume sensor 200 is
mounted on the clip lower part 825 at a preset position, and
the protrusion 60 protrudes to a space (a measurement
space) sandwiched between the clip upper part 82a and the
clip lower part 825. When measuring the blood flow volume,
the finger FG is inserted into the measurement space. The
clip 82 holds the finger FG in a state where the finger FG is
in contact with the protrusion 60.

[0079] The leaf spring 84 urges the clip upper part 82a and
the clip lower part 825 in a direction separating from each
other. An urging force of the leaf spring 84 is adjusted by a
screwed state of the screw 86. The screw 86 screws the leaf
spring 84 into the clip 82. A distance between the clip upper
part 82a and the clip lower part 824 is varied by the leaf
spring 84 by turning the screw 86, whereby the load applied
on the protrusion 60 by the finger FG is varied.

[0080] Further, for convenience herein, the clip upper part
82a and the clip lower part 825 are used, however, the clip
upper part 82a may not be necessarily required to be
disposed on the upper side in the vertical direction and the
clip lower part 82a may not be necessarily required to be
disposed on the lower side in the vertical direction.

[0081] Next, an electrical configuration of the blood flow
volume measuring device 100 will be described.

[0082] FIG. 7 illustrates a block diagram illustrating one
example of the electrical configuration of the blood flow
volume measuring device 100. Here, as illustrated in FIG. 3,
an example in which the second photodiode 40 is provided
is illustrated.

[0083] The blood flow volume sensor 200 is provided with
the VCSEL 20, the first photodiode 30, and the second
photodiode 40. The electronic equipment 300 is provided
with a processor 310, a memory 320, and a display 330.
[0084] In the blood flow volume sensor 200, the VCSEL
20 emits the emitted light [.1 by driving a laser driving
circuit (not illustrated). Driving of the laser driving circuit
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may be performed according to a control signal from the
electronic equipment 300. Further, the VCSEL 20 may
transmit information relating to the emitted light L1 (infor-
mation on an amount of light emission of the emitted light
L1 and a wavelength thereof) to the electronic equipment
300.

[0085] The first photodiode 30 transmits the light detec-
tion signal including information (detection information) on
the light receiving amount of the scattered light [.2 and light
receiving intensity thereof to the electronic equipment 300.
[0086] The second photodiode 40 transmits the light
detection signal including information (detection informa-
tion) on the light receiving amount of the reflected light L3
and light receiving intensity thereof to the electronic equip-
ment 300.

[0087] Further, when the blood flow volume sensor 200 is
provided with the strain gauge 42, a detected value (detec-
tion information) detected by the strain gauge 42 is trans-
mitted to the electronic equipment 300.

[0088] In the electronic equipment 300, the processor 310
acquires (for example, receives) the detection information
from the blood flow volume sensor 200. The processor 310
may transmit the control signal to the blood flow volume
sensor 200.

[0089] The processor 310 includes, for example, an MPU
(Micro Processing Unit), and a CPU (Central Processing
Unit), or a DSP (Digital Signal Processor).

[0090] The processor 310 executes a program held in the
memory 320, thereby performing various kinds of process-
ing. The various kinds of processing include, for example, a
computation relating to blood flow volume measurement,
and warning information display. Details of the various
kinds of processing executed by the processor 310 will be
described later.

[0091] The memory 320 includes, for example, a primary
storage device such as a ROM (Read Only Memory), a
RAM (Random Access Memory), and the like. Further, the
memory 320 may also include a secondary storage device
such as an SD card, and the like. The memory 320 holds
various kinds of data and programs. The memory 320 may
be embedded in the processor 310.

[0092] The display 330 includes, for example, an LCD
(Liquid Crystal Display), thereby displaying various kinds
of data. The display 330 displays an image, a character, a
symbol, a figure, or data of any combination in which two
or more thereof are combined with each other. For example,
the display 330 displays the warning information relating to
the blood flow volume measurement.

[0093] Accordingly, the blood flow volume measuring
device 100 can urge a user so that, for example, the contact
of the finger FG with the protrusion 60 becomes equal load
distribution, that is, the contact pressure per unit area
becomes constant.

[0094] Next, a processing example executed by the pro-
cessor 310 will be described.

[0095] The processor 310 computes the deflection amount
and the inclination of the acrylic plate 50 based upon the
detection information (for example, an intensity change of
the reflected light [.3) from the second photodiode 40. The
inclination of the acrylic plate 50 is indicated by an incli-
nation with respect to a reference direction, for example,
(here, an extending direction dl of the acrylic plate 50 when
no load is applied thereto, and a horizontal direction in
FIGS. 3 and 4). Further, the processor 310 computes the



US 2020/0323438 Al

contact pressure against the protrusion 60 caused by the
finger FG based upon the deflection amount and the incli-
nation of the acrylic plate 50, thereby estimating the load
distribution on the protrusion 60.

[0096] In the same manner, when the blood flow volume
sensor 200 is provided with the strain gauge 42, the proces-
sor 310 computes the deflection amount and the inclination
of the acrylic plate 50 based upon the detection information
of the strain gauge 42. Further, the processor 310 computes
the contact pressure against the protrusion 60 caused by the
finger FG based upon the deflection amount and the incli-
nation of the acrylic plate 50, thereby estimating the load
distribution on the protrusion 60.

[0097] Further, the processor 310 computes the blood flow
volume based upon the detection information by the first
photodiode 30 by using Doppler shift. The computation of
the blood flow volume may be started at an arbitrary timing.
Further, the processor 310 computes (measures) the contact
pressure against the protrusion 60 (that is, the contact
pressure against the acrylic plate 50), and detects that the
contact pressure against the protrusion 60 is a preset contact
pressure (for example, 80 mmHg), after which the compu-
tation of the blood flow volume may be started. Further, the
computation of the blood flow volume may be performed
while sequentially changing the contact pressure against the
protrusion 60. The processor 310 has a function as a flow
volume measuring unit.

[0098] For example, in the scattered light L2 scattered by
a blood cell moving in the capillary of the finger FG, a
frequency shift is generated by the Doppler effect propor-
tional to a moving speed of the blood cell. In the scattered
light 1.2 from a stationary tissue and the scattered light [.2
from the moving blood cell, a frequency difference (shift)
therebetween is distributed in the band of about several
hundreds of Hz to several tens of kHz.

[0099] Therefore, in a power spectrum of a beat signal
(beat signal) generated by interference between the two
scattered lights 1.2, the frequency shifted by the Doppler
effect corresponds to the speed of the blood cell, and power
corresponds to an amount of the blood cell. A blood flow
volume is the sum of products of the speed of each blood cell
and the number of blood cells. Therefore, the processor 310
can compute the blood flow volume by multiplying the
power spectrum of the above-mentioned beat signal by the
frequency and integrating the resultant value.

[0100] The processor 310 performs frequency analysis on
an interference component of the scattered light [.2 (for
example, FFT (Fast Fourier Transform) computation) with
respect to the detection information from the first photo-
diode 30. The processor 310 derives (computes) a spectral
sequence of the beat signal by the frequency analysis, and
multiplies each spectral sequence by the corresponding
frequency and integrates it, thereby deriving (computing)
the blood flow volume of the finger FG. Further, the pro-
cessor 310 may display the information relating to the blood
flow volume as a measurement result through the display
330.

[0101] Next, a change in the blood flow volume caused by
the contact pressure will be considered. FIG. 8 is a schematic
diagram illustrating an example of a change in the blood
flow volume depending on the contact pressure against the
finger FG.

[0102] FIG. 8 illustrates a temporal change of the blood
flow volume (unit: a, u) at each pressure of 0, 20, 40, 60, 80,
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and 100 (unit: mmHg). Referring to FIG. 8, it can be
understood that amplitude (pulse wave amplitude) of a blood
flow volume waveform is relatively small at the contact
pressure of 0, 20, 40, and 60 (mmHg), and the pulse wave
amplitude is relatively large at the contact pressure of 80 and
100 (mmHg). Further, it can be understood that the pulse
wave amplitude becomes large when, particularly, the con-
tact pressure is 80 (mmHg). Additionally, the pulse wave
amplitude is also related to blood pressure measurement.

[0103] In the blood flow volume measurement using the
Doppler shift of the scattered light 1.2 scattered by the finger
FG, the blood flow volume measurement can be stably
performed when the amplitude of the blood flow volume
waveform is large, such that the reproducibility thereof is
high. Therefore, it is desirable that the blood flow volume is
measured in a state where the finger FG maintains a constant
contact pressure (for example, 80 (mmHg)) against the
blood flow volume sensor 200.

[0104] On the other hand, even in the case of 80 (mmHg)
and 60 (mmHg) where the contact pressure does not change
so much, it can be understood that the amplitude of the blood
flow volume waveform is significantly reduced. Accord-
ingly, it means that the measured value of the blood flow
volume significantly changes depending on increasing or
decreasing of a pressing force at the time of sensitive contact
with the blood flow volume sensor 200.

[0105] In the embodiment, the blood flow volume mea-
suring device 100 may measure the blood flow volume when
the contact pressure against the protrusion 60 is a preset
contact pressure (for example, 80 (mmHg)). That is, when
the contact pressure against the protrusion 60 is the preset
contact pressure (for example, 80 (mmHg)), emission of the
emitted light [.1 and reception of the scattered light [.2
relating to the blood flow volume measurement may be
performed. The contact pressure may be derived, for
example, based upon the deflection amount detected by the
second photodiode 40 or the strain gauge 42, or may be
detected by being provided with another pressure sensor.

[0106] Next, the distribution of contact pressure at a finger
FG will be considered.

[0107] FIG. 9A is a schematic diagram illustrating one
example of contact pressure distribution of the finger FG (a
fingertip of a user). FIG. 9B is a schematic diagram illus-
trating one example of Von Mises stress distribution at the
finger FG (the fingertip of the user).

[0108] As illustrated in FIGS. 9A and 9B, it can be
understood that a range in which the contact pressure and the
Von Mises stress are equal to each other is narrow, and the
contact pressure and the Von Mises stress change depending
on a contact portion even in a narrow range as that of the
fingertip. Accordingly, it means that the measured value of
the blood flow volume largely changes depending on a
contact position in the finger FG with respect to the blood
flow volume sensor 200.

[0109] Therefore, in the embodiment, the blood flow vol-
ume measuring device 100 is provided with the protrusion
60 so that a whole surface thereof is easily pressed down by
the finger FG as the measuring-target region. Accordingly, it
is possible to prevent the measured value of the blood flow
volume from being largely changed depending on the con-
tact position of the finger FG.

[0110] Next, the contact pressure of every load distribu-
tion in the doubly supported beam will be considered.
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[0111] First, a case in which the load distribution is equal
load distribution will be described.

[0112] FIGS. 10A and 10B are schematic diagrams illus-
trating one example of the equal load distribution in a doubly
supported beam 65 (simply, referred to as a “beam”). In the
embodiment, each parameter is represented as follows:

[0113]

[0114] “o”: length of the contact portion where the doubly
supported beam 65 and the measuring-target region contact
with each other

[0115] “T”: length of the doubly supported beam 65 in a
longitudinal direction

[0116] “D”: length in a depth direction (a short-hand
direction) of the doubly supported beams 65

“P”: total load to the doubly supported beam 65

[0117] “h”: height of the doubly supported beam 65
[0118] “E”: Young’s modulus of the doubly supported
beam 65

[0119] “T”: secondary moment of a cross section of the

doubly supported beam 65

[0120] A position in the longitudinal direction of the
doubly supported beam 65 (a distance from a base point (a
left end of the doubly supported beam 65 in FIG. 10A)) is
represented by a variable x. A position in the height direction
of the doubly supported beam 65 (a distance from a base
point (an upper end of the doubly supported beam 65 in FI1G.
10A)) is represented by a variable y. The variable y corre-
sponds to the deflection amount of the doubly supported
beam 65.

[0121] For example, the deflection amount (y) of the
doubly supported beam 65 is represented by Equation 1 as
follows:

Equation 1

[—a)? (Equation 1)
_ P +BE -ah?) U o
B 48EIll 24Ela

[0122] Accordingly, for example, the deflection amount
(y(x='2)) at a center part (a beam center part c1) (x=1%) of
the doubly supported beam 65 is represented by Equation 2
as follows:

Equation 2
1y PP =20 +a)) (Equation 2)
J ( = 5] = 384E]

[0123] Accordingly, for example, a change rate (dy/dx) of
the deflection amount (y) at each position in the longitudinal
direction of the doubly supported beam 65 is represented by
Equation 3. The change rate corresponds to a change in the
deflection amount with respect to a minute change in the
position in the longitudinal direction of the doubly supported
beams 65.
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Equation 3

I—a)? (Equation 3)
dy P61 + (3 - oP)x) . P( T~ ]
dx 24l 6Ela

[0124] Accordingly, for example, in the case of the equal
load distribution, a change rate (dy/dx(x="%)) of the deflec-
tion amount (y) at the beam center part cl is represented by
Equation 4 as follows:

Equation 4
dy( 1y 0 (Equation 4)
a(" - z] B

[0125] Next, a case in which the load distribution is wedge

load distribution will be described.

[0126] FIG. 11 is a schematic diagram illustrating one
example of wedge load distribution in the doubly supported
beam 65. In the wedge load distribution illustrated in FIG.
11, the load gradually becomes large along the longitudinal
direction of the doubly supported beam 65.

[0127] For example, the deflection amount (y) of the
doubly supported beam 65 is represented by Equation 5 as
follows:

Equation 5
dy (Equation 5)
==

—2(10P - 5P+ )X + s
P -
(15 =5 = 512 a - 5la® - 302)Ix? P( 5 ]
240E1P 60Ela?

[0128] Accordingly, for example, the deflection amount

(y(x=Y2)) at the beam center part c1 (x=12) is represented by
Equation 6 as follows:

Equation 6
( ! ] PP = 21a* + o) (Equation 6)
We=5|2 ——Fg—

2)" 384E1

[0129] Accordingly, for example, in the case of the wedge
load distribution, the change rate (dy/dx(x=V2)) of the
deflection amount (y) at the beam center part c1 is repre-
sented by Equation 7 as follows:

Equation 7

dy( _ z) _ P{10Pa - 15la” +6a”) (Equation 7)

ax\" 2 960E1

)=
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[0130] Further, the deflection amount (y) at a preset posi-
tion (x=Y2+a/6) on the side opposite to the base end rather
than the beam center part c1 is represented by Equation 8 as
follows:

Equation 8
(Equation 8)

) 15 = 10Pa - i
P93+ ) L0 1 610 — o +5120°%1

233280E1P

[0131] Accordingly, for example, in the case of the wedge
load distribution, the change rate (dy/dx(x=2)) of the
deflection amount (y) at the preset position (x="2+0/6) on
the side opposite to the base end rather than the beam center
part cl is represented by Equation 9 as follows:

Equation 9
dy( | N oz] B (Equation 9)
w\*T27%)7
—S5Pa-5Pa% +
P2T(3L + @) + 640028
3l — o
38880EIP
[0132] Accordingly, as illustrated in Equations 2 and 6,

even in the case of the equal load distribution and the wedge
load distribution, a value of the deflection amount y (x=12),
that is, the deflection amount y of the beam center part c1 is
propositional to the cube of the contact portion length a.
Therefore, when the contact portion length a changes and
thus the contact area changes, the deflection amount of the
doubly supported beam 65 largely changes.

[0133] In the embodiment, the blood flow volume sensor
200 is provided with the protrusion 60, such that the contact
area can be easily kept constant, and the contact portion
length a can be easily kept constant, thereby making it
possible to easily keep the deflection amount of the acrylic
plate 50 constant.

[0134] Next, an influence of changes in the deflection
amount y of the beam center part c1 and the contact length
a will be considered. In this consideration, a first simulation
is performed.

[0135] FIG. 12A is a schematic diagram illustrating one
example of a parameter used for the first simulation. FIG.
12B is a graph illustrating one example of a relationship
between the deflection amount y at the beam center part c1
and the contact length a. FIG. 12C is a graph illustrating one
example of an influence of a change (an inclination) of the
contact length with respect to the doubly supported beam 65.

[0136] According to FIG. 12B, it can be understood that as

the contact length a becomes longer, the deflection amount
y of the beam center part c1 gradually becomes smaller.

[0137] According to FIG. 12C, it can be understood that
when the contact length a is short, a value of dy/da
approaches zero. That is, it understood that the change of the
deflection amount y with respect to a minute change in the
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contact length a approaches zero, and the influence on the
deflection amount y caused by the change in the contact
length a is small.

[0138] Further, when the contact length a is about 20 mm,
the value of dy/da becomes minimum, on the other hand, the
value of dy/do. becomes large as the contact length a
becomes longer than 20 mm. This is because, here, it is set
that the length 1 of the doubly supported beam 65=29.5 mm,
and as the contact length a approaches the length 1, it
becomes difficult to be deflected.

[0139] Accordingly, it can be said that even when a
contact state of the finger FG with the blood flow volume
sensor 200 slightly changes, the change in the deflection
amount y of the doubly supported beam 65 is small. On the
other hand, in a case where the contact length a is large,
when the contact state of the finger FG with the blood flow
volume sensor 200 slightly changes, the change in the
deflection amount y of the doubly supported beam 65 is
large. Therefore, it is desirable that the finger contacts with
the blood flow volume sensor 200 with the contact length a
as small as possible, that is, with the contact area as small as
possible.

[0140] In the embodiment, the blood flow volume sensor
200 is provided with the protrusion 60 so that the contact
area to the acrylic plate 50 formed as the doubly supported
beam 65 becomes as small as possible. The blood flow
volume measuring device 100 measures the blood flow
volume by pressing down the acrylic plate 50 by the finger
FG through the protrusion 60. Accordingly, the user can
keep a small contact area with respect to the acrylic plate 50
through the protrusion 60 constant.

[0141] Further, when the user unintentionally slightly
presses the acrylic plate 50 beyond a contact surface of the
protrusion 60, the contact area to the acrylic plate 50
becomes changed, however, in this case, it is possible to
reduce the influence on the change in the deflection amount
y of the acrylic plate 50. Accordingly, the measurement
result of the blood flow volume measurement is stabilized.

[0142] Next, a relationship between the deflection amount
y of the beam center part c1 and the contact length a when
the doubly supported beam 65 is formed of the acrylic
material will be considered.

[0143] FIG. 13 is a graph illustrating a relationship
between the deflection amount y of the beam center part C1
and the contact length a when the doubly supported beam 65
is formed of the acrylic material. FIG. 13 illustrates a graph
(1 indicating a theoretical value of the deflection amount y
with respect to the contact length a in the case of Young’s
modulus E=2.2 of the doubly supported beam 65. This
theoretical value becomes the maximum value. Further, a
graph G2 indicating a theoretical value of the deflection
amount y with respect to the contact length a in the case of
Young’s modulus E=3.14 of the doubly supported beams 65.
This theoretical value becomes the minimum value.

[0144] Further, FIG. 13 illustrates an average value of
measurement results of the deflection amount y with respect
to the contact length a when the load distribution is the equal
load distribution. Here, the average value of the measure-
ments of twelve times is indicated. According to FIG. 13, it
can be understood that the actual measurement results are
roughly included between the maximum theoretical value
and the minimum theoretical value of the deflection amount
y with respect to the contact length a. Further, the number of
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measurement times of the twelve times is one example, and
the number of other measurement times may be used.
[0145] Next, the deflection amount y of the beam center
part c1 and the inclination (dy/dx) for each load distribution
will be considered. This consideration performs a second
simulation.

[0146] FIG. 14 is a schematic diagram illustrating one
example of a parameter used for the second simulation. In
the second simulation, the deflection amount y and the
inclination zero of the doubly supported beam 65 for each
load distribution will be considered. Further, in FIG. 14,
“bh"3” is indicated in a column of conditions of secondary
moment of the cross section, and the like, which indicates
“bh3”. That is, in each embodiment, “A"B” indicates “AZ”
(A to the power of B).

[0147] FIGS. 15A to 15C are schematic diagrams illus-
trating one example of the load distribution. FIG. 15A
illustrates that a total load is L, and a load per unit area is the
equal load distribution in which the load per unit area is
constant over the whole body of the doubly supported beam
65. FIG. 15B illustrates that the total load having the same
L is first wedge load distribution. FIG. 15C illustrates that
the total load having the same L is second wedge load
distribution.

[0148] In the first wedge load distribution illustrated in
FIG. 15B, the minimum load position is a left end (referred
to as an end part in a negative direction when viewed from
the beam center part cl) of a contact portion with a mea-
suring-target region of the doubly supported beam 65 in the
drawing. The maximum load position is a right end (referred
to as an end part in a positive direction when viewed from
the beam center part c1) of the contact portion with the
measuring-target region of the doubly supported beam 65 in
the drawing. The load increases from the left end toward the
right end by the same amount, and the load at the right end
is two times larger than the load at the left end.

[0149] In the second wedge load distribution illustrated in
FIG. 15C, the minimum load position is the left end of the
contact portion with the measuring-target region of the
doubly supported beam 65 in the drawing. The maximum
load position is the right end of the contact portion with the
measuring-target region of the doubly supported beam 65 in
the drawing. The load increases from the left end toward the
right end by the same amount, and a load value at the left end
is zero.

[0150] FIG. 16A is a graph illustrating one example of a
relationship between a distance from the beam center part c1
in the equal load distribution and the deflection amount y of
the doubly supported beam 65. FIG. 16B is a graph illus-
trating one example of a relationship between the distance
from the beam center part cl in the equal load distribution
and an inclination 6 of the doubly supported beam 65.
[0151] In the equal load distribution, the load is uniform at
the contact portion with the measuring-target region of the
doubly supported beam 65. Therefore, as illustrated in FIG.
16A, the deflection amount y at the beam center part cl
becomes maximum. Therefore, as illustrated in FIG. 16B, at
the beam center part c1 where the deflection amount y is the
largest, an extending direction of the doubly supported beam
65 when no load is applied to the doubly supported beam 65
becomes parallel thereto (for example, horizontal), whereby
a value of the inclination 0 becomes zero.

[0152] Further, the value of the inclination 6 corresponds
to the value of the change rate (dy/dx) of the deflection
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amount (y) at each position in the longitudinal direction of
the doubly supported beam 65 (in a left-and-right direction
in FIGS. 10 and 11).

[0153] FIG. 17A is a graph illustrating one example of a
relationship between a distance from the beam center part c1
in the first wedge load distribution and the deflection amount
of the doubly supported beam 65. FIG. 17B is a graph
illustrating one example of a relationship between the dis-
tance from the beam center part c1 in the first wedge load
distribution and the inclination 6 of the doubly supported
beam 65.

[0154] In the first wedge load distribution, the load is not
uniform at the contact portion with the measuring-target
region of the doubly supported beam 65, and the load
gradually becomes large as moving toward a positive direc-
tion from the beam center part c1. Therefore, as illustrated
in FIG. 17A, the deflection amount y becomes maximum at
a position slightly deviated in the positive direction from the
beam center part c1 (here, a position of +0.05 from the beam
center part c1).

[0155] Therefore, as illustrated in FIG. 17B, a position
where the beam is parallel to the extending direction and the
value of the inclination 6 becomes zero is slightly deviated
in the positive direction from the beam center part c1. In this
case of the beam center part c1, the value of the inclination
0 becomes about 0.14.

[0156] FIG. 18A is a graph illustrating one example of a
relationship between a distance from the beam center part c1
in the second wedge load distribution and the deflection
amount of the doubly supported beam 65. FIG. 18B is a
graph illustrating one example of a relationship between the
distance from the beam center part c1 in the second wedge
load distribution and the inclination 6 of the doubly sup-
ported beam 15.

[0157] In the second wedge load distribution, the load is
not uniform at the contact portion with the measuring-target
region of the doubly supported beam 65, and the load
abruptly becomes larger than the first wedge load distribu-
tion as moving toward the positive direction from the beam
center part cl. Therefore, as illustrated in FIG. 18A, the
deflection amount y becomes maximum at a position devi-
ated in the positive direction from the beam center part c1
(here, a position of +0.1 from the beam center part c1).
[0158] Therefore, as illustrated in FIG. 18B, a position
where the beam is parallel to the extending direction and the
value of the inclination 0 becomes zero is deviated in the
positive direction from the beam center part c1. The devia-
tion in the positive direction is larger than the case of the first
wedge load distribution. Further, in this case of the beam
center part c1, the value of the inclination 6 becomes about
0.40, and the inclination becomes larger than the case of the
first wedge load distribution.

[0159] FIG. 19 is a schematic diagram illustrating the
deflection amount y and the inclination 6 of the doubly
supported beam 65 at the beam center part 15 and the
maximum displacement portion at each load pattern (each
load distribution).

[0160] In FIG. 19, “A” indicates a load pattern A and
indicates the equal load distribution. “B” indicates a load
pattern B and indicates the first wedge load distribution. “C”
indicates a load pattern C and indicates the second wedge
load distribution.

[0161] As described above, according to the results of the
second simulation, it can be understood that as the load
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applied to the contact portion with the measuring-target
region of the doubly supported beam 65 approaches the
equal load distribution, the deflection amount y at the beam
center part cl is small, and when the inclination 6
approaches zero, the inclination 6 is easy to be horizontal.
[0162] When the deflection amount y at the beam center
part c¢1 becomes large and thus the inclination 6 becomes
large, the light receiving amounts of the scattered light [.2
and the reflected light 1.3 by the first photodiode 30 and the
second photodiode 40 are changed, whereby variations in
the light receiving amounts thereof may occur. Therefore,
the variation in the measurement result of the blood flow
volume based upon the scatter light L2 occurs, such that
there exists a possibility that reproducibility may deteriorate.
[0163] On the other hand, in the embodiment, the proces-
sor 310 derives the inclination 6 of the protrusion 60 and the
acrylic plate 50 in the extending direction dl of the protru-
sion 60 and the acrylic plate 50 at the beam center part cl,
based upon the detection information by the second photo-
diode 40 and the strain gauge 42. According to the value of
the inclination 6, the blood flow volume measuring device
100 can determine whether the load distribution is the equal
load distribution or the wedge load distribution, and can
determine a deviation degree of the load distribution, and the
like.

[0164] Further, when the inclination 0 is larger than a
threshold value th, the display 330 displays warning infor-
mation by the control of the processor 310. The threshold
value th is, for example, zero. It is considered that the
warning information is, for example, a message such as
“please, press the middle”.

[0165] Accordingly, the user can acquire information
relating to a desirable method of pressing down the protru-
sion 60 and can intentionally bring the finger FG into contact
with the center part of the protrusion 60. For example, it can
be understood that even though the user intends to press
down the protrusion 60 so as to achieve the equal load
distribution, the wedge load distribution is achieved.
Accordingly, the light receiving amount of the scattered light
L2 by the first photodiode 30 is stabilized, and measurement
accuracy of the blood flow volume measurement is
improved, whereby the reproducibility of the blood flow
volume measurement can be improved.

[0166] Further, in the embodiment, since the acrylic plate
50 contacts with the measuring-target region (for example,
the finger FG) through the protrusion 60, the contact portion
with the measuring-target region (for example, the finger
FQG) of the doubly supported beam 65 as the acrylic plate 50
becomes the contact portion with the protrusion 60.

[0167] Next, the reproducibility of the measurement result
of the blood flow volume depending on the presence of the
protrusion 60 of the blood flow volume measuring device
100 will be considered.

[0168] Here, even though the reproducibility of the mea-
surement result of the blood flow volume is considered by
using the tail of a rat, it is considered that the reproducibility
using the human finger FG is also the same. Further, the
reproducibility of the measurement result of the blood flow
volume in the case of using the human finger FG will be
described in a seventh embodiment which will be described
later.

[0169] FIG. 20A is a graph illustrating a temporal change
of'the blood flow volume of the tail of a rat measured by the
blood flow volume measuring device 100 not provided with
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the protrusion 60. A horizontal axis indicates time (sec), and
a vertical axis indicates the blood flow volume (a.u.). FIG.
20A illustrates measurement results when 1% of anesthesia
is administered to the tail of a rat and the load of 43 g is
applied.

[0170] FIG. 20B is a graph illustrating a temporal change
of the blood flow volume of the tail of the rat measured by
the blood flow volume measuring device 100 provided with
the protrusion 60. A horizontal axis indicates time (sec), and
a vertical axis indicates the blood flow volume (a.u.). FIG.
20B illustrates measurement results when 1% of the anes-
thesia is administered to the tail of the rat and the load of 43
g is applied. Here, as one example, a contact surface
contacting with the tail of the rat, that is, the protrusion 60
in which a length of each side on a second surface Ax2 is 5
mmx4 mm and a height thereof is 2 mm is used.

[0171] In FIG. 20A, it can be understood that there exist
the variations in the measurement results of the blood flow
volume. It is considered that when the measurement of the
blood flow volume of the tail of the rat is performed by using
the blood flow volume measuring device 100, the variations
in the measurement results may occur because a contact
position, contact pressure, a contact area, and the like of the
tail of the rat in contact with the blood flow volume sensor
200 (for example, the acrylic plate 50) are not constant.
When the protrusion 60 is not provided, there exists no
standard for the tail of the rat to contact with the blood flow
volume sensor 200, and thus it is considered to be difficult
for making the tail of the rat stably contact with the blood
flow volume sensor 200.

[0172] On the other hand, in FIG. 20B, it can be under-
stood that the variations in the measurement results of the
blood flow volume are small, that is, the reproducibility is so
good that the measurement is performed ten times. In FIG.
20B, it is considered that when the measurement of the
blood flow volume of the tail of the rat is performed by using
the blood flow volume measuring device 100, the contact
position, the contact pressure, the contact area, and the like
of the tail of the rat in contact with the blood flow volume
sensor 200 (for example, the protrusion 60) are constant. It
is considered that the protrusion 60 becomes the standard for
the tail of the rat to contact with the blood flow volume
sensor 200, thereby contributing to a stable contact with the
blood flow volume sensor 200 and making it possible to
obtain the blood flow volume measurement with good
reproducibility.

[0173] Further, the height of the protrusion 60 is 2 mm as
one example, and another value thereof may be used. When
the finger FG contacts with the protrusion 60 during the
blood flow volume measurement, it is desirable that the
height of the protrusion 60 is such a height at which the
finger FG does not contact with the acrylic plate 50 where
the protrusion 60 is disposed.

[0174] Further, as one example, the length of each side on
the second surface Ax2 of the protrusion 60 is 5 mmx4 mm,
and another value thereof may be used. For example, when
the length of each side on the second surface Ax2 of the
protrusion 60 is 3 mmx3 mm, as described above, since the
contact area contacting with the measuring-target region
becomes small, it is possible to prevent a change in the
deflection amount y of the acrylic plate 50 depending on the
contact state of the measuring-target region. Accordingly, it
is possible not only to increase the stability of the measure-
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ment results of the blood flow volume measurement, but also
to improve the reproducibility.

[0175] Next, the blood flow volume before and after
dehydration of the rat will be considered.

[0176] Here, as one example, in the same manner as the
case of FIG. 20B, the protrusion 60, the length of which on
the contact surface contacting with the tail of the rat is 5
mmx4 mm and the height of which thereon is 2 mm, is used.

[0177] FIG. 21A is a graph illustrating the temporal
change of the blood flow volume of the tail of a healthy rat
(a rat before dehydration). In FIG. 21A, the measurement
result is illustrated when the protrusion 60 is provided in the
blood flow volume sensor 200, a body temperature of the rat
is 28.6° C., 1% of the anesthesia is administered, and the
load of 43 g is applied.

[0178] FIG. 21B is a graph illustrating the temporal
change of the blood flow volume of the tail of the rat in a
dehydrated state. In FIG. 21B, the measurement result is
illustrated when the protrusion 60 is provided in the blood
flow volume sensor 200, the body temperature of the rat is
28.6° C., 1% of the anesthesia is administered, and the load
of 43 g is applied.

[0179] In FIG. 21A, the blood flow volume of the tail of
the rat is stable at a value of approximately 4.0 to 6.5. In
FIG. 21B, the blood flow volume of the tail of the rat is
stable at a value of approximately 3.0 to 5.0. Further, in the
healthy rat corresponding to the FIG. 21A, an average blood
flow volume is 4.98 (description of the unit is omitted. The
same applies hereinafter), and average blood flow volume
amplitude is 0.924, whereas in the dehydrated rat corre-
sponding to FIG. 21B, an average blood flow volume is 3.54
and average blood flow volume amplitude is 0.642. There-
fore, under the same rat (in other words, individual) and
same measurement conditions, it is found out that the blood
flow volume and the blood flow volume amplitude decrease
as a state is changed from a healthy state to a dehydrated
state. It is considered that the reasons why the blood flow
volume decreases are that as the state is moved from the
healthy state to the dehydrated state, the circulated blood
volume decreases, and ratio of cellular components (for
example, hematocrit) increases, for example, by reduction of
water inside the body. It is considered that the reasons why
the blood flow volume amplitude decreases are that as the
state is moved from the healthy state to the dehydrated state,
pulsation caused by the decrease in circulated blood volume
deteriorates, and vasodilation of blood vessels caused by the
dehydration deteriorates.

[0180] Therefore, according to the embodiment, the pro-
trusion 60 is provided in the blood flow volume sensor 200,
thereby performing the measurement of the blood flow
volume with the good reproducibility, and as described
above, since reliability of the measured blood flow volume
is high, it is possible to estimate the dehydrated state with
high accuracy according to the amount of the blood flow
volume. Further, when the blood flow volume is high, for
example, the hematocrit representing the ratio of the volume
of'the blood cells in the blood becomes higher than a normal
range value (in other words, the blood becomes in the
dehydrated state), or, for example, blood viscosity in the
dehydrated state becomes higher than that in the healthy
state. Therefore, it is considered that the identification of
dehydration symptoms can be more easily made according
to the amount of the blood flow volume.
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[0181] Therefore, in the blood flow volume sensor 200 of
the embodiment (for example, the processor 310 as one
example of a dehydrated state identification unit), when the
blood flow volume is larger than a preset value (for example,
as illustrated in FIG. 21A, the state where the blood flow
volume of the tail of the rat is stable at the value of
approximately 4.0 to 6.5), it can be identified that the state
is not the dehydration symptom. Here, the preset value is a
threshold value for the blood flow volume sensor 200 to
identify that the measuring-target region (for example, the
rat tail or the finger FG of a person) is in the dehydrated
state, and, for example, the preset value is defined during the
operation of the processor 310.

[0182] On the other hand, in the blood flow volume sensor
200 of the embodiment (for example, the processor 310 as
the example of the dehydrated state identification unit),
when the blood flow volume is lower than the preset value
(as illustrated in FIG. 21B, the state where the blood flow
volume of the tail of the rat is stable at the value of
approximately 3.0 to 5.0), it can be identified that the state
is the dehydration symptom. In other words, it can be said
that the blood flow volume sensor 200 of the embodiment is
not only capable of simply measuring the blood flow volume
of the blood flowing through the measuring-target region
(for example, the finger FG of the person or the rat tail), but
also capable of identifying the rat having the dehydration
symptom with high accuracy.

[0183] Further, for example, as disclosed in the related
WO 2015/199159 devised by some inventors of the present
application, there is known a technique of detecting whether
a subject suffers from the dehydration by making the subject
raise a hand to lower the intravascular pressure of the
subject. On the other hand, in the blood flow volume sensor
200 of the embodiment, the above-mentioned subject does
not need to raise the hand and a preset contact pressure is
applied to the protrusion 60, thereby relatively lowering the
intravascular pressure of the subject. Therefore, it becomes
possible to easily detect the dehydration with high accuracy,
and configurations of the blood flow volume sensors of the
respective embodiments, which will be hereinafter
described, are the same.

[0184] Further, in the blood flow volume sensor 200 of the
embodiment, the preset contact pressure is applied to the
protrusion 60 instead of allowing the subject to raise the
hand, thereby making it possible to detect scleroderma and
alcohol intake as well as the dehydration, and the configu-
rations of the blood flow volume sensor of the respective
embodiments, which will be hereinafter described, are the
same. In other words, in the blood flow volume sensor 200
of the embodiment in comparison with a method of the
related art in which the blood flow volume is measured by
raising the hand of the subject, according to the embodi-
ment, the blood flow volume at the measuring-target region
(for example the finger FG) of the subject is measured by
applying the preset contact pressure to the protrusion 60,
whereby it is possible to easily determine whether or not the
subject suffers from symptoms such as the dehydration, the
scleroderma, and the alcohol intake, that is, biological
information (vital information) of the subject with high
accuracy.

[0185] For example, even in the case of the same person,
a standard of a contact place such as the protrusion 60 is
absent in the blood flow volume sensor 200, it is difficult to
contact with the blood flow volume sensor 200 at the same
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place and the same contact area. On the other hand, accord-
ing to the blood flow volume measuring device 100 of the
first embodiment, the protrusion 60 serves as the standard
for the contact place by being provided with the protrusion
60, thereby making it possible to easily keep the contact area
of the finger FG with respect to the blood flow volume
measuring device 100 constant. Accordingly, the blood flow
volume measuring device 100 makes it easy to keep the
contact pressure per unit area constant, whereby it is pos-
sible not only to prevent the variation in the measured value
of the blood flow volume measurement, but also to improve
the reproducibility of the blood flow volume measurement.
[0186] Further, even in the case of the same contact area,
when the load distribution applied to the protrusion 60 is not
the equal load distribution, the warning information may be
displayed by the display 330. Accordingly, the user can
recognize what kind of the load distribution is in contact
with the protrusion 60 and can press down the protrusion 60
s0 as to obtain the equal load distribution. Accordingly, since
the contact state of the protrusion 60 can be corrected by the
user, the blood flow volume measuring device 100 can
prevent the variation in the measured value of the blood flow
volume measurement, thereby improving the reproducibility
of the blood flow volume measurement.

[0187] Further, the blood flow volume measuring device
100 may measure the blood pressure based upon the mea-
surement result of the blood flow volume. Specifically, in the
blood flow volume measuring device 100, the processor 310
may derive (compute) the average blood pressure of the
finger FG based upon the pulse wave amplitude of the blood
flow volume, which is derived as described above, with the
high reproducibility and the low variation in the measured
value. Further, the processor 310 may derive (compute) the
highest blood pressure based upon the blood flow volume as
a result of multiplying the pulse wave amplitude of the blood
flow volume at the time when the average blood pressure is
obtained by a preset first coefficient (for example, 0.5).
Further, the processor 310 may derive (compute) the lowest
blood pressure based upon the blood flow volume as a result
of multiplying the pulse wave amplitude of the blood flow
volume at the time when the average blood pressure is
obtained by a preset second coeflicient (for example, 0.4). A
well-known method (for example, refer to WO 2015/199159
A) may be used as a method for deriving average blood
pressure, maximum blood pressure, and maximum pressure
based upon the pulse wave amplitude of the blood flow
volume.

[0188] Accordingly, the blood flow volume measuring
device 100 can derive the average blood pressure of the
finger FG based upon the pulse wave amplitude of the blood
flow volume with the high reproducibility. Therefore, the
blood flow volume measuring device 100 can prevent the
variation in the measured value of the blood pressure
measurement even with respect to the blood pressure,
thereby improving the reproducibility of the blood pressure
measurement.

Modified Examples

[0189] In a modified example, the configuration of the
acrylic plate of the blood flow volume sensor is different in
comparison with the configuration of FIGS. 3 and 4. FIG. 22
is a cross-sectional view illustrating the blood flow volume
sensor according to the modified example. A blood flow
volume sensor 200a in FIG. 22 is the same as the blood flow
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volume sensor 200 in FIGS. 3 and 4, however, an acrylic
plate 50a is provided therein instead of the acrylic plate 50.
In FIG. 22, with respect to the same components as those of
FIG. 3, the same reference sings are denoted thereto, and
descriptions thereof will be omitted or will be simply
described.

[0190] In the acrylic plate 50a, a thick part 54 is formed
in a preset range including a position of the acrylic plate 50a
at which the protrusion 60 is disposed. In the acrylic plate
50a, a thin part 53 is formed in a range other than the thick
part 54 of the acrylic plate 50a. The thick part 54 and the thin
part 53 may be formed of different materials. Therefore, the
thick part 54 includes a position facing the protrusion 60.
The thin part 53 includes a position which does not face the
protrusion 60.

[0191] In the preset range (that is, the preset range includ-
ing the position of the acrylic plate 50a at which the
protrusion 60 is disposed), a portion through which the
emitted light [.1 and the scattered light 1.2 pass is included.
Further, the preset range means a range in which when the
finger FG contacts with the protrusion 60, stress equal to or
greater than a preset value is applied thereto, and deforma-
tion of the acrylic plate 50a is easy to occur. For example,
the preset range becomes such a thickness at which the
finger FG contacts with the protrusion 60 and does not
contact with the thin part 53 when the finger FG pressurizes
and contacts with the protrusion 60. For example, when
measuring the blood flow volume by using the finger FG, it
is assumed that the thickness of the thick part is less than 2
mm and the thickness of the thin part is 0.3 mm, however,
the thicknesses thereof can be changed according to the
measuring-target region and a size of the blood flow volume
sensor 200. Further, for example, when the measuring-target
region is the finger FG, a length of the thick part 54 is about
4.5 mm in diameter.

[0192] In the thick part 54, since rigidity thereof is high,
the thick part 54 of the acrylic plate 50 is hardly deflected
and is hardly inclined even though the load is applied to the
protrusion 60 by the finger FG.

[0193] Here, a parameter “I”” of Equation 1 representing a
computation example of the deflection amount (y) of the
doubly supported beam 65 is represented by Equation 10 in
detail as follows:

Equation 10

b2 (Equation

I=—
12

[0194] Accordingly, “I” represented in Equation 10 is
proportional to “h”, that is, the cube of a height (thickness)
of the doubly supported beam 65. Therefore, according to
Equation 1, it can be said that even though the height of the
doubly supported beam 65 is slightly increased, the deflec-
tion amount of the doubly supported beam 65 is greatly
reduced.

[0195] As described above, according to the blood flow
volume measuring device 100 provided with the blood flow
volume sensor 200a according to the modified example, the
thick part 54 is formed at a place through which the emitted
light .1 and the scattered light [.2 pass in the acrylic plate
50a. Therefore, since the acrylic plate 50a becomes difficult
to be deflected, the blood flow volume measuring device 100
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can prevent an influence on the inclination of the acrylic
plate 50a caused by the load distribution such as the equal
load distribution, the wedge load distribution, and the like.
Accordingly, the blood flow volume measuring device 100
stabilizes the light receiving amount by the scattered light
L2 by the first photodiode 30 and improves the measurement
accuracy of the blood flow volume measurement using the
Doppler shift, thereby improving the reproducibility of the
blood flow volume measurement.

Second Embodiment

[0196] In a second embodiment, the blood flow volume
sensor in the blood flow volume measuring device is dif-
ferent from that of the first embodiment. In the first embodi-
ment, the blood flow volume sensor provided with the
protrusion 60 is described, however, in the second embodi-
ment, the blood flow volume sensor not provided with the
protrusion 60 will be described. Further, the blood flow
volume sensor is a micro machine, a size of which is smaller
than that of the first embodiment.

[0197] FIG. 23 is a cross-sectional view illustrating a
configuration example of a blood flow volume sensor 200A
according to the second embodiment. In FIG. 23, with
respect to the same components as those of the first embodi-
ment, the same reference sings are denoted thereto, and
descriptions thereof will be omitted or will be simply
described.

[0198] The blood flow volume sensor 200A is not illus-
trated in the drawing and is provided with the base 10, the
VCSEL 20, the first photodiode 30, the second photodiode
40, and the acrylic plate 50. However, the blood flow volume
sensor 200A is not provided with the protrusion on the
second surface A2 of the acrylic plate 50 facing the finger
FG.

[0199] The acrylic plate 50 contacts with the finger FG
during the blood flow volume measurement, however, the
whole surface of the second surface A2 can contact with the
finger FG. That is, the contact area of the contact surface of
the finger FG in contact with the acrylic plate 50 becomes
equal to the area of the second surface A2 of the acrylic plate
50, such that the contact area becomes constant. Accord-
ingly, the second surface A2 of the acrylic plate 50 is easily
pressed by the equal load distribution, thereby improving the
accuracy of blood flow volume measurement. In the
embodiment, the acrylic plate 50 is one example of the
contact member.

[0200] Further, even in the embodiment, the strain gauge
42 may be provided instead of the second photodiode 40.
[0201] As described above, according to the blood flow
volume measuring device provided with the blood flow
volume sensor 200A of the embodiment, even though the
protrusion 60 is omitted, the finger FG can contact with the
whole surface of the acrylic plate 50, thereby keeping the
contact area constant. Therefore, the blood flow volume
measuring device can be easily contacted with the equal load
distribution and the accuracy of the blood flow volume
measurement can be improved, whereby the reproducibility
of the blood flow volume measurement becomes high.

Third Embodiment

[0202] In a third embodiment, the blood flow volume
sensor in the blood flow volume measuring device is dif-
ferent from those of the first and second embodiments. In the
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third embodiment, the blood flow volume sensor is not
provided with the protrusion in the same manner as that of
the second embodiment. Further, in the third embodiment,
the strain gauge is embedded in the acrylic plate, which is
different from the second embodiment.

[0203] FIG. 24 is a cross-sectional view illustrating a
configuration example of a blood flow volume sensor 200B
according to the third embodiment. In FIG. 24, with respect
to the same components as those of the first or second
embodiment, the same reference sings are denoted thereto,
and descriptions thereof will be omitted or will be simply
described.

[0204] The blood flow volume sensor 200B is provided
with the base 10, the VCSEL 20, the first photodiode 30, a
strain gauge 42B, and an acrylic plate 50B. However, the
blood flow volume sensor 200B is not provided with the
protrusion on the second surface A2 of the acrylic plate 50B
facing the finger FG.

[0205] Further, the strain gauge 42B is embedded in the
acrylic plate 50B. A surface A3 which faces the finger FG of
the strain gauge 42B is positioned on the same plane as the
second surface A2 of the acrylic plate 50B.

[0206] That is, in the blood flow volume sensor 200B, the
minute strain gauge 42B is embedded in the acrylic plate
50B, and the strain gauge 42B detects the deflection and the
inclination caused by the finger FG. The contact pressure per
unit area is derived from the deflection and the inclination.
The strain gauge 42B contacts with the finger FG when
measuring the blood flow volume, and the whole surface of
the surface A3 can contact with the finger FG. That is, the
contact area of the contact surface of the finger FG in contact
with the acrylic plate 50B becomes equal to the area of the
surface A3 of the strain gauge 42B, thereby keeping the
contact area constant. As a result, the surface A3 of the strain
gauge 42B becomes easily pressed by the equal load distri-
bution, thereby improving the accuracy of the blood flow
volume measurement.

[0207] Inside the strain gauge 42B, a metal resistor is
included as a microbeam. The microbeam is displaced by the
contact pressure, and the deflection is detected, that is, the
pressure is measured. That is, the contact area of the finger
FG with respect to the strain gauge 42B as a pressure sensor
that determines the pressure is constant and a size of the
strain gauge 42B is smaller than that of the finger FG.
[0208] As described above, according to the blood flow
volume measuring device provided with the blood flow
volume sensor 200B of the embodiment, even though the
protrusion 60 is omitted and further, it is difficult for the
finger FG to contact with the whole surface of the acrylic
plate 50B, the contact area of the finger FG with respect to
the strain gauge 42B relating to the pressure measurement
can be kept constant. Therefore, the blood flow volume
measuring device can be easily contacted with the equal load
distribution and the accuracy of the blood flow volume
measurement can be improved, whereby the reproducibility
of the blood flow volume measurement becomes high.

Fourth Embodiment

[0209] In the first to third embodiments, the measurement
of the blood flow volume of the living body such as the
finger FG, the rat, and the like is described, however, in the
fourth embodiment, measurement of a flow volume of a
measuring object other than the blood flow volume of the
living body will be described.
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[0210] FIG. 25A is a cross-sectional side view illustrating
a flow volume sensor 200C according to the fourth embodi-
ment. FIG. 25B is a cross-sectional front view illustrating
the flow volume sensor 200C according to the fourth
embodiment. In the flow volume sensor 200C, with respect
to the same components as those of the first to third
embodiments, the same reference sings are denoted thereto,
and descriptions thereof will be omitted or will be simply
described.

[0211] In FIGS. 25A and 25B, as one example, it is
assumed that a flow volume of blood flowing through a tube
90 as a measuring-target region is measured. For example,
the tube 90 is excellent in flexibility. The tube 90 is one
example of a tubular member.

[0212] The flow volume sensor 200C is provided with the
base 10, a laser diode (LD) 22, the first photodiode (PD) 30,
a strain gauge 42C, a glass plate 50C, and a protrusion 60C.
[0213] The laser diode 22 emits the emitted light [.1. The
emitted light L1 is reflected by the mirror 12 disposed on the
base 10, penetrates the glass plate 50C, and is directed
toward the tube 90 as the measuring-target region. Further,
instead of the laser diode 22, the VCSEL 20 described above
may be provided.

[0214] The first photodiode 30 receives the scattered light
L2 in which the emitted light [.1 is scattered or reflected in
the tube 90 through the protrusion 60 and the glass plate
50C.

[0215] That is, in FIGS. 25A and 25B, the emitted light [.1
from the laser diode 22 is reflected by the mirror 12 of the
base 10, penetrates the glass plate 50C, and is directed
toward blood inside the tube 90. The glass plate 50C
includes a protruding curved surface 56a and allows the
emitted light L1 of the laser diode 22 to be concentrated at
a preset position inside the tube 90 by the protruding curved
surface 56a. The scattered light [.2 scattered or reflected at
the preset position penetrates the protrusion 60C and the
glass plate 50C and is received by the first photodiode 30.
[0216] The glass plate 50C has transparency with respect
to the wavelengths of the emitted light [.1 and the scattered
light [.2. That is, the glass plate 50C is disposed between the
laser diode 22 and the finger FG, and between the first
photodiode 30 and the finger FG, and allows the emitted
light 1.1 and the scattered light 1.2 to pass therethrough.
Further, in FIGS. 25A and 25B, in the glass plate 50C, both
ends of the glass plate 50C are fixed to the upper ends of the
base 10. Therefore, the glass plate 50C becomes the doubly
supported beam (the beam fixed at the both ends). The glass
plate 50C is one example of a translucent member. Further,
instead of the glass plate 50C, the aforementioned acrylic
plate 50 may be provided.

[0217] The protrusion 60C is disposed on a second surface
C2 facing the tube 90 of the glass plate 50C. The protrusion
60C is, for example, disposed at a center part of the glass
plate 50C. The protrusion 60C has translucency with respect
to the wavelengths of the emitted light [.1 and the scattered
light 1.2. That is, the protrusion 60C is disposed between the
laser diode 22 and the tube 90, and between the first
photodiode 30 and the tube 90, and allows the emitted light
L1 and the scattered light [.2 to pass therethrough.

[0218] The protrusion 60C is, for example, formed of
glass. In this case, the material is the same as that of the glass
plate 50C, a refractive index difference at a boundary
between the glass plate 50C and the protrusion 60C becomes
small, whereby light transmission properties become high.

Oct. 15, 2020

Additionally, the protrusion 60C may be formed of a mem-
ber having translucency other than the acrylic material.
[0219] Further, a first surface Cx1 of the protrusion 60C in
contact with the glass plate 50C is smaller than the second
surface C2 of the glass plate S50C (an area is small). Further,
the tube 90 can contact with a whole surface of a second
surface Cx2 of the protrusion 60 in contact with the tube 90.
That is, the second surface Cx2 of the protrusion 60 is
smaller than the tube 90 in contact with the protrusion 60C.
Therefore, when the protrusion 60C is pressed by the tube
90, the whole surface of the second surface Cx2 of the
protrusion 60C receives the tube 90, whereby the contact
pressure per unit area of the protrusion 60C becomes easy to
be constant.

[0220] Thus, according to the flow volume measuring
device provided with the flow volume sensor 200C of the
embodiment, the tube 90 contacts with the protrusion 60C,
such that the load applied to the protrusion is easy to be the
equal load distribution, thereby making it possible to keep a
deformation amount of the tube 90 constant. Therefore, the
flow volume measuring device is not only capable of
improving stability of the flow volume measurement, but
also capable of improving the reproducibility of the mea-
surement result.

Fifth Embodiment

[0221] Ina fifth embodiment, a supporting member, which
is provided around the protrusion, for supporting the finger
FG will be described.

[0222] FIG. 26 is a cross-sectional view illustrating a
configuration example of a blood flow volume sensor 200D
according to the fifth embodiment. In FIG. 26, with respect
to the same components as those of the first to fourth
embodiments, the same reference sings are denoted thereto,
and descriptions thereof will be omitted or will be simply
described.

[0223] The blood flow volume sensor 200D is provided
with the base 10, the VCSEL 20, the first photodiode 30, the
second photodiode 40, an acrylic plate 50D, the mirror 52,
a protrusion 60D, and a supporting member 62.

[0224] In FIG. 26, the acrylic plate 50D and the protrusion
60D are integrally formed, but may be formed as separate
bodies. The protrusion 60D is formed of a translucent
member such as the acrylic material, and the like in the same
manner as those of the above-mentioned embodiments.
[0225] For example, the supporting member 62 is formed
to include iron and SUS and may not have translucency. The
supporting member 62 includes an opening 62a at the center
part. An area of the opening 62a is larger than an area of the
second surface Ax2 of the protrusion 60D. Since the opening
62a does not cover the second surface Ax2 of the protrusion
60D, the protrusion 60D is in a state of being exposed to the
outside. Further, a surface of the opening 624 is positioned
closer to a side of the acrylic plate 50D than the second
surface of the protrusion 60D in a state where the protrusion
60D is not pressed down by the finger FG. That is, a part of
the protrusion 60D protrudes from the opening 62a of the
supporting member 62. Therefore, the finger FG can first
contact with the protrusion 60D before contacting with the
supporting member 62, and when the protrusion 60D is
pressed down, the finger FG is supported by the supporting
member 62, whereby the finger FG can be prevented from
contacting with the acrylic plate 50D.
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[0226] when the load is applied to the protrusion 60D by
the finger FG, the supporting member 62 supports the finger
FG apart from the acrylic plate 50D so as to prevent the
finger FG from contacting with a portion other than the
protrusion 60D in the acrylic plate 50D. Therefore, the
supporting member 62 can prevent the finger FG from
contacting with the acrylic plate 50D.

[0227] Accordingly, according to the blood flow volume
measuring device provided with the blood flow volume
sensor 200A of the embodiment, the blood flow volume
sensor 200D is provided with the supporting member 62,
thereby preventing the finger FG from contacting with the
acrylic plate 50D.

[0228] Further, in the embodiment, the deflection amount,
the inclination, the contact pressure, the load distribution,
and the like are derived according to the light receiving
amount by the scattered light [.2. Additionally, a pressing
force of the finger FG is received by being restricted at a
preset position (a position facing the protrusion 60D) by the
supporting member 62 in the acrylic plate 50D, and the
pressing force thereof is prevented from being applied to
other positions. Therefore, the deflection amount of the
acrylic plate 50D is stabilized, and the light receiving
amount of the scattered light .2 by the first photodiode 30
is stabilized. Accordingly, the blood flow volume measuring
device is not only capable of improving the measurement
accuracy of the blood flow volume measurement using the
Doppler shift, but also capable of improving the reproduc-
ibility of the blood flow volume measurement.

Sixth Embodiment

[0229] In the first to fifth embodiments, as the doubly
supported beam 65, the acrylic plate and the glass plate, both
ends (two points) of which are fixed to the base 10, are
described. In a sixth embodiment, the acrylic plate and the
glass plate, in which all or a portion of peripheral ends (for
example, four points at end parts of line segments orthogo-
nal to each other) are fixed to the base 10, will be described.
[0230] FIG. 27A is a plan view illustrating a first configu-
ration example of a blood flow volume sensor 200E. FIG.
27B is a cross-sectional view taken along the line A-A' of
FIG. 27A. FIG. 28A is a plan view illustrating a second
configuration example of the blood flow volume sensor
200E. FIG. 28B is a cross-sectional view taken along the line
B-B' of FIG. 28A. In FIGS. 27A and 27B and FIGS. 28A and
28B, with respect to the same components as those of the
first to fifth embodiments, the same reference sings are
denoted thereto, and descriptions thereof will be omitted or
will be simply described.

[0231] In FIGS. 27A and 27B, and FIGS. 28A and 28B,
the blood flow volume sensor 200E is provided with the base
10, the VCSEL 20, the first photodiode 30, the second
photodiode 40, an acrylic plate S0E, the mirror 52, a
supporting protrusion 57, and a mirror holding member 58,
and a protrusion E.

[0232] In FIGS. 27A and 27B, and FIGS. 28A and 28B,
the acrylic plate 50E and the protrusion 60E are integrally
formed, but may be formed as separate bodies. The protru-
sion 60E is formed of the translucent member such as the
acrylic material, and the like in the same manner as those of
the above-mentioned embodiments.

[0233] In FIGS. 27A and 27B, the acrylic plate 50E is
formed in a circular shape in the plan view, but may be
formed in other shapes (for example, an elliptical shape). In
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FIGS. 28A and 28B, the acrylic plate 50E is formed in an
approximately square shape in the plan view, but may be
formed in other shapes (for example, an approximately
rectangular shape and an approximately polygonal shape
other than an approximately quadrangular shape).

[0234] InFIGS. 27A and 27B, and FIGS. 28A and 28B, in
the acrylic plate 50E, the peripheral ends of the acrylic plate
50E (also including a portion of the circumferential ends)
are fixed to upper ends of the base 10. Therefore, the acrylic
plate 50E becomes a peripheral end fixed beam.

[0235] In the acrylic plate 50E, a position of the acrylic
plate 50E where the protrusion 60E is disposed becomes a
thick part 54E. The acrylic plate S0E becomes a thin part
53E in a range other than positions fixed to the thick part S4E
and the base 10. The thick part 54 and the thin part 53 may
be formed of different materials. The thickness (height) of
the thick part 54E is, for example, 2.3 mm. The thickness
(height) of the thin part 53E is, for example, 0.3 mm.

[0236] The thick part 54E of the acrylic plate SOE includes
a portion through which the emitted light [.1 and the
scattered light 1.2 pass. Since the thick part 54E has high
rigidity, even though the load is applied to the protrusion
60F by the finger FG, the thick part 54F of the acrylic plate
50E is hardly deflected and is hardly inclined.

[0237] One or more (for example, two) supporting pro-
trusions 57 are provided on the first surface Al facing the
VCSEL 20 of the acrylic plate S0E. The supporting protru-
sion 57 has translucency with respect to the wavelengths of
the emitted light L1 and the scattered light 1.2 in the same
manner as that of the acrylic plate 50E. The supporting
protrusion 57 supports the mirror holding member 58.

[0238] The supporting protrusion 57 has translucency with
respect to the wavelengths of the emitted light L1 and the
scattered light [.2 in the same manner as that of the acrylic
plate 50E. In FIGS. 27A and 28A, the mirror holding
member 58 includes a U-typed shape. Further, the mirror
holding member 58 may have other shapes other than the
U-typed shape. The mirror holding member 58 is provided
(for example, stuck to) with the mirror 52 on a surface facing
the VCSEL 20.

[0239] The mirror 52 reflects part of the emitted light [.1
emitted from the VCSEL 20 and the reflected part of the
emitted light L1 becomes reflected light L.3. Further, in
FIGS. 27A and 28A, the mirror 52 is stuck to a center part
of the U-typed shape of the mirror holding member 58, but
may be stuck to another position of the mirror holding
member 58.

[0240] Accordingly, the mirror 52 is stuck to a lower part
of the thick part 54E of the acrylic plate S0E. At the position
of mirror 52, rigidity is high, and the acrylic plate 50E is
hardly deflected, thereby being hard to be inclined. Thus, the
light receiving amount of the reflected light 1.3 which is
reflected by the mirror 52 and received by the second
photodiode 40 is stabilized. Accordingly, the blood flow
volume measuring device can stabilize the measurement
accuracy of the displacement, the deflection amount, the
inclination, the pressure, and the like of the acrylic plate S0E
using the reflected light [.3.

[0241] On the other hand, in the thin part S3E adjacent to
the thick part 54E, since the acrylic plate 50E is easy to be
deflected, the deflection amount becomes large. Therefore,
the blood flow volume measuring device can surely obtain
the displacement of the acrylic plate 50E based upon the
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light receiving amount of the reflected light 1.3, and can
easily derive a blood flow volume signal.

[0242] Next, a case in which the periphery of the circular-
shaped acrylic plate 50E is fixed to the base 10 in a plan view
will be considered.

[0243] FIG. 29A is a schematic diagram illustrating one
example of the equal load distribution in a beam 65E
(simply, referred to a beam). In the embodiment, each
parameter is represented as follows. The beam 65E is the
peripheral end fixed beam, the peripheral ends of which are
fixed.

[0244] “q”: load per unit area to the beam 65E

[0245] “o”: length of the contact portion (diameter of the
contract portion) where the beam 65E and the measuring-
target region contact with each other

[0246] “1”: length of a diameter of the beam 65E

[0247] “h”: height of the beam 65E

[0248] “E”: Young’s modulus of the beam 65E

[0249] “D”: deflection strength of the beam 65E

[0250] A position in a diameter direction of the beam 65E

(a distance from abase point (a center part of the beam 65E
in FIG. 29A)) is represented by a variable r. A position in a
height direction of the beam 65E (a distance from a base
point (a top end of the beam 65E in FIG. 29A)) is repre-
sented as a variable y. The variable y corresponds to the
deflection amount of the beam 65E.

[0251] The deflection amount (y) of the beam 65E is, for
example, represented by Equation 11 as follows:

Equation 11

(Equation

2 2.2 4
29 |2y 3 2 TY T
y= 16D{(w +2r )lnl 411/2 +1 R +40z2}

[0252] A relationship between a load q per unit area and a
total load P is represented by Equation 12 as follows:

Equation 12

P=gxax(a/2)?

[0253] Therefore, a change rate (dy/dr) of the deflection
amount (y) at each position in the diameter direction of the
beam 65E is represented, for example, by Equation 13. The
change rate corresponds to a change in the deflection amount
with respect to a 25 minute change of the position in the
diameter direction of the beam 65E.

(Equation

Equation 13

dy qo® o r? (Equation
— = —q4rln— - — + —=
dx 16D r B a?

[0254] Further, the deflection amount of the beam 65E is
proportional to the fourth power of the contact portion
length a as shown in Equation 11. Therefore, when the
contact portion length a changes and the contact area
changes, the deflection amount of the beam 65E largely
changes.

[0255] Further, in the embodiment, an example of the
equation in the case of the wedge load distribution in the
beam 65E is omitted, however, even in the case of the wedge
load distribution, the deflection amount of the beam 65E is
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proportional to the fourth power of the contact portion
length a. Therefore, when the contact portion length a
changes and the contact area changes, the deflection amount
of the beam 65E largely changes.

[0256] FIG. 29B is a schematic diagram illustrating one
example of a parameter used for a third simulation. In the
third simulation, the deflection y and the inclination 6 of the
beam 65E in the equal load distribution will be considered.
[0257] FIG. 30A is a graph illustrating one example of a
relationship between a distance from a beam center part c11
and a deflection amount of the beam E in the equal load
distribution. FIG. 30B is a graph illustrating one example of
a relationship between the distance from the beam center
part c11 and the inclination 6 of the beam 65E in the equal
load distribution.

[0258] In the equal load distribution, the load is uniform at
the contact part of the beam 65E with the measuring-target
region. Therefore, as illustrated in FIG. 30A, the deflection
amount y at the beam center part c11 becomes maximum.
Therefore, as illustrated in FIG. 30B, at the beam center part
c11 where the deflection amount y is maximum, it becomes
parallel (for example, horizontal) to the extending direction
of the beam 65E when no load is applied to the beam 65E,
whereby a value of the inclination 6 becomes zero.

[0259] Further, the value of the inclination 8 corresponds
to the value of the change rate (dy/dr) of the deflection
amount (y) at each position in the diameter direction (a
left-and-right direction in FIG. 29A) of the beam 65E.
[0260] Accordingly, the blood flow volume measuring
device provided with the blood flow volume sensor 200E of
the embodiment is provided with the acrylic plate 50E as the
beam 65E (the peripheral end fixed beam). Even in this case,
the contact area of the finger FG with respect to the blood
flow volume measuring device can be easily kept constant
by pressing down the protrusion 60E by the finger FG.
Therefore, the blood flow volume measuring device 100 can
easily keep the contact pressure per unit area constant and
can prevent the variation in the measured value of the blood
flow volume measurement, thereby improving the reproduc-
ibility of the blood flow volume measurement.

[0261] Additionally, in the embodiment, details of the
deflection amount y and the inclination 6 of the beam 65E
in the wedge load distribution are omitted, however, in the
same manner as that of the first embodiment, the deflection
amount y becomes maximum at the position deviated from
the beam center part c11, and the value of the inclination 0
becomes zero or the value thereof becomes large at the beam
center part c11. That is, as the load applied to the contact
portion of the beam 65E with the measuring-target region
approaches the equal load distribution, the deflection
amount y at the beam center part c11 is small, and the
inclination 6 approaches 0 and easily becomes horizontal.
[0262] Further, the processor 310 may derive the inclina-
tion 0 of the protrusion 60F and the acrylic plate 50E in the
extending direction dl of the protrusion 60F and the acrylic
plate 50E at the beam center part cl, based upon the
detection information obtained by the second photodiode 40,
and the like. The blood flow volume measuring device can
determine whether to be the equal load distribution or the
wedge load distribution, and determine a degree of the
deviation of the load distribution from the value of the
inclination 0.

[0263] Additionally, in the same manner as that of the first
embodiment, when the inclination 6 is larger than the
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threshold value th (for example, value is “0), the display
330 may display the warning information such as “please,
press the middle”, and the like under the control of the
processor 310.

[0264] Further, in the embodiment, the deflection amount
y, the inclination 6, and the like of the beam 65E when the
periphery of the circular-shaped acrylic plate 50E in the top
plan view is fixed to the base 10 will be considered, and the
same result is obtained even in the case of the acrylic plate
50E having an approximately square shape in the top plan
view.

Seventh Embodiment

[0265] Inthe embodiment, measurement of the blood flow
volume using an electrostatic capacitance sensor will be
described.

[0266] FIG. 31A is a plan view illustrating a first configu-
ration example of a blood flow volume sensor 200F. FIG.
31B is a cross-sectional view taken along the line C-C' of
FIG. 31A. In FIGS. 31A and 31B, with respect to the same
components as those of the first to sixth embodiments, the
same reference sings are denoted thereto, and descriptions
thereof will be omitted or will be simply described.

[0267] The blood flow volume sensor 200F is provided
with the base 10, the VCSEL 20, the first photodiode 30, an
acrylic plate 50F, a supporting protrusion 57F, an electro-
static capacitance sensor 59, and a protrusion 60F. That is,
instead of the second photodiode 40, the electrostatic capaci-
tance sensor 59 is provided.

[0268] In FIGS. 31A and 31B, the acrylic plate 50F and
the protrusion 60F are separately formed, but may be
integrally formed. The acrylic plate S0F and the protrusion
60F are formed of the translucent member such as the acrylic
material, and the like in the same manner as those of the
above-mentioned embodiments.

[0269] In FIGS. 31A and 31B, the acrylic plate 50F is
formed in a circular shape in the plan view, but may be
formed in other shapes (for example, an elliptical shape, an
approximately square shape, an approximately polygonal
shape other than an approximately square shape). Further,
the acrylic plate 50F may be the doubly supported beam or
the peripheral end fixed beam.

[0270] One or more supporting protrusions 57F (for
example, three protrusions) are provided on the first surface
Al facing the VCSEL 20 of the acrylic plate 50F. The
supporting protrusion 57F supports the electrostatic capaci-
tance sensor 59.

[0271] In the electrostatic capacitance sensor 59, two
conductors (not illustrated) are disposed in parallel with the
acrylic plate 50F, and these conductors are electrically
connected to each other. The electrostatic capacitance sensor
59 measures a distance between the two conductors by
measuring the electrostatic capacitance between the two
conductors. When the acrylic plate 50F is pressed down by
the finger FG through the protrusion 60F, a position of one
conductor is displaced through the supporting protrusion 7F,
and the distance between the two conductors changes. In this
case, the electrostatic capacitance sensor 59 detects that
when the electrostatic capacitance between the two conduc-
tors becomes large, the distance between the two conductors
becomes short. A change in the distance corresponds to a
displacement amount of the acrylic plate 50F, that is, the
deflection amount y of the acrylic plate S0F. That is, when
the protrusion 60F is pressed down by the finger FG, the
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electrostatic capacitance sensor 59 detects the deflection
amount of the acrylic plate 50F. The contact pressure against
the protrusion 60F and the inclination of the acrylic plate
50F can be detected based upon the deflection amount of the
acrylic plate 50F.

[0272] Further, an opening part 59a is provided at a center
part of the electrostatic capacitance sensor 59, that is, a
region through which the emitted light [.1 and the scattered
light 1.2 pass in the electrostatic capacitance sensor 59. The
electrostatic capacitance sensor 59 includes the opening part
59a, thereby not only avoiding interruption of passage of the
emitted light L1 and the scattered light 1.2, but also pre-
venting deterioration of the measurement accuracy of the
blood flow volume using the scattered light [.2.

[0273] Accordingly, the blood flow volume measuring
device provided with the blood flow volume sensor 200F of
the embodiment is provided with the electrostatic capaci-
tance sensor 59 for detecting the deflection amount y of the
acrylic plate 50F. Even though the electrostatic capacitance
sensor 59 does not have translucency, the electrostatic
capacitance sensor 59 includes the opening part 59« at the
center part, such that the emitted light [.1 and the scattered
light [.2 can pass through the vicinity of the center part of the
electrostatic capacitance sensor 59. Therefore, the progress
of light between the VCSEL 20, the finger FG, and the first
photodiode 30 is not impeded, and the blood flow volume
measurement can be stably performed. Further, the blood
flow volume sensor 200F is provided with the protrusion
60F, thereby not only easily keeping the contact pressure per
unit area constant, but also preventing the variation of the
measured value of the blood flow volume measurement,
whereby the reproducibility of the blood flow volume mea-
surement can be improved.

Eighth Embodiment

[0274] In the first embodiment, the reproducibility of the
measurement result of the blood flow volume using the rat
tail is described, whereas in the embodiment, the reproduc-
ibility of the measurement result of the blood flow volume
using the finger FG of the person will be described.
[0275] A blood flow volume sensor 200G of the eighth
embodiment may be either one of the blood flow volume
sensors 200G, 200A, 200B, 200D to 200F of the first to
seventh embodiments.

[0276] FIGS. 32A and 32B are schematic diagrams illus-
trating the reproducibility of the blood flow volume mea-
surement according to the presence of the protrusion. FIG.
32A illustrates the measurement result of the blood flow
volume using the finger FG of the person by the blood flow
volume sensor 200G provided with the protrusion 60. FIG.
32B illustrates the measurement result of the blood flow
volume using the finger FG of the person by the blood flow
volume sensor not provided with the protrusion. Further, the
configuration of the blood flow volume sensor not provided
with the protrusion is the same as the configuration of the
blood flow volume sensor 200G except for the protrusion. In
FIGS. 32A and 32B, a horizontal axis of each graph indi-
cates the number of trials of the blood flow volume mea-
surement. Further, in FIGS. 32A and 32B, “E” of the blood
flow volume in the vertical axis indicates an index of 10. For
example, “3.00E+08” indicates “3.00x10%”.

[0277] In the blood flow volume measurement using the
finger FG of the person, as one example, a diameter of the
protrusion 60 is defined as 4.5 mm, and a height of the
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protrusion 60 (a length in a thickness direction) is defined as
2 mm. In addition, a measuring portion of the blood flow
volume is defined as the finger FG of the person, but a
person’s calf may be used.

[0278] Since the blood flow volume is influenced by the
contact pressure, firstly, the blood flow volume is measured
ten times with the contact pressure of 0.37 N by the blood
flow volume sensor 200G provided with the protrusion 60.
Results of the measurements of ten times are illustrated in
FIG. 32A. After that, the contact pressure capable of obtain-
ing almost the same blood flow volume as the measurement
result of the blood flow volume sensor 200G provided with
the protrusion 60 is derived by the blood flow volume sensor
not provided with the protrusion, and the measurement is
performed ten times with the contact pressure. The mea-
surement results of ten times are illustrated in FIG. 32B.

[0279] Referring to FIG. 32A, it can be seen that an
average value Avel of the measured values of the blood flow
volume of ten times is approximately 1.80x10%, and each
measured value is within a range of approximately 1.70 to
2.00x108. Referring to FIG. 32B, it can be seen that an
average value Ave2 of the measured values of the blood flow
volume of ten times is approximately 1.60x10%, and that
each measured value is within a range of approximately 1.10
to 2.40x10%, In other words, in the case where the protrusion
is provided, it can be understood that the variation in the
measured value of the blood flow volume is smaller in
comparison with the case where the protrusion is not pro-
vided.

[0280] Accordingly, the blood flow volume measuring
device provided with the blood flow volume sensor 200G of
the embodiment is provided with the protrusion 60, such that
the protrusion 60 serves as a guide of the contact place,
thereby easily keeping the contact area of the finger FG of
the person with the blood flow volume measuring device
100 constant. Therefore, the blood flow volume measuring
device 100 makes it easy to keep the contact pressure per
unit area constant, whereby it is possible not only to prevent
the variation in the measured value of the blood flow volume
measurement, but also to improve the reproducibility of the
blood flow volume measurement.

[0281] Next, experimental results of the measurement of
the blood flow volume of the measuring-target region (for
example, the finger FG) in respective states of before
exercise, during exercise, and after exercise of a person will
be considered.

[0282] The purpose of this consideration is to compare
changes of the measurement results of the blood flow
volume measured by the blood flow volume sensor (for
example, the blood flow volume sensor 200 of the first
embodiment) of either one of the first to eighth embodiments
according to heart rate and blood pressure rise in the
respective states of before exercise, during exercise, and
after exercise of the person.

[0283] Experiment in measuring the blood flow volume
was conducted under the following conditions:

[0284]

[0285] An indoor place in which a room temperature was
kept constant by air conditioning (for example, a laboratory
in which an aero bike (registered trademark) operated by a
subject is installed)

Experimental Location:
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[0286] Experimental Method:
[0287] (1) A cuff (not illustrated) of a sphygmomanometer
was wrapped around the left upper arm of a subject (for
example, a male in his twenties).
[0288] (2) The right index finger (for example, the finger
FQG) of the same subject was chosen as the measuring-target
region, after which the blood flow volume was measured
(measured at the same height as that of the heart), for
example, by using the blood flow volume sensor 200 of the
first embodiment, and a finger thermometer (not illustrated)
was attached to the middle finger (for example, the finger
FQG) of the subject.
[0289] (3) The blood flow volume and finger temperature
of the subject were respectively measured for the right hand
as the object, and the room temperature and humidity of the
experimental place were also recorded.
[0290] (4) Blood pressure of the same subject was mea-
sured for the left upper arm as the object.
[0291] The timing of performing the measurement is as
follows:
[0292] (before exercise) calm state

[0293] (during exercise) 5 minutes after starting the

exercise
[0294] (after exercise) 2 minutes after the end of the
exercise

[0295] Exercise intensity is as follows.
[0296] The subject, for example, rides the aero bike (reg-
istered trademark), and rotates the aero bike at a moderate
degree (that is, to the extent that the heart rate becomes 110
to 120 bpm) so that a rotation speed of a pedal becomes
constant.
[0297] FIG. 33 is a graph illustrating a temporal change
example of the blood flow volume in the finger of the subject
when the contact pressure against the protrusion 60 of the
blood flow volume sensor 200 is gradually lowered before
exercise (that is, calm state). FIG. 34 is a graph illustrating
a temporal change example of the blood flow volume in the
finger of the subject when the contact pressure against the
protrusion 60 of the blood flow volume sensor 200 is
gradually lowered during the exercise. FIG. 35 is a graph
illustrating a temporal change example of the blood flow
volume in the finger of the subject when the contact pressure
against the protrusion 60 of the blood flow volume sensor
200 is gradually lowered after exercise.
[0298] As illustrated in FIG. 33, for example, a contact
pressure sensor (not illustrated) provided in a frame (not
illustrated) supporting the blood flow volume sensor 200
including the protrusion 60 on which the finger FG of the
subject is placed is moved vertically upward and downward
orthogonal to a floor surface (that is, a plane horizontal to the
ground) of the experimental place by driving of an actuator
(for example, not illustrated in FIG. 7) based upon the
control of the processor 310. Accordingly, the contact pres-
sure when the finger FG of the subject contacts with the
protrusion 60 can be arbitrarily changed. In addition, the
method of changing the contact pressure when the finger FG
of the subject contacts with the protrusion 60 is not limited
to the method described above.
[0299] Firstly, before exercise (that is, calm state), the
measurement of the blood flow volume was performed with
the finger FG of the subject as the measuring-target region
by using the above-mentioned method of changing the
contact pressure.
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[0300] Data are obtained as measurement results as fol-
lows:

[0301] Maximum blood pressure: 132 mmHg

[0302] Minimum blood pressure: 75 mmHg

[0303] Heart rate: 79 bpm

[0304] Average blood pressure: 94 mmHg

[0305] Pulse: 57 mmHg

[0306] Fingertip temperature: 35.5° C.

[0307] Room temperature: 2° C.

[0308] Humidity: 53%

[0309] Results

[0310] As illustrated in FIG. 33, the blood flow volume

gradually increased as the contact pressure gradually
decreased. With respect to the blood flow volume ranging
from 10 seconds to 50 seconds after the measurement starts,
the maximum value of blood flow volume was 36.36 (unit
is omitted. The same applies hereinafter) and the minimum
blood flow volume was 4.56, such that a difference therebe-
tween became 31.80. An increase rate of the blood flow
volume (in other words, an inclination representing a tem-
poral change rate of the blood flow volume illustrated in
FIG. 33) became 0.795.

[0311] Next, during the exercise, the measurement of the
blood flow volume was performed with the finger FG of the
subject as the measuring-target region. As illustrated in FIG.
34, in the same manner as the case of before exercise (that
is, calm state), the blood flow volume gradually increased as
the contact pressure gradually decreased.

[0312] Data are obtained as measurement results as fol-
lows:

[0313] Maximum blood pressure: 160 mmHg

[0314] Minimum blood pressure: 93 mmHg

[0315] Heart rate: 119 bpm

[0316] Average blood pressure: 115 mmHg

[0317] Pulse: 67 mmHg

[0318] Fingertip temperature: 36.2° C.

[0319] Room temperature: 20.9° C.

[0320] Humidity: 53%

[0321] Results

[0322] According to effects of the exercise (for example,

good blood circulation based upon a heavy exercise), the
respective measured values relatively increased in compari-
son with those before exercise (that is, calm state). With
respect to the blood flow volume ranging from 7 seconds to
45 seconds after the measurement starts, the maximum value
of blood flow volume was 58.22 and the minimum blood
flow volume was 9.86, such that a difference therebetween
became 48.36. An increase rate of the blood flow volume (in
other words, an inclination representing a temporal change
rate of the blood flow volume illustrated in FIG. 34) became
1.209, which was increased in comparison with the case of
before exercise (that is, calm state).

[0323] Finally, after exercise, the measurement of the
blood flow volume was performed with the finger FG of the
subject as the measuring-target region. As illustrated in FIG.
35, in the same manner as the cases of before exercise (that
is, calm state) and during the exercise, as the contact
pressure gradually decreased, on the contrary, the blood flow
volume gradually increased.

[0324] Data are obtained as measurement results as fol-
lows:

[0325] Maximum blood pressure: 160 mmHg

[0326] Minimum blood pressure: 93 mmHg

[0327] Heart rate: 119 bpm
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[0328] Average blood pressure: 115 mmHg

[0329] Pulse: 67 mmHg

[0330] Fingertip temperature: 36.2° C.

[0331] Room temperature: 20.9° C.

[0332] Humidity: 53%

[0333] Results

[0334] Since the measurement was performed after exer-

cise, some measured values decreased from the case of
during the exercise. However, according to effects of the
exercise (for example, good blood circulation based upon a
heavy exercise), the increase rate of the blood flow volume
(in other words, an inclination representing a temporal
change rate of the blood flow volume illustrated in FIG. 35)
increased in comparison with the cases of before exercise
(that is, calm state) and during the exercise. With respect to
the blood flow volume ranging from 7 seconds to 37 seconds
after the measurement starts, the maximum value of blood
flow volume was 52.00 and the minimum blood flow volume
was 6.02, such that a difference therebetween became 45.98.
An increase rate of the blood flow volume (in other words,
the inclination representing the temporal change rate of the
blood flow volume illustrated in FIG. 35) became 1.533,
which was increased in comparison with the cases of before
exercise (that is, calm state) and during the exercise.
[0335] Further, in this experiment, in addition to the
subject described above, a total of three subjects including
two subjects as the experiment subject in the same manner
were also observed to determine whether there exist any
differences between the subjects. The blood flow volume
sensor of the present disclosure (for example, the blood flow
volume sensor 200 of the first embodiment) can compute the
blood flow volume per one heartbeat (that is, one stroke
volume) by using the blood flow volume as the measured
value. Here, in order to simplify the description, the blood
flow volume sensor 200 of the first embodiment will be
described as an example. Alternatively, even though a blood
flow volume sensor of another embodiment is used, it goes
without saying that one stroke volume can be measured in
the same manner.

[0336] Specifically, based upon the temporal changes of
the blood flow volume illustrated in FIGS. 33 to 35, the
processor 310 as one example of a flow volume measure-
ment part firstly computes a value (that is, refer to Equation
14), in which 60 is divided by time (t2-t1) required for one
heartbeat (that is, corresponds to one cycle of the blood flow
volume which repeats a cyclical fluctuation), as the heart
rate bpm. Time t1 indicates the start time of one cycle of the
blood flow volume of one heartbeat, and time t2 indicates
the end time of one cycle of the blood flow volume of one
heartbeat, respectively. Further, when the contact pressure
applied to the finger FG is, for example, 80 mmHg, the
processor 310 performs computation according to Equation
14.

Equation 14

60 (Equation

bpm = 2 -1’

[0337] Further, based upon the temporal changes of the
blood flow volume illustrated in FIGS. 33 to 35, the pro-
cessor 310 as one example of the flow volume measurement
part computes one stroke volume S according to an average
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value (refer to Equation 15) of integrated values of the blood
flow volume at time (t4-t1) required for a preset number of
times (for example, 3 heartbeats). The time t4 indicates the
end time of three cycles of the blood flow volume of three
heartbeats with the time t1 as the start time. Further, the
processor 310 performs computation according to Equation
15 when the contact pressure applied to the finger FG is, for
example, 80 mmHg. In Equation 15, B indicates the blood
flow volume at time tl to t4 measured when the contact
pressure applied to the finger FG is, for example, 80 mmHg.

Equation 15

4 (Equation
f B( = Blood flow)dr
g 000000
3
[0338] Further, the processor 310 as one example of the

flow volume measurement part computes a cardiac output
SA according to Equation 16 by using the temporal changes
of the blood flow volume illustrated in FIGS. 33 to 35 and
computation results of Equations 14 and 15. Further, when
the contact pressure applied to the finger FG is, for example,
80 mmHg, the processor 310 performs computation accord-
ing to Equation 16.

Equation 16

(Equation

SA Xbpm

S
~ 1000

[0339] FIG. 36A is a graph illustrating respective
examples of changes in average blood pressure of the three
subjects before exercise, during the exercise, and after
exercise. FIG. 36B is a graph illustrating respective
examples of changes in the heart rates of the three subjects
before exercise, during the exercise, and after the exercise.
FIG. 36C is graph illustrating respective examples of
changes in the blood flow volume per one heartbeat of the
three subjects before exercise, during the exercise, and after
exercise. FIG. 36D is a graph illustrating respective
examples of changes in total stroke volume of the three
subjects before exercise, during exercise, and after exercise.
[0340] In FIGS. 36A to 36D, a horizontal axis indicates
the states of before exercise (that is, calm state), during
exercise, and after exercise of the three subjects; a vertical
axis respectively indicates the average blood pressure
[mmHg], the heart rate [bpm], the blood flow volume [ml]
per one heartbeat, and the total stroke volume [L/min]; and
the states of before exercise of the three subjects are respec-
tively prepared to be a reference value (for example, zero).
[0341] In FIGS. 36A and 36B, the average blood pressure
and the heart rate of the three subjects are the lowest before
exercise (that is, calm state), are the highest during exercise,
and are lowered to the same degrees as those of before
exercise (that is, calm state). In other words, it means that
both the average blood pressure and the heart rate increase
by exercise.

[0342] Meanwhile, as illustrated in FIG. 36C, the blood
flow volume per one heartbeat of the three subjects (refer to
Equation 15) is the lowest before exercise (that is, calm
state), and as the time passes during exercise and after
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exercise, the blood flow volume per one heartbeat thereof
gradually increases. It’s assumed that in each of the three
subjects, the blood flow volume per one heartbeat is
increased by the exercise, and a flow of blood (that is, blood
circulation) for allowing cells in the body to function
normally is improved.

[0343] In FIG. 36D, the total stroke volume of the three
subjects is the lowest before exercise (that is, calm state), is
the highest during exercise, and is slightly lower than that of
during exercise in the case of after exercise.

[0344] As described above, according to the blood flow
volume sensor of the present disclosure (for example, the
blood flow volume sensor 200 of the first embodiment),
based upon the temporal change of the blood flow volume,
when the contact pressure applied to the finger FG is a preset
value (for example, 80 mmHg), it is possible to compute one
stroke volume (that is, the blood flow volume per one
heartbeat) by the average value (refer to Equation 15) of the
integrated value of the blood flow volume, for example, at
the time (t4-t1) required for three heartbeats. Accordingly,
the blood flow volume sensor 200 can easily compute one
stroke volume (that is, the blood flow volume per one
heartbeat) as one example of an index for promoting health
with high accuracy.

[0345] As described above, the embodiments are
described with reference to the drawings, and it goes without
saying that the present disclosure is not limited to such
examples. It is apparent that those skilled in the art can come
up with various kinds of modifications or corrections within
the scope described in the scope of the patent claims, and it
is understood that the modifications or the corrections also
naturally belongs to the technical scope of the present
disclosure.

[0346] In the embodiments, the acrylic plate or the glass
plate is exemplified, but may be an acrylic film or a glass
film may be used. Further, another plate-shaped member or
film having translucency with respect to the emitted light [.1
and the scattered light 1.2 may be used.

[0347] In the embodiments, the measuring-target region
may be a finger FG or the tail of a living body (for example,
a person, a cow, or a rat), or may be other portions (for
example, a forehead, a wrist, an ankle, or another portion).
Further, in the fourth embodiment, the measuring-target
region is not limited to the tube 90, and may be a portion of
another measuring object.

[0348] In the embodiments, the warning information is
exemplified by being displayed on the display 330. Alter-
natively, the warning information may be outputted in
another output mode. For example, the warning information
may not be character information, and, for example, an LED
(Light Emitting Diode) may be lit or blink with a color
indicating the warning. Further, the warning information
may be outputted with voice by a speaker (not illustrated),
or may be vibrated with a vibration pattern indicating the
warning information by a vibrator (not illustrated).

[0349] In the embodiments, one protrusion is provided as
an example. Alternatively, a plurality of protrusions may be
provided.

Overview of One Embodiment of Present
Disclosure

[0350] A flow volume measuring device according to one
embodiment of the present disclosure includes a light source
which emits light to a measuring-target region; a light
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receiving element which receives light scattered at the
measuring-target region from the light emitted from the light
source; a contact member having translucency with respect
to a wavelength of the emitted light and a wavelength of the
scattered light, and including a surface which faces the
measuring-target region and with which the measuring-
target region is contactable over the entire surface; and a
flow volume measuring unit which measures a flow volume
of liquid flowing through the measuring-target region based
upon the scattered light.

[0351] According to the configuration, the flow volume
measuring device can keep a contact area of the measuring-
target region with respect to the flow volume measuring
device constant. Accordingly, the flow volume measuring
device makes it easy to keep contact pressure per unit area
constant, and can prevent a variation in a measured value of
flow volume measurement, thereby improving reproducibil-
ity of the flow volume measurement.

[0352] The flow volume measuring device according to
one embodiment of the present disclosure includes a trans-
lucent member which covers at least a part of the light
source and the light receiving element and has translucency
with respect to the wavelength of the emitted light and the
wavelength of the scattered light, and the contact member is
a protrusion disposed on a surface of the translucent member
which faces the measuring-target region.

[0353] According to the configuration, even though a
surface of the translucent member including a component
relating to flow volume measurement is larger than the
measuring-target region, that is, the flow volume measuring
derive is larger than the measuring-target region, it is pos-
sible to keep the contact area of the measuring-target region
with respect to the flow volume measuring device constant.

[0354] In the flow volume measuring device according to
one embodiment of the present disclosure, the translucent
member is formed such that a thickness thereof at first
position facing the protrusion is thicker than the thickness at
a second position not facing the protrusion in an extending
direction of the translucent member.

[0355] According to the configuration, in the flow volume
measuring device, the translucent member receiving the
contact pressure from the measuring-target region through
the protrusion is hardly deflected, thereby preventing dete-
rioration of measurement accuracy of the flow volume
measurement. Therefore, the flow volume measuring device
can improve the reproducibility of the flow volume mea-
surement.

[0356] The flow volume measuring device according to
one embodiment of the present disclosure includes a sup-
porting member which surrounds at least a part of the
translucent member and supports part of the measuring-
target region in a state where the measuring-target region
contacts with the contact member. The supporting member
includes an opening part facing a surface where the mea-
suring-target region contacts with the contact member.

[0357] According to the configuration, the flow volume
measuring device can prevent the measuring-target region
from inadvertently contacting with the translucent member.
Accordingly, in the flow volume measuring device, since the
deflection amount of the translucent member is stabilized,
the flow volume measuring device is not only capable of
improving the measurement accuracy of the flow volume

Oct. 15, 2020

measurement based upon the deflection amount, but also
capable of improving the reproducibility of the flow volume
measurement.

[0358] In the flow volume measuring device according to
one embodiment of the present disclosure includes a base
which accommodates the light source and the light receiving
element, and both ends of the translucent member are fixed
to both ends of the base.

[0359] According to the configuration, even when the
translucent member is operated as opposite end fixed beam,
the flow volume measuring device is not only capable of
improving the measurement accuracy of the flow volume
measurement based upon the deflection amount, but also
capable of improving the reproducibility of the flow volume
measurement.

[0360] The flow volume measuring device according to
one embodiment of the present disclosure includes the base
that accommodates the light source and the light receiving
element, and a peripheral end of the translucent member is
fixed to a peripheral end of the base.

[0361] According to the configuration, even when the
translucent member is operated as a peripheral end fixed
beam, the flow volume measuring device is not only capable
of improving the measurement accuracy of the flow volume
measurement based upon the deflection amount, but also
capable of improving the reproducibility of the flow volume
measurement.

[0362] In the flow volume measuring device according to
one embodiment of the present disclosure, the flow volume
measuring unit measures contact pressure against the contact
member and the flow volume of the liquid flowing through
the measuring-target region based upon the scattered light.

[0363] According to the configuration, for example, the
flow volume measuring device intentionally can change the
contact pressure against the contact member to measure the
blood flow volume while searching the contact pressure
suitable for measuring the blood flow volume, thereby
improving the measurement accuracy of the blood flow
volume.

[0364] In the flow volume measuring device according to
one embodiment of the present disclosure, when the contact
pressure against the contact member is a preset contact
pressure, the flow volume measuring unit measures the flow
volume of the liquid flowing through the measuring-target
region based upon the scattered light.

[0365] According to the configuration, the flow volume
measuring device measures the flow volume of the liquid at
a preset contact pressure at which a relatively large pulse
wave amplitude can be measured, thereby making it possible
to stably perform the blood flow volume measurement and
to obtain the measured value of the blood flow volume with
the high reproducibility.

[0366] The flow volume measuring device according to
one embodiment of the present disclosure includes an output
unit which outputs warning information when an inclination
in a reference direction of the contact member is equal to or
greater than a preset value.

[0367] According to the configuration, the pressure of the
contact member by the measuring-target region can be
provided to a user so that the pressure thereof becomes equal
to the contact surface of the contact member, thereby making
it possible to urge the user to set an equally distributed load.
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[0368] In the flow volume measuring device according to
one embodiment of the present disclosure, the flow volume
of the liquid is a blood flow volume.

[0369] According to the configuration, the flow volume
measuring device can prevent a variation in the measured
value of the blood flow volume measurement and can
improve the reproducibility of the blood flow volume mea-
surement.

[0370] In the flow volume measuring device according to
one embodiment of the present disclosure, the flow volume
of the liquid is a flow volume of liquid flowing through a
tubular member.

[0371] According to the configuration, for example, it is
possible to prevent the variation in the measured value of the
flow volume measurement of a drip-infusion fluid flowing
through the tube at the time of drip infusion, thereby
improving the reproducibility of the flow volume measure-
ment of the drip-infusion fluid.

[0372] The flow volume measuring device according to
one embodiment of the present disclosure further includes a
dehydrated state identification unit that identifies a dehy-
drated state in the measuring-target region based upon the
measured flow volume of the liquid flowing through the
measuring-target region by the flow volume measuring unit.
[0373] According to the configuration, since the flow
volume measuring device has high reliability of the blood
flow volume measured based upon the stability of the
contact pressure applied to the protrusion, it is possible to
estimate the presence of the dehydrated state at the measur-
ing-target region depending on the amount of the blood flow
volume with high accuracy.

[0374] The flow volume measuring device according to
one embodiment of the present disclosure computes one
stroke volume indicating a blood flow volume per one
heartbeat based upon a flow volume corresponding to a
preset number of cycles of the liquid flowing through the
measured measuring-target region.

[0375] According to the configuration, since the flow
volume measuring device has high reliability of the blood
flow volume measured based upon the stability of the
contact pressure applied to the protrusion, it is possible to
easily compute one stroke volume (that is, the blood flow
volume per one heartbeat) as one example of an index for
promoting health with high accuracy.

[0376] A flow volume measuring device according to one
embodiment of the present disclosure includes a light source
which emits light to a measuring-target region; a light
receiving element which receives light scattered at the
measuring-target region from the light emitted from the light
source; a translucent member having translucency with
respect to a wavelength of the emitted light and a wave-
length of the scattered light; a pressure sensor embedded in
the translucent member, including a surface which faces the
measuring-target region and with which the measuring-
target region is contactable over the entire surface, and
detecting contact pressure caused by contact with the mea-
suring-target region; and a flow volume measuring unit
which measures a flow volume of liquid flowing through the
measuring-target region based upon the scattered light.
[0377] According to the configuration, the flow volume
measuring device can keep the contact area of the measur-
ing-target region with respect to the pressure sensor embed-
ded in the translucent member constant. Thus, the flow
volume measuring device makes it easy to keep the contact
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pressure per unit area detected by the pressure sensor
constant, whereby it is possible not only to prevent the
variation in the measured value of the flow volume mea-
surement, but also to improve the reproducibility of flow
volume measurement.

[0378] A pressure measuring device according to one
embodiment of the present disclosure includes a light source
which emits light to a measuring-target region; a light
receiving element which receives light scattered at the
measuring-target region from the light emitted from the light
source; a contact member having translucency with respect
to a wavelength of the emitted light and a wavelength of the
scattered light, and including a surface which faces the
measuring-target region and with which the measuring-
target region is contactable over the entire surface; a flow
volume measuring unit which measures a flow volume of
liquid flowing through the measuring-target region based
upon the scattered light; and a pressure measuring unit
which measures pressure of the liquid flowing through the
measuring-target region based upon pulse wave amplitude
of the flow volume of the measuring-target region.

[0379] According to the configuration, the pressure mea-
suring device can keep the contact area of the measuring-
target region with respect to the pressure measuring device
constant. Accordingly, the pressure measuring device makes
it easy to keep the contact pressure per unit area constant,
whereby it is possible not only to prevent the variation in the
measured value of the flow volume measurement, but also to
improve the reproducibility of the flow volume measure-
ment. Therefore, the pressure measuring device is not only
capable of preventing the variation of the measured value of
the pressure measurement derived based upon the measured
value of the flow volume measurement, but also capable of
improving the reproducibility of the pressure measurement.
[0380] A flow volume measuring method according to one
embodiment of the present disclosure is a flow volume
measuring method in the flow volume measuring device, the
method including: emitting light to a measuring-target
region; receiving light scattered at the measuring-target
region from the emitted light; and measuring a flow volume
of liquid flowing through the measuring-target region based
upon the scattered light, wherein a contact member has
translucency with respect to a wavelength of the emitted
light and a wavelength of the scattered light, and includes a
surface which faces the measuring-target region and with
which the measuring-target region is contactable over the
entire surface.

[0381] According to the method, the flow volume mea-
suring device can keep a contact area of the measuring-target
region with respect to the flow volume measuring device
constant. Accordingly, the flow volume measuring device
makes it easy to keep contact pressure per unit area constant,
and can prevent the variation in the measured value of the
flow volume measurement, thereby improving the reproduc-
ibility of the flow volume measurement.

[0382] A pressure measuring method according to one
embodiment of the present disclosure is a pressure measur-
ing method in a pressure measuring device, the method
including: emitting light to a measuring-target region;
receiving light scattered at the measuring-target region from
the emitted light; measuring a flow volume of liquid flowing
through the measuring-target region based upon the scat-
tered light; and measuring pressure of the liquid flowing
through the measuring-target region based upon pulse wave
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amplitude of the flow volume of the measuring-target
region, wherein a contact member has translucency to a
wavelength of the emitted light and a wavelength of the
scattered light, and includes a surface which faces the
measuring-target region and with which the measuring-
target region is contactable over the entire surface.

[0383] According to the configuration, the pressure mea-
suring device can keep the contact area of the measuring-
target region with respect to the pressure measuring device
constant. Accordingly, the pressure measuring device makes
it easy to keep the contact pressure per unit area constant,
whereby it is possible not only to prevent the variation in the
measured value of the flow volume measurement, but also to
improve the reproducibility of the flow volume measure-
ment. Therefore, the pressure measuring device is not only
capable of preventing the variation of the measured value of
the pressure measurement derived based upon the measured
value of the flow volume measurement, but also capable of
improving the reproducibility of the pressure measurement.
[0384] Further, this application is based upon Japanese
Patent Application No. 2016-109557, filed on May 31, 2016,
the entire contents of which are incorporated herein by
reference.

INDUSTRIAL APPLICABILITY

[0385] The present disclosure is useful for a flow volume
measuring device, a flow volume measuring method, a
pressure measuring device, a pressure measuring method,
and the like, all of which are not only capable of improving
measurement accuracy of a liquid flow volume, but also
capable of improving reproducibility of a measured value.

1. A flow volume measuring device comprising:

a light source which emits light to a measuring-target
region;

a light receiving element which receives light scattered at
the measuring-target region from the light emitted from
the light source;

a contact member having translucency with respect to a
wavelength of the emitted light and a wavelength of the
scattered light, wherein the contact member includes a
surface which faces the measuring-target region and
with which the measuring-target region is contactable
over the entire surface; and

a flow volume measuring unit which measures a flow
volume of liquid flowing through the measuring-target
region based upon the scattered light.

2. The flow volume measuring device according to claim

1, further comprising:

a translucent member which covers at least a part of the
light source and the light receiving element, and has
translucency with respect to the wavelength of the
emitted light and the wavelength of the scattered light,
wherein

the contact member is a protrusion disposed on a surface
of the translucent member which faces the measuring-
target region.

3. The flow volume measuring device according to claim

2, wherein

the translucent member is formed, having a first position
facing the protrusion being thicker than a second posi-
tion not facing the protrusion in an extending direction
of the translucent member.

4. The flow volume measuring device according to claim

2, further comprising:
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a supporting member which surrounds at least a part of the
translucent member to support part of the measuring-
target region in a state where the measuring-target
region contacts with the contact member, wherein

the supporting member includes an opening part facing a
surface where the measuring-target region contacts
with the contact member.

5. The flow volume measuring device according to claim

further comprising:

a base which accommodates the light source and the light
receiving element, wherein

both ends of the translucent member are fixed to both ends
of the base.

6. The flow volume measuring device according to claim

further comprising:

a base which accommodates the light source and the light
receiving element, wherein

a peripheral end of the translucent member is fixed to a
peripheral end of the base.

7. The flow volume measuring device according to claim

wherein

the flow volume measuring unit measures contact pres-
sure against the contact member and the flow volume of
the liquid flowing through the measuring-target region
based upon the scattered light.

8. The flow volume measuring device according to claim

wherein

the flow volume measuring unit measures the flow vol-
ume of the liquid flowing through the measuring-target
region based upon the scattered light, when the contact
pressure against the contact member is a preset contact
pressure.

9. The flow volume measuring device according to claim

further comprising:

an output unit which outputs warning information when
an inclination in a reference direction of the contact
member is equal to or greater than a preset value.

10. The flow volume measuring device according to claim

wherein

the flow volume of the liquid is a blood flow volume.

11. The flow volume measuring device according to claim

wherein

the flow volume of the liquid is a flow volume of liquid
flowing through a tubular member.

12. The flow volume measuring device according to claim

further comprising:

a dehydrated state identification unit which identifies a
dehydrated state in the measuring-target region based
upon the measured flow volume of the liquid flowing
through the measuring-target region by the flow vol-
ume measuring unit.

13. The flow volume measuring device according to claim

wherein

the flow volume measuring unit computes one stroke
volume indicating a blood flow volume per one heart-
beat based upon a measured flow volume correspond-
ing to a preset number of cycles of the liquid flowing
through the measuring-target region.

14. A flow volume measuring device comprising:

a light source which emits light to a measuring-target
region,

a light receiving element which receives light scattered at
the measuring-target region from the light emitted from
the light source;
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a translucent member having translucency with respect to
a wavelength of the emitted light and a wavelength of
the scattered light;

a pressure sensor embedded in the translucent member,
and including a surface which faces the measuring-
target region and with which the measuring-target
region is contactable over the entire surface, wherein
the pressure sensor detects contact pressure caused by
contact with the measuring-target region; and

a flow volume measuring unit which measures a flow
volume of liquid flowing through the measuring-target
region based upon the scattered light.

15. A pressure measuring device comprising:

a light source which emits light to a measuring-target
region;

a light receiving element which receives light scattered at
the measuring-target region from the light emitted from
the light source;
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a contact member having translucency with respect to a
wavelength of the emitted light and a wavelength of the
scattered light, wherein the pressure sensor includes a
surface which faces the measuring-target region and
with which the measuring-target region is contactable
over the entire surface;

a flow volume measuring unit which measures a flow
volume of liquid flowing through the measuring-target
region based upon the scattered light; and

a pressure measuring unit which measures pressure of the
liquid flowing through the measuring-target region
based upon pulse wave amplitude of the flow volume of
the measuring-target region.

16. (canceled)
17. (canceled)



