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(57) ABSTRACT

Abiological information measurement device may include a
body; a probe unit; and a connection portion which electri-
cally connects the body and the probe unit. The body may
include a casing in which a battery and an electrical circuit
are incorporated; and a first fitting portion which is attached
to the casing and worn on a first fitted portion including a
portion of at least one of a proximal phalanx and a middle
phalanx of one or more fingers of the subject body. The
probe unit may include a light source unit and a light
receiving unit; and a second fitting portion which is worn on
a second fitted portion including a distal phalanx of one or
more fingers of the subject body.
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BIOLOGICAL INFORMATION
MEASUREMENT DEVICE AND PULSE
OXIMETER

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This is the U.S. national stage of application No.
PCT/IP2015/055911, filed on Feb. 27, 2015. Priority under
35 U.S.C. §119(a) and 35 U.S.C. §365(b) is claimed from
Japanese Application No. 2014-055733, filed Mar. 19, 2014,
the disclosure of which is also incorporated herein by
reference.

TECHNICAL FIELD

[0002] The present invention relates to a biological infor-
mation measurement device and a pulse oximeter.

BACKGROUND ART

[0003] There is known a pulse oximeter that measures
biological information such as oxygen saturation (SpO,) in
blood. According to this pulse oximeter, a measurement part
worn on a biological site of a subject radiates light toward
the biological site to derive the SpO, on the basis of an
amount of light transmitted through the biological site or
reflected off of the biological site.

[0004] Now, a conventional pulse oximeter measuring
SpQ, of a subject over an extended period of time includes
one with a configuration in which a probe is worn on a
fingertip while a body including a built-in circuit or the like
in a casing is worn on an arm. With such configuration,
however, a cable connecting the body and the probe tends to
get snagged on an obstacle or the like to easily cause
problems such as a measurement problem and breakage of
the cable.

[0005] Accordingly, in order to improve portability with-
out providing the cable connecting the body and the probe,
there is proposed a portable pulse oximeter which includes
the body and the probe that are integrated and is worn on a
finger while holding a fingertip (refer to Patent Literature 1,
for example).

CITATION LIST

Patent Literature

[0006] Patent Literature 1: U.S. Pat. No. 5,792,052
SUMMARY OF INVENTION
Technical Problem
[0007] However, the pulse oximeter according to Patent

Literature 1 is worn on the fingertip while holding only a
distal phalanx of the finger so that the weight concentrates
on the distal phalanx, making it difficult for a subject to
move the finger as well as making it easy for the pulse
oximeter to fall off the finger by inertial force corresponding
to the movement of the finger. On the other hand, one can
conceive of a configuration that strongly holds the distal
phalanx in order to resolve the problem with the pulse
oximeter falling off the finger, in which case, however, the
blood flow at the distal phalanx can be significantly inhibited
after wearing the pulse oximeter for an extended period of
time.
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[0008] Such problem is not limited to the pulse oximeter
but is common to a device, such as a photoelectric sphyg-
mograph measuring a pulse, that is worn on the distal
phalanx and measures various biological information in
general (such device is also referred to as a biological
information measurement device).

[0009] The preset invention has been made in consider-
ation of the aforementioned problem, where an object of the
present invention is to provide a biological information
measurement device and a pulse oximeter which ensure
sturdiness, less easily fall off the finger, and less easily
inhibit the blood flow even after an extended period of
measurement.

Solution to Problem

[0010] In order to solve the aforementioned problem, a
biological information measurement device according to
one aspect is a biological information measurement device
which acquires biological information of a subject body by
receiving, in a light receiving unit, light emitted from a light
source unit while a finger of the subject body is inserted into
space between the light source unit and the light receiving
unit, the device including: a body; a probe unit; and a
connection portion which electrically connects the body and
the probe unit, where the body includes: a casing in which
a battery and an electrical circuit are incorporated; and a first
fitting portion which is attached to the casing and worn on
a first fitted portion including a portion of at least one of a
proximal phalanx and a middle phalanx of one or more
fingers of the subject body, and the probe unit includes the
light source unit, the light receiving unit and a second fitting
portion which is worn on a second fitted portion including a
distal phalanx of one or more fingers of the subject body.

BRIEF DESCRIPTION OF DRAWINGS

[0011] FIG. 1 is a diagram schematically illustrating an
exterior of a biological information measurement device
according to an embodiment.

[0012] FIG. 2 is a diagram schematically illustrating the
exterior of the biological information measurement device
according to an embodiment.

[0013] FIG. 3 is a diagram schematically illustrating an
exterior of a body.

[0014] FIG. 4 is a diagram schematically illustrating the
exterior of the body.

[0015] FIG. 5 is a diagram schematically illustrating the
exterior of the body.

[0016] FIG. 6 is a diagram schematically illustrating the
exterior of the body.

[0017] FIG. 7 is a diagram schematically illustrating the
exterior of the body.

[0018] FIG. 8 is a diagram schematically illustrating the
exterior of the body.

[0019] FIG. 9 is a diagram illustrating a mode in which the
body is worn on a finger.

[0020] FIG. 10 is a diagram schematically illustrating an
exterior of a probe unit.

[0021] FIG. 11 is a diagram schematically illustrating the
exterior of the probe unit.

[0022] FIG. 12 is a diagram schematically illustrating the
exterior of the probe unit.

[0023] FIG. 13 is a diagram schematically illustrating the
exterior of the probe unit.
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[0024] FIG. 14 is a diagram schematically illustrating the
exterior of the probe unit.

[0025] FIG. 15 is a diagram schematically illustrating the
exterior of the probe unit.

[0026] FIG. 16 is a diagram illustrating a mode in which
the probe unit is worn on a finger.

[0027] FIG. 17 is a block diagram illustrating a functional
configuration of the biological information measurement
device.

[0028] FIG. 18 is a diagram schematically illustrating how
the biological information measurement device is worn on a
finger.

[0029] FIG. 19 is a diagram schematically illustrating how
the biological information measurement device is worn on a
finger.

[0030] FIG. 20 is a diagram schematically illustrating an
exterior of a biological information measurement device
according to a variation.

[0031] FIG. 21 is a diagram schematically illustrating an
exterior of a probe unit according to another variation.

[0032] FIG. 22 is a diagram schematically illustrating an
exterior of a probe unit according to yet another variation.

DESCRIPTION OF EMBODIMENTS

[0033] An embodiment as well as various variations
according to the present invention will now be described
with reference to the drawings. Parts having the same
configuration and function among the drawings are assigned
the same reference numeral to omit redundant description in
the following description. The drawings being schematically
illustrated, the size and positional relationship of various
structures in each drawing can be modified as appropriate.
Fach of FIGS. 1 to 16 and FIGS. 18 to 20 includes a
right-handed XYZ coordinate system in which one direction
(to the right when FIG. 1 is viewed from the front) of a
longitudinal direction of a biological information measure-
ment device 1 corresponds to a +X direction. Moreover, an
outer edge of a finger F1 is indicated with a broken line in
FIGS. 9, 16 and 20.

(1) Embodiment

(1-1) Configuration of Biological Information
Measurement Device

[0034] The biological information measurement device 1
according to an embodiment is a pulse oximeter that
acquires information related to at least oxygen saturation in
blood within a living body to be examined (also referred to
as a subject body) as biological information of the subject
body. The subject body in the present embodiment is a
human (also referred to as a subject) though it may be an
animal other than a human. Then, while a finger of a
subject’s hand is inserted in space between a light source
unit 3a and a light receiving unit 34, the biological infor-
mation measurement device 1 acquires the information
related to the oxygen saturation by receiving, in the light
receiving unit 35, light emitted from the light source unit 3a
and transmitted through the finger.

[0035] FIGS. 1 and 2 are diagrams each schematically
illustrating an exterior of the biological information mea-
surement device 1 according to an embodiment. FIG. 1 is a
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side view of the biological information measurement device
1, and FIG. 2 is a plan view of the biological information
measurement device 1.

[0036] As illustrated in FIGS. 1 and 2, the biological
information measurement device 1 includes a body 2, a
probe unit 3 and a connection portion 4, for example. The
probe unit 3 is worn on a distal phalanx of a finger of the
subject while the body 2 is worn on a part other than the
distal phalanx of the finger of the subject, whereby the
connection portion 4 connecting the body 2 and the probe
unit 3 is reduced in length as well as force applied to hold
the distal phalanx is decreased. As a result, the biological
information measurement device 1 less easily falls off the
finger and less easily inhibits a blood flow even when the
biological information measurement device 1 is worn over
an extended period of time for measurement.

[0037] <(1-1-1) Body)

[0038] FIGS. 3 to 8 are diagrams each schematically
illustrating an exterior of the body 2. FIG. 3 illustrates a side
of the body 2 facing a -Y direction, FIG. 4 illustrates a side
of the body 2 facing a +Z direction, and FIG. 5 illustrates a
side of the body 2 facing a +Y direction. FIG. 6 illustrates
a side of the body 2 facing a -Z direction, FIG. 7 illustrates
a side of the body 2 facing the +X direction, and FIG. 8
illustrates aside of the body 2 facing a -X direction. That is,
FIGS. 3 to 8 schematically illustrate the exterior of the body
2 when the body 2 is viewed in six directions.

[0039] As illustrated in each of FIGS. 3 to 8, the body 2
includes a casing 2a, a first fitting portion 26 and a first
terminal portion 2c.

[0040] An electrical circuit 21 (FIG. 17) and a battery 22
(FIG. 17) are built in the casing 2a, for example. When the
casing 2a is made of material such as plastic that is light-
weight and shock-resistant, the electrical circuit 21 and the
battery 22 built in the casing 2a are less prone to failure or
breakage so that sturdiness of the body 2 can be ensured.
[0041] Moreover, the casing 2« is detachably connected to
the first fitting portion 2b. The casing 2a not in contact with
the finger of the subject can be easily reused as a result.
Moreover, the casing 2a can be attached to the first fitting
portion 26 only when needed while the first fitting portion 25
is worn on the finger of the subject. The casing 2@ can be
attached to the first fitting portion 24 by connecting a
connection terminal of the casing 2a to a connection termi-
nal provided on a top surface (surface facing the +7 direc-
tion) of the first fitting portion 25, for example.

[0042] The first fitting portion 25 attached to the casing 2a
is a portion to be worn on a part including at least one of a
proximal phalanx and a middle phalanx of the finger of the
subject’s hand (such part is also referred to as a first fitted
portion). The proximal phalanx corresponds to a part from
the base of each of an index finger, a middle finger, a ring
finger and a little finger up to its second joint (such part is
also referred to as a proximal interphalangeal joint) as well
as a part from the base of a thumb up to its first joint. The
middle phalanx corresponds to a part from a first joint of
each of the index finger, middle finger, ring finger and little
finger to its second joint (such part is also referred to as a
distal interphalangeal joint). The first fitted portion corre-
sponds to the proximal phalanx in the present embodiment.
[0043] Moreover, the first fitting portion 2b is provided to
hold the proximal phalanx while the proximal phalanx being
the first fitted portion of the finger of the subject’s hand
extends in the X direction as one direction. Here, the body
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2 can be easily worn on the finger when the first fitting
portion 25 includes an elastic body exerting elastic force to
hold the finger, for example. Polymeric material such as
rubber and a spring can be adopted as the elastic body, for
example. More specifically, there can be adopted a mode in
which substantially the whole first fitting portion 25 is made
of resin such as rubber having elasticity, and a mode in
which a substantially U-shaped plate spring making up at
least a part of the first fitting portion 25 is embedded in resin,
for example.

[0044] There can be adopted, for example, a mode in
which the first fitting portion 26 includes an annular portion
(also referred to as a first annular portion) that holds the
finger with elastic force. As a result, the force causing the
body 2 to be worn on the finger of the subject can be adjusted
by changing an inner diameter of the first annular portion
and the elastic force according to the size of the subject’s
finger.

[0045] In the present embodiment, as illustrated in FIGS.
3 to 8, the first fitting portion 24 includes the first annular
portion formed of a finger accommodating portion 26a and
a belt portion 2bb. Here, a first insertion hole Spl that is
space passing through the first fitting portion 26 in the X
direction is formed between the finger accommodating por-
tion 2ba and the belt portion 26 in the -7 direction of the
finger accommodating portion 2ba. The belt portion 2bb
includes the elastic body exerting the elastic force to hold the
finger.

[0046] FIG. 9 is a diagram schematically illustrating a
form of the body 2 when the body 2 is worn on the finger F1.
FIGS. 7 and 8 illustrate a form of the body 2 when the finger
F1 is not inserted into the first insertion hole Sp1. Moreover,
FIG. 9 illustrates a form of the body 2 when the finger F1 is
inserted into the first insertion hole Spl.

[0047] When the body 2 is not worn on the finger F1 as
illustrated in FIG. 8, for example, the elastic force exerted by
the elastic body of the first fitting portion 25 to hold the
finger F1 inserted into the first insertion hole Sp1 causes the
first insertion hole Spl to undergo elastic deformation
toward a direction to be closed in the 7 direction.

[0048] On the other hand, when the body 2 is worn on the
finger F1, the belt portion 265 undergoes elastic deformation
such that the first insertion hole Sp1 is expanded in the -7
direction against the elastic force exerted by the elastic body
of the belt portion 25b. At this time, the finger F1 is held by
the first fitting portion 25 when the elastic force exerted by
the elastic body of the belt portion 2bb causes the belt
portion 2bb to undergo deformation toward the direction to
close the first insertion hole Sp1 in the Z direction.

[0049] Now, the blood pressure within a capillary of a
human (also referred to as a capillary blood pressure) is
about 40 gficm® where, when a pressure exceeding 40
gf/cm? is externally exerted on a body surface, the human is
known to feel pain because of the blood flow in the capillary
being inhibited. Therefore, the body 2 can be comfortably
worn on the finger F1 by setting the pressing force exerted
on the proximal phalanx to be 40 gf/cm? or smaller when the
first fitting portion 25 holds the finger F1.

[0050] Moreover, the body 2 can be easily worn on the
finger F1 in a mode less prone to misalignment when a part
of the first fitting portion 25 to be brought into contact with
the subject’s finger F1 when worn is made of flexible resin.
Here, low-hardness rubber in a hardness range of JIS-A20°
or lower and sponge-like resin foam can be adopted as the
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flexible resin, for example. The part to be brought into
contact with the finger can be the finger accommodating
portion 2ba and the belt portion 2bb, for example. Specifi-
cally, there can be adopted a mode in which the belt portion
2bb is made of flexible resin having the thickness of approxi-
mately 0.5 mm or thicker and 1.5 mm or thinner, for
example.

[0051] Now, as illustrated in FIG. 3, a central position
(also referred to as a second central position) Cp1 of the first
fitting portion 25 in the +X direction is positioned in the +X
direction relative to a central position (also referred to as a
first central position) Cpl of the body 2 in the +X direction
as one direction. This allows the body 2 to less easily shift
from the position at which it is worn on the finger and less
easily fall off the finger F1 by the inertial force arising from
the movement of the finger F1.

[0052] The first terminal portion 2c¢ is a portion to which
the connection portion 4 is detachably connected. Accord-
ingly, the size of the first fitting portion 25 as well as the
length of the connection portion 4 can be modified easily
according to the size of the finger.

[0053] <(1-1-2) Probe Unit>

[0054] FIGS. 10 to 15 are diagrams each schematically
illustrating an exterior of the probe unit 3. FIG. 10 illustrates
a side of the probe unit 3 facing the -Y direction, FIG. 11
illustrates a side of the probe unit 3 facing the +Z direction,
and FIG. 12 illustrates a side of the probe unit 3 facing the
+Y direction. FIG. 13 illustrates a side of the probe unit 3
facing the -7 direction, FIG. 14 illustrates a side of the
probe unit 3 facing the +X direction, and FIG. 15 illustrates
a side of the probe unit 3 facing the -X direction. That is,
FIGS. 10 to 15 schematically illustrate the exterior of the
probe unit 3 when the probe unit 3 is viewed in the six
directions.

[0055] The probe unit 3 includes a light source unit 3@ and
a light receiving unit 3 as well as a second fitting portion
3c. The light source unit 3a and the light receiving unit 36
face each other while sandwiching therebetween an area in
which the finger F1 is arranged when the second fitting
portion 3¢ is worn on the finger F1. In the present embodi-
ment, the light source unit 3a and the light receiving unit 35
are provided to be exposed on an inner peripheral surface
forming a second insertion hole Sp2 of the second fitting
portion 3c¢. On the inner peripheral surface forming the
second insertion hole Sp2 of the second fitting portion 3¢, a
surface facing the -7 direction is provided with the light
source unit 3a while a surface facing the +7 direction is
provided with the light receiving unit 35, for example. The
probe unit 3 also includes a second terminal portion 3d. The
second terminal portion 34 is provided at a portion corre-
sponding to the —X direction of a portion corresponding to
the +Z direction of the second fitting portion 3c.

[0056] The second fitting portion 3¢ is to be worn on a
portion including the distal phalanx of each finger F1 of the
subject’s hand (such portion is also referred to as a second
fitted portion). The distal phalanx corresponds to a portion
from a tip of the finger F1 to its first joint (also referred to
as the distal interphalangeal joint). The second fitted portion
corresponds to the distal phalanx in the present embodiment.
[0057] Moreover, the second fitting portion 3¢ is provided
to hold the distal phalanx while the distal phalanx being the
second fitted portion of the finger F1 of the subject’s hand
extends in the X direction as one direction. Here, the probe
unit 3 can be easily worn on the finger F1 when the second
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fitting portion 3¢ includes, as the first fitting portion 25 does,
an elastic body exerting elastic force to hold the finger F1,
for example. Polymeric material such as rubber and a spring
can be adopted as the elastic body, for example. More
specifically, there can be adopted a mode in which substan-
tially the whole second fitting portion 3¢ is made of resin
such as rubber having elasticity, and a mode in which a
substantially U-shaped plate spring making up at least a part
of the second fitting portion 3¢ is embedded in resin, for
example.

[0058] There can be adopted, for example, a mode in
which the second fitting portion 3¢ includes an annular
portion (also referred to as a second annular portion) that
holds the finger F1 with elastic force. As a result, the force
causing the probe unit 3 to be wormn on the finger F1 of the
subject can be adjusted by changing an inner diameter of the
second annular portion and the elastic force according to the
size of the subject’s finger F1.

[0059] In the present embodiment, as illustrated in FIGS.
10 to 15, substantially the whole second fitting portion 3¢
forms the second annular portion. The second fitting portion
3¢ includes the second insertion hole Sp2 formed as space
passing through the second fitting portion 3¢ in the X
direction.

[0060] FIG. 16 is a diagram schematically illustrating a
form of the probe unit 3 when the probe unit 3 is worn on
the finger F1. FIGS. 14 and 15 schematically illustrate a
form of the probe unit 3 when the finger F1 is not inserted
into the second insertion hole Sp2. F1G. 16 illustrates a form
of the probe unit 3 when the finger F1 is inserted into the
second insertion hole Sp2.

[0061] When the probe unit 3 is not worn on the finger F1
as illustrated in FIG. 15, for example, the elastic force
exerted by the elastic body of the second fitting portion 3¢
to hold the finger F1 inserted into the second insertion hole
Sp2 causes the second insertion hole Sp2 to undergo elastic
deformation toward a direction to be closed in the Z direc-
tion.

[0062] On the other hand, when the probe unit 3 is worn
on the finger F1, the second fitting portion 3¢ undergoes
elastic deformation such that the second insertion hole Sp2
is expanded in the -Z direction against the elastic force
exerted by the elastic body of the second fitting portion 3c,
whereby the second fitting portion 3¢ holds the finger F1 by
undergoing deformation toward the direction in which the
second insertion hole Sp2 is closed in the Z direction by the
elastic force exerted from the elastic body of the second
fitting portion 3c.

[0063] Here, as described above, a human is known to feel
pain when the pressure exceeding 40 gficm? is externally
applied to the body surface and causes the blood flow in the
capillary to be inhibited. Therefore, the pressing force
exerted on the distal phalanx is set to 40 gffcm® or smaller
when the second fitting portion 3¢ holds the finger F1.
Assuming a case where the area of a part of the distal
phalanx of the finger F1 in contact with the second fitting
portion 3¢ equals 2 cm®, for example, the force of 80 gf or
less is set to allow the second fitting portion 3¢ to hold the
finger F1. When it is assumed under such condition that the
inertial force of up to about 5 G is exerted on the probe umt
3 by active movement of the finger F1, the weight of the
probe unit 3 is set to 16 g or lighter which corresponds to one
fifth of 80 gf being the maximum value of the force exerted
by the second fitting portion 3¢ to hold the finger F1. The

Mar. 30, 2017

probe unit 3 less easily falls off the finger F1 as a result. Note
that the maximum value of inertial force exerted on a load
by vibration when a truck transports the load is said to be
about 4.5 G.

[0064] Moreover, the probe unit 3 can be easily worn on
the finger F1 in a manner the finger is less likely to be
misaligned when a part of the second fitting portion 3¢ to be
brought into contact with the subject’s finger F1 when worn
is made of flexible resin. The pressing force exerted by the
second fitting portion 3¢ on the subject’s finger F1 can also
be adjusted as appropriate. Here. low-hardness rubber in the
hardness range of JIS-A20° or lower and sponge-like resin
foam can be adopted as the flexible resin, for example.
Specifically, there can be adopted a hollow structure formed
of flexible resin having the thickness of approximately 0.5
mm or thicker and 1.5 mm or thinner as the second fitting
portion 3¢, for example.

[0065] The second terminal portion 34 is a portion to
which the connection portion 4 is detachably connected.
Accordingly, the size of the probe unit 3 as well as the length
of the connection portion 4 can be modified easily according
to the size of the finger. Moreover, a hygienic condition can
easily be maintained by adopting a mode in which the probe
unit 3 is personalized or a mode in which the probe unit 3
is made disposable. The reuse of the body 2 and the
connection portion 4 is also promoted to be able to save
resources as well as cut down a medical cost required in
using the biological information measurement device 1.
[0066] The connection portion 4 electrically connects the
body 2 and the probe unit 3. Here, when the connection
portion 4 connects the body 2 and the probe unit 3 while
allowing a positional relationship between the body 2 and
the probe unit 3 to be changed, the subject can move the
finger F1 easily to make it easy for the biological informa-
tion measurement device 1 to be worn on the finger F1 over
an extended period of time. There can be adopted, for
example, a mode in which the positional relationship
between the body 2 and the probe unit 3 is changed by
bending of the connection portion 4 in response to the
movement of the finger F1 while the biological information
measurement device 1 is worn on the subject’s finger F1.
This allows the subject to bend the finger F1 easily to thus
make it easy for the biological information measurement
device 1 to be worn on the finger F1 over an extended period
of time. The connection portion 4 can be easily bent in
response to the movement of the subject’s finger F1 when a
flexible cable or the like is adopted as the connection portion
4, for example.

[0067] Although depending on the length of the subject’s
finger F1, the connection portion 4 having the length of
about 3 cm or longer and 10 cm or shorter allows the finger
F1 to be bent while the body 2 is worn on the proximal
phalanx of the finger F1 and the probe unit 3 is wormn on the
distal phalanx of the finger F1. The biological information
measurement device 1 can less easily fall off the finger F1
as well as freedom of movement of the finger F1 can be
ensured when the connection portion 4 is made as short as
possible while allowing the finger F1 to be bent according to
the length of the subject’s finger F1.

(1-2) Functional Configuration of Biological
Information Measurement Device
[0068] FIG. 17 is a block diagram illustrating a functional
configuration of the biological information measurement
device 1.
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[0069] As illustrated in FIG. 17, the biological information
measurement device 1 includes the light source unit 3a, the
light receiving unit 35, the electrical circuit 21, the battery
22, a charging circuit 23, a communication unit 24, and the
connection portion 4. Here, the connection portion 4
includes an extension portion 4a, a third terminal portion 45
and a fourth terminal portion 4¢, for example. The extension
portion 4a electrically connects the third terminal portion 45
and the fourth terminal portion 4c.

[0070] The light source unit 3a is electrically connected to
the second terminal portion 3d. The second terminal portion
3d is electrically connected to the fourth terminal portion 4¢
of the connection portion 4, the third terminal portion 45 of
the connection portion 4 is electrically connected to the first
terminal portion 2¢, and the first terminal portion 2¢ is
electrically connected to the electrical circuit 21. The light
source unit 3a is thus electrically connected to the electrical
circuit 21. The light source unit 3a emits light toward the
light receiving unit 35 with power supplied from the battery
22 according to control performed by the electrical circuit
21. The light source unit 3a includes a portion emitting light
of wavelength Al in a red region and a portion emitting light
of wavelength A2 in an infrared region. A Light Emitting
Diode (LED) can be adopted as the light source unit 3a, for
example. Note that in measurement, red light of the wave-
length 21 and infrared light of the wavelength A2 are
alternately emitted from the light source unit 3a.

[0071] The light receiving unit 35 is electrically connected
to the second terminal portion 3d. The light receiving unit 35
is thus electrically connected to the electrical circuit 21. The
light receiving unit 35 outputs a current signal with magni-
tude corresponding to intensity of the received light to a
signal processing unit 215 to be described. Note that the
light receiving unit 34 includes a photoelectric conversion
element such as a silicon photodiode that is sensitive to at
least the red light of the wavelength A1 and the infrared light
of the wavelength A2, for example. Then while the distal
phalanx of the finger F1 is inserted into the second insertion
hole Sp2, for example, the light receiving unit 35 receives a
portion of the light of the wavelengths A1 and A2 emitted
from the light source unit 3¢ and transmitted through a
biological tissue of the finger F1.

[0072] In measuring biological information, the red light
of the wavelength 21 and the infrared light of the wave-
length A2 are alternately emitted from the light source unit
3a, then the light receiving unit 35 performs a light receiving
operation in synchronization with a light emitting operation
of the light source unit 3a. The light emitting operation of
the light source unit 3a and the light receiving operation of
the light receiving unit 34 can be controlled by a control unit
21ato be described. The light projecting/receiving operation
pertaining to the red light and the infrared light is repeated
at a cycle of about no less than Yoo (seconds) and no greater
than Y0 (seconds), for example.

[0073] Note that when the light source unit 3@ and the light
receiving unit 35 are implemented on flexible printed cir-
cuits (FPC), for example, the light source unit 3a and the
light receiving unit 36 can be easily incorporated into the
biological information measurement device 1.

[0074] The electrical circuit 21 includes the control unit
21a and the signal processing unit 215. The electrical circuit
21 can be formed of various electronic components, an
integrated circuit component and a central processing unit
(CPU), for example.
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[0075] The control unit 21a controls an operation of each
of the light source unit 3¢ and the light receiving unit 3.
Under control of the control unit 214, for example, the light
source unit 3a alternately emits the red light of the wave-
length A1 and the infrared light of the wavelength A2 each
at the cycle of Y100 (seconds), for example. The control unit
21a also controls data communication of the communication
unit 24.

[0076] In the signal processing unit 215, the current signal
periodically output from the light receiving unit 3&4 is
converted into a voltage signal, which is then amplified. The
voltage signal refers to an analog signal pertaining to pulse
wave (such signal is also referred to as a pulse wave signal).
Here, the signal processing unit 215 converts the analog
pulse wave signal into a digital pulse wave signal to obtain
a digital value of the pulse wave. That is, the digital value
of the pulse wave is obtained on the basis of the current
signal output from the light receiving unit 35 when the light
receiving unit 3b receives the light emitted from the light
source unit 3a and transmitted through the finger. The signal
processing unit 215 at this time analyzes data on the basis of
the digital pulse wave signal. As a result, various values are
calculated including the amount of the red light and infrared
light received in the light receiving unit 35, an amplitude of
the pulse wave, a ratio of an amplitude of the red light to an
amplitude of the infrared light, an oxygen saturation value
(SpO, value) in blood, a pulse rate and an interval (cycle) of
the pulse wave.

[0077] Note that the electrical circuit 21 may include
various memories storing data that is acquired by the signal
processing unit 21b.

[0078] The battery 22 includes a secondary battery, for
example. A nickel-hydrogen battery or a lithium-ion battery
can be adopted as the secondary battery, for example. The
battery 22 supplies power to various structures such as the
light source unit 3a and the electrical circuit 21 included in
the biological information measurement device 1. The body
2 thus does not require a mechanism to exchange a primary
battery such as a dry battery. As a result, the body 2 having
simple and sturdy structure can be realized. Note that there
can also be adopted a configuration in which the battery 22
is the primary battery.

[0079] The charging circuit 23 is a circuit provided to
charge the secondary battery of the battery 22. There can be
adopted a mode in which the secondary battery is charged by
connecting a feeding unit not shown to a terminal electri-
cally connected to the secondary battery, for example. This
allows the secondary battery to be charged with a simple
configuration. In the present embodiment, for example, the
connection portion 4 can be detached from the first terminal
portion 2¢ to electrically connect the feeding unit to the first
terminal portion 2¢. Then while the feeding unit is electri-
cally connected to the first terminal portion 2¢, power is
supplied from the feeding unit to the battery 22 as the
secondary battery through the first terminal portion 2¢ to
charge the battery 22. When the first terminal portion 2¢ is
used to be connected to both the connection portion 4 and
the feeding unit as described above, a charging terminal
need not be additionally installed to thus be able to simplify
the configuration of the biological information measurement
device 1. In other words, the biological information mea-
surement device 1 can be reduced in size.

[0080] The communication unit 24 transmits the data
acquired by the signal processing unit 215 in a wireless or
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wired manner. Accordingly, there can be adopted a mode in
which the biological information measurement device 1 is
not provided with a configuration analyzing and saving a
signal as well as a display unit displaying a measurement
result. As a result, the biological information measurement
device 1 can be reduced in size and save power as well as
requires less manufacturing cost. Here, for example, there
can be adopted a mode in which the communication unit 24
transmits data to an external device through the first terminal
portion 2¢ while the external device is electrically connected
to the first terminal portion 2¢ through a cable or the like.
When there is adopted the configuration in which the
communication unit 24 transmits the data acquired by the
signal processing unit 215 in the wireless manner, the body
2 does not require a configuration to be connected to the
external device so that the data can be easily transmitted to
the external device without inhibiting the movement of the
finger F1 or the like.

[0081] Moreover, the communication unit 24 may also be
adapted to receive a signal from the external device and
output the signal to the control unit 21a. At this time, there
may be adopted a mode in which various controls and
various computations pertaining to the control unit 21a and
the signal processing unit 215 are executed by the control
unit 21a in response to the signal from the external device.
[0082] Note that there may also be adopted a mode in
which an operation unit (not shown) is provided in the body
2 so that the various controls and various computations
pertaining to the control unit 21 and the signal processing
unit 215 are executed according to a signal that is input in
response to an operation of the operation unit. The operation
unit can include a power button, a measurement start button,
and a measurement end button, for example. The power
button is a button provided to switch power to be supplied
and not supplied from the battery 22 to each unit of the
biological information measurement device 1. The measure-
ment start button is a button provided to start measurement
of the oxygen saturation value (SpO, value) in blood or the
like. The measurement end button is a button provided to
end the measurement of the SpO, value in blood or the like.

(1-3) Biological Information Measurement Device
Worn on Finger

[0083] FIGS. 18 and 19 are diagrams schematically illus-
trating how the biological information measurement device
1 is worn on the subject’s finger F1. FIGS. 18 and 19
illustrate a case in which the biological information mea-
surement device 1 is worn on an index finger as the finger
F1 of the subject. The finger F1 includes a proximal phalanx
Fla, a middle phalanx F15, and a distal phalanx Flc, for
example.

[0084] The tip of the finger F1 is inserted into the first
insertion hole Sp1 of the first fitting portion 24 then into the
second insertion hole Sp2 of the second fitting portion 3¢,
for example, so that the body 2 is worn on the proximal
phalanx Fla while the probe unit 3 is worn on the distal
phalanx Flc as illustrated in FIGS. 18 and 19. At this time,
for example, the finger F1 is inserted into the insertion hole
Sp2 such that light emitted from the light source unit 3a is
radiated onto an area between a fingernail and the distal
interphalangeal joint (first joint) of the distal phalanx Flc
inserted into the second insertion hole Sp2. Moreover, the
connection portion 4 is at this time arranged at a position
facing a portion of the finger F1 facing outside when the

Mar. 30, 2017

finger F1 is bent (such portion is also referred to as a dorsal
portion). When the joint of the finger F1 is not bent but
stretched, for example, the connection portion 4 is bent and
at the same time a substantially central part of the connection
portion 4 is away from the dorsal portion of the finger F1.
When the joint of the finger F1 is bent, for example, the
connection portion 4 is bent along the finger F1.

[0085] Here, the proximal phalanx Fla is held by the first
fitting portion 26 while the proximal phalanx Fla being the
first fitted portion extends in the +X direction as one
direction. At this time, as illustrated in FIGS. 3 and 18, the
second central position Cp1 of the first fitting portion 24 in
the +X direction as one direction is positioned closer to the
distal phalanx Flc than the first central position Cpl of the
body 2 in the +X direction as one direction. Accordingly, the
inertial force arising from the movement of the finger F1 is
less easily generated against the body 2. This as a result
allows the biological information measurement device 1 to
less easily shift from the position at which it is worn on the
finger and less easily fall off the finger F1 by the inertial
force arising from the movement of the finger F1.

[0086] Moreover, the biological information measurement
device 1 can be easily worn on the finger F1 in the manner
the device less easily shifts from the position at which it is
worn on the finger, when a part of the first fitting portion 25
and the second fitting portion 3¢ to be brought into contact
with the subject’s finger F1 when worn is made of flexible
resin.

(1-4) Summary of Embodiment

[0087] In the biological information measurement device
1 according to the present embodiment described above, the
body 2 and the probe unit 3 are electrically connected by the
connection portion 4 where the probe unit 3 is worn on the
distal phalanx Flc of the subject’s finger F1, while the body
2 is worn on the proximal phalanx Fla of the subject’s finger
F1. This allows the connection portion 4 connecting the
body 2 and the probe unit 3 to be reduced in length and
allows the force holding the distal phalanx F1c to be reduced
when the biological information measurement device 1 is
worn on the distal phalanx Fle. As a result, the biological
information measurement device 1 less easily falls off the
finger F1 and less easily inhibits the blood flow even when
the biological information measurement device 1 is worn
over an extended period of time for measurement. Moreover,
the electrical circuit 21 and the battery 22 are built into the
casing 2a of the body 2 so that sturdiness of the biological
information measurement device 1 can be ensured as well.
That is, there can be realized the biological information
measurement device 1 which ensures the sturdiness, less
easily falls off the finger F1, and less easily inhibits the blood
flow even when the device is worn over an extended period
of time for measurement.

(2) Variation

[0088] The present invention is not to be limited to the
aforementioned embodiment, where various modifications
and improvements can be made without departing from the
gist of the present invention.

[0089] While the aforementioned embodiment adopts the
configuration in which the connection portion 4 is arranged
at the position facing the dorsal portion of the finger F1
when the first fitting portion 24 and the second fitting portion



US 2017/0086722 A1l

3¢ are worn on the finger F1, for example, it is not limited
to such configuration. The connection portion 4 may also be
arranged at a position facing any of a portion positioned
inside when the finger F1 is bent (such portion is also
referred to as a ventral portion), the dorsal portion, and a
lateral portion connecting the ventral portion and the dorsal
portion of the finger F1, for example.

[0090] As illustrated in FIG. 20, for example, there can be
adopted a configuration in which a connection portion 4 is
arranged along a ventral portion of a finger F1 when a first
fitting portion 2 and a second fitting portion 3¢ are worn on
the finger F1. There can be adopted in this case a biological
information measurement device 1A where the body 2 of the
biological information measurement device 1 is replaced by
a body 2A in which a first terminal portion 2¢ is attached to
a belt portion 266 of the first fitting portion 25, and the probe
unit 3 of the biological information measurement device 1 is
replaced by a probe unit 3A in which a second terminal
portion 34 is arranged at a different position. Such configu-
ration allows the connection portion 4 to be positioned on a
palm side when the finger F1 is bent so that the connection
portion 4 less easily gets snagged on another structure and
that the biological information measurement device 1A less
easily falls off the finger F1.

[0091] Moreover, while each of the first and second fitting
portions 26 and 3¢ of the aforementioned embodiment
includes the annular portion to hold the finger F1 with the
elastic force, it is not limited to such configuration. The first
and second fitting portions 25 and 3¢ may also be configured
to include at least one of the annular portion, a clip portion
holding the finger F1 with elastic force, and a band portion
wrapped around the finger F1 to be worn on the finger F1,
for example. When such configuration is adopted, the force
with which the biological information measurement device
1 is worn on the finger F1 can be adjusted according to the
size of the finger F1 as well.

[0092] FIG. 21 illustrates a probe unit 3B which is based
on the probe unit 3 and in which the second fitting portion
3¢ including the annular portion is replaced by a second
fitting portion 3¢B including a clip portion. In the probe unit
3B, a protrusion Cn1 provided in a substantially rectangular
parallelepiped first casing Upl is turnably connected to a
hinge portion Acl of a substantially rectangular parallelepi-
ped second casing Lpl. Moreover, an elastic portion Srl
such as a spring causes elastic force to be exerted between
the first casing Upl and the second casing Lpl such that a
first one end of the first casing Up1 and a second one end of
the second casing Lpl approach each other. Then, a first
another end opposite to the first one end of the first casing
Up1 and a second another end opposite to the second one
end of the second casing Lp1 are pinched by a finger or the
like to bring the first another end and the second another end
closer to each other, so that the first casing Up1 can be turned
about the hinge portion Acl. Note that a light source unit 3a
is arranged in the first casing Up1 while a light receiving umt
3b is arranged in the second casing Lpl, for example.
[0093] According to such second fitting portion 3¢B, for
example, external force is applied to be able to turn the first
casing Up1 about the hinge portion Acl and separate the first
one end of the first casing Upl from the second one end of
the second casing Lp1 against the elastic force exerted by the
elastic portion Srl. A finger F1 is then inserted into space
between the first one end and the second one end and, once
the external force is removed, the elastic force by the elastic

Mar. 30, 2017

portion Srl causes the first casing Upl to turn about the
hinge portion Acl such that the first one end of the first
casing Up1 and the second one end of the second casing Lpl
approach each other. The finger F1 can thus be held by the
first casing Upl and the second casing Ipl.

[0094] When such configuration is adopted, the force with
which the biological information measurement device is
worn on the finger F1 of a subject can be adjusted by
adjusting the elastic force of the elastic portion Srl as
appropriate according to the size of the subject’s finger F1.

[0095] FIG. 22 illustrates a probe unit 3C which is based
on the probe unit 3 and in which the second fitting portion
3¢ including the annular portion is replaced by a second
fitting portion 3¢C including a band portion. In the probe
unit 3C, the second fitting portion 3¢C includes a band-like
body 3cl, a first fixing member 3¢2 and a second fixing
member 3¢3.

[0096] A thin flexible strip made of cloth or resin can be
adopted as the band-like body 3c¢1, for example. A light
source unit 3a, a light receiving unit 35 and a second
terminal portion 34 are arranged in the band-like body 3¢l
where wiring is used to electrically connect the light source
unit 3a and the second terminal portion 34 as well as the
light receiving unit 35 and the second terminal portion 3d.
Here, flexible printed circuits on which the light source unit
3a, the light receiving unit 35 and the second terminal
portion 3d are disposed may be adopted on the band-like
body 3cl, for example.

[0097] Moreover, hook and loop fasteners that can be
stuck and unstuck to/from each other can be adopted as the
first fixing member 3¢2 and the second fixing member 3¢3,
for example. In this case, for example, there can be adopted
a mode in which the first fixing member 3¢2 is a portion
raised to form a loop while the second fixing member 3¢3 is
a portion raised to form a hook. The probe unit 3C can thus
be worn on a distal phalanx Fle by sticking the first fixing
member 3¢2 and the second fixing member 3¢3 together
while the band-like body 3c1 is wrapped around the distal
phalanx Flc. Note that instead of the hook and loop fasten-
ers, there may be adopted a pair of adjusters used to adjust
the length and having a mechanism similar to a waist belt
worn at an upper end of pants.

[0098] When such configuration is adopted, the force with
which the biological information measurement device is
worn on the finger F1 of a subject can be adjusted by
properly adjusting the force applied to fasten the distal
phalanx with the band-like body 3c1 according to the size of
the subject’s finger F1.

[0099] Note that the annular portion of each of the first
fitting portion 26 and the second fitting portion 3¢ may be
replaced by a substantially annular portion that is not
completely annular and partly discontinuous.

[0100] While the casing 2a is detachably connected to the
first fitting portion 26 in the aforementioned embodiment, 1t
is not limited to such configuration. That is, the casing 2a
may be formed integrally with the first fitting portion 24, for
example.

[0101] Moreover, while the biological information mea-
surement device 1 is worn on the finger F1 of the subject’s
hand in the aforementioned embodiment, it is not limited to
such configuration. That is, the biological information mea-
surement device 1 may be worn on a toe of the subject, for
example.
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[0102] Moreover, while the body 2 and the probe unit 3 in
the aforementioned embodiment are worn on the proximal
phalanx and the distal phalanx of one finger F1, respectively,
itis not limited to such configuration. That is, the body 2 and
the probe unit 3 may be worn on different fingers, for
example. There can be adopted a mode in which, for
example, the body 2 is worn on a proximal phalanx of a first
finger of one hand of the subject while the probe unit 3 is
worn on a distal phalanx of a second finger of the hand. The
first finger and the second finger may be two adjacent fingers
or two non-adjacent fingers, for example. Moreover, there
may be adopted a mode in which the body 2 is worn on
proximal phalanxes of two or more adjacent fingers while
the probe unit 3 is worn on distal phalanxes of two or more
adjacent fingers, for example. That is, the body 2 can be
worn on the proximal phalanx of one or more fingers of a
subject body while the probe unit 3 can be worn on the distal
phalanx of one or more fingers of the subject body, for
example.

[0103] While the communication unit 24 is provided in the
aforementioned embodiment, it is not limited to such con-
figuration. There may be adopted, for example, a mode in
which a storage is provided instead of the communication
unit 24 so that data stored in the storage is read by the
external device connected to the first terminal portion 2¢.
[0104] Moreover, while the portion of the first and second
fitting portions 26 and 3¢ that is brought into contact with the
finger F1 when worn on the subject’s finger is made of
flexible resin in the aforementioned embodiment, it is not
limited to such configuration. That is, for example, the
portion of the first and second fitting portions 25 and 3¢ that
is brought into contact with the finger F1 when wormn on the
subject’s finger may be formed of a flexible bag-like mem-
ber into which a filler such as gas, liquid or gel is injected.
[0105] Moreover, while the connection portion 4 is flex-
ible and bendable in the aforementioned embodiment, it is
not limited to such configuration. That is, for example, the
connection portion 4 may be formed of a plurality of rod-like
members that is connected to one another and be bent at a
portion at which the rod-like members are connected to one
another. Moreover, for example, the connection portion 4
may be adapted to connect the body 2 and the probe unit 3
such that the positional relationship between the body 2 and
the probe unit 3 can be changed by adopting a mechanism
in which a protrusion slides in a slot and a turnable hinge
portion. The positional relationship between the body 2 and
the probe unit 3 can be changed by adopting any of the
configurations, whereby the subject can move the finger F1
easily to make it easy for the biological information mea-
surement device 1 to be worn on the finger F1 over an
extended period of time. The connection portion 4 may also
be highly rigid and unbendable, for example. However, the
connection portion 4 made bendable allows the subject to
bend the finger F1 easily to thus make it easy for the
biological information measurement device 1 to be worn on
the finger F1 over an extended period of time.

[0106] Moreover, while the first fitting portion 24 is worn
on the proximal phalanx Fla in the aforementioned embodi-
ment, it is not limited to such configuration. The first fitting
portion 25 may also be worn on the middle phalanx F14, for
example. That is, the first fitting portion 2b may be worn on
a portion including at least one of the proximal phalanx Fla
and the middle phalanx F15 of the finger F1. Accordingly,
the body 2 may be worn on a first fitted portion including at
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least one of the proximal phalanx and the middle phalanx of
one or more fingers of the subject body while the probe unit
3 may be worn on a second fitted portion including the distal
phalanx of one or more fingers of the subject body. Note that
when the first fitting portion 2b is worn on the proximal
phalanx Fla, the inertial force generated in the body 2 by
moving a hand is reduced so that the body 2 is less easily
shifted from the position by which it is worn and less easily
falls off the finger F1. The first fitting portion 26 may also
be provided to reach the top of a joint connecting the
proximal phalanx Fla and a metacarpal bone or the vicinity
of the joint, for example. There can be adopted a mode in
which the finger accommodating portion 2ba is provided to
reach the top of the joint connecting the proximal phalanx
Fla and the metacarpal bone or the vicinity of the joint, for
example. This increases an area of contact between the first
fitting portion 25 and the subject’s hand so that the biologi-
cal information measurement device 1 can be more stably
worn on the finger F1.

[0107] Moreover, while the signal processing unit 215 of
the biological information measurement device 1 acquires
the digital value of the oxygen saturation in blood (SpO,
value) in the aforementioned embodiment, it is not limited
to such configuration. That is, for example, there may be
adopted a biological information measurement device other
than the pulse oximeter that does not acquire the SpO, value
but measures biological information related to the pulse
wave or the like such as a heart rate.

[0108] Note that all or a part of the configurations making
up each of the aforementioned embodiment and various
variations can be combined as appropriate to the extent the
consistency is maintained.
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[0135] F1b Middle phalanx
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1. A biological information measurement device which
acquires biological information of a subject body by receiv-
ing, in a light receiving unit, light emitted from a light source
unit while a finger of the subject body is inserted into space
between the light source unit and the light receiving unit, the
device comprising:

a body; a probe unit; and a connection portion which
electrically connects the body and the probe unit,
wherein

the body includes:

a casing in which a battery and an electrical circuit are
incorporated; and a first fitting portion which is
attached to the casing and worn on a first fitted portion
including a portion of at least one of a proximal phalanx
and a middle phalanx of one or more fingers of the
subject body, and

the probe unit includes:

the light source unit and the light receiving unit; and a
second fitting portion which is worn on a second fitted
portion including a distal phalanx of one or more
fingers of the subject body.

2. The biological information measurement device

according to claim 1, wherein

the first fitting portion is provided to hold the first fitted
portion while the first fitted portion extends in one
direction, and

a first central position of the body in the one direction is
positioned farther from the distal phalanx than a second
central position of the first fitting portion in the one
direction when the first fitting portion is worn on the
first fitted portion.

3. The biological information measurement device

according to claim 1, wherein

the first fitting portion and the second fitting portion
include at least one of an annular portion which holds
one or more fingers of the subject body with elastic
force, a band portion which is wrapped around one or
more fingers of the subject body and worn on one or
more fingers of the subject body, and a clip portion
which holds one or more fingers of the subject body
with elastic force.

4. The biological information measurement device

according to claim 3, wherein

a portion of the first fitting portion and the second fitting
portion that is brought into contact with one or more
fingers of the subject body when worn on one or more
fingers of the subject body is made of flexible resin.

5. The biological information measurement device
according to claim 1, wherein

the body includes a first terminal portion to which the
connection portion is detachably connected.

6. The biological information measurement device

according to claim 5, wherein

the battery includes a secondary battery and,

in a state in which the connection portion is detached from
the first terminal portion to electrically connect a feed-
ing unit to the first terminal portion, power is supplied
from the feeding unit to the secondary battery through
the first terminal portion to charge the secondary bat-
tery.

7. The biological information measurement device

according to claim 1, wherein

the probe unit includes a second terminal portion to which
the connection portion is detachably connected.
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8. The biological information measurement device
according to claim 1, wherein
the casing is detachably connected to the first fitting
portion.
9. The biological information measurement device
according to claim 1, wherein
the connection portion connects the body and the probe
unit in a manner that a positional relationship between
the body and the probe unit can be changed.
10. The biological information measurement device
according to claim 9, wherein
the connection portion is bent to change the positional
relationship between the body and the probe unit.
11. The biological information measurement device
according to claim 10, wherein
when the first fitting portion and the second fitting portion
are worn on one or more fingers of the subject body, the
connection portion is arranged along a ventral portion
of the finger that is positioned inside when the finger is
bent.
12. The biological information measurement device
according to claim 1, wherein
the body further includes a communication unit which
transmits data in a wireless manner.
13. A pulse oximeter which is configured as the biological
information measurement device according to claim 1 and
acquires information on at least oxygen saturation in
blood of the subject body as the biological information.
14. The biological information measurement device
according to claim 2, wherein
the first fitting portion and the second fitting portion
include at least one of an annular portion which holds
one or more fingers of the subject body with elastic
force, a band portion which is wrapped around one or
more fingers of the subject body and worn on one or
more fingers of the subject body, and a clip portion
which holds one or more fingers of the subject body
with elastic force.
15. The biological information measurement device
according to claim 2, wherein
the body includes a first terminal portion to which the
connection portion is detachably connected.
16. The biological information measurement device
according to claim 2, wherein
the probe unit includes a second terminal portion to which
the connection portion is detachably connected.
17. The biological information measurement device
according to claim 2, wherein
the casing is detachably connected to the first fitting
portion.
18. The biological information measurement device
according to claim 2, wherein
the connection portion connects the body and the probe
unit in a manner that a positional relationship between
the body and the probe unit can be changed.
19. The biological information measurement device
according to claim 2, wherein
the body further includes a communication unit which
transmits data in a wireless manner.
20. A pulse oximeter which is configured as the biological
information measurement device according to claim 2 and
acquires information on at least oxygen saturation in
blood of the subject body as the biological information.
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