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(57) ABSTRACT

The present invention continuously acquires information on
the pulse wave and blood pressure of a measurement subject.
The present invention is a biological information reading
device that is used stuck to a living body and that is provided
with: a biological information acquiring unit that is stuck to
the living body and that acquires biological measurement
information; and a computing unit that, on the basis of the
biological measurement information acquired by the bio-
logical information acquiring unit, performs computations
that generate biological information. The biological infor-
mation acquiring unit has: a light-emitting element that
emits polarized light as outbound light; a transmission film
through which the outbound light that is emitted from the
light-emitting element enters skin; a light-receiving element
that receives return light that has been transmitted through
the transmission film, has been reflected inside the skin, and
has been transmitted back through the transmission film; and
a 1/4 wavelength plate that is provided at a site through

A61B 5/021 (2006.01) which the outbound light and the return light pass and that
A61B 5/022 (2006.01) changes the polarization characteristics of passing outbound
A61B 5/00 (2006.01) light and return light.
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BIOLOGICAL INFORMATION READING
DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This is a U.S. national stage of application No.
PCT/IP2015/071244, filed on Jul. 27, 2015. Priority under
35 US.C. §119(a) and 35 U.S.C. §365(b) is claimed from
Japanese Patent Applications No. 2014-153171 filed on Tul.
28, 2014 and No. 2015-147485 filed on Jul. 27, 2015, the
disclosures of which are also incorporated herein by refer-
ence.

TECHNICAL FIELD

[0002] The present invention relates to a biological infor-
mation reading device.

BACKGROUND ART

[0003] Various biological information reading technolo-
gies are present. When a blood pressure is used as an
example of biological information, a device for estimating a
blood pressure by measuring a pulse wave of a measured
person is disclosed, for example, in PTL 1 and PTL 2.
Further, NPL 1 discloses a method of estimating a blood
pressure taking arteriosclerosis into consideration from a
pulse wave propagation time. The blood pressure of the
measured person can be measured using the device or the
method.

CITATION LIST

Patent Literature

[0004] {PTL 1} JP 2011-200262 A
[0005] {PTL 2} JP HO1-214339 A
Non Patent Literature
[0006] {NPL 1} IEEJ Trans. EIS, Vol. 130, No. 2, 2010,

“2010 The Institute of Electrical Engineers of Japan”, “Cuff-
less Blood Pressure Estimation with Photoplethysmograph
Signal by Classifving on Account of Cardiovascular Char-
acteristics of Old Aged Patients”, Satomi SUZUKI, Koji
OGURI

SUMMARY OF INVENTION

Technical Problem

[0007] PTL 1 proposes a vascular pulse wave measure-
ment system, which measures a vascular pulse wave using
light, as a biological information reading device. The vas-
cular pulse wave measurement system of PTL 1 irradiates a
skin of a living body with light using a light emitting diode
(LED) as a light emitting element, receives light diffused
and reflected on the skin using a light receiving element, and
outputs a pulsation waveform as a time change of a fre-
quency from the received light.

[0008] It is important to continuously read biological
information and examine a change thereof in an object of
perceiving an indication of a serious disease. For example,
when a daily variation in blood pressure of a measured
person can be measured, it is possible to discover a maxi-
mum value, a minimum value, or a rapid change in a short
time of a maximum/minimum blood pressure in a daily life.
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To this end, it is desired to regularly acquire a blood pressure
of the measured person. However, the device disclosed in
PTL 1 and PTL 2 is an extension of/substitution for an
existing sphygmomanometer intended for improvement in
convenience of measurement, and furthermore, the device is
large and disturbs a free action of the measured person. In
addition, in the device of PTL 1, a light sensor circuitry to
be attached to a skin of the measured person lacks flexibility,
and thus cannot absorb an individual difference in body
shape of a measured person, and there is a need for instal-
lation methods which continuously apply a strong pressure
at all times. As a result, the device has been unsuitable to be
used by being attached to the skin at all times in terms of
installation stress or pressure necrosis.

[0009] Therefore, it is difficult to acquire a blood pressure
value of the measured person at all times using the device of
PTL 1 and PTL 2 or the like, and as a result, perception of
an indication of outbreak/return of the serious disease of the
measured person cannot be expected. The above description
is not restricted to the blood pressure, and is similarly
applied to a case in which other biological information is
read.

[0010] In addition, difficulty is entailed when the mea-
sured person makes a determination with regard to a result
of continnously reading biological information. For
example, even when continuous biological information
shows an indication of a brain disease, the measured person
needs knowledge for reading and understanding a change in
biological information in order to recognize the indication.
However, in general, this is a territory for an expert. Thus,
a valuable indication is not utilized for an advance quick
reaction of the measured person, and the measured person is
unfortunately in a serious state in some cases.

[0011] Further, not a few indications of serious diseases
develop in a short time. Even when the biological informa-
tion can be continuously read, the measured person needs to
be conscious of a tendency of the biological information at
all times, which is remarkably annoying in living a fulfilling
daily life.

[0012] Inaddition, an LED is a point light source, and thus
heat generation is concentrated on one point to cause low
temperature burn injury on a skin in some cases, and in a
blood oxygen concentration measurement device (a pulse
oximeter) using an LED as a light emitting element, there is
a case in which a skin of a child is thermally burned. Thus,
in a case in which an LED is used as the light emitting
element, a problem of heat generation is desired to be solved
to continuously measure biological information for a long
time.

[0013] Therefore, there has been a strong desire for a
portable device capable of continuously acquiring biological
information at all times by being flexibly attached to a skin
of a measured person without the measured person feeling
inconvenience, analyzing the acquired biological informa-
tion without delay, and issuing an alert to the measured
person in the case of danger.

[0014] The present invention has been conceived under
the above-described background, and an object of the pres-
ent invention is to provide a biological information reading
device capable of continuously acquiring biological infor-
mation such as a blood pressure of a measured person or the
like at all times.
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Solution to Problem

[0015] An aspect of the present invention is a biological
information reading device for reading biological informa-
tion, comprising: a biological signal acquisition unit for
acquiring a biological signal from a living body; an opera-
tion unit for performing an operation of estimating biologi-
cal information based on an acquired biological signal
corresponding to the biological signal acquired by the bio-
logical signal acquisition unit; and a biological information
output unit for outputting estimated biological information
corresponding to the biological information estimated by the
operation unit to an outside of the biological information
reading device.

[0016] Further, in the present invention, the biological
signal acquisition unit may include a stacked organic light
emitting and receiving element. In addition, it is preferable
to provide a light transmissive adhesive layer on a surface
coming into contact with a skin of the living body.

[0017] Further, the biological information reading device
of the present invention may include an estimated biological
information time series storage unit that successively stores
the estimated biological information subjected to the opera-
tion of the operation unit over time.

[0018] Further, the biological information reading device
of the present invention may include a determination umit
that determines a state of the living body based on the
estimated biological information; and a determination infor-
mation holding unit that holds information necessary for the
determination unit to perform a determination.

[0019] Further, the biological information reading device
of the present invention may include a message output unit
that outputs a message according to a determination result of
the determination unit.

Advantageous Effects of Invention

[0020] According to the present invention, it is possible to
continuously acquire biological information such as a blood
pressure of a measured person or the like at all times. In
addition, it is possible to identify an indication of a disease
at all times based on the biological information acquired at
all times.

BRIEF DESCRIPTION OF DRAWINGS

[0021] FIG. 1 is a diagram illustrating an outline of a
biological information reading device according to a first
embodiment of the present invention.

[0022] FIG. 2 is a block diagram of the biological infor-
mation reading device according to the first embodiment of
the present invention.

[0023] FIG. 3 is a diagram illustrating an example of an
implementation form of the biological information reading
device of FIG. 2.

[0024] FIG. 4 is a diagram illustrating a state of incident
light and reflected light when a refractive index of air is
different from a refractive index of a living body as a
Comparative Example.

[0025] FIG. 5 is a diagram illustrating a state of incident
light when a refractive index of air is equal to a refractive
index of a living body in the biological information reading
device according to the first embodiment of the present
invention.
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[0026] FIG. 6 is a diagram illustrating a modified example
of the biological information reading device according to the
first embodiment of the present invention.

[0027] FIG. 7 is a diagram illustrating a pulse wave form
of actual superficial temporal artery.

[0028] FIG. 8 is a diagram for description of a method of
determining an attachment place of the biological informa-
tion reading device according to the first embodiment of the
present invention.

[0029] FIG. 9 is a diagram illustrating guide sound volume
and quantity of light at the time of detecting a blood vessel
in the method of determining the attachment place of FIG.
8

[0030] FIG. 10 is a flowchart illustrating an operation of
an operation unit of FIG. 2.

[0031] FIG. 11 is a block diagram of a biological infor-
mation reading device according to a second embodiment of
the present invention.

[0032] FIG. 12 is a block diagram of a biological infor-
mation reading device according to a third embodiment of
the present invention.

[0033] FIG. 13 is a block diagram of a biological infor-
mation reading device according to a fourth embodiment of
the present invention.

[0034] FIG. 14 is a diagram illustrating an example of an
implementation form of a biological information reading
device according to a fifth embodiment of the present
invention.

[0035] FIG. 15 is a diagram illustrating a state in which a
low frequency component overlaps a pulse wave in connec-
tion with respiration.

[0036] FIG. 16 is a diagram for description of a method of
analyzing a fluctuation frequency in a variation in which
periods of a pulse wave form are arranged in time series.

DESCRIPTION OF EMBODIMENTS

[0037] Prior to describing embodiments in detail, terms
used in this specification will be defined.

[0038] In this specification, for example, a term “biologi-
cal information” refers to information obtained by a mea-
surement method conforming to a definition as information
regarding to a state of a living body in which a blood
pressure by invasive arterial blood pressure measurement is
110 mmHg or a blood glucose level by glucose analyzer
(POCT) is 120 mg/dl, or information obtained by a method
widely recognized as a practical standard in a medical world
such as a cuff-type sphygmomanometer.

[0039] Note that, besides a blood pressure, types of the
biological information include blood flow volume, a blood
flow rate, a blood component (a blood glucose level, an ion,
or the like), blood oxygen concentration, a body tempera-
ture, a heart rate, a cardiac cycle, a breathing rate, a
breathing cycle, an autonomic nerve activity ratio, a pulse
wave propagation velocity, an expansion/contraction ratio of
a capillary vessel, a relaxation/stiffness ratio of muscles, a
lactic acid accumulation ratio, a sweat rate, a state of activity
(exercise/rest/sleep), a reaction to external stimulus (a tem-
perature change or the like), and the like.

[0040] In this specification, a term “biological signal”
refers to a signal obtained by a living body, and includes an
emission from the living body such as respiratory sound,
cardiac electricity, myoelectricity, or a brain wave, or a
passive reaction to external energy such as ultrasonic echo
or reflected light.
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[0041] In this specification, a term “estimated biological
information” refers to biological information serving as an
estimated value obtained by performing arithmetic process-
ing based on the biological signal.

First Embodiment

[0042] A description will be given of an outline of a
biological information reading device 1 according to an
embodiment of the present invention with reference to FIG.
1.

[0043] As illustrated in FIG. 1, the biological information
reading device 1 is attached to a part of a skin 40 (a surface
of a living body) of an object to be measured corresponding
to a measured person suitable for acquisition of a pulsation
of a blood vessel to acquire a blood vessel pulsation wave-
form as living body measurement information of the object
to be measured by a biological information acquisition unit
2 using an optical sensor. The biological information acqui-
sition unit 2 includes a projector 3 and an optical receiver 4
as the optical sensor. Note that, the projector 3 and the
optical receiver 4 illustrated in FIG. 1 have different forms
from those illustrated in FIG. 2 described below. However,
FIG. 1 is a diagram for a conceptual description of the whole
reading of the blood vessel pulsation waveform, and the
projector 3 and the optical receiver 4 are conceptually
illustrated. Note that, the blood pressure estimation method
disclosed in PTL 1 is highly compatible with the present
embodiment, and the same blood pressure estimation
method as that of PTL 1 may be used in the present
embodiment.

[0044] The biological information reading device 1 illus-
trated in FIG. 1 includes a pulsation detector 20 connected
to the biological information acquisition unit 2 to output a
pulsation waveform from emitted light and received light, a
blood pressure estimation unit 21 that estimates a blood
pressure value from pulsation waveform data, an alert issu-
ing unit 22 that issues an alert based on an estimation result
of the blood pressure estimation unit 21, and an output umt
23 that sounds or displays an alarm. Note that, the pulsation
detector 20, the blood pressure estimation unit 21, and the
alert issuing unit 22 are collectively referred to as an
operation unit 24.

[0045] The biological information reading device 1
according to a first embodiment of the present invention will
be described below. As illustrated in FIG. 2, the biological
information reading device 1 according to the present
embodiment is used by attaching a portion corresponding to
the biological information acquisition unit 2 illustrated in
FIG. 1 to a surface (skin) of a human body, and allows a
pulse, a blood pressure, and the like of a measured person to
be continuously monitored in a noninvasive state. Further, in
the biological information reading device 1, the operation
unit 24 and the output unit 23 illustrated in FIG. 1 are
configured integrally with the biological information acqui-
sition unit 2 attached to the surface (skin) of the human body.
The biological information reading device 1 is provided in
a form that allows attachment to the human body surface as
described above. Hereinafter, details thereof will be
described.

[0046] The biological information reading device 1
includes a light emitting element 10 serving as a polarized
light emitter, a polarizing plate 11, a light receiving element
12 serving as a light receiver, a quarter-wave plate 13
serving as a polarization property change portion, a perme-
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able membrane 14 serving as a permeable membrane por-
tion, a pulsation detector 20, a blood pressure estimation unit
21, an alert issuing unit 22, an output unit 23, and a battery
25. Note that, the light emitting element 10 and the quarter-
wave plate 13 illustrated in FIG. 2 correspond to the
projector 3 illustrated in FIG. 1, and the quarter-wave plate
13, the polarizing plate 11, and the light receiving element
12 correspond to the optical receiver 4 illustrated in FIG. 1.
[0047] That is, portions corresponding to the biological
information acquisition unit 2 are the light emitting element
10, the polarizing plate 11, the light receiving element 12,
the quarter-wave plate 13, and the permeable membrane 14.
Note that, the pulsation detector 20, the blood pressure
estimation unit 21, and the alert issuing unit 22 are collec-
tively referred to as the operation unit 24. In addition, even
though wiring of the battery 25 is omitted in FIG. 2 and FIG.
3, the battery 25 supplies power to the light emitting element
10, the light receiving element 12, and the operation unit 24.
In drawings below, the above description with regard to the
wiring of the battery 25 is similarly applied.

[0048] The light emitting element 10 emits linearly polar-
ized light as outward light 30. For example, a polarization
direction of the outward light 30 is a direction along a short
direction of the permeable membrane 14 illustrated in FIG.
3. One example of the light emitting element 10 is a surface
light emitting body such as an organic light emitting diode
(LED), which may be implemented a linearly polarized light
emitting function by processing in a manufacturing process.
[0049] When an organic LED is used as the light emitting
element, there is an advantage in that heat generating places
associated with light emission are not concentrated unlike
other LEDs since the organic LED is a surface light emitting
body. Further, even when the organic LED is continuously
used for a long time, there is a less concern that a skin is
burned. Thus, the organic LED is suitable for measurement
continued for a long time.

[0050] Herein, a used wavelength region of light will be
described. As a wavelength region of light emitted by the
light emitting element 10, a range of 700 nm to 900 nm may
be used as a near-infrared light region, and the vicinity of
450 nm and the vicinity of 520 nm may be used in a visible
light region.

[0051] Near-infrared light penetrates the living body more
than visible light or mid/far-infrared light does, and thus
may reach a deep portion under the skin. In addition,
near-infrared light is absorbed by hemoglobin in blood at a
certain absorbance. An absorbance of hemoglobin has a
significant difference when compared to a scattering rate of
a subcutaneous tissue. Thus, when the skin is irradiated with
near-infrared light, and light reflected/diffused under the
skin is detected, a change in hemoglobin value under the
skin may be perceived.

[0052] In a part near a wrist (palmar side) in which artery
is at a shallow position under the skin, physical vibration due
to pulsation of the artery strongly affects a capillary vessel
under the skin, and in this way, the hemoglobin value under
the skin greatly varies. In addition, in a part such as a finger
tip in which the density of capillary vessels under the skin
is high, pulsation of the artery strongly affects the hemo-
globin value under the skin.

[0053] Inthese parts, the hemoglobin value under the skin
varies in synchronization with the pulse wave, and thus the
pulse wave may be detected from the variation of the
hemoglobin value under the skin.
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[0054] 1In addition, a light ray corresponding to a visible
ray having a wavelength of around 450 nm (blue) or around
520 nm (green) has a characteristic in a light absorption
characteristic of hemoglobin or bilirubin in blood, can detect
a variation in hemoglobin value under the skin when reflec-
tion/diffusion characteristics of skin tissues, and the like are
combined, and thus can be used to measure the pulsation.

[0055] The polarizing plate 11 is effective in transmitting
only light linearly polarized in a certain direction. A polar-
ization direction in which the polarizing plate 11 can trans-
mit light is provided to be different from linearly polarized
light emitted by the light emitting element 10 by 90 degrees.
For this reason, even though the light emitting element 10
emits light in a direction other than a direction of the
outward light 30 (for example, a direction toward the light
receiving element 12), polarized light in the direction toward
the light receiving element 12 is shielded by the polarizing
plate 11 and cannot arrive at the light receiving element 12.
In this way, light reflected on a surface of the skin may be
excluded, and light diffused and reflected under the skin may
be detected by the light receiving element 12.

[0056] The light receiving element 12, for example, a
photodiode, is an element that receives light penetrating the
polarizing plate 11, and generates an electric signal of a
voltage depending on strength of the received light. How-
ever, for example, the light receiving element 12 may be a
light receiving element using an organic thin film material
such as an organic complementary metal-oxide semiconduc-
tor (CMOS) sensor. In particular, the organic thin film
material is preferably formed using a flexibly deformable
material similar to an organic LED described below. The
light receiving element 12 converts strength of received light
into an electric signal, and outputs the electric signal to the
pulsation detector 20. Note that, the light receiving element
12 does not have a polarization property.

[0057] The quarter-wave plate 13 is disposed to change
the outward light 30 of the linearly polarized light emitted by
the light emitting element 10 to light circularly polarized
clockwise. Further, the quarter-wave plate 13 changes
reflected light 31 reflected inside the skin 40 and circularly
polarized counterclockwise to linearly polarized light, which
is set to return light 32. As a result, the outward light 30 and
the return light 32 are linearly polarized lights, polarization
directions of which are different from each other by 90
degrees.

[0058] One surface side of the permeable membrane 14
attached to the skin 40 corresponds to a transparent or
translucent sheet to which an adhesive for attaching the
permeable membrane 14 to the skin 40 is applied. The
permeable membrane 14 is made of a flexibly deformable
material to conform to a shape of a surface of a human body.
Examples of the permeable membrane 14 include various
transparent resin films. Note that, for example, it is possible
to use various high moisture permeable transparent films
including a polystyrene film, a polyurethane elastomer film,
and the like in view of evaporating moisture such as sweat
or the like from the human body surface.

[0059] In addition, the quarter-wave plate 13 and the light
emitting element 10, the polarizing plate 11, and the light
receiving element 12 connected thereto are disposed on the
other surface side of the permeable membrane 14 opposite
to the skin 40. Note that, the quarter-wave plate 13 is directly
attached to the permeable membrane 14, and the permeable
membrane 14 and the quarter-wave plate 13 are fixed to each
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other using a transparent adhesive and the like. Therefore,
the quarter-wave plate 13 may be peeled off from the
permeable membrane 14, and the quarter-wave plate 13 may
be attached to a new permeable membrane 14 again. In this
way, the permeable membrane 14 having a decreased adhe-
sive force with respect to the skin 40 may be replaced with
a new permeable menibrane 14.

[0060] The light emitting element 10, the polarizing plate
11, the light receiving element 12, and the quarter-wave
plate 13 are preferably made of a flexibly deformable
material. A plate having a synthetic resin property such as
deformable and flexible polycarbonate or the like is pro-
vided as the polarizing plate 11 and the quarter-wave plate
13, and thus the polarizing plate 11 and the quarter-wave
plate 13 may be used. A deformable organic LED may be
used as the light emitting element 10, and a deformable
organic CMOS element may be used as the light receiving
element 12. However, when there is a difficulty in assigning
a flexibly deformable property to these respective parts,
these respective parts may be compactly provided with
respect to the permeable membrane 14. That is, when the
light emitting element 10, the polarizing plate 11, the light
receiving element 12, and the quarter-wave plate 13 occupy
a small area with respect to the permeable membrane 14,
poor conformability of these respective parts may be com-
pensated for when the permeable membrane 14 is flexibly
deformed by conforming to the human body surface, and
thus, it is possible to prevent the biological information
reading device 1 from being poorly attached to the human
body surface.

[0061] A description will be given of an effect of employ-
ing an adhesive plaster type in which the light emitting
element 10, the polarizing plate 11, the light receiving
element 12, the quarter-wave plate 13, and the permeable
membrane 14 are stacked, and the permeable membrane 14
is used as an adhesive layer as described above. A/D
conversion needs to be accurately performed within a rela-
tively narrow input range in order to acquire a pulse wave
form by irradiation light and return light thereof. Thus, it is
desirable that an adhesive state of a measurement element on
a skin surface be stable. There is a measurement element
which has flexibility and has no plasticity. The skin is
flexible and has flexibility and plasticity, and thus the
measurement element may be peeled off from the skin
without deformation of the measurement element being able
to conform to a flexible change of the skin. When the
permeable membrane 14 coming into contact with the skin
is interposed as an adhesive layer between the measurement
element and the skin, a greater deformation degree is
allowed with respect to deformation of the skin, a degree of
freedom of an installation part is improved, and measure-
ment may be continuously performed at all times. In addi-
tion, installation is allowed in an exercise condition, and
thus biological information in the exercise condition may be
measured.

[0062] In addition, since the skin 40 and air have different
refractive indices, about 4% of reflection is expected to
occur when air enters between the light emitting element 10
and the skin 40. On the other hand, not interposing air
between the light emitting element 10 and the skin 40 as
illustrated in F1G. 2 is useful for reducing loss of a biological
signal. For example, since a refractive index of the skin 40
is about 1.5, when refractive indices of the quarter-wave
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plate 13 and the permeable membrane 14 are set to about 1.5
accordingly, loss of the biological signal may be minimized.
[0063] That is, when air, a refractive index of which is 1.0,
is interposed between a light source and the living body
(skin 40), a refractive index of which is about 1.5, as
illustrated in FIG. 4, about 4% of reflected light is generated
with respect to incident light from the light source. On the
other hand, when the permeable membrane 14 and the
quarter-wave plate 13, refractive indices of which are 1.5,
are interposed between the projector 3 and the living body
(skin 40) as illustrated in FIG. 5, incident light from the
projector 3 may arrive at the skin 40 without most of the
incident light being reflected.

[0064] In addition, when the permeable membrane 14
does not transmit light in a part other than a part in which the
quarter-wave plate 13 is disposed, invasion of ambient light
may be prevented. For example, lightproof paint is prefer-
ably applied to the part other than the part in which the
quarter-wave plate 13 is disposed.

[0065] In addition, as illustrated in FIG. 6, the biological
information reading device 1 may be configured by covering
an opposite side from a contact surface of the biological
information acquisition unit 2 coming into contact with the
skin 40 with a permeable membrane 14a. In this case,
forming the whole permeable membrane 14a using a light-
proof material is preferable in preventing invasion of ambi-
ent light. Shielding ambient light such as indoor light,
sunlight, or the like is effective in improving signal to noise
ratio and increasing detection accuracy.

[0066] In addition, with regard to a part of the skin 40 in
which the biological information reading device 1 is
installed, for example, when a brain disease is predicted, it
is preferable to measure a pulse wave at a portion around
external carotid artery corresponding to artery that supplies
blood flow to a brain or branch artery thereof. Examples
thereof include superficial temporal artery, facial artery,
occipital artery, posterior auricular artery, ascending pha-
ryngeal artery, zygomatico-orbital artery, and the like. In this
way, a pulse wave form serving as a more realistic influence
on the brain may be obtained, and accuracy is further
increased.

[0067] For example, FIG. 7 illustrates pulse wave strength
obtained when the measured person bends forward and pulse
wave strength obtained when the measured person stands up
at superficial temporal artery. FIG. 7 is a diagram in which
a horizontal axis represents time and a vertical axis repre-
sents pulse wave strength. As shown in FIG. 7, a great
variation in pulse wave is seen in superficial temporal artery
only when the measured person bends forward after standing
up. Therefore, it can be understood that a variation in pulse
wave form of the measured person is precisely perceived
when the biological information reading device 1 is installed
in superficial temporal artery.

[0068] The pulsation detector 20 is an information pro-
cessing device that detects pulsation based on a result of a
comparison between the outward light 30 emitted by the
light emitting element 10 and the return light 32 received by
the light receiving element 12. Note that, although not
illustrated, it is possible to employ a configuration in which
a change-over switch is provided to switch between a wire
reaching the output unit 23 from the pulsation detector 20
through the blood pressure estimation unit 21 and the alert
issuing unit 22 and a wire that directly connects the pulsation
detector 20 to the output unit 23 in FIG. 2, and the output
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unit 23 switches to a mode in which a sound signal, a flash
signal, or the like is output depending on a detection result
of the pulsation detector 20. In this way, when the biological
information reading device 1 is temporarily placed on the
skin 40, and the detection result of the pulsation detector 20
is recognized by a signal output from the output unit 23, a
part of the skin 40 in which pulsation is easily detected may
be easily located. For example, the biological information
reading device 1 is temporarily placed on a portion around
external carotid artery or branch artery thereof described
above, and whether pulsation is actually favorably detected
is determined using the signal output from the output unit
23. When the pulsation is favorably detected, the biological
information reading device 1 is attached to a part thereof. In
this way, it is possible to easily and reliably determine an
optimal attachment position of the biological information
reading device 1.

[0069] For example, when the biological information
reading device 1 is allowed to pass above radial artery of a
left wrist as illustrated in FIG. 8, guide sound volume or
quantity of light rapidly increases at the time of passing
above a blood vessel as illustrated in FIG. 9. In this way, it
is possible to specify a position of the radial artery, and
precisely install the biological information reading device 1.
[0070] The blood pressure estimation unit 21 is an infor-
mation processing device that estimates a blood pressure
based on pulsation detected by the pulsation detector 20.
Note that, an estimation method based on periodic pulsation
waveform data described in PTL 1 is used as a method of
estimating a blood pressure using the pulsation detector 20
and the blood pressure estimation unit 21.

[0071] Further, a correlation between a pulsation wave-
form and pressure variation data inside a blood vessel 41
may be corrected using a scheme disclosed in PTL 2. That
is, an estimated blood pressure value obtained by the bio-
logical information reading device 1 may be compared with
a measured blood pressure value using a conventional cuff.
When there is a gap between the values, the estimated blood
pressure value obtained by the biological information read-
ing device 1 may be corrected to reduce the gap. Note that,
in this instance, information needs to be exchanged by
connecting a sphygmomanometer using the cuff to the
biological information reading device 1. It is preferable that
an individual identifier be assigned to the biological infor-
mation reading device 1, the identifier be stored in a memory
(not illustrated) inside the biological information reading
device 1, and the identifier be assigned to information when
the information is transmitted to and received from the
sphygmomanometer. In this way, one sphygmomanometer
may individually respond to a plurality of biological infor-
mation reading devices 1 by identifying the respective
biological information reading devices 1.

[0072] The alert issuing unit 22 issues an alert when a
blood pressure estimated by the blood pressure estimation
unit 21 is out of a range of a normal value.

[0073] Inresponse to receiving an output of the alert of the
alert issuing unit 22, the output unit 23 reports issue of the
alert to the outside using sound, light, or the like. When the
alert corresponds to sound, for example, the output unit 23
is a small speaker, a sounducer, or the like. In addition, when
the alert corresponds to light, for example, the output unit 23
is a light emitting diode or the like.

[0074] Note that, when the biological information reading
device 1 is mounted on the skin 40, the biological informa-
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tion reading device 1 is preferably mounted after confirming
that a blood pressure value of the measured person corre-
sponds to a normal value. In this way, at the time of
mounting the biological information reading device 1, when
an alert is issued since the biological information reading
device 1 improperly mounted, the fact may be noticed.
[0075] The battery 25 supplies power to the light emitting
element 10, the light receiving element 12, and the operation
unit 24. For example, the battery 25 is a lithium battery
referred to as a button battery.

[0076] A mounting state of the light emitting element 10,
the polarizing plate 11, the light receiving element 12, the
quarter-wave plate 13, the permeable membrane 14, the
operation unit 24 (the pulsation detector 20, the blood
pressure estimation unit 21, and the alert issuing unit 22), the
output unit 23, and the battery 25 described above is
illustrated in FIG. 3. The quarter-wave plate 13 is disposed
on the adhesive plaster-shaped permeable membrane 14.
Further, the light emitting element 10, the polarizing plate
11, and the light receiving element 12 are overlapped and
disposed on the quarter-wave plate 13. Furthermore, a
portion of an inside of the quarter-wave plate 13, the light
emitting element 10, the polarizing plate 11, and the light
receiving element 12 is hollowed out, and the operation unit
24 including the pulsation detector 20, the blood pressure
estimation unit 21, and the alert issuing unit 22 and the
battery 25 are mounted therein. In addition, the output unit
23 is mounted on an upper portion of the biological infor-
mation reading device 1. Note that, the biological informa-
tion reading device 1 does not have a power switch, and is
configured to be turned ON and operated by mounting the
battery 25. The battery 25 may be mounted immediately
before a user uses the biological information reading device
1.

[0077] Next, an operation of the operation unit 24 will be
described with reference to a flowchart of FIG. 10. A
condition of START of the flowchart of FIG. 10 is a
condition that the battery 25 is mounted in the biological
information reading device 1, and the biological information
reading device 1 operates. In addition, processing from
START to END in the flowchart of FIG. 10 is processing
corresponding to one cycle. When processing corresponding
to one cycle ends, and the condition of START is satisfied,
processing starts again.

[0078] In step S1, the pulsation detector 20 of the opera-
tion unit 24 determines whether a pulse wave could be
acquired based on an output of the light receiving element
12. When it is determined that the pulse wave could be
acquired in step S1, the operation proceeds to step S2. On
the other hand, when it is determined that the pulse wave
cannot be acquired in step S1, the operation of step S1 is
repeated.

[0079] In step S2, the blood pressure estimation unit 21 of
the operation unit 24 estimates a blood pressure from
pulsation information acquired by the pulsation detector 20
using, for example, the above-described method disclosed in
PTL 1. When the blood pressure is estimated in step S2, the
operation proceeds to S3.

[0080] Instep S3, the alert issuing unit 22 of the operation
unit 24 determines whether the blood pressure estimated by
the blood pressure estimation unit 21 falls within a range of
a normal value. When the blood pressure is determined to
fall within the range of the normal value in step S3, the
operation ends processing corresponding to one cycle

Jul. 27,2017

(END). On the other hand, when the blood pressure is
determined to be out of the range of the normal value, the
operation proceeds to step S4.

[0081] The alert issuing unit 22 of the operation unit 24
instructs the output unit 23 to output an alert in step S4, and
the operation ends processing corresponding to one cycle
(END).

[0082] As described above, the biological information
reading device 1 may emits polarized light as the outward
light 30, allows the outward light 30 to enter the inside of the
skin 40, and receives the return light 32, which has a
different polarization property from that of the outward light
30 and returns by being reflected in the inside of the skin 40,
thereby detecting a change in pulsation depending on a
phase difference between the outward light 30 and the return
light 32 (step S1 of FIG. 10). Further, for example, the
biological information reading device 1 may previously
obtain and store a correlation between sampling data of a
pulsation waveform and pressure variation data inside the
blood vessel 41 according to an invasive method and the
like, thereby estimating a blood pressure from a pulsation
detection result (step S2 of FIG. 10), and issue an alert
depending on a blood pressure estimation result (step S4 of
FIG. 10).

[0083] According to the biological information reading
device 1, it is possible to mount the device on the measured
person using a scheme in which the adhesive plaster is
attached to the skin, and to acquire information about a pulse
wave or a blood pressure of the measured person at all times.
For example, according to the biological information read-
ing device 1, it is possible to employ a system in which,
when a blood pressure has an abnormal value based on blood
pressure information of the measured person, the abnormal-
ity is reported to the measured person or a person around the
measured person at all times. Further, it is possible to detect
an abnormal blood pressure of the measured person in early
stage.

[0084] Simple determination based on a high or low blood
pressure value has been described in the flowchart of FIG.
10. However, with regard to a serious disease, whether to
issue an alert is determined by combining a plurality of
variations in biological information besides the blood pres-
sure value.

[0085] An estimated biological information time series
storage unit, a determination unit, or a determination infor-
mation holding unit (not illustrated) may be provided in the
operation unit 24. The estimated biological information time
series storage unit has a function of storing obtained esti-
mated biological information in time series. The determina-
tion unit identifies an indication of a particular disease by
performing a time-series analysis of the estimated biological
information stored in the estimated biological information
time series storage unit. The determination information
holding unit holds a method of making a determination
based on the estimated biological information stored in the
estimated biological information time series storage unit to
identify an indication of a particular disease. When the
determination unit is software operated by a central process-
ing unit (CPU), determination information held in the deter-
mination information holding unit corresponds to an algo-
rithm.

[0086] For example, the determination information is
based on a combination of information such as an age, a
gender, a height, a weight, a body fat percentage. a body
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water percentage, a previous history, whether medicine is
taken, an arteriosclerosis level, a skin color, or female
menopause of the measured person.

[0087] When the estimated biological information time
series storage unit is included, a rapid change in biological
information for a short time may be detected, and a measure
may be taken immediately before a serious state. The
estimated biological information stored in the estimated
biological information time series storage unit may be
transmitted to the outside, and analyzed in time series using
another external device.

Second Embodiment

[0088] A description will be given of a biological infor-
mation reading device 1a according to a second embodiment
of the present invention with reference to FIG. 11. The
biological information reading device 1 is partially different
from the biological information reading device 1a of the
present embodiment. Therefore, the same or a similar ref-
erence numeral as or to that of the biological information
reading device 1 will be assigned to the same member as that
of the biological information reading device 1.

[0089] A light receiving element 12a of the biological
information reading device 1a is a polarized light receiver
having a polarization property in sensitivity thereof. The
polarization property of the light receiving element 12a is
different from a polarization property of the outward light 30
emitted by the light emitting element 10. For example, a
direction of linearly polarized light of the outward light 30
is different from a direction of linearly polarized light of the
light receiving element 12a by 90 degrees.

[0090] Inthe biological information reading device 1a, the
projector 3 illustrated in FIG. 1 corresponds to a light
emitting element 10 and a quarter-wave plate 13, and the
optical receiver 4 corresponds to the quarter-wave plate 13
and the light receiving element 12a .

[0091] According to the biological information reading
device 1a, the polarizing plate 11 necessary in the biological
information reading device 1 may be omitted. That is, even
though polarized light from the light emitting element 10
directly arrives at the light receiving element 12a, a polar-
ization property of the polarized light is different from a
polarization direction in which the light receiving element
12a has sensibility, and thus has no influence.

[0092] Accordingly, the biological information reading
device 1a may be further miniaturized and lightened when
compared to the biological information reading device 1.

Third Embodiment

[0093] A description will be given of a biological infor-
mation teading device 15 according to a third embodiment
of the present invention with reference to FIG. 12. The
biological information reading device 1 is partially different
from the biological information reading device 16 of the
present embodiment. Therefore, the same or a similar ref-
erence numeral as or to that of the biological information
reading device 1 will be assigned to the same member as that
of the biological information reading device 1.

[0094] Inthe biological information reading device 14, the
projector 3 illustrated in FIG. 1 corresponds to a light
emitting element 10 and a quarter-wave plate 13, and the
optical receiver 4 corresponds to the quarter-wave plate 13,
a polarizing plate 11a, and a light receiving element 12¢.
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[0095] The biological information reading device 15 is
different from the biological information reading device 1 in
that the biological information reading device 15 includes a
light receiving element 125 for measuring quantity of light
of the light emitting element 10.

[0096] When the biological information reading device 15
includes the light receiving element 126 for measuring
quantity of light, it is possible to detect a change in quantity
of light of the light emitting element 10. For example, a
voltage of a battery 25 decreases from an initial voltage as
a use time increases. With a voltage drop of the battery 25,
quantity of light of the light emitting element 10 decreases.
In this instance, when the biological information reading
device 15 includes the light receiving element 126 for
measuring quantity of light, a correction may be performed
such that light receiving sensitivity of the light receiving
element 12¢ is increased in response to detection of a
decrease in quantity of light of the light emitting element 10,
and the decrease in quantity of light of the light emitting
element 10 may be compensated for. According to the
above-described configuration of the biological information
reading device 1b, a pulsation detector 20 may receive
output information from the light receiving element 12¢
under the same condition at all times even when a voltage
drop of the battery 25 is happened. Accordingly, high
detection accuracy for pulsation in the pulsation detector 20
may be maintained.

Fourth Embodiment

[0097] A description will be given of a biological infor-
mation reading device 1¢ according to a fourth embodiment
of the present invention with reference to FIG. 13. The
biological information reading device 1 is partially different
from the biological information reading device 1c of the
present embodiment. Therefore, the same or a similar ref-
erence numeral as or to that of the biological information
reading device 1 will be assigned to the same member as that
of the biological information reading device 1.

[0098] The biological information reading device 1c
includes a radio signal transmitter 25, which transmits a
blood pressure estimation result of a blood pressure estima-
tion unit 21 as a radio signal, in an operation unit 24a.
Further, the biological information reading device 1lc
includes a radio signal receiver 26, which receives the radio
signal transmitted by the radio signal transmitter 25, sepa-
rated from the operation unit 24a. An output of the radio
signal receiver 26 corresponds to the blood pressure esti-
mation result of the blood pressure estimation unit 21, and
is input to an alert issuing unit 22a connected to the radio
signal receiver 26. An output unit 23 is connected to the alert
issuing unit 22aq.

[0099] As described above, the biological information
reading device 1c¢ includes the radio signal receiver 26, the
alert issuing unit 22¢, and the output unit 23 disposed
separately from the operation unit 244, and thus may rec-
ognize an issued alert at a place separated from the measured
person. For example, when a separate unit (the radio signal
receiver 26, the alert issuing unit 22q, and the output unit 23)
is configured in a form such as an ear hanging type or ear
hole type hearing aid, and the hearing aid is worn in an ear
of the measured person, the measured person does not fail to
hear the alert. The alert issuing unit may have flexibility by
using a flexible piezoelectric film speaker in the alert issuing
unit, and have a configuration that allows deformation of the
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unit along a shape of an opening of the ear. Alternatively,
when the biological information reading device 1c is used
for an inpatient inside a hospital, the separate unit may be
installed in a nurse station or the like, thereby monitoring an
abnormal blood pressure of the inpatient in the nurse station
or the like at all times. Further, when the device is worn by
a measured person who exercises, biological information in
an exercise condition may be acquired at a separate place.
[0100] Besides, when communication via a network such
as the Internet or the like is allowed between the radio signal
transmitter 25 and the radio signal receiver 26, the separate
unit may be installed at a remote location. For example, the
biological information reading device 1¢ may be installed on
a senior citizen who lives alone, and the separate unit may
be installed in a house of a family or the like at a remote
location.

[0101] In addition, when compared to the biological infor-
mation reading devices 1, 1a, and 15 in the above-described
first to third embodiments, components in a portion installed
in (attached to) a human body decreases, and thus the
portion installed in (attached to) the human body may be
lightened. Note that, when focusing on a weight reduction of
the portion installed in the human body, light reception
information of a light receiving element 12 may be trans-
mitted from the radio signal transmitter 25 using a radio
signal. In this case, in the separate unit, all components of
the operation unit 24 (a pulsation detector 20, the blood
pressure estimation unit 21, and the alert issuing unit 22a)
and the output unit 23 are disposed on a side of the radio
signal receiver 26. According to the above-described con-
figuration of the biological information reading device 1c, a
weight reduction on a side at which the portion is installed
in the human body may be realized.

Fifth Embodiment

[0102] A description will be given of a biological infor-
mation reading device 1d according to a fifth embodiment of
the present invention with reference to FIG. 14. The bio-
logical information reading device 1d of the present embodi-
ment has a configuration in which a plurality of biological
information reading units le is disposed on one permeable
membrane 14a. The biological information reading units 1e
are obtained by excluding the permeable membrane 14 from
the biological information reading devices 1, 1a, and 1b.
[0103] According to the biological information reading
device 1d having the above-described configuration, the
plurality of biological information reading units le simul-
taneously measures substantially the same part of the same
measured person, and thus it is possible to improve mea-
surement accuracy and reliability.

[0104] Further, as described in NPL 1, with regard to
arteriosclerosis closely connected with a blood pressure,
when two sensors with a predetermined interval are disposed
inside the same device, and a propagation velocity is cal-
culated based on a delay time of pulse waves, a pseudo-test
of a pulse wave velocity (PWV) corresponding to an indi-
cator of arteriosclerosis may be conducted. Therefore,
according to the biological information reading device 1d, it
is possible to conduct a pseudo-test of a PWV corresponding
to an indicator of arteriosclerosis by disposing the plurality
of biological information reading units le with predeter-
mined intervals on the one permeable membrane 14a, and
calculating a propagation velocity based on a delay time of
pulse waves.
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Other Embodiments

[0105] Each of the pulsation detector 20, the blood pres-
sure measurement unit 21, and the alert issuing unit 22 has
an information processing unit. However, functions thereof
may be implemented in one information processing unit.
That is, the information processing unit may implement the
pulsation detector 20, the blood pressure measurement unit
21, and the alert issuing unit 22 excepting the output unit by
executing a predetermined program installed in advance. For
example, the information processing unit includes a
memory, a CPU, an input/output port, and the like. The CPU
of the information processing unit reads a control program
as a predetermined program from the memory or the like,
and executes the control program. In this way, functions of
the pulsation detector 20, the blood pressure measurement
unit 21, and the alert issuing unit 22 excepting the output
unit are implemented in the information processing unit.
Note that, instead of the CPU, it is possible to use an
application specific integrated circuit (ASIC), a micropro-
cessor (microcomputer), a digital signal processor (DSP), or
the like.

[0106] In addition, the above-described predetermined
program may be stored in the memory of the information
processing unit or the like before shipment of the pulsation
detector 20, the blood pressure measurement unit 21, and the
alert issuing unit 22, and may be stored in the memory of the
information processing unit or the like after shipment of the
pulsation detector 20, the blood pressure measurement unit
21, and the alert issuing unit 22. Alternatively, a portion of
the program may be stored in the memory of the information
processing unit or the like after shipment of the pulsation
detector 20, the blood pressure measurement unit 21, and the
alert issuing unit 22. For example, the program stored in the
memory of the information processing unit or the like after
shipment of the pulsation detector 20, the blood pressure
measurement unit 21, and the alert issuing unit 22 may be
obtained by installing a program stored in a computer-
readable recording medium such as a CD-ROM or the like,
and may be obtained by installing a program downloaded
through a transmission medium such as the Internet or the
like.

[0107] In addition, the above-described predetermined
program includes a program executable by being installed in
a hard disk and the like in addition to a program directly
executable by the information processing unit. Further, the
program includes a compressed or encrypted program.

[0108] As described above, when the functions of the
pulsation detector 20, the blood pressure measurement unit
21, and the alert issuing unit 22 excepting the output unit are
implemented by the information processing unit and the
program, it is possible to flexibly respond to mass produc-
tion or specification change (or design change).

[0109] Note that, the program executed by the information
processing unit may be a program processed in time series
along a sequence described in the present specification, or a
program processed in parallel or at a necessary time such as
a time at which a call is performed.

[0110] In the above-described embodiments, the organic
LED is given as an example of the light emitting element 10.
However, the light emitting element 10 is not restricted
thereto. For example, a light emitting diode corresponding to
surface light emission or the like may be used as the light
emitting element 10.
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[0111] Inaddition, in the above-described embodiments, a
description has been given of a case in which the organic
LED is used as the light emitting element 10. However, for
example, in an environment such as a human body surface
in which a lot of moisture is given, an organic material such
as the organic LED easily deteriorates, and deteriorates due
to oxygen. In this regard, when the light emitting element 10
is the organic LED, it is possible to employ a configuration
in which the whole light emitting element 10 or a main part
thereof is covered with a protective layer to protect the light
emitting element 10 from moisture or oxygen.

[0112] In addition, the above-described embodiments
have described that pulsation is detected by a phase differ-
ence between the outward light 30 and the return light 32.
However, furthermore, pulsation may be detected depending
on various comparison results between the outward light 30
and the return light 32. For example, the outward light 30 is
light having a wavelength in which the light is easily
absorbed by blood, and thus the absorbed amount of light is
different between a case in which the amount of blood flow
inside the blood vessel 41 is large and the amount is small.
Therefore, a change in pulsation may be detected depending
on a result of a comparison between intensity of the return
light 32 and intensity of the outward light 30.

[0113] In addition, although not illustrated, in FIG. 2, in
addition to the wire reaching the output unit 23 from the
pulsation detector 20 through the blood pressure estimation
unit 21 and the alert issuing unit 22, the wire that directly
connects the pulsation detector 20 to the output unit 23 may
be provided, and the output unit 23 may output a sound
signal, a flash signal, or the like depending on a detection
result of the pulsation detector 20. In this way, when the
detection result of the pulsation detector 20 is recognized by
a signal output from the output unit 23, for example, an alert
may be issued with regard to a rise in pulse rate correspond-
ing to a sign of a rise in blood pressure. That is, the measured
person may be aware of a sign of a rise in blood pressure
using a rise in pulse rate before receiving an alert against the
rise in blood pressure. In this way, the measured person may
take an action to avoid the rise in blood pressure. As
described above, when the alert is set in two stages, the
measured person may take appropriate measures before a
serious state.

[0114] In addition, FIG. 15 is a diagram in which a
horizontal axis represents time, and a vertical axis represents
intensity of a pulse wave. As illustrated in FIG. 15, it is
known that a low frequency component overlaps a pulse
wave in connection with respiration. For example, the blood
pressure estimation unit 21 may increase accuracy of blood
pressure estimation by separating a low frequency compo-
nent from pulsation detected by the pulsation detector 20.
Further, a respiration state of the measured person may be
identified by separating a low frequency component from
pulsation detected by the pulsation detector 20. For example,
it is possible to additionally provide a function of monitoring
an active state of a sympathetic nerve and a parasympathetic
nerve depending on a respiration state of the measured
person.

[0115] Further, as illustrated in FIG. 16, an active state of
a sympathetic nerve and a parasympathetic nerve can be
identified by analyzing a fluctuation frequency in a variation
in which periods of a pulse wave form are arranged in time
series, and thus a determination function using this fact may
be additionally provided. In an upper diagram of FIG. 16, a
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horizontal axis represents time, and a vertical axis represents
pulsation intensity of a pulse wave. In a lower diagram of
FIG. 16, a horizontal axis represents the number of pulsa-
tions, and a vertical axis represents a period (S: second).
[0116] More specifically, first, a filter using a differential
circuit is applied to a pulsation waveform signal, and a zero
crossing point is detected. In this way, it is possible to
identify a peak position immediately after a rise of the
pulsation waveform signal. A period of pulsation is obtained
when peak positions are continuously acquired. In FIG. 16,
time represented in from T1 to T6 refers to period time of
each waveform.

[0117] Frequency analysis is performed to identify the
form of a change (=fluctuation) in a pulsation level of a
value of a period Tn successively obtained as described
above, and an active state of a sympathetic nerve and a
parasympathetic nerve can be identified using a fluctuation
frequency obtained in this way. The above description is
similarly applied to a scheme of a time component index
such as a Lorentz plot evaluated by an interval from a
previous heart beat for each heart beat.

[0118] In addition, it is possible to determine whether a
sleeping state is entered, quality of sleep, or the like based
on pulsation, respiration, an active state of a sympathetic
nerve, or the like. In this way, it is possible to identify sleep
apnea syndrome and the like.

[0119] With regard to an alert when abnormality is present
as a result of making a determination regarding acquired
biological information, a notification is provided to the
measured person using alarm display (sense of sight) or
alarm sound (auditory sense). However, the present inven-
tion is not restricted thereto. For example, it is possible to
use a particular vibration pattern (sense of touch), spray of
fragrance liquid (olfactory sense), control of a stimulation
liquid discharge device installed in a mouth in advance
(sense of taste), and the like.

[0120] Additionally, a method other than a method of
issuing an alert is present with regard to a response to a case
in which abnormality is present as a result of making a
determination regarding acquired biological information. It
is natural to inform the measured person or a third party that
abnormality is present. However, for example, when a
portable or buried liquid medicine injection device is pre-
viously installed at all times in order to treat a particular
disease, the liquid medicine injection device may be con-
trolled to start operating. For example, when an angina
symptom is detected from biological information, a device
that injects nitroglycerin as a liquid medicine is operated. In
addition, a device capable of injecting a plurality of types of
liquid medicines may be installed to be able to respond to a
plurality of types of abnormalities.

[0121] Hereinbefore, a description has been given of a
technology of acquiring a pulse wave form corresponding to
a biological signal using, on the skin, an element capable of
emitting and receiving a light ray having a particular wave-
length in which absorption ability is present with respect to
blood, and estimating biological information such as a blood
pressure, a breathing rate, an active state of a sympathetic
nerve, or the like based on the acquired pulse wave form,
and use thereof. However, the element may not be used on
the skin.

[0122] For example, it is possible to use a combination of
a light emitting device capable of widely projecting a light
ray having a particular wavelength described above and a
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high-resolution image pick-up device capable of selectively
receiving the light ray having the wavelength.

[0123] A face of a person in a particular closed space
(inside a room or the like) may be identified using image
processing by installing the device similarly to a monitoring
camera, a change in image associated with a pulse wave of
a blood flow may be treated as a biological signal, and
biological information may be estimated as described above.
[0124] According to this configuration, an effort to attach
a reading device to the measured person on each occasion
may be saved, and thus a psychological burden of the
measured person may be greatly relieved.

[0125] The above-described light emitting device and
image pick-up device may be set as an inner surface 3D
scanner that emits a laser ray having a particular wavelength.
A person inside a particular closed space may be similarly
identified using image processing and shape processing, a
change in image associated with a pulse wave of a blood
flow may be treated as a biological signal, and biological
information may be estimated as described above.

[0126] In the above-described embodiments, a description
has been given using a case, in which optics is used as a
blood flow detection scheme, as an example. The description
uses a principle in which an optical property of blood or a
blood vessel changes with the occasion, and is highly
compatible with an object of performing noninvasive mea-
surement at all times.

[0127] However, a scheme using a principle other than
optics may be employed as the blood flow detection scheme.
[0128] For example, similar blood flow detection may be
performed even when a minute pressure sensor or micro-
phone is used around a blood vessel since a pulse wave
corresponding to a change in blood flow is propagation of
deformation of the blood vessel, and thus the deformation
may be detected as a pressure or an oscillating wave around
the blood vessel.

[0129] In addition, accuracy increases when cardiac elec-
tricity is used in order to detect a heart rate as biological
information. For this reason, a metal electrode may be
provided as a sensor, and a biological signal may be acquired
as an electric signal on a living body surface.

[0130] Further, a case in which a lot of electrolyte is
contained in blood and an ionized substance moves in blood
is equivalent to a case in which a minute current is gener-
ated, and it is clear that there is a correlation between blood
flow volume and the amount of minute current correspond-
ing to the blood flow volume. Therefore, it is possible to
detect a magnetic field generated by a minute current when
a magnetic sensor is used as a sensor, and to acquire blood
flow volume based on the detected magnetic field.

[0131] Additionally, acquired biological information is
transmitted through communication with a device outside
the biological information reading device. An electromag-
netic wave such as radio, light, or the like is suitably used for
communication. The electromagnetic wave may be used as
a driving power source of the biological information reading
device in addition to communication. The driving power
source is a wireless feeder in the case of radio, and is a solar
cell in the case of light. The driving power source feeds
power to the biological information reading device. How-
ever, the device may operate without a battery. Further, a
secondary battery may be employed as a power source of the
device, and the secondary battery may be charged.

[0132] At the time of wireless communication, an antenna
of the biological information reading device may be elec-
tromagnetically coupled to the blood vessel of the living
body to obtain a biological antenna. In the present invention,
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it is presumed that noninvasive measurement is performed at
all times. Thus, direct connection to the blood vessel is not
performed. In addition, a film electrode is attached on the
skin to share a room with another sensor around the blood
vessel (for example, of the wrist), and the electrode is
subjected to capacitive coupling with the blood vessel to
allow the blood vessel to function as a part of an antenna. As
another method, for example, when a sensor having a shape
of a band of a watch is mounted on the wrist, a coil may be
formed inside the band and subjected to inductive coupling
with the blood vessel inside the wrist, thereby allowing the
blood vessel to function as a part of an antenna.

[0133] Note that, since the blood vessel has a lot of
bifurcations in shapes of branches, a place corresponding to
the same length (and a length in which a standing wave ratio
falls within a range allowed as an electric circuit) as a
wavelength (and an integer ratio multiple of the wavelength)
corresponding to a radio frequency used for communication
is present. Thus, a wavelength (=frequency) may be freely
selected without considering the standing wave ratio and the
like. Therefore, it is possible to employ a scheme that can be
used for communication widely from a plurality of schemes.
[0134] Additionally, another sensor may be provided to
accessorily operate as a biological signal acquisition unit
simultaneously with identification of the blood flow.
Examples of the sensor include a microphone, a pressure
sensor, a muscle potential sensor, a cardiac potential sensor,
an ultrasonic wave Doppler sensor, an angle sensor, an
acceleration sensor, a temperature sensor, a flow sensor, a
body water sensor, a body fat sensor, a sweat rate sensor, a
blood component sensor, an air temperature sensor, a humid-
ity sensor, an atmospheric pressure sensor, an illuminance
sensor, a wind velocity sensor, and the like.

[0135] The pressure sensor may acquire a variation in
heart beat or pulse pressure as a biological signal. The
microphone may acquire cardiac sound or pulse sound as a
biological signal. The muscle potential sensor or the cardiac
potential sensor may acquire a biological signal such as a
so-called electrocardiogram or electromyogram. The ultra-
sonic wave Doppler sensor may acquire blood flow volume
as a biological signal. The angle sensor or the acceleration
sensor may identify an active state such as exercise. The
temperature sensor may acquire a body temperature as a
biological signal. The flow sensor may more directly iden-
tify a respiration state. The body water sensor or the sweat
rate sensor may identify water content inside the body or on
a surface of the body. The body fat sensor may acquire
biological information in the form of a body fat percentage.
The blood component sensor may acquire a blood sugar
level or blood pH as a biological signal.

[0136] The air temperature sensor, the humidity sensor,
the atmospheric pressure sensor, the illuminance sensor, or
the wind velocity sensor may identify a living environment
of the measured person.

[0137] When a signal obtained by these types of sensors is
appropriately used, it is possible to further increase accuracy
in analyzing information obtained from a blood flow or a
pulse wave.

1. A biological information reading device for reading
biological information, comprising:

a biological signal acquisition unit for acquiring a bio-
logical signal from a living body;

an operation unit for performing an operation of estimat-
ing biological information based on an acquired bio-
logical signal corresponding to the biological signal
acquired by the biological signal acquisition unit; and
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a biological information output unit for outputting esti-
mated biological information corresponding to the bio-
logical information estimated by the operation unit to
an outside of the biological information reading device.

2. The biological information reading device according to
claim 1, wherein the biological signal acquisition unit
includes a stacked organic light emitting and receiving
element.

3. The biological information reading device according to
claim 2, wherein a light transmissive adhesive layer is
provided on a surface of the biological signal acquisition
unit coming into contact with a skin of the living body.

4. The biological information reading device according to
claim 1, comprising:

an estimated biological information time series storage
unit for successively storing the estimated biological
information subjected to the operation of the operation
unit over time.
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5. The biological information reading device according to
claim 4, comprising:

a determination unit for determining a state of the living
body based on the estimated biological information;
and

a determination information holding unit for holding
information necessary for the determination unit to
perform a determination.

6. The biological information reading device according to

claim 5, comprising:

a message output unit for outputting a message according
to a determination result of the determination unit.

7. The biological information reading device according to
claim 6, wherein the message is represented by any one of
or a combination of a plurality of a sense of sight, an
auditory sense, an olfactory sense, a sense of taste, and a
sense of touch.
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