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(57) ABSTRACT

A storage unit stores a cumulative light emitting frequency
or a cumulative light emitting time of a light emitting
element. In a case where the cunulative light emitting
frequency is greater than a predetermined light emitting
frequency or the cumulative light emitting time is longer
than a predetermined light emitting time, a control unit
causes the light emitting element to emit light toward a
living body by increasing the light emitting frequency or the
light emitting time at which the light emitting element emits
the light in order to acquire a light receiving result once,
compared to a setting light emitting frequency or a setting
light emitting time. A light receiving unit acquires informa-
tion of the living body, based on a light receiving result
obtained by receiving the light which is emitted toward the
living body and transmitted through the living body.
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BIOLOGICAL INFORMATION ACQUISITION
DEVICE AND BIOLOGICAL INFORMATION
ACQUISITION METHOD

BACKGROUND

1. Technical Field

[0001] The present invention relates to a biological infor-
mation acquisition device and a biological information
acquisition method using a biological information acquisi-
tion device.

2. Related Art

[0002] In the related art, a biological information acqui-
sition device (blood component measurement device) is
known which acquires biological information relating to a
blood vessel or blood in the blood vessel (for example, refer
to JP-A-2014-124455). JP-A-2014-124455 discloses the
biological information acquisition device as follows. Light
emitted from the light emitting element present at a light
emitting position is acquired as a light receiving result by a
light receiving element present at a light receiving position.
The light receiving result is used so as to acquire the
biological information.

[0003] However, according to the light emitting element in
the biological information acquisition device disclosed in
JP-A-2014-124455, a light quantity gradually decreases
since currents are repeatedly applied. Therefore, the light
emitting element which is frequently used has a problem in
that the light quantity decreases and an S/N ratio decreases.

SUMMARY

[0004] An advantage of some aspects of the invention is to
solve at least a part of the problems described above, and the
invention can be implemented as the following forms or
application examples.

Application Example 1

[0005] A biological information acquisition device
according to this application example includes a light emit-
ting unit that causes a plurality of light emitting elements to
emit light so as to emit the light to a living body, a light
receiving unit that receives the light transmitted through the
living body, a control unit that controls the light emitting
unit and the light receiving unit, and a storage unit that stores
a program for controlling the control unit. The storage unit
stores a cumulative light emitting frequency or a cumulative
light emitting time of the light emitting element. In a case
where the cumulative light emitting frequency is greater
than a predetermined light emitting frequency or the cumu-
lative light emitting time is longer than a predetermined light
emitting time, the control unit causes the light emitting
element to emit the light toward the living body by increas-
ing the light emitting frequency or the light emitting time at
which the light emitting element emits the light in order to
acquire a light receiving result once, compared to a setting
light emitting frequency or a setting light emitting time. The
light receiving unit acquires information of the living body,
based on a light receiving result obtained by receiving the
light which is emitted toward the living body and transmit-
ted through the living body.

[0006] According to this application example, the cumu-
lative light emitting frequency or the cumulative light emit-
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ting time of the light emitting element to be repeatedly used
is stored. In a case where the cumulative light emitting
frequency is greater than the predetermined light emitting
frequency or the cumulative light emitting time is longer
than the predetermined light emitting time, the light emitting
element is caused to emit the light by increasing the light
emitting frequency or the light emitting time at which the
light emitting element emits the light in order to acquire the
light receiving result once, compared to the setting light
emitting frequency or the setting light emitting time. In this
manner, it is possible to secure a light quantity required for
acquiring the light receiving result once, and it is possible to
minimize a decrease in an S/N ratio of a light emitting result.
Therefore, the information of the living body can be accu-
rately acquired.

Application Example 2

[0007] In the biological information acquisition device
according to the application example, it is preferable that the
biological information acquisition device further includes a
first light receiving unit that receives the light transmitted
through a blood vessel portion serving as a measurement
target of the living body. and a second light receiving unit
that receives the light transmitted through a non-blood
vessel portion of the living body.

[0008] According to this application example, the biologi-
cal information acquisition device further includes the first
light receiving unit that receives the light transmitted
through the blood vessel portion serving as the measurement
target of the living body, and the second light receiving unit
that receives the light transmitted through the non-blood
vessel portion of the living body. Therefore, the information
of the living body in the blood vessel portion can be more
accurately acquired by comparing two light receiving results
with each other.

Application Example 3

[0009] In the biological information acquisition device
according to the application example, it is preferable that the
information of the living body is glucose concentration or
oxygen saturation in the blood.

[0010] According to this application example, as the infor-
mation of the living body, the glucose concentration or the
oxygen saturation in the blood can be more accurately
acquired.

Application Example 4

[0011] A biological information acquisition method
according to this application example is a biological infor-
mation acquisition method of acquiring biological informa-
tion by using a biological information acquisition device
including a light emitting unit that causes a plurality of light
emitting elements to emit light so as to emit the light to a
living body, a light receiving unit that receives the light
transmitted through the living body, a control unit that
controls the light emitting unit and the light receiving unit,
and a storage unit that stores a program for controlling the
control unit. The biological information acquisition method
includes storing a cumulative light emitting frequency or a
cumulative light emitting time of the light emitting element,
causing the light emitting element to emit the light toward
the living body by increasing the light emitting frequency or
the light emitting time at which the light emitting element
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emits the light in order to acquire a light receiving result
once, compared to a setting light emitting frequency or a
setting light emitting time, in a case where the cumulative
light emitting frequency is greater than a predetermined light
emitting frequency or the cumulative light emitting time is
longer than a predetermined light emitting time, and causing
the light receiving unit to acquire information of the living
body, based on a light receiving result obtained by receiving
the light which is emitted toward the living body and
transmitted through the living body.

[0012] According to this application example, the cumu-
lative light emitting frequency or the cumulative light emit-
ting time of the light emitting element to be repeatedly used
is stored. In a case where the cumulative light emitting
frequency is greater than the predetermined light emitting
frequency or the cumulative light emitting time is longer
than the predetermined light emitting time, the light emitting
element is caused to emit the light by increasing the light
emitting frequency or the light emitting time at which the
light emitting element emits the light in order to acquire the
light receiving result once, compared to the setting light
emitting frequency or the setting light emitting time. In this
manner, it is possible to secure the light quantity required for
acquiring the light receiving result once, and it is possible to
minimize the decrease in the S/N ratio of the light emitting
result. Therefore, the information of the living body can be
accurately acquired.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The invention will be described with reference to
the accompanying drawings, wherein like numbers refer-
ence like elements.

[0014] FIG. 1 is a schematic view illustrating a configu-
ration of a biological information acquisition device accord-
ing to Embodiment 1.

[0015] FIG. 2 is a schematic view illustrating a configu-
ration of a front surface of the biological information
acquisition device.

[0016] FIG. 3 is a schematic view illustrating a configu-
ration of a rear surface of the biological information acqui-
sition device.

[0017] FIG. 4 is a schematic plan view illustrating a
portion of a sensor module.

[0018] FIG. 5 is a schematic sectional view of the sensor
module.
[0019] FIG. 6 is a schematic view for describing a state of

acquiring a vascular pattern (blood vessel position).

[0020] FIG. 7 illustrates an example of the vascular pat-
tern obtained based on a biological image.

[0021] FIG. 8 illustrates an example of a vascular site
serving as a measurement target obtained based on the
vascular pattern illustrated in FI1G. 7.

[0022] FIG.9is a view for describing selection between a
light emitting unit and a light receiving unit.

[0023] FIG. 10 is a view for describing light propagation
inside a biological tissue.

[0024] FIG. 11 illustrates a relationship between a light
emitting unit and a light emitting element, and a relationship
between the light receiving unit and the light receiving
element.

[0025] FIG. 12 is a functional configuration diagram of the
biological information acquisition device according to
Embodiment 1.
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[0026] FIG. 13 illustrates an example of a data configu-
ration of vascular site data.

[0027] FIG. 14 illustrates a relationship between a cumu-
lative light emitting time and luminance of the light emitting
element.

[0028] FIG. 15 illustrates a relationship between a light
emitting frequency for obtaining a light receiving result once
and an S/N ratio.

[0029] FIG. 16 is a flowchart for describing a flow of a
blood glucose level measurement process.

[0030] FIG. 17 is a view for specifically describing Step
S160 in the blood glucose level measurement process.
[0031] FIG. 18 is a view for specifically describing Step
S190 in the blood glucose level measurement process.
[0032] FIG. 19 is a flowchart for describing a flow of a
blood glucose level measurement process according to
Embodiment 2.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0033] Hereinafter, embodiments of the invention will be
described with reference to the drawings. In the following
respective drawings, a scale of each layer or each member
is made different from an actual scale in order to provide
each layer or each member with a recognizable size to some
extent.

Embodiment 1

Al. Device Configuration

[0034] First, a configuration of a biological information
acquisition device 10 according to this embodiment will be
described with reference to FIGS. 1 to 5.

[0035] FIG. 1is a schematic view illustrating the configu-
ration of the biological information acquisition device 10
according to Embodiment 1. FIG. 2 is a schematic view
illustrating a configuration of a front surface of the biologi-
cal information acquisition device 10. FIG. 3 is a schematic
view illustrating a configuration of a rear surface of the
biological information acquisition device 10. FIG. 4 is a
schematic plan view illustrating a portion of a sensor module
50. FIG. 5 is a schematic sectional view of the sensor
module 50.

[0036] The biological information acquisition device 10
uses light so as to measure biological information of a user
2 in a non-invasive manner. In this embodiment, as an
example, the biological information acquisition device 10
will be described in which a blood glucose level indicating
glucose concentration in blood of the user 2 is acquired as
the biological information. The biological information
acquisition device 10 employs a wristwatch type, and is a
wearable device (wearable instrument) configured to include
a main body case 12 and a fixing band 14 for attaching and
fixing the main body case 12 to a measurement target site
such as a wrist and an arm of the user 2.

[0037] A touch panel 16 or an operation switch 18 is
disposed on a front surface of the main body case 12 (surface
facing outward when attached to the user 2). The touch panel
16 or the operation switch 18 is used so that the user 2 can
input a measurement start instruction thereto or a measure-
ment result can be displayed on the touch panel 16.

[0038] A communication device 20 for communicating
with an external device and a reader/writer 24 of a memory
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card 22 are disposed on a side surface of the main body case
12. The communication device 20 is realized by a jack for
attaching and detaching a wired cable, or by a wireless
communication module and an antenna for wireless com-
munication. The memory card 22 is a data rewritable non-
volatile memory such as a flash memory, a ferroelectric
random access memory (FeRAM), and a magnetoresistive
random access memory (MRAM).

[0039] The sensor module 50 is disposed on a rear surface
of the main body case 12 so that the sensor module 50 can
be in contact with a skin surface of the user 2. The sensor
module 50 is a measurement-purpose device which emits
measurement light to the skin surface of the user 2 and
receives light transmitted through or reflected on the body of
the user 2, and is a thin type image sensor internally
equipped with a light source.

[0040] Furthermore, the main body case 12 is internally
equipped with a rechargeable battery 26 and a control board
30. As a method for charging the battery 26, a configuration
may be adopted in which an electrical contact is disposed on
the rear surface side of the main body case 12 and the battery
26 1s set in a cradle connected to a domestic power source
so as to be charged via the electrical contact by way of the
cradle. Alternatively, wireless charging may be employed.

[0041] The control board 30 is provided with a central
processing unit (CPU), a main memory, a memory for
measurement data, a touch panel controller, and a sensor
module controller. The main memory is a storage medium
which can store a program and initial set data or which can
store computed values of the CPU. The main memory is
realized by a RAM, a read only memory (ROM), and a flash
memory. A configuration may be adopted in which the
program and the initial set data are stored in the memory
card 22. The memory for measurement data is a storage
medium for storing the measurement data, and is realized by
a data rewritable nonvolatile memory such as a flash
memory, a ferroelectric memory (FeRAM), and a magne-
toresistive memory (MRAM). A configuration may be
adopted in which the measurement data is stored in the
memory card 22.

[0042] As illustrated in FIG. 4, the sensor module 50 has
a plurality of light emitting elements 53 and a plurality of the
light receiving elements 59 which are respectively and
regularly arranged in a light receiving and emitting region.
Here, the light receiving and emitting region means a region
including the plurality of light emitting elements 53 and the
light receiving elements 59.

[0043] As illustrated in FIG. 5, the sensor module 50 is an
optical sensor configured so that a light emitting layer 52 in
which the plurality of light emitting elements 53 are two-
dimensionally arranged in a planar fashion, a light blocking
layer 54 which selectively blocks the light other than the
light directed toward a light receiving layer 58, a spectral
layer 56 which selectively transmits near infrared rays, and
the light receiving layer 58 in which the plurality of the light
receiving elements 59 are two-dimensionally arranged in a
planar fashion are stacked one on another. The sensor
module 50 is disposed on the rear surface side of the main
body case 12 so that the front surface side (surface on the
light emitting layer 52 side) faces the skin surface of the user
2.

[0044] The light emitting element 53 emits the light to the
living body. For example, the light emitting element 53 is
realized by a light emitting diode (LED) or an organic light

Mar. 1, 2018

emitting diode (OLED). In this embodiment, in order to
measure a blood glucose level (glucose concentration in the
blood), the light emitting element 53 can emit the light
including near infrared rays having subcutaneously trans-
mittance capability.

[0045] The light receiving element 59 receives the light
transmitted through or reflected on the living body, and
outputs an electric signal corresponding to the received light
quantity. For example, the light receiving element 59 is
realized by a charge coupled device (CCD) image sensor or
a complementary metal oxide semiconductor (CMOS)
image sensor. One light receiving element 59 includes a
plurality of elements for receiving each wavelength compo-
nent necessary for calibration.

[0046] As illustrated in FIG. 4, the light emitting element
53 and the light receiving element 59 are arranged in a
matrix on a plane defined by a common Xs-Ys orthogonal
coordinate system. The light emitting element 53 and the
light receiving element 59 respectively have the same
arrangement interval in Xs and Ys axis directions. However,
both of these are arranged so as to be alternate on an Xs-Ys
plane. That is, both of these are arranged so that positions of
the light emitting element 53 and the light receiving element
59 in the Xs and Ys axis directions are shifted from each
other by a predetermined length.

[0047] The arrangement interval between the light emit-
ting element 53 and the light receiving element 59 can be
appropriately set. For example, it is preferable to set the
arrangement interval to 1 pm to 500 um. In view of a balance
between manufacturing cost and measurement accuracy, the
arrangement interval can be set to 50 um to 200 pm, for
example. The light emitting element 53 and the light receiv-
ing element 59 may be juxtaposed with each other without
being limited to a configuration in which the light emitting
element 53 and the light receiving element 59 are stacked on
each other.

A2. Measurement Principle

[0048] Next, a measurement principle of the blood glucose
level by using the biological information acquisition device
according to this embodiment will be described with refer-
ence to FIGS. 6 to 11.

(A) Measurement of Blood Glucose Level

[0049] In order to measure the blood glucose level, the
biological information acquisition device 10 is fixed to the
user 2 with the fixing band 14 so that the sensor module 50
is in close contact with the skin surface of the user 2. Since
the sensor module 50 is in close contact with the skin
surface, it is possible to restrain factors that lower the
measurement accuracy, such as reflection of the measure-
ment light on the skin surface and scattering near the skin
surface. Then, the blood vessel in the biological tissue
directly below the sensor module 50 is set as a measurement
target. and the measurement light receives the light includ-
ing the transmitted light transmitted through the blood vessel
so as to obtain an absorption spectrum. In this manner, the
blood glucose level is estimated and calculated.

(A-1) Acquisition of Vascular Pattern

[0050] Specifically, first, a vascular pattern (blood vessel
position) viewed from the skin surface is acquired. The
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acquisition of the vascular pattern can be realized in the
same way as vein pattern detection in the known vein
authentication technology.

[0051] FIG. 6 is a schematic view for describing a state of
acquiring the vascular pattern (blood vessel position). As
illustrated in FIG. 6, the light emitting elements 53 of the
sensor module 50 are caused to emit the light all at once so
as to emit the measurement light to the skin surface of the
user 2. Then, the light receiving element 59 is used, and the
measurement light receives (that is, images) the light trans-
mitted through the biological tissue (transmitted light) or the
light reflected on the biological tissue (reflected light),
thereby acquiring a biological image. When the biological
image is acquired, only some of the light emitting elements
53 of the sensor module 50 may be caused to emit the light.
[0052] The blood vessel 4 is more likely to absorb near
infrared rays compared to a non-blood vessel portion (non-
vascular region 8). Thus, in the acquired biological image,
the blood vessel portion has lower luminance, and is darker
than the non-blood vessel portion. Therefore, a portion
having the lower luminance is extracted from the biological
image. In this manner, the vascular pattern can be extracted.
That is, it is determined whether or not the luminance of
each pixel configuring the biological image is equal to or
smaller than a predetermined threshold. In this manner, it is
possible to determine whether or not the blood vessel exists
directly below the corresponding light receiving element 59,
that is, it is possible to acquire a position of the blood vessel.
[0053] FIG. 7 illustrates an example of a vascular pattern
P4 obtained based on the biological image. The vascular
pattern P4 is information indicating whether a portion is the
blood vessel 4 or the non-vascular region 8 for each pixel
configuring the biological image, that is, for each position of
the light receiving elements 59. In FIG. 7, a hatched band-
like portion is the blood vessel 4, and other white outlined
portions are extracted as the non-vascular region 8.

(A-2) Selection of Vascular Site as Measurement Target

[0054] 1If the vascular pattern is acquired, the blood vessel
(more specifically, the vascular site) serving as a measure-
ment target is subsequently selected. The vascular site
serving as the measurement target is selected so as to satisfy
the following selection condition. The selection condition is
that “the vascular site is a bifurcated portion or joined
portion of the blood vessel and a portion other than an image
end portion, and that the vascular site has a predetermined
length and a predetermined width in the longitudinal direc-
tion of the blood vessel”.

[0055] There is a possibility that the light passing through
the blood vessel 4 other than the measurement target may be
mixed with the received light in a bifurcated/joined portion
S5a (refer to FIG. 7) of the blood vessel 4. The light
transmitted through the blood vessel 4 other than the vas-
cular site serving as the measurement target affects an
absorption spectrum of the vascular site serving as the
measurement target, thereby causing a possibility that mea-
surement accuracy may become poor. Therefore, the vascu-
lar site serving as the measurement target is selected from
the blood vessel portion other than the bifurcated/joined
portion 5a of the blood vessel 4.

[0056] In an image end portion 35 (refer to FIG. 7) of the
living body, a bifurcated or joined structure of the blood
vessel 4 in the vicinity of the outside of the image is
unknown. Accordingly, there is a possibility that the mea-
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surement accuracy may become poor due to the same reason
as described above. In order to avoid this possibility, the
vascular site serving as the measurement target is selected
from the portion of the blood vessel 4 other than the image
end portion 55.

[0057] The light emitted from the light emitting element
53 is diffused and reflected inside the biological tissue, and
the light is partially received by the light receiving element
59. In other words, the light partially received by the light
receiving element 59 becomes the light transmitted through
the blood vessel 4 serving as the target. As a proportion of
the transmitted light becomes higher, the transmitted light
can become an absorption spectrum which more remarkably
shows the characteristics of the components contained in the
blood of the blood vessel 4 serving as the target. That is, the
measurement accuracy is improved.

[0058] The blood vessel 4 which is relatively thinly
imaged (short blood vessel in the width direction) is the
blood vessel 4 which is inherently thin, or is the blood vessel
4 which is located at a relatively deep position. In this blood
vessel 4, the light quantity of the transmitted light decreases,
and the measurement accuracy may become poor. Therefore,
the vascular site serving as the measurement target is
selected from the portion of the blood vessel 4 (that is, a
vascular site having a predetermined width) excluding the
portion of the blood vessel 4 which is thinly imaged.
[0059] FIG. 8 is an example of a vascular site 6 serving as
the measurement target obtained based on the vascular
pattern P4 in FIG. 7. In FIG. 8, an obliquely hatched portion
of the blood vessel 4 is the vascular site 6 selected as the
measurement target.

(A-3) Selection of Light Emitting Unit and Light Receiving
Unit

[0060] Subsequently, a light emitting unit L and a light
receiving unit S are selected.

[0061] FIG. 9 is a view for describing selection between
the light emitting unit [ and the light receiving unit S. In this
embodiment, (i) the light emitting unit L located above the
blood vessel 4 is selected as a measurement-purpose light
emitting unit Ld, and (ii) the light receiving unit S separated
from the measurement-purpose light emitting unit Ld by a
predetermined distance W and located above the blood
vessel 4 1s selected as a first light receiving unit Sd serving
as a measurement-purpose light receiving unit. Here, the
term of “above the blood vessel” means that these are
located above the vascular site 6 serving as the measurement
target. Therefore, the measurement-purpose light receiving
unit Sd receives the light transmitted through the blood
vessel 4 serving as the blood vessel portion.

[0062] In addition, (iii) the light emitting unit L which is
not located above the blood vessel 4 is selected as a
reference-purpose light emitting unit Lr, and (iv) the light
receiving unit S which is separated from the reference-
purpose light emitting unit Lr by the predetermined distance
W and is not located above the blood vessel 4 is selected as
a second light receiving unit Sr serving as a reference-
purpose light receiving unit. Here, the term of “not located
above the blood vessel” means that these are not located
above the blood vessel 4 including the vascular site 6 serving
as the measurement target. Therefore, the reference-purpose
light receiving unit Sr receives the light transmitted through
the non-blood vessel portion (non-vascular region 8). The
predetermined distance W is defined as follows.
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[0063] FIG. 10 is a view for describing light propagation
inside the biological tissue, and illustrates a sectional view
taken along the depth direction. The light emitted from one
of the light emitting units L is diffused and reflected inside
the biological tissue, and the emitted light partially reaches
the light receiving unit S. A propagation path of the light
forms a so-called banana shape (region interposed between
two arcs). The width in the depth direction is most widened
in the vicinity of substantially the center, and the entire depth
(reachable depth) is deepened in accordance with the inter-
val between the light emitting element 53 and the light
receiving element 59.

[0064] In order to improve the measurement accuracy, it is
desirable that the more light transmitted through the blood
vessel 4 is received by the light receiving unit S. From this
viewpoint, it is preferable that the blood vessel 4 serving as
the target is located below the light emitting unit L and the
light receiving unit S. The predetermined distance W is
determined in accordance with an assumed depth D of the
blood vessel 4 serving as the target. The predetermined
distance W, that is, the optimum interval W between the light
emitting unit [, and the light receiving unit S represents a
distance approximately twice the distance D from the skin
surface of the blood vessel 4. For example, if the depth D is
approximately 3 mm, the optimum distance W is approxi-
mately 5 to 6 mm. Next, a relationship between the light
emitting unit L and the light emitting element 53, and a
relationship between the light receiving unit S and the light
receiving element 59 will be described.

[0065] FIG. 11 illustrates the relationship between the
light emitting unit [ and the light emitting element 53, and
the relationship between the light receiving unit S and the
light receiving element 59. The light emitting unit L in this
embodiment is formed to include the plurality of light
emitting elements 53 in a light emitting region R1. The light
emitting region R1 is a partial region of the light receiving
and emitting region of the sensor module 50, and means a
region having a prescribed shape and size. In this embodi-
ment, the light emitting region R1 is defined as a region in
which three light emitting elements 53 are vertically (Ys-
direction) located and three light emitting elements 53 are
horizontally (Xs-direction) located. All of the light emitting
elements 53 inside the light emitting region R1 are caused to
emit the light as the light emitting unit L. In this embodi-
ment, the sensor module 50 includes more than three of the
light emitting elements 53 in the vertical direction (Ys-
direction) and more than three of the light emitting elements
53 in the horizontal direction (Xs-direction). Therefore, the
plurality of light emitting units L are present in the light
receiving and emitting region of the sensor module 50. Then,
a measurement-purpose light emitting unit Ld or a refer-
ence-purpose light emitting unit Lr is selected from the
plurality of light emitting units L. A region including the
plurality of light emitting elements 53 which are caused to
emit the light as the measurement-purpose light emitting
unit Ld is referred to as a first light emitting region, and a
region including the plurality of light emitting elements 53
which are caused to emit the light as the reference-purpose
light emitting unit Lr is referred to as a second light emitting
region.

[0066] For example, the light emitting region R1 having
the prescribed shape and size may be one region of the light
emitting elements 53. In this case, one of the light emitting
elements 53 inside this region serves as the light emitting
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unit L. It is not necessary to cause all of the light emitting
elements 53 inside the light emitting region R1 to emit the
light.

[0067] Similarly, the light receiving unit S in this embodi-
ment is formed to include the plurality of light receiving
elements 59 inside a light receiving region R2. The light
receiving region R2 is a partial region of the light receiving
and emitting region of the sensor module 50, and means a
region having a prescribed shape and size. In this embodi-
ment, the light receiving region R2 is defined as a region in
which three light receiving elements 59 are vertically (Ys-
direction) located and three light receiving elements 59 are
horizontally (Xs-direction) located. All of the light receiving
elements 59 inside the light receiving region R2 are caused
to receive the light as the light receiving unit S. In this
embodiment, the sensor module 50 includes more than three
of the light receiving elements 59 in the vertical direction
(Ys-direction) and more than three of the light receiving
elements 59 in the horizontal direction (Xs-direction).
Therefore, the plurality of light receiving units S are present
in the light receiving and emitting region of the sensor
module 50. Then, a measurement-purpose light receiving
unit Sd or a reference-purpose light receiving unit Sr is
selected from the plurality of light receiving units S. A
region including the plurality of light receiving elements 59
which are caused to receive the light as the measurement-
purpose light receiving unit Sd is referred to as a first light
receiving region, and a region including the plurality of light
receiving elements which are caused to receive the light as
the reference-purpose light receiving unit Sr is referred to as
a second light receiving region.

[0068] For example, the light receiving region R2 having
the prescribed shape and size may be one region of the light
receiving elements 59. In this case, one of the light receiving
elements 59 inside this light receiving region R2 serves as
the light receiving unit S. It is not necessary to cause all of
the light receiving elements 59 inside the light receiving
region R2 to receive the light. In this embodiment, the
predetermined distance W between the light emitting unit L
and the light receiving unit S means a distance between a
centroid of the light emitting region R1 and a centroid of the
light receiving region R2. These centroids are geometric
centroids determined depending on a shape of the region.
[0069] In this embodiment, a straight line L1 connecting
the measurement-purpose light emitting unit Ld and the
measurement-purpose light receiving unit Sd to each other
and a straight line 1.2 connecting the reference-purpose light
emitting unit Lr and the reference-purpose light receiving
unit Sr are substantially parallel to each other. The term of
“substantially parallel” means that an angle formed between
the two straight lines L1 and 1.2 is within 10°. It is preferable
that a distance J between the measurement-purpose light
emitting unit L.d and the reference-purpose light emitting
unit Lr is 6 mm or shorter. In this embodiment, the distance
Jis 5 mm.

(A-4) Measurement

[0070] If the measurement-purpose light emitting unit Ld,
the measurement-purpose light receiving unit Sd, the refer-
ence-purpose light emitting unit Lr, and the reference-
purpose light receiving unit Sr are selected for the vascular
site 6 serving as the measurement target, the blood glucose
level is measured. Specifically, first, the measurement-pur-
pose light emitting unit Ld is caused to emit the light so as
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to acquire a light receiving result Q1 (referred to as a “first
light receiving result Q17) of the light from the measure-
ment-purpose light receiving unit Sd. Next, the reference-
purpose light emitting unit Lr is caused to emit the light so
as to acquire a light receiving result Q2 (referred to as a
“second light receiving result Q2”) of the light from the
reference-purpose light receiving unit Sr. Then, an absorp-
tion spectrum is generated using the light receiving result Q1
and the light receiving result Q2.

[0071] In this case, for example, a wavelength of the
emitted light is changed by the light emitting unit L. In this
manner, a wavelength A of the light emitted to the skin
surface is changed within the near infrared region, and
transmittance T of the vascular site 6 is obtained for each
wavelength . The transmittance T()) is obtained as T(A)
=0s(A)/Or()), based on light intensity Os(3) obtained by the
measurement-purpose light receiving unit Sd and light inten-
sity Or(2.) obtained by the reference-purpose light receiving
unit Sr. Then, absorbance is obtained from the transmittance
T(}) so as to generate the absorption spectrum.

[0072] Here, a calculation principle of the transmittance T
will be briefly described. In general, if the intensity of the
light emitted by the light emitting unit L is set to P().), the
transmittance of an object portion through which the emitted
light is transmitted is set to T(A), and sensitivity determined
in the light receiving unit S is set to S(A), the light intensity
O(%) obtained by the light receiving unit S is expressed by
O(M)=PA)XT(M)XS(A).

[0073] Based on this relational expression, the light inten-
sity Or(2.) obtained by the reference-purpose light receiving
unit Sr which does not include the transmitted light of the
blood vessel 4 is obtained as Or(A)=P(A)xS(A), if the trans-
mittance T(A) of the non-vascular region 8 is assumed as
“17.

[0074] The light intensity Os(A) obtained by the measure-
ment-purpose light receiving unit Sd which includes the
transmitted light of the blood vessel 4 is expressed by
Os(h)=P(A)xT(M)xS(\). Based on these two expressions, the
transmittance T(A) is obtained. The transmittance T(R) is a
value relative to the transmittance T(A) of the non-vascular
region 8.

(A-5) Calculation of Blood Glucose Level

[0075] Subsequently, based on the absorption spectrum,
the blood glucose level is estimated and calculated using a
calibration curve showing a relationship between a prede-
termined blood glucose level (blood glucose concentration)
and the absorbance. A technique itself for calculating the
concentration of a predetermined component (glucose in this
embodiment) from this absorption spectrum is known. In
this embodiment, the known technique can be applied.

A3. Functional Configuration

[0076] Next, a functional configuration of the biological
information acquisition device 10 according to this embodi-
ment will be described with reference to FIGS. 12 to 15.

[0077] FIG. 12 is a functional configuration diagram of the
biological information acquisition device 10 according to
this embodiment. FIG. 13 illustrates an example of a data
configuration of vascular site data 418. FIG. 14 illustrates a
relationship between a cumulative light emitting time and
luminance of the light emitting element 53. FIG. 15 illus-
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trates a relationship between a light emitting frequency for
obtaining a light receiving result once and an S/N ratio.
[0078] The biological information acquisition device 10 is
configured to functionally include an operation input umt
110, a display unit 120, a sound output unit 130, a commu-
nication unit 140, a light emitting unit 210, an imaging unit
220, a control unit 300, and a storage unit 400.

[0079] The operation input unit 110 is an input device such
as a button switch, a touch panel, and various sensors, and
outputs an operation signal according to the operation to the
control unit 300. The operation input unit 110 performs
various instruction inputs such as instructions to start mea-
surement of the blood glucose level. In FIG. 2, the operation
switch 18 or the touch panel 16 corresponds to this operation
input unit 110.

[0080] The display unit 120 is a display device such as a
liquid crystal display (LCD), and performs various displays
based on a display signal output from the control unit 300.
The measurement result is displayed on the display unit 120.
In FIG. 2, the touch panel 16 corresponds to this display umt
120.

[0081] The sound output unit 130 is a sound output device
such as a speaker, and performs various sound outputs based
on a sound signal output from the control unit 300. The
sound output unit 130 outputs a notification sound for
notifying the measurement start or the measurement comple-
tion of the blood glucose level, and generation of a low
blood glucose level.

[0082] The communication unit 140 is a communication
device such as a wireless communication device, a modem,
a jack of a communication cable for wired communication,
and a control circuit, and external communication is realized
by being connected to a communication line. In FIGS. 2 and
3, the communication device 20 corresponds to this com-
munication unit 140.

[0083] The light emitting unit 210 serving as the light
emitting unit I has the plurality of light emitting elements 53
which are two-dimensionally arranged in a planar fashion.
The light emitting layer 52 of the sensor module 50 illus-
trated in FIG. § corresponds to the light emitting unit 210.
The arrangement position of the light emitting unit 210
(specifically, position coordinates of the respective light
emitting elements 53 in the Xs-Ys orthogonal coordinate
system) is stored as a light emitting element list 406 in the
storage unit 400.

[0084] The imaging unit 220 serving as the light receiving
unit S has the plurality of light receiving elements 59 which
are two-dimensionally arranged in a planar fashion. The
light receiving layer 58 of the sensor module 50 illustrated
in FIG. 5 corresponds to the imaging unit 220. The arrange-
ment position of the imaging unit 220 (specifically, position
coordinates of the respective light receiving elements 59 in
the Xs-Y's orthogonal coordinate system) is stored as a light
receiving element list 408 in the storage unit 400.

[0085] For example, the control unit 300 is realized by
microprocessors such as a CPU or a graphics processing unit
(GPU) or electronic components such as an application
specific integrated circuit (ASIC) and an IC memory. Based
on predetermined programs and data or operation signals
output from the operation input unit 110, the control unit 300
performs various arithmetic processes, and controls the
operation of the biological information acquisition device
10. In FIG. 2, the control board 30 corresponds to this
control unit 300. In addition, the control unit 300 has a blood
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glucose level measurement unit 310, a light emitting control
unit 342, and an imaging control unit 344. The light emitting
control unit 342 selectively controls the light emission of
each of the plurality of light emitting elements 53. The
imaging control unit 344 obtains the light quantity received
from each of the plurality of the light receiving elements 59.
[0086] The blood glucose level measurement unit 310 has
a biological image acquisition unit 314, a vascular pattern
acquisition unit 316, a vascular site selection unit 318, a
measurement-purpose light receiving/emitting unit selection
unit 320, a reference-purpose light receiving/emitting unit
selection unit 322, an absorption spectrum calculation unit
324, a component value calculation unit 326, a light emitting
frequency counting unit 328, and a light emitting time
counting unit 330. The blood glucose level measurement
unit 310 measures the glucose concentration, that is, the
blood glucose level in the blood of the user 2.

[0087] The biological image acquisition unit 314 acquires
a biological image of the user 2. Acquisition of the biologi-
cal image is realized by appropriately using a biological
image capturing technique in the known vein authentication
technology. That is, the light emitting elements 53 are
caused to emit the light all at once, and the light receiving
elements 59 measure (image) the light. Then, a luminance
image based on the light measurement result, that is, the
biological image is generated. The biological image
acquired by the biological image acquisition unit 314 is
stored as biological image data 414 in the storage unit 400.
[0088] The vascular pattern acquisition unit 316 performs
predetermined image processing on the biological image
acquired by the biological image acquisition unit 314 so as
to acquire a vascular pattern. Specifically, the image pro-
cessing is realized by appropriately using a technique for
identifying a vein pattern from the biological image in the
known vein authentication technology. For example, refer-
ence luminance is compared for each pixel of the biological
image, and each pixel is subjected to binary coded process-
ing and filter processing. The pixel whose luminance is
lower than the reference luminance indicates the blood
vessel 4, and the pixel whose luminance is equal to or higher
than the reference luminance indicates the non-vascular
region 8. The vascular pattern acquired by the vascular
pattern acquisition unit 316 is stored as vascular pattern data
416 in the storage unit 400.

[0089] Based on the vascular pattern acquired by the
vascular pattern acquisition unit 316, the vascular site selec-
tion unit 318 selects the vascular site 6 indicating a prede-
termined selection condition, as the measurement target.
Here, the vascular site 6 serving as the measurement target
may be one or more. Each of the vascular sites 6 selected as
the measurement target is stored as the vascular site data 418
in the storage unit 400.

[0090] FIG. 13 illustrates an example of a data configu-
ration of the vascular site data 418. The vascular site data
418 stores a vascular site ID 418a serving as identification
information of the vascular site, a site pixel list 418b, center
line position information 418¢, a site length 4184 which is
a length in the longitudinal direction of the blood vessel,
measurement-purpose light emitting unit data 418e, mea-
surement-purpose light receiving unit data 418, reference-
purpose light emitting unit data 418g, and reference-purpose
light receiving unit data 418%. The site pixel list 4185 is a list
of pixels (that is, the light receiving element 59) correspond-
ing to the vascular site. The center line position information
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418c¢ is information on the position coordinates of the center
line (center in the width direction of the blood vessel and a
line along the longitudinal direction of the blood vessel) of
the vascular site in the Xs-Ys orthogonal coordinate system.
[0091] The measurement-purpose light receiving/emitting
unit selection unit 320 selects the measurement-purpose
light emitting unit Ld and the measurement-purpose light
receiving unit Sd for each of the vascular sites 6 serving as
the measurement target. Specifically, one position on the
center line of the vascular site 6 is selected as the measure-
ment-purpose light emitting unit Ld in the Xs-Y's orthogonal
coordinate system (that is, on the skin surface), and the
measurement-purpose light receiving unit Sd which is sepa-
rated from the measurement-purpose light emitting unit Ld
by the predetermined distance W and which is located on the
center line of the vascular site 6 is selected. A selection
condition of the measurement-purpose light emitting unit Ld
and the measurement-purpose light receiving unit Sd is
referred to as a first condition. The predetermined distance
W is stored as optimum distance data 410 in the storage umt
400. For example, a selection method of one position on the
center line of the vascular site 6 is determined using sub-
stantially the center position in the longitudinal direction of
the vascular site 6. The selected measurement-purpose light
emitting unit Ld is stored as measurement-purpose light
emitting unit data 418e, and the selected measurement-
purpose light receiving unit Sd is stored as measurement-
purpose light receiving unit data 418f.

[0092] In a case where the measurement-purpose light
emitting unit Ld and the measurement-purpose light receiv-
ing unit Sd which satisfy the above-described first condition
are not present, it is determined whether or not the mea-
surement-purpose light emitting unit Ld and the measure-
ment-purpose light receiving unit Sd which similarly satisfy
the above-described first condition are present at a position
separated from the one position by a predetermined unit
distance along the center line of the vascular site 6. Never-
theless, in a case where the measurement-purpose light
emitting unit Ld and the measurement-purpose light receiv-
ing unit Sd which satisfy the above-described first condition
are not present, this process is similarly repeated. In this
manner, the measurement-purpose light emitting unit L.d and
the measurement-purpose light receiving unit Sd are
searched for and selected.

[0093] Based on the measurement-purpose light emitting
unit Ld and the measurement-purpose light receiving unit Sd
which are set by the measurement-purpose light receiving/
emitting unit selection unit 320, the reference-purpose light
receiving/emitting unit selection unit 322 selects one posi-
tion which is not located above the blood vessel 4, as the
reference-purpose light emitting unit Lr, and selects the
reference-purpose light receiving unit Sr which is separated
from the reference-purpose light emitting unit Lr by the
predetermined distance W and which is not located above
the blood vessel 4. A selection condition of the reference-
purpose light emitting unit Lr and the reference-purpose
light receiving unit Sr is referred to as a second condition.
[0094] In this embodiment, as illustrated in FIG. 9, the
reference-purpose light receiving unit Sr is selected in which
the distance ] between the measurement-purpose light emit-
ting unit L.d and the reference-purpose light emitting unit Lr
is mm, and in which the straight line connecting the mea-
surement-purpose light emitting unit Ld and the measure-
ment-purpose light receiving unit Sd to each other and the
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straight line connecting the reference-purpose light emitting
unit Lr and the reference-purpose light receiving unit St to
each other are substantially parallel to each other. The
above-described selection condition different from the first
condition and the second condition is referred to as a third
condition. In a case where the reference-purpose light emit-
ting unit Lr and the reference-purpose light receiving unit Sr
which satisfy the second condition and the third condition
are not present, the measurement-purpose light receiving/
emitting unit selection unit 320 searches for and selects the
measurement-purpose light emitting unit Ld and the mea-
surement-purpose light receiving unit Sd. The reference-
purpose light emitting unit Lr is stored as reference-purpose
light emitting unit data 418g, and the selected reference-
purpose light receiving unit Sr is stored as reference-purpose
light receiving unit data 418%.

[0095] The absorption spectrum calculation unit 324 gen-
erates an absorption spectrum for each of the vascular sites
6 serving as the measurement target. Specifically, based on
the first light receiving result Q1 obtained from the mea-
surement-purpose light receiving unit Sd and the second
light receiving result Q2 obtained from the reference-pur-
pose light receiving unit Sr, the transmittance T of each
wavelength A is calculated so as to generate the absorption
spectrum. Furthermore, in a case where the plurality of
vascular sites 6 serving as the measurement target are
present, absorbance spectra of the plurality of respective
vascular sites 6 serving as the measurement targets are
averaged so as to calculate an average absorption spectrum.
The absorption spectrum calculated by the absorption spec-
trum calculation unit 324 is stored as absorption spectrum
data 420 in the storage unit 400.

[0096] Based on the absorption spectrum calculated by the
absorption spectrum calculation unit 324, the component
value calculation unit 326 calculates the glucose concentra-
tion (that is, the blood glucose level), which indicates the
blood concentration of a target blood component. In this
embodiment, the absorption spectrum is calculated using an
analysis method such as a multiple regression analysis
method, a principal component regression analysis method,
a PLS regression analysis method, and an independent
component analysis method. In a case where the plurality of
vascular sites 6 serving as the measurement target are
present, the blood glucose level is calculated from the
average absorbance spectrum obtained by averaging the
absorption spectra of the respective vascular sites 6. The
blood glucose level calculated by the component value
calculation unit 326 is accumulated and stored in the storage
unit 400 as measured blood glucose level data 422 in
association with the measurement time.

[0097] The light emitting time counting unit 330 counts a
light emitting time for each light emitting element 53. That
is, the light emitting time counting unit 330 counts the light
emitting time of the light emitting elements 53 which emits
the light during a setting light emitting time in order to
acquire the light emitting result once in the measurement-
purpose light emitting unit Ld selected by the measurement-
purpose light receiving/emitting unit selection unit 320.
Furthermore, the light emitting time counting unit 330
counts the light emitting time of the light emitting elements
53 which emits the light during a setting light emitting time
in order to acquire the light emitting result once in the
reference-purpose light emitting unit Lr selected by the
reference-purpose light receiving/emitting unit selection
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unit 322. The total value of the light emitting time of the
respective light emitting elements 53 is stored as a cumu-
lative light emitting time in a light emitting time counting
result 426 of the storage unit 400.

[0098] Here, the light emitting element 53 has a charac-
teristic that the light quantity gradually decreases by repeat-
edly applying currents so as to emit the light. That is, in a
case where a prescribed current value is continuously
applied to the light emitting element 53, as illustrated in FIG.
14, as the cumulative light emitting time increases, the
luminance (light emitting power) of the light emitting ele-
ment 53 is gradually lowered, and falls below 80% serving
as a threshold. Consequently, the light quantity necessary for
obtaining the light receiving result once cannot be secured,
thereby causing a problem in that an S/N ratio of the light
emitting result decreases.

[0099] Therefore, if the light emitting time of the light
emitting element 53 is assumed to be constant, as illustrated
in FIG. 15, a light emitting frequency for obtaining the light
receiving result once is increased as follows. The light
emitting frequency is set to 100 times in a case of the
luminance of 100%, the light emitting frequency is set to
124 times in a case of the luminance of 90%, and the light
emitting frequency is set to 157 times in a case of the
luminance of 80%. In this way, as the luminance of the light
emitting element 53 is lowered, the light emitting frequency
is increased. In this manner. it is possible to obtain a desired
S/N ratio (for example, 1,000). The light quantity of the light
emitting element 53 is proportional to the product of the
light emitting frequency and the light emitting time. Accord-
ingly, in a case where the light emitting frequency is
constant, the light emitting time is lengthened as the lumi-
nance of the light emitting element 53 is lowered. In this
manner, it is possible to obtain the desired S/N ratio (for
example, 1,000).

[0100] Therefore, in FIG. 14, in a case where the cumu-
lative light emitting time of the light emitting element 53
which emits the light at the setting light emitting frequency
and the setting light emitting time which are set in order to
obtain the light receiving result once exceeds a predeter-
mined light emitting time below a luminance threshold
(80%), the setting light emitting frequency is set to be
constant, and the setting light emitting time is lengthened. In
this manner, it is possible to obtain the S/N ratio required for
obtaining the light receiving result once.

[0101] Therefore, in a case where the cumulative light
emitting frequency of the respective light emitting elements
53 is greater than the predetermined light emitting fre-
quency, the setting light emitting time set so far is increased
and set again. That is, the setting light emitting time is set so
as to be changed from 0.2 seconds to 0.3 seconds, for
example. As a result of this setting change, even if the
luminance (light emitting power) in the light emission once
of the light emitting element 53 decreases as the light
emitting time increases, it is possible to secure the light
quantity required for acquiring the light receiving result
once.

[0102] The light emitting frequency counting unit 328
counts the light emitting frequency for each of the light
emitting elements 53. That is, the light emitting frequency
counting unit 328 counts the light emitting frequency of the
light emitting element 53 which emits the light at the setting
light emitting frequency in order to acquire the light emitting
result once in the measurement-purpose light emitting unit
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Ld selected by the measurement-purpose light receiving/
emitting unit selection unit 320. Furthermore, the light
emitting frequency count ing unit 328 counts the light
emitting frequency of the light emitting element 53 which
emits the light at the setting light emitting frequency in order
to acquire the light emitting result once in the reference-
purpose light emitting units Lr selected by the reference-
purpose light receiving/emitting unit selection unit 322. The
total value of the light emitting frequencies of the respective
light emitting elements 53 is stored as a cumulative light
emitting frequency in a light emitting frequency counting
result 424 of the storage unit 400.

[0103] Here, in a case where the cumulative light emitting
frequency of the respective light emitting elements 53 is
greater than the predetermined light emitting frequency, the
setting light emitting frequency set so far is increased and set
again. That is, the setting light emitting frequency is set so
as to be changed from twice to 3 times, for example. As a
result of this setting change, similarly to the above-described
case where the light emitting time is increased and set, even
if the luminance (light emitting power) in the light emission
once of the light emitting element 53 decreases as the light
emitting frequency increases, it is possible to secure the light
quantity required for acquiring the light receiving result
once.

[0104] In this embodiment, a case has been described
where the light emitting frequency counting unit 328 and the
light emitting time counting unit 330 which acquire the light
emitting frequency and the light emitting time of the light
emitting element 53 are mounted thereon at the same time.
However, the invention is not limited thereto. Any one of
these may be mounted thereon.

[0105] The storage unit 400 is a storage device such as a
ROM, a RAM, and a hard disk, and stores programs and data
for the control unit 300 to integrally control the biological
information acquisition device 10. The storage unit 400 is
used as a work region of the control unit 300, and tempo-
rarily stores calculation results obtained by the control unit
300 or operation data output from the operation input unit
110. In FIG. 2, the main memory or the measurement data
memory mounted on the control board 30 corresponds to the
storage unit 400. The storage unit 400 stores a system
program 402, a blood glucose level measurement program
404, alight emitting element list 406, a light receiving
element list 408, optimum distance data 410, biological
image data 414, vascular pattern data 416, vascular site data
418, absorption spectrum data 420, measured blood glucose
level data 422, a light emitting frequency counting result 424
including the setting light emitting frequency and the pre-
determined light emitting frequency, and a light emitting
time counting result 426 including the setting light emitting
time and the predetermined light emitting time.

A4. Biological Information Acquisition Method

[0106] Next, a biological information acquisition method
according to this embodiment will be described with refer-
ence to FIGS. 16 to 18.

[0107] FIG. 16 is a flowchart for describing a flow of a
blood glucose level measurement process as the biological
information acquisition method. FIGS. 17 and 18 are views
for specifically describing Step S160 and Step S190 in the
blood glucose level measurement process. The process is
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realized by the control unit 300 performing the process
according to the blood glucose level measurement program
404.

[0108] As illustrated in FIG. 16, the blood glucose level
measurement unit 310 performs a measurement process for
measuring the blood glucose level of the user 2. First, the
biological image acquisition unit 314 of the blood glucose
level measurement unit 310 sets the entire surface of the
light emitting surface of the sensor module 50 (that is, a
range including all of the light emitting elements 53) as a
light emitting range. The light emitting elements 53 within
the light emitting range are caused to emit the light so as to
obtain the biological image of the user 2 (Step S120).
Subsequently, the vascular pattern acquisition unit 316
acquires the vascular pattern viewed from the skin surface,
based on the obtained biological image (Step S130). As a
result, if the vascular pattern cannot be obtained (Step S140:
NO), the process returns to Step S120.

[0109] If the vascular pattern is obtained (Step S140:
YES), the vascular site selection unit 318 selects the vas-
cular site serving as the measurement target which satisfies
the predetermined selection condition, based on the obtained
vascular pattern (Step S150). Next, based on the obtained
vascular pattern, the measurement-purpose light receiving/
emitting unit selection unit 320 selects the measurement-
purpose light emitting unit Ld and the measurement-purpose
light receiving unit Sd from the plurality of light emitting
units L and light receiving units S (Step S160). In Step S160,
as illustrated in FIG. 17, after the measurement-purpose
light emitting unit Ld and the measurement-purpose light
receiving unit Sd are selected (Step S161), it is determined
whether the cumulative light emitting frequency of the light
emitting elements 53 configuring the selected measurement-
purpose light emitting unit L.d is greater than the predeter-
mined light emitting frequency, or whether the cumulative
light emitting time is longer than the predetermined light
emitting time (Step S162).

[0110] In a case where the cumulative light emitting
frequency of the light emitting elements 53 is equal to or
smaller than the predetermined light emitting frequency, or
in a case where the cumulative light emitting time is equal
to or shorter than the predetermined light emitting time, the
determination result in Step S162 is “No”. The light emitting
frequency or the light emitting time of the light emitting
elements 53 is counted (Step S164). In Step S162, in a case
where the cumulative light emitting frequency of the light
emitting elements 53 is greater than the predetermined light
emitting frequency, or in a case where the cumulative light
emitting time is longer than the predetermined light emitting
time, the determination result in Step S162 is “Yes”. The
setting light emitting frequency or the setting light emitting
time set in order to acquire the light emitting result once is
increased from the value set so far. In this manner, the setting
light emitting frequency or the setting light emitting time is
changed to the setting light emitting frequency or the setting
light emitting time which can secure the light quantity
necessary for obtaining the light receiving result once (Step
S163).

[0111] Thereafter, the changed setting light emitting fre-
quency or the changed setting light emitting time is added so
as to count the light emitting frequency or the light emitting
time of the light emitting elements 53 (Step S164). Next, the
light emitting frequency or the light emitting time counted in
Step S164 is stored as the cumulative light emitting fre-
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quency or the cumulative light emitting time in the light
emitting frequency counting result 424 or the light emitting
time counting result 426 of the storage unit 400 (Step S165).
[0112] Next, the measurement-purpose light emitting unit
Ld is caused to emit the light at the setting light emitting
frequency and the setting light emitting time which are set
in order to obtain the light emitting result once (Step S170).
The light emitted toward the living body by the measure-
ment-purpose light emitting unit Ld and transmitted through
the living body is received by the measurement-purpose
light receiving unit Sd selected in Step S160 (Step S161),
thereby obtaining the first Light receiving result Q1 (Step
S180).

[0113] Thereafter, the reference-purpose light receiving/
emitting unit selection unit 322 selects the reference-purpose
light emitting unit Lr and the reference-purpose light receiv-
ing unit Sr from the plurality of light emitting units L and
light receiving units S, based on the obtained vascular
pattern (Step S190). In Step S190, as illustrated in FIG. 18,
after the reference-purpose light emitting unit Lr and the
reference-purpose light receiving unit Sr are selected (Step
S191), it is determined whether the cumulative light emit-
ting frequency of the light emitting elements 53 configuring
the selected reference-purpose light emitting unit Lr is
greater than the predetermined light emitting frequency, or
whether the cumulative light emitting time is longer than the
predetermined light emitting time (Step S192).

[0114] In a case where the cumulative light emitting
frequency of the light emitting elements 53 is equal to or
smaller than the predetermined light emitting frequency, or
in a case where the cumulative light emitting time is equal
to or shorter than the predetermined light emitting time, the
determination result in Step S192 is “No”. The light emitting
frequency or the light emitting time of the light emitting
elements 53 is counted (Step S194). In Step S192, in a case
where the cumulative light emitting frequency of the light
emitting elements 53 is greater than the predetermined light
emitting frequency, or in a case where the cumulative light
emitting time is longer than the predetermined light emitting
time, the determination result in Step S192 is “Yes”. The
setting light emitting frequency or the setting light emitting
time set in order to acquire the light emitting result once is
increased from the value set so far. In this manner, the setting
light emitting frequency or the setting light emitting time is
changed to the setting light emitting frequency or the setting
light emitting time which can secure the light quantity
necessary for obtaining the light receiving result once (Step
S193).

[0115] Thereafter, the changed setting light emitting fre-
quency or the changed setting light emitting time is added so
as to count the light emitting frequency or the light emitting
time of the light emitting elements 53 (Step S194). Next, the
light emitting frequency or the light emitting time counted in
Step S194 is stored as the cumulative light emitting fre-
quency or the cumulative light emitting time in the light
emitting frequency counting result 424 or the light emitting
time counting result 426 of the storage unit 400 (Step S195).
[0116] Next, the reference-purpose light emitting unit Lr is
caused to emit the light at the setting light emitting fre-
quency and the setting light emitting time set in order to
acquire the light emitting result once (Step S200). The
second light receiving result Q2 is obtained by the selected
reference-purpose light receiving unit Sr (Step S210). A
predetermined time interval is provided between the step of
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acquiring the first light receiving result Q1 (Step S180) and
the step of acquiring the second light receiving result Q2
(Step S210). In the present embodiment, an interval of 5
seconds is provided as the predetermined time interval.

[0117] Next, the absorption spectrum calculation unit 324
generates the absorption spectrum for the vascular site 6 by
using the first light receiving result Q1 and the second light
receiving result Q2 (Step S220). Furthermore, in a case
where the plurality of vascular sites 6 serving as the mea-
surement target are present, the absorption spectrum
obtained by averaging the absorption spectra of the respec-
tive vascular sites 6 is calculated.

[0118] Thereafter, as a step of acquiring the blood glucose
level which indicates the information of the living body,
based on the absorption spectrum, the component value
calculation unit 326 uses the light receiving results Q1 and
Q2 s0 as to calculate the glucose concentration in the blood,
that is, the blood glucose level (Step S230). Next, the
calculated blood glucose level is displayed on the display
unit 120, and is cumulatively stored in association with the
measurement time (Step S240). After a predetermined wait-
ing time elapses (Step S250), the process returns to Step
S120, and the subsequent blood glucose level is similarly
measured.

[0119] As described above, according to the biological
information acquisition device 10 and the biological infor-
mation acquisition method in this embodiment, the follow-
ing advantageous effects can be obtained.

[0120] The cumulative light emitting frequency or the
cumulative light emitting time of the repeatedly used light
emitting elements 53 is stored. In a case where the cumu-
lative light emitting frequency is greater than the predeter-
mined light emitting frequency, or in a case where the
cumulative light emitting time is longer than the predeter-
mined light emitting time, the light emitting element 53 is
caused to emit the light by increasing the light emitting
frequency or the light emitting time at which the light
emitting element 53 emits the light in order to obtain the
light receiving result once, compared to the setting light
emitting frequency or the setting light emitting time. There-
fore, it is possible to secure the light quantity required for
acquiring the light receiving result once, and it is possible to
minimize the decrease in the S/N ratio of the light emitting
result. Accordingly, the blood glucose level which indicates
the information of the living body can be accurately
acquired.

[0121] The biological information acquisition device 10
includes the measurement-purpose light receiving unit serv-
ing as the first light receiving unit Sd which receives the
light transmitted through the blood vessel portion (blood
vessel 4) serving as the measurement target of the living
body, and the reference-purpose light receiving unit serving
as the second light receiving unit Sr which receives the light
transmitted through the non-blood vessel portion (non-
vascular region 8) of the living body. Therefore, the first
light receiving result Q1 in the measurement-purpose light
receiving unit Sd and the second light receiving result Q2 in
the reference-purpose light receiving unit Sr are compared
with each other. In this manner, the blood glucose level
which indicates the information of the living body in the
blood vessel portion (blood vessel 4) can be more accurately
acquired.
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Embodiment 2

[0122] Next, a biological information acquisition method
according to Embodiment 2 will be described with reference
to FIG. 19.

[0123] FIG. 19 is a flowchart for describing a flow of a
blood glucose level measurement process according to
Embodiment 2. The same numbers will be given to pro-
cesses the same as those in Embodiment 1, and repeated
description will be omitted.

[0124] In Embodiment 2, the light emitting frequency or
the light emitting time is also counted for the light emitting
elements 53 which emit the light when the biological image
is acquired (Step S131). In a case where the entire surface
(that 1s, a range including all of the light emitting elements
53) is set as the light emitting range as in Embodiment 1, all
of the light emitting elements 53 are counting targets.
[0125] As described above, according to the biological
information acquisition method in this embodiment, in addi-
tion to the advantageous effect in Embodiment 1, the light
emitting frequency or the light emitting time of the light
emitting elements 53 can be more accurately counted.
Accordingly, it is possible to reduce a decrease in the
luminance (light emitting power) which is caused by ele-
ment deterioration. It is possible to secure the light quantity
required for obtaining the light receiving result once, and it
is possible to sufficiently accurately acquire the biological
information relating to the blood vessel.

[0126] The invention is not limited to the above-described
embodiments, and various modifications or improvements
can be added to the above-described embodiments. The
modification examples will be described below.

Modification Example 1

[0127] In order to make the luminance (light emitting
power) in the measurement-purpose light emitting unit Ld
substantially the same as the luminance (light emitting
power) in the reference-purpose light emitting unit Lr, the
product of the light emitting frequency and the light emitting
time of the light emitting elements 53 in order to obtain the
light receiving result once in the measurement-purpose light
emitting unit Ld may be made substantially the same as the
product of the light emitting frequency and the light emitting
time of the light emitting elements 53 in order to obtain the
light receiving result once in the reference-purpose light
emitting unit Lr. More specifically, the product of the light
emitting frequency and the light emitting time of the light
emitting elements 53 in order to obtain the light receiving
result once in the measurement-purpose light emitting unit
Ld may be set in a range of 80% to 120% of the product of
the light emitting frequency and the light emitting time of
the light emitting elements 53 in order to obtain the light
receiving result once in the reference-purpose light emitting
unit Lr.

Modification Example 2

[0128] Inthe above-described embodiments, after the step
(Step S180) of acquiring the first light receiving result Q1,
the step (Step S210) of acquiring the second light receiving
result Q2 is performed. However, the invention is not limited
thereto. A method may be used in which the first light
receiving result Q1 is acquired after the second light receiv-
ing result Q2 is acquired.
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Modification Example 3

[0129] Inthe above-described embodiments, after the light
emitting unit L and the light receiving unit S are selected (for
example, Step $160), the light emitting unit L emits the light
(for example, Step S170). However, the invention is not
limited thereto. After the light emitting unit [ emits the light,
the light receiving unit S may be selected.

Modification Example 4

[0130] Inthe above-described embodiments, after the light
emitting unit [ is selected, the light receiving unit S which
is separated from the light emitting unit L, by the predeter-
mined distance W is selected. However, the invention is not
limited thereto. After the light receiving unit S is selected,
the light emitting unit I which is separated from the light
receiving unit S by the predetermined distance W may be
selected.

Modification Example 5

[0131] In the above-described embodiments, the blood
glucose level is acquired as the biological information.
However, the invention is not limited thereto. For example,
as the biological information, oxygen saturation in the blood
may be acquired.

Modification Example 6

[0132] In the above-described embodiments, the light
emitting unit L at the position which is not located above the
blood vessel 4 is selected as the reference-purpose light
emitting unit Lr, and the reference-purpose light receiving
unit Sr which is separated from the reference-purpose light
emitting unit Lr by the predetermined distance W and which
is not located above the blood vessel 4 is selected. However,
the invention is not limited thereto. That is, in addition to the
above-described condition, a condition may be added which
does not include a position located above the blood vessel
between the reference-purpose light emitting unit Lr and the
reference-purpose light receiving unit Sr. In this manner, the
second light receiving result Q2 obtained by the reference-
purpose light receiving unit Sr has a smaller proportion of
the emitted light passing through the blood vessel. Accord-
ingly, the second light receiving result Q2 has less informa-
tion relating to the blood vessel or the blood inside the blood
vessel. As a result, the biological information can be accu-
rately acquired.
[0133] The elements other than the elements described in
the independent claims among the configuration elements in
the above-described embodiments and modification
examples are additional elements, and may be appropriately
omitted.
[0134] The entire disclosure of Japanese Patent Applica-
tion No. 2016-163348, filed Aug. 24, 2016 is expressly
incorporated by reference herein.
What is claimed is:
1. A biclogical information acquisition device compris-
ing:
a light emitting unit that causes a plurality of light
emitting elements to emit light so as to emit the light to
a living body;
a light receiving unit that receives the light transmitted
through the living body;
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a control unit that controls the light emitting unit and the
light receiving unit; and

a storage unit that stores a program for controlling the
control unit,

wherein the storage unit stores a cumulative light emitting
frequency or a cumulative light emitting time of the
light emitting element,

wherein in a case where the cumulative light emitting
frequency is greater than a predetermined light emitting
frequency or the cumulative light emitting time is
longer than a predetermined light emitting time, the
control unit causes the light emitting element to emit
the light toward the living body by increasing the light
emitting frequency or the light emitting time at which
the light emitting element emits the light in order to
acquire a light receiving result once, compared to a
setting light emitting frequency or a setting light emit-
ting time, and

wherein the light receiving unit acquires information of
the living body, based on a light receiving result
obtained by receiving the light which is emitted toward
the living body and transmitted through the living body.

2. The biological information acquisition device accord-

ing to claim 1, further comprising:

a first light receiving unit that receives the light transmit-
ted through a blood vessel portion serving as a mea-
surement target of the living body; and

a second light receiving unit that receives the light trans-
mitted through a non-blood vessel portion of the living
body.

3. The biological information acquisition device accord-

ing to claim 2,
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wherein the information of the living body is glucose

concentration or oxygen saturation in the blood.

4. A biological information acquisition method of acquir-
ing biological information by using a biological information
acquisition device including

a light emitting unit that causes a plurality of light

emitting elements to emit light so as to emit the light to
a living body,

a light receiving unit that receives the light transmitted

through the living body,

a control unit that controls the light emitting unit and the

light receiving unit, and

a storage unit that stores a program for controlling the

control unit,
the method comprising:
storing a cumulative light emitting frequency or a cumu-
lative light emitting time of the light emitting element;

causing the light emitting element to emit the light toward
the living body by increasing the light emitting fre-
quency or the light emitting time at which the light
emitting element emits the light in order to acquire a
light receiving result once, compared to a setting light
emitting frequency or a setting light emitting time, in a
case where the cumulative light emitting frequency is
greater than a predetermined light emitting frequency
or the cumulative light emitting time is longer than a
predetermined light emitting time; and

causing the light receiving unit to acquire information of

the living body, based on a light receiving result
obtained by receiving the light which is emitted toward
the living body and transmitted through the living body.

I S T T
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