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7) ABSTRACT

A biological information acquisition apparatus includes a
light source, a light-receiving unit, and a calculation unit. The
light source is configured to irradiate a biological body with
light. The light-receiving unit is configured to receive the
light from the biological body. The calculation unit is config-
ured to determine biological information. The calculation
unit is configured to detect a first value by using a first signal
from the light-receiving unit while the light source emits the
light, detect a second value by using a second signal from the
light-receiving unit while the light source does not emit the
light, determine a temperature of the biological body based on
the second value, and correct the first value using the tem-
perature.
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BIOLOGICAL INFORMATION ACQUISITION
APPARATUS AND BIOLOGICAL
INFORMATION ACQUISITION METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Japanese Patent
Application No. 2014-078417 filed on Apr. 7, 2014 and Japa-
nese Patent Application No. 2014-142022 filed on Jul. 10,
2014. The entire disclosures of Japanese Patent Application
Nos. 2014-078417 and 2014-142022 are hereby incorporated
herein by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to a biological infor-
mation acquisition apparatus and a biological information
acquisition method.
[0004] 2. Related Art
[0005] A biological information acquisition apparatus is

used, for example, in a biological authentication apparatus
that uses captured image data such as the fingerprints, the
veins, or the pupils of approved users in order to authenticate
the approved users.

[0006] In addition, the biological information acquisition
apparatus is used as a device that uses near-infrared light to
perform noninvasive diagnostics on live bodies. For example,
the biological information acquisition apparatus is used in
blood glucose level measurements or analyses of biological
components. In particular, spectroscopy that uses the absorp-
tion characteristics of matter is widely used.

[0007] The absorption characteristics of biological compo-
nents are known to have large temperature dependence. In
particular, the absorption characteristic of water has large
temperature dependence. Therefore, in the biological infor-
mation acquisition apparatus, a problem is the acquisition of
accurate biological information because the absorption char-
acteristics of light change when there are fluctuations in the
temperature of the biological body, which is the measurement
target.

[0008] Therefore, various technologies are studied to avoid
the effects of temperature dependence of biological compo-
nents. Japanese Laid-Open Patent Publication No. 2006-
280762 discloses a biological measurement apparatus pro-
vided with a measurement means that measures the core body
temperature in order to prevent the effects of temperature
dependence of the biological components. Japanese Laid-
Open Patent Publication No. 2010-227271 discloses a bio-
logical measurement apparatus that maintains a photodetec-
tion probe at nearly the same temperature as the core body
temperature to avoid the effects of temperature dependence of
the biological components.

[0009] In the conventional technology, however, because a
means to measure the core body temperature and a holding
means, and the like, were provided in the biological informa-
tion acquisition apparatus, the biological information acqui-
sition apparatus became large and heavy. Therefore, applica-
tion was difficult in a biological information acquisition
apparatus, for example, in the form of a wristwatch.

[0010] In addition, a problem was increased component
costs because the configuration of the apparatus became com-
plex.

Oct. 8, 2015

SUMMARY

[0011] An objective of the present invention is to propose a
biological information acquisition apparatus and a biological
information acquisition method that are able to avoid the
effects of temperature dependence of the absorption charac-
teristics of biological components without having to provide
separate temperature measurement means and to acquire
accurate biological information.

[0012] A biological information acquisition apparatus
according to one aspect of the invention including a light
source, a light-receiving unit, and a calculation unit. The light
source is configured to irradiate a biological body with light.
The light-receiving unit is configured to receive the light from
the biological body. The calculation unit is configured to
determine biological information. The calculation unit is con-
figured to detect a first value by using a first signal from the
light-receiving unit while the light source emits the light,
detect a second value by using a second signal from the
light-receiving unit while the light source does not emit the
light, determine a temperature of the biological body based on
the second value, and correct the first value using the tem-
perature.

[0013] With the biological information acquisition appara-
tus according to one aspect of the invention, the light-receiv-
ing unit works as a first light-receiving element and as a
second light-receiving element.

[0014] With the biological information acquisition appara-
tus according to one aspect of the invention, the second light-
receiving element is arranged between the light source and
the first light-receiving element.

[0015] With the biological information acquisition appara-
tus according to one aspect of the invention, the calculation
unit is configured to detect the second value while the light-
receiving unit is set in a light shielding state.

[0016] With the biological information acquisition appara-
tus according to one aspect of the invention, the biological
information is at least one of a component concentration in
the biological body, a component concentration in a blood
and a blood glucose level.

[0017] With one aspect of the invention, a biological infor-
mation acquisition method for receiving light irradiated from
a light source toward a biological body at a light-receiving
unit, and determining biological information includes detect-
ing a first value by using the light-receiving unit while the
light source emits light, detecting a second value by using the
light-receiving unit while the light source does not emit the
light, and calculating a temperature based on the second
value, and correcting the first value using the temperature.

[0018] With the biological information acquisition method
according to one aspect of the invention, the light-receiving
unit works as a first light-receiving element and as a second
light-receiving element.

[0019] With the biological information acquisition method
according to one aspect of the invention, the biological infor-
mation is at least one of a component concentration in the
biological body, a component concentration in a blood, and a
blood glucose level.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Referring now to the attached drawings which form
a part of this original disclosure:

[0021] FIG. 1 is a diagram showing a biological informa-
tion acquisition apparatus 1 related to an embodiment of the
present invention;

[0022] FIG. 2 is a cross-sectional diagram of a biological
information acquisition unit 12;

[0023] FIG. 3 is a schematic diagram showing an arrange-
ment of lenses 44 in a light-focusing unit 40;

[0024] FIG. 4 is a circuit diagram of a light-receiving ele-
ment 34; and
[0025] FIG.5isa flow chart showing a biological informa-

tion acquisition method related to an embodiment of the
present invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0026] The biological information acquisition apparatus
and the biological information acquisition method of an
embodiment of the present invention are explained with ref-
erence to the drawings.

[0027] In order for the layers and the parts in the drawings
to have sizes that enable recognition, the dimensions of the
layers and the parts differ from the actual dimensions.
[0028] FIG. 1 is a diagram showing a biological informa-
tion acquisition apparatus 1 related to one embodiment of the
invention.

[0029] The biological information acquisition apparatus 1
detects such as avein pattern of a finger F ofthe user, conducts
personal authentication based on the vein pattern, and also
measures the blood glucose level of the user.

[0030] The biological information acquisition apparatus 1
is provided with a biological information acquisition unit 12
and a control unit 14.

[0031] The biological information acquisition unit 12
acquires the vein pattern of the finger F. The finger F of the
user is mounted on the front surface (detection surface 16) of
the biological information acquisition unit 12.

[0032] The control unit 14 conducts personal authentica-
tion and health determination based on the information
acquired by the biological information acquisition unit 12
(vein pattern or blood glucose level).

[0033] FIG. 2 is a cross-sectional diagram of the biological
information acquisition unit 12.

[0034] The biological information acquisition unit 12 is
configured to include a light-receiving unit 30, a light-focus-
ing unit 40, and a light source unit 50.

[0035] The light-focusing unit 40 is arranged between the
finger F and the light-receiving unit 30. The light source unit
50 is arranged between the light-receiving unit 30 and the
light-focusing unit 40.

[0036] The light-receiving unit 30 is, for example, a
complementary metal-oxide semiconductor (CMOS) sensor
or acharge-coupled device (CCD) sensor. The light-receiving
unit 30 is provided with a plate-shaped substrate 32 and a
plurality of light-receiving elements 34. The plurality of the
light-receiving elements 34 are formed on a surface at the
finger F side (light-focusing unit 40 side) of the substrate 32
and arranged into an array form (matrix form). Each light-
receiving element 34 generates and outputs a detection signal
corresponding to the amount of received light. In this embodi-
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ment, as will be explained later, the light-receiving unit 30 is
configured from light-receiving elements 34 in the form of
CMOS sensors.

[0037] Thelight-focusing unit 40 is configured to include a
substrate 42 and a plurality of lenses (microlenses) 44.
[0038] The substrate 42 is a light-transparent, plate-like
part (e.g., glass substrate). The surface on the side opposite
the light-receiving unit 30 side in the substrate 42 corresponds
to the detection surface 16.

[0039] Each of the plurality of lenses 44 is formed on the
surface on the light-receiving unit 30 side of the substrate 42
to have a one-to-one correspondence with each of the light-
receiving elements 34 in the light-receiving unit 30. Each of
the lenses 44 is a convex lens that focuses the incident light
from the finger F side onto the light-receiving element 34
corresponding to that lens 44.

[0040] Thesubstrate 42 and the plurality oflenses 44 can be
formed as a unitary body.

[0041] FIG. 3isaschematic diagram showing the arrange-
ment of each of the lenses 44 in the light-focusing unit 40.
[0042] The plurality of the lenses 44 are arranged into an
array form along the X direction and the Y direction that are
mutually orthogonal. Specifically, the lenses 44 are arranged
so that the optical axis of each of the lenses 44 passes through
an intersecting point of the plurality of straight lines LX1
extending in the X direction and the plurality of straight lines
LY1 extending in the Y direction.

[0043] The optical axis of each lens 44 passes through the
center of the light-receiving element 34 corresponding to that
lens 44 (see FIG. 2).

[0044] As shown in FIG. 2, the light source unit 50 is
configured to include a substrate 52 and a plurality of organic
electroluminescent (EL) elements D (D1, D2).

[0045] The substrate 52 is a light-transparent, plate-like
part (e.g., glass substrate).

[0046] The plurality of the organic EL elements D are thin-
film light-emitting elements (light source) that irradiate the
finger F with light having the specified wavelength (detection
light). The plurality of the organic EL elements D are
arranged in a matrix form along the X direction and the Y
direction on the plane of the substrate 52.

[0047] As shown in FIG. 3, the plurality of the organic EL
elements D are arranged at the intersecting parts of the plu-
rality of straight lines LX2 and the plurality of straight lines
LY2.

[0048] The plurality of the straight lines LX1 and the plu-
rality of the straight lines LX2 are arranged alternately at
equal intervals in the Y direction. The plurality of the straight
lines LY1 and the plurality of the straight lines LY2 are
arranged alternately at equal intervals in the X direction.
[0049] The plurality of the organic EL elements D have a
first organic EL element D1 and a second organic EL element
D2.

[0050] The first organic EL, element D1 and the second
organic EL element D2 irradiate detection light having mutu-
ally different wavelengths. The first organic EL element D1
emits detection light having wavelength A1. The second
organic EL element D2 emits detection light having wave-
length A2.

[0051] Thewavelength A1 and the wavelength A2 are mutu-
ally different wavelengths in the wavelength range of near-
infrared light. For example, wavelength Al is set to a numeri-
cal value that is absorbed by reduced hemoglobin in the veins
of the finger F, and wavelength A2 is set to a numerical value
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that is absorbed by glucose (grape sugar). A plurality of the
first organic EL elements D1 are used to detect the vein
pattern; and a plurality of the second organic EI. elements D2
are used to measure the blood glucose level.

[0052] Thearrangement of the first organic EL elements D1
positioned on the straight lines Y2 and the arrangement of
the second organic EL elements D2 positioned on the straight
lines [Y2 are arranged to alternate at equal intervals inthe X
direction.

[0053] As indicated by arrow al in FIG. 2, the detection
light emitted from each of the organic EL elements D passes
through the substrate 52 and the substrate 42 of the light-
focusing unit 40 and falls incident on the finger F. The light
incident on the finger F is transmitted while being absorbed
internally and is emitted from the finger F. Then, as indicated
by arrow a2 in FIG. 2, light from the detection surface 16 falls
incident on the light-focusing unit 40, is focused by each of
the lenses 44, and arrives at the light-receiving elements 34.
[0054] The control unit 14 executes the detection of the
vein pattern of the finger F and the measurement of the blood
glucose level.

[0055] As shownin FIG. 1, the control unit 14 is configured
to include a light-emission control unit 72, a vein detection
unit 74, and a blood glucose level measuring unit 76. For
example, a program stored in a memory circuit (not shown) is
executed by a calculation processing apparatus (CPU) to
implement each element of the control unit 14.

[0056] The light-emission control unit 72 controls each of
the first organic EL elements D1 and each of the second
organic EL elements D2 of the biological information acqui-
sition unit 12 to selectively emit light. Specifically, the light-
emission control unit 72 makes each of the first organic EL
elements D1 irradiate detection light having wavelength A1
when the vein pattern is detected and makes each of the
second organic EL elements D2 irradiate detection light hav-
ing wavelength A2 when the blood glucose level is measured.
[0057] The vein detection unit (calculation unit) 74 detects
the vein pattern of the finger F. The detection light having
wavelength A1 emitted by each of the first organic EL ele-
ments D1 reflects the vein pattern of the finger F in the amount
of light received by each of the light-receiving elements 34
when wavelength A1 is irradiated because the detection light
is absorbed by the reduced hemoglobin in the vein.

[0058] The vein detection unit 74 uses the detection signals
generated by the light-receiving elements 34 during the
period in which the light-emission control unit 72 makes each
of the first organic EL elements D1 irradiate detection light
having wavelength A1 to detect the vein pattern of the finger
F. The vein detection unit 74 compares the vein patterns
registered beforehand by legitimate users to the vein patterns
specified by the actual detection signals. If the two patterns
match, the user is judged to be legitimate (authentication
success). If the two patterns do not match, the user is judged
to not be legitimate (authentication failure).

[0059] Theblood glucose level measuring unit (calculation
unit) 76 measures the concentration of glucose (grape sugar)
in the blood of the user. The detection light having wavelength
1.2 that is detected by each of the second organic EL elements
D2 is absorbed by glucose. Consequently, the concentration
of glucose included in the user’s blood is reflected in the
amount of light received by each of the light-receiving ele-
ments 34.

[0060] Theblood glucose level measuring unit 76 measures
the blood glucose level corresponding to the detection signal
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that is generated by each of the light-receiving elements 34
within the period in which the light-emission control unit 72
makes each of the second organic EL element D2 irradiate the
detection light at wavelength A2.

[0061] The control unit 14 measures the concentration of
glucose (grape sugar) by using the blood glucose level mea-
suring unit 76 under the condition that authentication by the
vein detection unit 74 was a success. The control unit 14
stores the result of measuring the glucose concentration
(blood glucose level) by the blood glucose level measuring
unit 76, and displays the blood glucose levels and the mea-
surement history.

[0062] In addition, when authentication by the vein detec-
tion unit 74 failed, measuring the concentration of glucose by
the blood glucose level measuring unit 76 is halted.

[0063] FIG. 4 is a circuit diagram of the light-receiving
element 34. The anode of a photodiode 111 is connected to a
negative power supply line 150. A negative power supply
voltage Vss is supplied to the negative power supply line 150.
The gate of a gain transistor 112 and the source of a reset
transistor 113 are connected to the cathode of the photodiode
111. The drain of the gain transistor 112 and the drain of the
reset transistor 113 are connected to a positive power supply
line 140, and a positive power supply voltage Vdd is supplied
to the positive power supply line 140. The source of the gain
transistor 112 is connected to the drain of a select transistor
114. The source of the select transistor 114 is connected to a
read line 120, and the gate of the select transistor 114 is
connected to a scan line 110. And, the gate of the reset tran-
sistor 113 is connected to the reset signal line 130.

[0064] When the light-receiving element 34 measures the
amount of light, the gate of the gain transistor 112 is initially
charged to the positive power supply voltage Vdd. Next, light
is exposed over a period of T. The reset transistor 113 during
the light exposure period is set in the off state, which causes
the gate voltage Vg of the gain transistor 112 to change in
response to the coupled leakage current I of the photodiode
111. After the light exposure ends, the gate voltage of the gain
transistor 112 becomes Vg=Vdd-It/C. Here, Cis the tran-
sistor capacitance of the gain transistor 112. The coupled
leakage current increases as the amount of light increases, and
the gate voltage Vg of the gain transistor 112 changes in
response to the amount of light. As a result, the changes in the
generated conductance of the gain transistor 112 are mea-
sured at each light-receiving element 34 during the read-out
period, and the amount of light irradiated during the light
exposure period is measured.

[0065] FIG. 5is a flow chart showing the biological infor-
mation acquisition method related to the embodiment of the
invention.

[0066] The blood (hemoglobin or glucose) has large tem-
perature dependence. In particular, the absorption character-
istics of water have large temperature dependence.

[0067] Therefore, the acquisition of accurate biological
information is difficult because the light absorption charac-
teristics change when the body temperature of the user fluc-
tuates. That is, the detection of the vein pattern or the mea-
surement of the blood glucose level becomes incorrect.
[0068] Therefore, the biological information acquisition
apparatus 1 references the output value of the light-receiving
unit 30 (light-receiving element 34) during light extinction,
and measures the body temperature of the user (biological
body). Then, the detection result of the vein pattern or the
blood glucose level is corrected based on the measured body
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temperature. By doing this, the detection of the vein pattern
and the measurement of the blood glucose level are accurately
performed. That is, accurate biological information is
acquired.

[0069] Through diligent research, the inventors of the
application discovered that the photodiode 111 exhibits
strong temperature dependence. A PN junction semiconduc-
tor diode in the reverse bias state is used as the photodiode
111. The generation principle of the PN junction leakage
current is the generation of electron-hole pairs in the depleted
region by Shockley-Reed-Hall generation or the phonon-as-
sisted tunneling that accompanies the Pool-Frankel effect. In
this case, a minute change in temperature changes the spread
of the Fermi function. Therefore, the frequency of Shockley-
Reed-Hall generation or the frequency of phonon-assisted
tunneling accompanying the Pool-Frankel effect varies
greatly. Therefore, the photodiode 111 exhibits strong tem-
perature dependence. Consequently, the measurement cur-
rent during light extinction in which light does not fall inci-

dent on the photodiode 111 contains temperature
information.
[0070] Specifically, the biological information acquisition

method is conducted in the following steps. More specifically,
the following steps S2-S9 are performed under the control of
the control unit 14.

[0071] First, the biological information acquisition appara-
tus 1 is attached to the user’s finger F. Namely, the detection
surface 16 is tightly affixed to the finger F (device securing
step S1).

[0072] Next, among theplurality of organic EL elements D,
an arbitrary organic EL element (first light source) DP is
controlled to emit light (light source emission step S2). The
organic EL, element DP may be either the first organic EL
element D1 or the second organic EL element D2.

[0073] In the state in which the organic EL, element DP
emits light, the light randomly transmitted in the interior of
the biological body (finger F) is received (detected) by the
light-receiving element (first light-receiving element 34Q)
positioned apart from the organic EL element DP (light detec-
tion step (detection step during light emission) S3). In other
words, the detection signal of the first light-receiving element
34Q (detection value during light emission) is acquired.
[0074] Thelightemitted from the organic EL element DP is
absorbed by at least one of the hemoglobin and glucose
included in the blood, and at least one of vein pattern infor-
mation of the finger F and blood glucose level information is
included in the light received (detected) by the first light-
receiving element 34Q).

[0075] When light reception by the first light-receiving ele-
ment 34Q is completed, the organic EL element DP is con-
trolled to stop emitting of the light (light source light extinc-
tion step S4).

[0076] Next, in the state in which the organic EL element
DP does not emit light, the detection signal of the second
light-receiving element 34R (detection value during light
extinction) is acquired. A light-receiving element 34 works as
the first light-receiving element 34Q while the organic EL
elements D emit light, and works as the second light-receiv-
ing element 34R while the organic EL elements D do not emit
light. Because the second light-receiving element 34R does
not detect light, the second light-receiving element 34R pri-
marily outputs currents that reflect the temperature informa-
tion to the read lines 120. Namely, the second light-receiving
element 34R acquires an image when the light source does not
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emit light (image acquisition step during light extinction (de-
tection step during light extinction) S5).

[0077] There is temperature dependence in the image dur-
ing light extinction that is acquired by the second light-re-
ceiving element 34R. Therefore, temperature information of
the finger F (biological body) is included in the image during
light extinction acquired by the second light-receiving ele-
ment 34R.

[0078] Next, based on the image during light extinction
acquired by the second light-receiving element 34R during
light extinction, the temperature of the finger F (biological
body) is determined (temperature determination step S6).
This time, a conversion table that was prepared in advance is
referenced.

[0079] Namely, the relationship (temperature dependence)
between the temperature and the current values (referred to as
the detection value during light extinction) from the second
light-receiving element 34R that become the image during
light extinction is verified (examined) in advance. A conver-
sion table that determines the temperature from the detection
value during light extinction of the second light-receiving
element 34R is created.

[0080] Consequently, by comparing the detection value
during light extinction from the second light-receiving ele-
ment 34R to the conversion table, the temperature of the
finger F (biological body) can be determined. Preferably, the
detection value during light extinction are detected when the
second light-receiving element 34R is in the light shielding
state. Thus, the detection value during light extinction, when
external light is blocked, the light source does not emit light,
and light is shielded, accurately reflects the temperature infor-
mation.

[0081] Next, based on the temperature determined in the
temperature determination step S6, the temperature depen-
dent components included in the detection signal of the first
light-receiving element 34Q are determined (step for deter-
mining temperature dependent components S7). This time, a
conversion table that was prepared in advance is referenced.

[0082] Namely, the relationship between the detection sig-
nal of the first light-receiving element 34Q and the body
temperature (temperature dependent component) is verified
(studied) in advance. A conversion table that determines the
temperature dependent components included in the detection
signal of the first light-receiving element 34Q from the body
temperature is created.

[0083] Consequently, by comparing the body temperature
to the conversion table, the temperature dependent compo-
nents included in the detection signal of the first light-receiv-
ing element 34Q can be determined.

[0084] Next, the detection signal acquired in light detection
step S3 is corrected (detection signal correction step (correc-
tion step) S8). Namely, the temperature dependent compo-
nents determined in the step for determining temperature
dependent components S7 are removed from the detection
signal acquired in light detection step S3. Thus, a detection
signal with the effects of the body temperature removed is
determined.

[0085] Finally, the detection signal obtained after passing
through detection signal correction step S8 is calculated (de-
tection signal processing step S9). In detection signal pro-
cessing step S9, for example, multivariate analysis is con-
ducted.
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[0086] By doing this, the vein pattern or the blood glucose
level of the biological body (finger F) is obtained. The effects
of the body temperature are removed from the vein pattern
and the blood glucose level.

[0087] When the blood glucose level is determined in the
detection signal processing step S9, for example, the calcu-
lation processes shown below are conducted.

[0088] When the main components in a biological body are
considered to be water, protein, lipid, and glucose, equation
(1) is established from the Lambert-Beer law as follow:

A1) = ew(d)ewl + ep(A)cp L+ g(d)cL+ gg(A1)cg L (D
A(A2) = ep(dd)ewl + ep(A2)cp L+ g(Ar)c L+ £4(A2)cg L
A(A3) = ew(As)ewl + ep(A3)cp L+ gy(As)c L+ £4(A3)cg L

( ( ( (

AAg) = ew(Ag)ewl + ep(Ag)cp L+ g(Ag)c L+ £4(Ag)cg L

where A is absorbance, [, is optical path length (constant
regardless of wavelength), €,,, €,,, €, €, are molar light absorp-
tion coefficients of water, protein, lipid, glucose, and c,,, ¢,,,
¢;, C, are molar concentrations of water, protein, lipid, glu-
cose.

[0089] When four wavelengths are used to acquire the
absorbances A (detection signals), then the cL. values, which
are the products of the respective concentration ¢ of a main
component in the biological body multiplied by the optical
path length L, are determined from equation (1).

[0090] Namely, c, L, ¢,L, ¢.L, C,L are determined.

[0091] Consequently, if the optical path length L is known,
the respective concentration ¢ of the main components (water,
protein, lipid, glucose) in the biological body can be calcu-
lated.

[0092] For example, the respective concentration of the
main components in the biological body can be determined in
advance by sampling the blood. Thus, accurate biological
information with the effects ofthe body temperature removed
can be obtained by the biological information acquisition
method used by the biological information acquisition appa-
ratus 1.

[0093] The biological information acquisition apparatus 1
is not limited to the embodiment described above, and the
same effects of the embodiment are obtained even in modes
such as the modified examples given next.

[0094] The light-receiving element 34Q and the light-re-
ceiving element 34R may be the same light-receiving ele-
ment. That is, light-receiving element 34R may also be light-
receiving element 34Q).

[0095] Thebiological information acquisition unit 12 is not
limited to acquiring two types of biological information (vein
pattern, blood glucose level). The acquisition may be the
biological information of only either one ofthe vein pattern or
the blood glucose level.

[0096] The biological information may be brain waves,
myoelectricity, cardioelectricity, pulse rate (pulse), blood
pressure, and the like.

[0097] A biological information acquisition apparatus
related to one aspect of the embodiment including a light
source, a light-receiving unit, and a calculation unit. The light
source is configured to irradiate a biological body with light.
The light-receiving unit is configured to receive the light from
the biological body. The calculation unit is configured to
determine biological information based on the light received
at the light-receiving unit. The calculation unit is configured
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to detect a detection value during light emission by using the
light-receiving unit while the light source emits the light,
detect a detection value during light extinction by using the
light-receiving unit while the light source does not emit the
light, determine a temperature dependent component of the
detection value during the light emission based on the detec-
tion value during the light extinction, and correct the detec-
tion value during the light emission using the temperature
dependent component.

[0098] Consequently, the embodiment is able to acquire
high-precision biological information with the effects of tem-
perature dependence of the biological body components
removed from the detection value during light emission.
Additionally, in the embodiment, because the information
related to the temperature of the biological body is also
acquired from the light-receiving elements, devices for
acquiring temperature information do not have to be sepa-
rately provided which can contribute to a smaller size, a
lighter weight, and a lower cost of the apparatus.

[0099] With the biological information acquisition appara-
tus related to a second aspect of the embodiment, the light-
receiving unit includes a first light-receiving element and a
second light-receiving element.

[0100] Thus, in the embodiment, the detection value during
light emission can be acquired by the first light-receiving
element, and the detection value during light extinction can be
acquired by the second light-receiving element.

[0101] With the biological information acquisition appara-
tus related to a third aspect of the embodiment, the second
light-receiving element is arranged between the light source
and the first light-receiving element.

[0102] By doing this, in the embodiment, even when the
detection value during light extinction is slightly weaker than
the detection value during light emission, the second light-
receiving element that is able to precisely acquire the detec-
tion value during light extinction can be selected.

[0103] With the biological information acquisition appara-
tus related to a fourth aspect of the embodiment, the calcula-
tion unit is configured to detect the detection value during the
light extinction with the light-receiving unit set in a light
shielding state.

[0104] By doing this, in the embodiment, the detection
value during light extinction, when the light source is not
emitting light and light is shielded, accurately reflects the
temperature information. By understanding the relationship
between the detection value during light extinction and the
temperature of the biological body, the body temperature can
be easily acquired.

[0105] With the biological information acquisition appara-
tus related to a fifth aspect of the embodiment, the biological
information is at least one of a component concentration and
ablood glucose level in at least one of a biological body and
a blood.

[0106] By doing this, in the embodiment, information
related to the component concentration or the blood glucose
level in the body or in the blood that have large temperature
dependence can be acquired with high precision.

[0107] Abiological information acquisition method related
to a sixth aspect of the embodiment is a biological informa-
tion acquisition method in which the light irradiated from a
light source toward a biological body is received by a light-
receiving elements to determine biological information, and
includes a detection step during light emission in which the
light source emits the light, and a detection value during light
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emission is detected by the light-receiving unit, a detection
step during light extinction in which the light source does not
emit the light, and the detection value during light extinction
is detected by the light-receiving unit, and a correction step in
which a temperature dependent component of the detection
value during the light emission is determined based on the
detection value during the light extinction, and the detection
value during light emission is corrected.

[0108] Consequently, in the embodiment, high-precision
biological information from which the effects of temperature
dependence of the biological body components were
removed from the detection value during light emission can
be acquired. In addition, in the embodiment, because infor-
mation related to the temperature of the biological body is
also acquired by the light-receiving element, a device for
acquiring temperature information does not have to be pro-
vided separately which can contribute to the smaller size, the
lighter weight, and the lower cost of the apparatus.

[0109] With the biological information acquisition method
related to the seventh aspect of the embodiment, the light-
receiving unit includes a first light-receiving element and a
second light-receiving element.

[0110] By doing this, in the embodiment, for example, the
detection value during light emission can be acquired by the
first light-receiving element, and the detection value during
light extinction can be acquired by the second light-receiving
element.

[0111] With the biological information acquisition method
related to the eighth aspect of the embodiment, the biological
information is at least one of a component concentration and
a blood glucose level in at least one of a biological body and
a blood.

[0112] Thus, in the embodiment, information related to the
component concentration or the blood glucose level in the
biological body or in the blood that has large temperature
dependence can be acquired with high precision.

GENERAL INTERPRETATION OF TERMS

[0113] Inunderstanding the scope of the present invention,
the term “comprising” and its derivatives, as used herein, are
intended to be open ended terms that specify the presence of
the stated features, elements, components, groups, integers,
and/or steps, but do not exclude the presence of other unstated
features, elements, components, groups, integers and/or
steps. The foregoing also applies to words having similar
meanings such as the terms, “including”, “having” and their
derivatives. Also, the terms “part,” “section,” “portion,”
“member” or “element” when used in the singular can have
the dual meaning of a single part or a plurality of parts.
Finally, terms of degree such as “substantially”, “about” and
“approximately” as used herein mean a reasonable amount of
deviation of the modified term such that the end result is not
significantly changed. For example, these terms can be con-
strued as including a deviation of at least +5% of the modified
term if this deviation would not negate the meaning of the
word it modifies.

[0114] While only selected embodiments have been chosen
to illustrate the present invention, it will be apparent to those
skilled in the art from this disclosure that various changes and
modifications can be made herein without departing from the
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scope of the invention as defined in the appended claims.
Furthermore, the foregoing descriptions of the embodiments
according to the present invention are provided for illustra-
tion only, and not for the purpose of limiting the invention as
defined by the appended claims and their equivalents.

What is claimed is:

1. A biological information acquisition apparatus compris-
ing:

alight source configured to irradiate a biological body with

light;

a light-receiving unit configured to receive the light from

the biological body; and

a calculation unit configured to determine biological infor-

mation,

the calculation unit being configured to detect a first value

by using a first signal from the light-receiving unit while
the light source emits the light, detect a second value by
using a second signal from the light-receiving unit while
the light source does not emit the light, determine a
temperature of the biological body based on the second
value, and correct the first value using the temperature.

2. The biological information acquisition apparatus
according to claim 1, wherein

the light-receiving unit works as a first light-receiving ele-

ment and as a second light-receiving element.

3. The biological information acquisition apparatus
according to claim 2, wherein

the second light-receiving element is arranged between the

light source and the first light-receiving element.

4. The biological information acquisition apparatus
according to claim 1, wherein

the calculation unit is configured to detect the second value

while the second light-receiving unit is set in a light
shielding state.

5. The biological information acquisition apparatus
according to claim 1, wherein

the biological information is at least one of a component

concentration in the biological body, a component con-
centration in a blood and a blood glucose level.

6. A biological information acquisition method for receiv-
ing light irradiated from a light source toward a biological
body at a light-receiving unit, and determining biological
information, the biological information acquisition method
comprising:

detecting a first value by using the light-receiving unit

while the light source emits light;

detecting a second value by using the light-receiving unit

while the light source does not emit the light; and
calculating a temperature based on the second value, and
correcting the first value using the temperature.

7. The biological information acquisition method accord-
ing to claim 6, wherein

the light-receiving unit works as a first light-receiving ele-

ment and as a second light-receiving element.

8. The biological information acquisition method accord-
ing to claim 6, wherein

the biological information is at least one of a component

concentration in the biological body, a component con-
centration in a blood, and a blood glucose level.
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