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(57) ABSTRACT

An estimating device to estimate blood oxygen concentra-
tion of a living body including: an acquiring unit to acquire
optical information from the living body; a converting unit
to convert a signal included in the optical information into
a first color-difference signal; and a calculating unit to
calculate the blood oxygen concentration of the living body
based on the first color-difference signal is provided. Also,
the acquiring unit may acquire optical information based on
reflected light from the living body. Furthermore, the con-
verting unit may convert a signal included in the optical
information into a second color-difference signal that is
different from the first color-difference signal; and the cal-
culating unit may calculate the blood oxygen concentration
based on the first color-difference signal and the second
color-difference signal.
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ESTIMATING DEVICE

[0001] The contents of the following Japanese patent
application(s) are incorporated herein by reference:

[0002] NO.2016-089910 filed in JP on Apr. 27, 2016, and
[0003] NO. PCT/TP2017/015908 filed on Apr. 20, 2017.
BACKGROUND
1. Technical Field
[0004] The present invention relates to an estimating

device.
2. Related Art
[0005] Conventionally, estimating devices to estimate

blood oxygen concentration of a living body from RGB
signals have been known (refer to Non-Patent Document 1,
Patent documents 1-4, for example).

Non-Patent Document

[0006] Non-Patent Document 1: Ufuk Bal, “Non-contact
estimation of heart rate and oxygen saturation using
ambient light”, USA, The Optical Society of America,
Biomedical Optics Express 86, Jan. 1, 2015, Vol. 6, Issue
1, pp. 86-97

Patent Document

[0007] Patent document 1: Japanese Patent Application,
Publication No. 2012-143399

[0008] Patent document 2: Japanese Patent Application,
Publication No. 2012-125501

[0009] Patent document 3: Japanese Patent Application,
Publication No. H6-285050

[0010] Patent document 4: Japanese Translation of PCT
International Patent Application No. 2014-529439

[0011] However, in order to estimate the blood oxygen

concentration from RGB signals, the conventional estimat-

ing devices detect the peak and bottom of the pulse wave.

[General Disclosure]

[0012] The first aspect of the present invention provides an
estimating device to estimate blood oxygen concentration of
a living body, including: an acquiring unit to acquire optical
information from the living body; a converting unit to
convert a signal included in the optical information into a
first color-difference signal; and a calculating unit to calcu-
late the blood oxygen concentration of the living body based
on the first color-difference signal.

[0013] The summary clause does not necessarily describe
all necessary features of the embodiments of the present
invention. The present invention may also be a sub-combi-
nation of the features described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 shows an outline of a configuration of an
estimating device 100.

[0015] FIG. 2 shows an outline of a configuration of an
estimating system 200 according to Example 1.

[0016] FIG. 3 isan exemplary flowchart illustrating opera-
tions of the estimating device 100 according to Example 1.
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[0017] FIG. 4 shows an exemplary outline of an estimat-
ing method of the estimating device 100 according to
Example 1.

[0018] FIG. 5 shows exemplary RGB signals acquired by
the acquiring unit 20.

[0019] FIG. 6 shows exemplary YCbCr signals acquired
by the acquiring unit 20.

[0020] FIG. 7 shows average changes of YCbCr signals
acquired by the acquiring unit 20.

[0021] FIG. 8 shows an actual value of SpO, that is
detected from the living body 110.

[0022] FIG. 9 shows an estimated value of the blood
oxygen concentration that is estimated by the estimating
device 100.

[0023] FIG. 10 shows an exemplary configuration of the
estimating device 100 according to Example 2.

[0024] FIG. 11 shows an exemplary configuration of the
estimating device 100 according to Example 2.

[0025] FIG. 12 shows exemplary wavelengths of irradia-
tion lights when the lights emitted from the light source 10
include wavelengths of visible light.

[0026] FIG. 13 shows exemplary wavelengths of the irra-
diation lights when the lights emitted from the light source
10 include wavelengths of other than visible light.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0027] Hereinafter, (some) embodiment(s) of the present
invention will be described. The embodiment(s) do(es) not
limit the invention according to the claims, and all the
combinations of the features described in the embodiment(s)
are not necessarily essential to means provided by aspects of
the invention.

[0028] FIG. 1 shows an outline of a configuration of an
estimating device 100. The estimating device 100 in the
present example includes an acquiring unit 20, a converting
unit 30, and a calculating unit 40.

[0029] The estimating device 100 estimates blood oxygen
concentration of a living body 110. The blood oxygen
concentration is oxygen concentration in the blood of the
living body 110 and, in one example, refers to oxygen
saturation (SpQ,). For example, estimating SpO, can pro-
vide an index to determine the respiratory condition of the
living body 110. The living body 110 in the present example
is, but not limited to, a human being. The living body 110 is
requested to be somebody or something that has estimated
objects for the estimating device 100 in the blood. For
example, the living body 110 may be an animal etc. other
than the human being.

[0030] SpO, represents a ratio of oxyhemoglobin HbO, to
reduced hemoglobin Hb in the blood of the living body 110.
Oxyhemoglobin HbQ, is hemoglobin that is combined with
oxygen, whereas reduced hemoglobin Hb is hemoglobin not
combined with oxygen. That is, SpO, represents how much
ratio of hemoglobin is combined with oxygen. The light
absorption degrees of oxyhemoglobin HbO, and reduced
hemoglobin Hb are different depending on wavelengths. For
example, reduced hemoglobin Hb absorbs light having a
wavelength of red more than oxyhemoglobin HbO,. By
using this characteristic, SpO, is calculated.

[0031] The acquiring unit 20 acquires information related
to the living body 110. In one example, the acquiring unit 20
acquires, as the information related to the living body 110,
optical information of the living body 110. The acquiring
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unit 20 may acquire optical information of the whole body
of the living body 110, or optical information of a single part
of the living body 110. The optical information is optical
information related to the living body 110 that is acquired by
a camera or an optical device. The optical information may
be an image data such as a still image or a moving image.
Also, the acquiring unit 20 acquires pulse wave information
from the optical information of the living body 110. The
pulse wave information is information related to a pulse
wave indicating a time waveform by pulsation of the blood
vessel of the living body 110.

[0032] The converting unit 30 converts signals included in
the optical information acquired by the acquiring unit 20
into color-difference signals. In one example, the converting
unit 30 converts a part of signals of the image data into
color-difference signals. The converting unit 30 converts the
signals included in the optical information into first color-
difference signals, and into second color-difference signals
that are different from the first color-difference signal. Also,
the converting unit 30 may convert the part of the signals of
the image data into luminance signals. For example, the
converting unit 30 converts the optical information of the
living body 110 into luminance signals Y and into color-
difference signals Cb, Cr.

[0033] The calculating unit 40 calculates feature quantity
of the living body 110 from the optical information acquired
by the acquiring unit 20. The calculating unit 40 calculates
the blood oxygen concentration of the living body 110 based
on the first color-difference signal and the second color-
difference signal that are converted by the converting unit
30. The calculating unit 40 calculates, using the ratio of the
first color-difference signal to the second color-difference
signal, the blood oxygen concentration of the living body
110. Also, the calculating unit 40 may calculate the blood
oxygen concentration based on the difference between the
first color-difference signal and the second color-difference
signal. In one example, the calculating unit 40 calculates
SpO, from the Cb signal. For example, the calculating unit
40 is a semiconductor device such as a Large-Scale Inte-
gration (LSI).

[0034] Here, the feature quantity of the living body 110 is
what is obtained by quantifying the feature related to con-
ditions of the living body. In the present specification, the
feature quantity of the living body 110 especially refers to
the blood oxygen concentration of the living body 110. Note
that the feature quantity of the living body 110 may include:
feature quantity related to the pulse wave of the living body
110; feature quantity related to the blood pressure of the
living body 110; feature quantity related to the age of the
living body 110; feature quantity related to activities of the
living body 110, or the like.

Example 1

[0035] FIG. 2 shows an outline of a configuration of an
estimating system 200 according to Example 1. The esti-
mating system 200 includes a light source 10 and the
estimating device 100. The estimating device 100 in the
present example includes the acquiring unit 20, the convert-
ing unit 30, the calculating unit 40, and an extracting unit 50.
Note that the estimating device 100 may also include the
light source 10.

[0036] The light source 10 irradiates the living body 110
with light having a predetermined wavelength. The light
emitted from the light source 10 may include a plurality of
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wavelengths. In one example, the light emitted from the
light source 10 includes visible light. Note that the light
source 10 may emit light including light having wavelengths
other than the wavelengths of visible light. For example, the
light source 10 is a white light source. The white light source
may be environment light, a fluorescent lamp, a LED bulb,
sunlight, or the like.

[0037] The acquiring unit 20 has a camera. The acquiring
unit 20 in the present example acquires optical information
related to the living body 110 by photographing the living
body 110 with the camera. For example, the acquiring unit
20 acquires, as the pulse wave information of the living body
110, color-difference signals that are acquired from the
optical information of the living body 110. When having a
camera, the acquiring unit 20 acquires image information in
addition to the pulse wave information from the optical
information. For example, the acquiring unit 20 acquires, as
the image information, information such as age, sex of the
living body 110 that is estimated from the image of the living
body 110. Note that the optical information may be image
data such as a still image or a moving image.

[0038] The extracting unit 50 identifies a region of interest
(ROI) of the living body 110 and extracts part of the optical
information corresponding to the ROI. The extracting umt
50 identifies the ROI of the living body 110 based on the
optical information acquired by the acquiring unit 20 or the
signals converted by the converting unit 30. In one example,
the extracting unit 50 identifies the ROI of the living body
110 from the image photographed by the acquiring unit 20.
Also, the extracting unit 50 may detect the ROI of the living
body 110 from the luminance signal converted by the
converting unit 30. For example, the extracting unit 50
identifies a position of the face of the living body 110 based
on the luminance signals acquired from the optical infor-
mation, and extracts image data corresponding to the face
from the optical information. In this case, the converting unit
30 converts signals of the face image data into color-
difference signals. The extracting unit 50 in the present
example identifies a position of the nose of the living body
110 based on the optical information, and extracts image
data corresponding to the nose of the living body 110 from
the optical information. Note that the extracting unit 50 may
identify the ROI, not from the luminance signals, but from
a gray scale image of the living body 110.

[0039] The converting unit 30 converts the optical infor-
mation extracted by the extracting unit 50 into color-differ-
ence signals. The converting unit 30 in the present example
converts the signals of the nose image data of the living body
110 into color-difference signals. Thereby, the calculating
unit 40 calculates the feature quantity of the living body 110
based on the color-difference signals of the nose of the living
body 110.

[0040] FIG. 3 is an exemplary flowchart illustrating opera-
tions of the estimating device 100 according to Example 1.

[0041] FIG. 4 shows an exemplary outline of an estimat-
ing method of the estimating device 100 according to
Example 1.

[0042] In step S100, the acquiring unit 20 acquires the
optical information of the living body 110. The acquiring
unit 20 in the present example acquires optical information
of a human being who is the living body 110. The acquiring
unit 20 has a camera and acquires image data of the living
body 110.
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[0043] 1In step S102, the extracting unit 50 identifies the
ROI of the living body 110 from the optical information.
[0044] The extracting unit 50 in the present example
identifies the ROI of the living body 110 from the camera
image. The extracting unit 50 identifies a region for the nose
112 as the ROI. The acquiring unit 20 extracts a ROI image
corresponding to the identified region for the nose 112. The
extracting unit 50 in the present example identifies a position
of the nose 112 of the living body 110 by image recognition
of the camera image of the living body 110. Also, the
extracting unit 50 may identify a position of the nose 112 of
the living body 110 by detecting the luminance signal.
[0045] In step S104, the converting unit 30 performs color
conversion of the ROI image. The converting unit 30 in the
present example converts the ROI image into YCbCr image.
For example, for conversion from the RGB image into
YCbCr image, YCbCr signals are expressed by the follow-
ing formulas. Note that the conversion equation for YCbhCr
signals in the present example is one example, and not
limited to this. The converting unit 30 acquires Cb image
and Cr image from the extracted ROI image.

Y=0.30R+0.59G+0.11B
Cb=-0.17R-0.33G+0.508

Cr=0.50R-0.42G-0.088

[0046] In step S106, the calculating unit 40 applies filter-
ing processing to the Cb image and the Cr image. By the
filtering processing, the calculating unit 40 smoothes the Cb
image and the Cr image. The calculating unit 40 in the
present example applies Gaussian filter to the Cb image and
the Cr image.

[0047] The Gaussian distribution in the present example is
expressed by the following equation.

P+t
202

1
flxy= WQXI{—

[0048] In step S108, the calculating unit 40 calculates the
average of each pixel value of the image of the color-
difference signals. The calculating unit 40 in the present
example calculates the average of each pixel value of the Cb
image and the Cr image. The calculating unit 40 improves
estimation accuracy of the blood oxygen concentration, by
calculating the average of the Cb image and the Cr image.
[0049] In step S110, the calculating unit 40 calculates the
ratio of the color-difference signals. Thereby, the calculating
unit 40 can estimate the blood oxygen concentration of the
living body 110. The calculating unit 40 in the present
example calculates the ratio of the Cb signal to the Cr signal.
In addition to the ratio of the Ch signal to the Cr signal, the
calculating unit 40 may calculate difference between the Cb
signal and the Cr signal.

[0050] FIG. 5 shows exemplary RGB signals acquired by
the acquiring unit 20. The vertical axis represents the signal
strength of each RGB signal, and the horizontal axis repre-
sents time (sec). In the present example, RGB signals of
0-300 seconds of time are shown.

[0051] The signal strengths of the R signal, the G signal,
and the B signal have similar waveforms to each other. That
is, the waveforms have its ridges or valleys at approximately
the same timing. For example, corresponding to decrease of
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blood volume around 150 seconds, valleys are caused in the
waveforms. That is, the signal strengths of the R signal, the
G signal, and the B signal are changed corresponding to the
blood volume of the living body 110. Thus, if the signal
strengths of the R signal, the G signal, and the B signal are
only observed and the change corresponding to the blood
volume is dominant, it becomes difficult to acquire the
change in the blood oxygen concentration. In order to
acquire the blood oxygen concentration using the R signal,
the G signal, and the B signal, it is necessary to compare
signals that are acquired at the timing of the pulse of the
living body 110 being constant to keep the influence of the
blood volume constant. For example, for estimating the
blood oxygen concentration using the R signal, the G signal,
and the B signal, it is necessary to compare the signals at the
peak and the bottom of the pulse. Thus, for estimation of the
blood oxygen concentration by calculations using the RGB
signals, it is necessary to use AC component of the pulse
wave of the living body 110.

[0052] FIG. 6 shows exemplary YCbCr signals acquired
by the acquiring unit 20. The vertical axis represents the
signal strength of each YCbCr signals, and the horizontal
axis represents time (sec). In the present example, YCbCr
signals of 0-300 seconds of time are shown.

[0053] The signal strengths of the Y signal, the Cb signal,
and the Cr signal have waveforms that behave differently
from each other. For example, the Y signal has a valley of
the signal strength around 150 seconds. On the other hand,
the Cb signal has a ridge of the signal strength around 150
seconds. The Cr signal has neither ridge nor valley of the
signal strength around 150 seconds. That is, the estimating
device 100 can separate the Y signal that is a luminance
signal dominantly influenced by the blood volume from the
Cb signal and the Cr signal that are color-difference signals
not dominantly influenced by the blood volume, and process
them separately. Also, the estimating device 100 focuses
only on the change of the arterial blood and regards absorp-
tion other than absorption by blood as constant. Thereby, by
calculations using the Cb signal and the Cr signal, the
estimating device 100 can estimate the blood oxygen con-
centration of the living body 110. Thus, for estimation of the
blood oxygen concentration by the calculations using the
YChbCr signal, it is not necessary to use the AC component
of the pulse wave of the living body 110. Also, the estimat-
ing device 100 according to the present specification can
estimate the blood oxygen concentration of the living body
110 without using multiple kinds of lights.

[0054] Ifthe blood volume of the living body 110 changes,
light absorption amounts of the R signal, the G signal, and
the B signal change concurrently. Thus, the signal strengths
of the RGB signals in FIG. 5 change, having similar ten-
dencies corresponding to the blood volume of the living
body 110. This means that brightness (luminance) of the
RGB signals change. Thus, the Y signal as the luminance
signal in FIG. 6 changes similarly to the RGB signals and
becomes a signal dominantly influenced by the blood vol-
ume. On the other hand, if the blood oxygen saturation
changes, the light absorption amount shows different
changes depending on the light wavelengths, which gives a
dominant influence on the Cb signal and the Cr signal. In this
manner, in the estimating device 100, the Cb signal and the
Cr signal are dominantly influenced not by the blood vol-
ume, but by the blood oxygen saturation, and thus the blood
oxygen concentration can be estimated not using the AC
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component of the pulse wave of the living body 110, but
using the bias component of at least one of the Cb signal and
the Cr signal. On the other hand, when using the RGB
signals that is dominantly influenced by the blood volume,
the influence by the blood volume cannot be removed from
the bias component of the RGB signals, and thus it is
difficult to estimate the blood oxygen concentration from the
bias component of the RGB signals.

[0055] As described above, by using the YCbCr signals,
the estimating device 100 can estimate the blood oxygen
concentration without using the AC component of the pulse
wave of the living body 110. In other words, the estimating
device 100 can estimate the blood oxygen concentration
without using the ratio of the peak to the bottom of the pulse
wave of the living body 110.

[0056] FIG. 7 shows average changes of YChCr signals
acquired by the acquiring unit 20. As described above, a
converting unit 30 converts the signals acquired by the
acquiring unit 20 into signals including the color-difference
signals. As one example, the color-difference signals are
YbCbCr signals.

[0057] As a signal to be converted by the converting unit
30, DC component, which is more-average change compo-
nent of the color-difference signal, can be used. By using the
DC component, the influence of noise component included
in the color-difference signal can be reduced.

[0058] As the DC component, the direct-current compo-
nent generated when the pulse wave is Fourier-transformed,
moving average of the pulse wave, or the low-pass-filtered
pulse wave can be used. An amount of time to calculate the
DC component is determined depending on the noise char-
acteristics. The amount of time is equivalent to a frame
length in Fourier transformation, a length of a section for
calculating the average in the moving average, or a tap
length in the low-pass filter.

[0059] As described above, by using the color-difference
signal, the estimating device 100 can make an estimation
without requiring a ratio of the peak to the bottom in the
pulse wave of the living body 110. Accordingly, detecting
the peak and the bottom in one beat is not necessary
anymore, and thus the amount of time to calculate the DC
component can be made to an amount of time longer than a
length of the one beat.

[0060] FIG. 8 shows an actual value of SpO, that is
detected from the living body 110. The vertical axis repre-
sents SpQ, (%), and the horizontal axis represents time
(sec). FIG. 9 shows an estimated value of the blood oxygen
concentration that is estimated by the estimating device 100.
The horizontal axis represents time (sec). In the present
example, the blood oxygen concentration of 0-300 seconds
is estimated.

[0061] The actual value of SpO, in FIG. 8 is measured
using a pulse oximeter. The pulse oximeter calculates the
blood oxygen concentration of the living body 110 using
light having wavelengths of red and infrared.

[0062] The blood oxygen concentration in FIG. 9 is esti-
mated from the optical information of the living body 110
that is acquired by the estimating device 100, using the
color-difference signal.

[0063] When FIG. 8 and FIG. 9 are compared, it can be
seen that the estimating device 100 estimates blood oxygen
concentration having a closer waveform to that of the actual
value. Note that there is a valley of SpO, around 180
seconds in FIG. 8, whereas there is a valley of the blood
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oxygen concentration around 150 seconds in FIG. 9. Such
difference in the waveforms between FIG. 8 and FIG. 9 is
due to time difference caused by the signal processing by the
pulse oximeter in FIG. 8. Accordingly, it can be seen that the
estimating device 100 can estimate, as similar to the actual
value measured by the pulse oximeter, the change in the
waveform of the blood oxygen concentration.

[0064] Note that, the value in the vertical axis in FIG. 9 is
not the same as the SpO, value in FIG. 8. However, as
similar to what other SpO, measurement instruments do,
checking in advance the correspondence relation between
the values output from the estimating device 100 and the
actual values of SpQ, allows a value corresponding to SpO,
value to be output.

Example 21

[0065] FIG. 10 shows an exemplary configuration of the
estimating device 100 according to Example 2. The estimat-
ing device 100 in the present example includes a light-
emitting unit 12 as the light source 10. Also, the estimating
device 100 includes a light-receiving unit 22 as the acquiring
unit 20.

[0066] The estimating device 100 acquires optical infor-
mation, based on reflected light from or transmitted light
through the living body 110. The estimating device 100
acquires the optical information of the living body 110 by
detecting light corresponding to the light emitted by the
light-emitting unit 12 by the light-receiving unit 22. In one
example, the estimating device 100 is provided with wear-
able terminals.

[0067] The light-emitting unit 12 has a light emitting
diode (LED) to irradiate the living body 110 with light
having a predetermined wavelength. The light-emitting unit
12 may have a plurality of LEDs that irradiate the living
body 110 with lights having respective individual wave-
lengths. The light-emitting unit 12 irradiates the living body
110 with lights having a first wavelength A, and a second
wavelength A, that is different from the first wavelength A, .
In one example, the light-emitting unit 12 irradiates the
living body 110 with lights having a plurality of wavelengths
in a visible light region. Also, the light-emitting unit 12 may
irradiate the living body 110 with lights including wave-
lengths outside the visible light region.

[0068] Also, the light-emitting unit 12 irradiates lights the
living body 110 having the first wavelength 2, and the
second wavelength A,. In one example, the light-emitting
unit 12 emits light having, as the first wavelength A, a
wavelength where absorption coefficient of reduced hemo-
globin Hb is greater than that of oxyhemoglobin HbO, in the
blood of the living body 110. Also, the light-emitting unit 12
emits light having, as the second wavelength A,, a wave-
length where absorption coeflicient of reduced hemoglobin
Hb is smaller than that of oxyhemoglobin HbO, in the blood
of the living body 110. For example, the light-emitting umt
12 emits lights having wavelengths of blue and red. The
light-emitting unit 12 may irradiate the living body 110 with
lights having both of the first wavelength A, and the second
wavelength A,. Also, the light-emitting unit 12 may irradiate
the living body 110 with lights having the first wavelength
A, the second wavelength A,, and a third wavelength A,. In
one example, the light-emitting unit 12 emits light having, as
the third wavelength A,, a wavelength of green between the
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first wavelength A, and the second wavelength A,. For
example, the light-emitting unit 12 irradiates the living body
110 with light of white.

[0069] Note that the light-emitting unit 12 concurrently
irradiates the living body 110 with lights having a plurality
of wavelengths. Also, the light-emitting unit 12 may sequen-
tially irradiate lights the living body 110 with having a
plurality of wavelengths. In one example, the light-emitting
unit 12 may include a filtering unit to remove part of light
having a certain wavelength region from the irradiation
light.

[0070] The light-receiving unit 22 is an optical device to
detect reflected light or transmitted light of the light emitted
from the light-emitting unit 12. The light-receiving unit 22
may have an imaging device such as a CCD image sensor
and a CMOS image sensor. The light-receiving unit 22 in the
present example receives reflected light that is obtained by
the irradiation light reflected from the living body 110. The
light-receiving unit 22 may receive reflected lights based on
irradiation lights having a plurality of wavelengths that are
concurrently emitted from the light-emitting unit 12 to the
living body 110. Also, the light-receiving unit 22 may detect
transmitted light obtained by the infrared light (IR) emitted
to the skin of the living body 110 by the light-emitting unit
12 transmitting through the living body 110. Thereby, the
acquiring unit 20 acquires the optical information of the
living body 110.

[0071] FIG. 11 shows an exemplary configuration of the
estimating device 100 according to Example 2. The estimat-
ing device 100 is a wearable device including the light
source 10 and the light-receiving unit 22. The estimating
device 100 in the present example is worn on the wrist of the
living body 110.

[0072] Also, the light-emitting unit 12 irradiates the living
body 110 with lights having the first wavelength A, and the
second wavelength A,. In one example, the light-emitting
unit 12 emits light having, as the first wavelength A, a
wavelength where absorption coefficient of reduced hemo-
globin Hb is greater than that of oxyhemoglobin HbO, in the
blood of the living body 110. Also, the light-emitting unit 12
emits light having, as the second wavelength A,, a wave-
length where absorption coeflicient of reduced hemoglobin
Hb is smaller than that of oxyhemoglobin HbO, in the blood
of the living body 110. For example, the light-emitting unit
12 emits lights having wavelengths of blue and red. The
light-emitting unit 12 may irradiate the living body 110 with
lights having both of the first wavelength A, and the second
wavelength . Also, the light-emitting unit 12 may irradiate
the living body 110 with lights having the first wavelength
A, the second wavelength A,, and a third wavelength A,. In
one example, the light-emitting unit 12 emits light having, as
the third wavelength A,, a wavelength of green between the
first wavelength A, and the second wavelength A,. For
example, the light-emitting unit 12 irradiates the living body
110 with light of white.

[0073] The light-receiving unit 22 detects reflected light
from or transmitted light through the living body 110 of the
light emitted from the light source 10. The light-receiving
unit 22 in the present example has a light receiving element
to receive the reflected light from the living body 110. The
estimating device 100 in the present example includes an
extracting unit 50 and processes an output of the light-
receiving unit 22 as the ROI.
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[0074] The estimating device 100 in the present example
can easily estimate the blood oxygen concentration of the
living body 110 by being worn on the wrist of the living
body 110. Thereby, the estimating device 100 can easily
estimate the blood oxygen concentration over a long time.
Also, the estimating device 100, by including an accelera-
tion sensor, may measure an activity amount etc. of the
living body 110, in addition to the blood oxygen concentra-
tion. In this case, the estimating device 100 can acquire
information combining the blood oxygen concentration and
the feature quantity of the living body 110.

[0075] FIG. 12 shows exemplary wavelengths of irradia-
tion lights when the lights emitted from the light source 10
include wavelengths of visible light. The light source 10 in
the present example emits lights having three wavelengths:
the first wavelength A,, the second wavelength A.,, and the
third wavelength A..

[0076] The light source 10 emits light having the first
wavelength A, where absorption coeflicient of reduced
hemoglobin Hb is greater than that of oxyhemoglobin HbO,
in the blood of the living body 110. The light source 10 in
the present example selects, as the first wavelength A, a
wavelength of 575-800 nm. Also, the light source 10 emits
light having the second wavelength A, where absorption
coeflicient of reduced hemoglobin Hb is smaller than that of
oxyhemoglobin HbO, in the blood of the living body 110.
The light source 10 in the present example selects, as the
second wavelength A,, a wavelength of 450-500 nm. Also,
the light source 10 emits light of the third wavelength A
between the first wavelength A, and the second wavelength
). The light source 10 in the present example selects, as the
third wavelength .5, a wavelength of 500-580 nm.

[0077] As described above, the estimating device 100 in
the present example, even using irradiation light including
only a wavelength of visible light, can select a wavelength
having different absorption coefficients between oxyhemo-
globin HbO, and reduced hemoglobin Hb. The estimating
device 100 can estimate the blood oxygen concentration of
the living body 110, if a wavelength having different absorp-
tion coefficients between oxyhemoglobin HbO, and reduced
hemoglobin Hb can be selected. In this manner, the irradia-
tion light of the estimating device 100 may have only a
wavelength of visible light.

[0078] FIG. 13 shows exemplary wavelengths of the irra-
diation lights when the lights emitted from the light source
10 include wavelengths of other than visible light. The light
source 10 in the present example emits lights having three
wavelengths: the first wavelength A, , the second wavelength
A, and the third wavelength A,.

[0079] The light source 10 emits light having the first
wavelength A, where absorption coeflicient of reduced
hemoglobin Hb is greater than that of oxyhemoglobin HbO,
in the blood of the living body 110. The light source 10 in
the present example selects, as the first wavelength A, a
wavelength of 575-800 nm. Also, the light source 10 emits
light having the second wavelength A, where absorption
coeflicient of reduced hemoglobin Hb is smaller than that of
oxyhemoglobin HbO, in the blood of the living body 110.
The light source 10 in the present example selects, as the
second wavelength A, a wavelength of 800-1000 nm. Also,
the light source 10 emits light of the third wavelength A
between the first wavelength A, and the second wavelength
). The light source 10 in the present example selects, as the
third wavelength A5, a wavelength of 775-825 nm.
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[0080] As described above, even using irradiation light
including wavelengths other than the wavelengths of visible
light in addition to the wavelengths of visible light, the
estimating device 100 in the present example can select a
wavelength having different absorption coeflicients between
oxyhemoglobin HbO, and reduced hemoglobin Hb. The
estimating device 100 can estimate the blood oxygen con-
centration of the living body 110, if a wavelength having
different absorption coeflicients between oxyhemoglobin
HbO, and reduced hemoglobin Hb can be selected. In this
manner, the irradiation light of the estimating device 100
may have a wavelength other than the wavelength of visible
light.

[0081] While the embodiments of the present invention
have been described, the technical scope of the invention is
not limited to the above described embodiments. It is
apparent to persons skilled in the art that various alterations
and improvements can be added to the above-described
embodiments. It is also apparent from the scope of the
claims that the embodiments added with such alterations or
improvements can be included in the technical scope of the
invention.

[0082] The operations, procedures, steps, and stages of
each process performed by an apparatus, system, program,
and method shown in the claims, embodiments, or diagrams
can be performed in any order as long as the order is not
indicated by “prior to,” “before,” or the like and as long as
the output from a previous process is not used in a later
process. Even if the process flow is described using phrases
such as “first” or “next” in the claims, embodiments, or
diagrams, it does not necessarily mean that the process must
be performed in this order.

What is claimed is:

1. An estimating device to estimate blood oxygen con-
centration of a living body, the estimating device compris-
ing:

an acquiring unit to acquire optical information from the
living body;

a converting unit to convert a signal included in the
optical information into a first color-difference signal;
and

a calculating unit to calculate blood oxygen concentration
of the living body based on the first color-difference
signal.

2. The estimating device according to claim 1,

calculating the blood oxygen concentration based on
direct-current component, in the first color-difference
signal, that does not change over an amount of time
longer than a pulse interval.

3. The estimating device according to claim 1, wherein

the acquiring unit acquires the optical information based
on reflected light from the living body.

4. The estimating device according to claim 1, wherein

the converting unit converts a signal included in the
optical information into a second color-difference sig-
nal that is different from the first color-difference
signal, and

the calculating unit calculates the blood oxygen concen-
tration based on the first color-difference signal and the
second color-difference signal.

5. The estimating device according to claim 4, wherein

the calculating unit calculates the blood oxygen concen-
tration based on a ratio of the first color-difference
signal to the second color-difference signal.
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6. The estimating device according to claim 4, wherein

the calculating unit calculates the blood oxygen concen-

tration based on difference between the first color-
difference signal and the second color-difference sig-
nal.

7. The estimating device according to claim 1, further
comprising an extracting unit to identify a position of a face
of the living body based on the optical information and
extract image data corresponding to the face from the optical
information, wherein

the converting unit converts a signal of image data of the

face into the color-difference signal.

8. The estimating device according to claim 7, further
comprising an extracting unit to identify a position of a face
of the living body based on a luminance signal acquired
from the optical information and extract image data corre-
sponding to the face from the optical information, wherein

the converting unit converts a signal of image data of the

face into the color-difference signal.

9. The estimating device according to claim 1, further
comprising an extracting unit to identify a nose of the living
body based on the optical information and extract image
data corresponding to the nose from the optical information,
wherein

the converting unit converts a signal of image data of the

nose into the color-difference signal.

10. The estimating device according to claim 8, further
comprising an extracting unit to identify a nose of the living
body based on a luminance signal acquired by the optical
information and extract image data corresponding to the
nose from the optical information, wherein

the converting unit converts a signal of image data of the

nose into the color-difference signal.

11. The estimating device according to claim 1, further
comprising

a light source to irradiate the living body with light having

a predetermined wavelength.

12. The estimating device according to claim 11, wherein

the light source emits the lights including a first wave-

length, and a second wavelength that is different from
the first wavelength.

13. The estimating device according to claim 12, wherein

the light source emits light having, as the first wavelength,

a wavelength of 575 to 800 nm, at the wavelength
absorption coefficient of reduced hemoglobin being
greater than absorption coeflicient of oxyhemoglobin in
blood of the living body, and emits light having, as the
second wavelength, at the wavelength absorption coef-
ficient of reduced hemoglobin is smaller than absorp-
tion coeflicient of oxyhemoglobin in blood of the living
body.

14. The estimating device according to claim 12, wherein

the light source emits the lights including a third wave-

length that is different from the first wavelength and the
second wavelength.

15. The estimating device according to claim 14, wherein

the third wavelength includes light having a wavelength

between the first wavelength and the second wave-
length.

16. The estimating device according to claim 12, wherein

the light source concurrently irradiates the living body

with lights having the first wavelength and the second
wavelength.
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17. The estimating device according to claim 14, wherein

the light source concurrently irradiates the living body
with lights having the first wavelength, the second
wavelength, and the third wavelength.

18. The estimating device according to claim 11, wherein

the light source irradiates the living body with the light of
white.

19. The estimating device according to claim 1, wherein

the acquiring unit has a camera, and acquires the optical
information by photographing the living body.
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