
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

44
9 

82
5

A
1

TEPZZ¥4498 5A_T
(11) EP 3 449 825 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
06.03.2019 Bulletin 2019/10

(21) Application number: 17789404.5

(22) Date of filing: 20.04.2017

(51) Int Cl.:
A61B 5/1455 (2006.01) A61B 5/00 (2006.01)

(86) International application number: 
PCT/JP2017/015908

(87) International publication number: 
WO 2017/188121 (02.11.2017 Gazette 2017/44)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA MD

(30) Priority: 27.04.2016 JP 2016089910

(71) Applicant: Asahi Kasei Pharma Corporation
Chiyoda-ku
Tokyo 1000006 (JP)

(72) Inventors:  
• YAMAMOTO Kiyoshi

Tokyo 100-0006 (JP)
• NOGUCHI Yoshihiro

Tokyo 100-0006 (JP)

(74) Representative: Hoffmann Eitle
Patent- und Rechtsanwälte PartmbB 
Arabellastraße 30
81925 München (DE)

(54) ESTIMATION DEVICE

(57) 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 con-
verting unit to convert a signal included in the optical in-
formation into a first color-difference signal; and a calcu-
lating 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 converting unit may convert a signal
included in the optical information into a second color-dif-
ference signal that is different from the first color-differ-
ence signal; and the calculating unit may calculate the
blood oxygen concentration based on the first color-dif-
ference signal and the second color-difference signal.
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Description

BACKGROUND

1. TECHNICAL FIELD

[0001] The present invention relates to an estimating
device.

2. RELATED ART

[0002] 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]

[0003] Non-Patent Document 1: Ufuk Bal, "Non-con-
tact estimation of heart rate and oxygen saturation using
ambient light", USA, The Optical Society of America, Bi-
omedical Optics Express 86, January 1, 2015, Vol. 6,
Issue 1, pp. 86-97

[Patent document]

[0004]

Patent document 1: Japanese Patent Application,
Publication No. 2012-143399
Patent document 2: Japanese Patent Application,
Publication No. 2012-125501
Patent document 3: Japanese Patent Application,
Publication No. H6-285050
Patent document 4: Japanese Translation of PCT
International Patent Application No. 2014-529439

[0005] However, in order to estimate the blood oxygen
concentration from RGB signals, the conventional esti-
mating devices detect the peak and bottom of the pulse
wave.

[General Disclosure]

[0006] The first aspect of the present invention pro-
vides an estimating device to estimate blood oxygen con-
centration of a living body, including: an acquiring unit to
acquire optical information from the living body; a con-
verting unit to convert a signal included in the optical in-
formation into a first color-difference signal; and a calcu-
lating unit to calculate the blood oxygen concentration of
the living body based on the first color-difference signal.
[0007] The summary clause does not necessarily de-
scribe all necessary features of the embodiments of the
present invention. The present invention may also be a
sub-combination of the features described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

Fig. 1 shows an outline of a configuration of an es-
timating device 100.
Fig. 2 shows an outline of a configuration of an es-
timating system 200 according to Example 1.
Fig. 3 is an exemplary flowchart illustrating opera-
tions of the estimating device 100 according to Ex-
ample 1.
Fig. 4 shows an exemplary outline of an estimating
method of the estimating device 100 according to
Example 1.
Fig. 5 shows exemplary RGB signals acquired by
the acquiring unit 20.
Fig. 6 shows exemplary YCbCr signals acquired by
the acquiring unit 20.
Fig. 7 shows an actual value of SpO2 that is detected
from the living body 110.
Fig. 8 shows an estimated value of the blood oxygen
concentration that is estimated by the estimating de-
vice 100.
Fig. 9 shows an exemplary configuration of the es-
timating device 100 according to Example 2.
Fig. 10 shows an exemplary configuration of the es-
timating device 100 according to Example 2.
Fig. 11 shows exemplary wavelengths of irradiation
lights when the lights emitted from the light source
10 include wavelengths of visible light.
Fig. 12 shows exemplary wavelengths of the irradi-
ation lights when the lights emitted from the light
source 10 include wavelengths of other than visible
light.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0009] 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 em-
bodiment(s) are not necessarily essential to means pro-
vided by aspects of the invention.
[0010] 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 con-
verting unit 30, and a calculating unit 40.
[0011] The estimating device 100 estimates blood ox-
ygen concentration of a living body 110. The blood oxy-
gen concentration is oxygen concentration in the blood
of the living body 110 and, in one example, refers to ox-
ygen saturation (SpO2). For example, estimating SpO2
can provide an index to determine the respiratory condi-
tion 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
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may be an animal etc. other than the human being.
[0012] SpO2 represents a ratio of oxyhemoglobin
HbO2 to reduced hemoglobin Hb in the blood of the living
body 110. Oxyhemoglobin HbO2 is hemoglobin that is
combined with oxygen, whereas reduced hemoglobin Hb
is hemoglobin not combined with oxygen. That is, SpO2
represents how much ratio of hemoglobin is combined
with oxygen. The light absorption degrees of oxyhemo-
globin HbO2 and reduced hemoglobin Hb are different
depending on wavelengths. For example, reduced he-
moglobin Hb absorbs light having a wavelength of red
more than oxyhemoglobin HbO2. By using this charac-
teristic, SpO2 is calculated.
[0013] The acquiring unit 20 acquires information re-
lated 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 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 infor-
mation 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 infor-
mation 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.
[0014] The converting unit 30 converts signals includ-
ed 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 con-
vert the part of the signals of the image data into lumi-
nance signals. For example, the converting unit 30 con-
verts the optical information of the living body 110 into
luminance signals Y and into color-difference signals Cb,
Cr.
[0015] The calculating unit 40 calculates feature quan-
tity 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 con-
centration 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 ex-
ample, the calculating unit 40 calculates SpO2 from the
Cb signal. For example, the calculating unit 40 is a sem-

iconductor device such as a Large-Scale Integration
(LSI).
[0016] Here, the feature quantity of the living body 110
is what is obtained by quantifying the feature related to
conditions of the living body. In the present specification,
the feature quantity of the living body 110 especially re-
fers 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]

[0017] Fig. 2 shows an outline of a configuration of an
estimating system 200 according to Example 1. The es-
timating 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 con-
verting unit 30, the calculating unit 40, and an extracting
unit 50. Note that the estimating device 100 may also
include the light source 10.
[0018] 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 plu-
rality of 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 fluo-
rescent lamp, a LED bulb, sunlight, or the like.
[0019] The acquiring unit 20 has a camera. The ac-
quiring unit 20 in the present example acquires optical
information related to the living body 110 by photograph-
ing the living body 110 with the camera. For example,
the acquiring unit 20 acquires, as the pulse wave infor-
mation 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.
[0020] The extracting unit 50 identifies a region of in-
terest (ROI) of the living body 110 and extracts part of
the optical information corresponding to the ROI. The
extracting unit 50 identifies the ROI of the living body 110
based on the optical information acquired by the acquir-
ing 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
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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 ac-
quired from the optical information, and extracts image
data corresponding to the face from the optical informa-
tion. 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 po-
sition of the nose of the living body 110 based on the
optical information, and extracts image data correspond-
ing 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.
[0021] The converting unit 30 converts the optical in-
formation extracted by the extracting unit 50 into color-
difference 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.
[0022] Fig. 3 is an exemplary flowchart illustrating op-
erations of the estimating device 100 according to Ex-
ample 1.
[0023] Fig. 4 shows an exemplary outline of an esti-
mating method of the estimating device 100 according
to Example 1.
[0024] 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 informa-
tion 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.
[0025] In step S102, the extracting unit 50 identifies
the ROI of the living body 110 from the optical information.
[0026] 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 po-
sition of the nose 112 of the living body 110 by detecting
the luminance signal.
[0027] 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 following formulas. Note that the conversion equa-
tion for YCbCr signals in the present example is one ex-
ample, and not limited to this. The converting unit 30 ac-
quires Cb image and Cr image from the extracted ROI
image. 

[0028] In step S106, the calculating unit 40 applies fil-
tering processing to the Cb image and the Cr image. By
the filtering processing, the calculating unit 40 smooths
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.
[0029] The Gaussian distribution in the present exam-
ple is expressed by the following equation. 

[0030] 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 con-
centration, by calculating the average of the Cb image
and the Cr image.
[0031] In step S110, the calculating unit 40 calculates
the ratio of the color-difference signals. Thereby, the cal-
culating unit 40 can estimate the blood oxygen concen-
tration 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 Cb signal
to the Cr signal, the calculating unit 40 may calculate
difference between the Cb signal and the Cr signal.
[0032] 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 represents time (sec). In the present example, RGB
signals of 0-300 seconds of time are shown.
[0033] The signal strengths of the R signal, the G sig-
nal, 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, corre-
sponding to decrease of blood volume around 150 sec-
onds, 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
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signal, and the B signal, it is necessary to compare sig-
nals 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 cal-
culations using the RGB signals, it is necessary to use
AC component of the pulse wave of the living body 110.
[0034] Fig. 6 shows exemplary YCbCr signals ac-
quired by the acquiring unit 20. The vertical axis repre-
sents the signal strength of each YCbCr signals, and the
horizontal axis represents time (sec). In the present ex-
ample, YCbCr signals of 0-300 seconds of time are
shown.
[0035] The signal strengths of the Y signal, the Cb sig-
nal, and the Cr signal have waveforms that behave dif-
ferently 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 sec-
onds. That is, the estimating device 100 can separate
the Y signal that is a luminance signal dominantly influ-
enced 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 sep-
arately. Also, the estimating device 100 focuses only on
the change of the arterial blood and regards absorption
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
concentration of the living body 110. Thus, for estimation
of the blood oxygen concentration by the calculations
using the YCbCr signal, it is not necessary to use the AC
component of the pulse wave of the living body 110. Also,
the estimating device 100 according to the present spec-
ification can estimate the blood oxygen concentration of
the living body 110 without using multiple kinds of lights.
[0036] If the blood volume of the living body 110 chang-
es, 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 tendencies corresponding to the blood volume of
the living body 110. This means that brightness (lumi-
nance) 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 influ-
enced by the blood volume. 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 esti-
mating device 100, the Cb signal and the Cr signal are
dominantly influenced not by the blood volume, but by
the blood oxygen saturation, and thus the blood oxygen
concentration can be estimated not using the AC com-

ponent 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.
[0037] As described above, by using the YCbCr sig-
nals, 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.
[0038] Fig. 7 shows an actual value of SpO2 that is
detected from the living body 110. The vertical axis rep-
resents SpO2 (%), and the horizontal axis represents time
(sec).
[0039] Fig. 8 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.
[0040] The actual value of SpO2 in Fig. 7 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.
[0041] The blood oxygen concentration in Fig. 8 is es-
timated from the optical information of the living body 110
that is acquired by the estimating device 100, using the
color-difference signal.
[0042] When Fig. 7 and Fig. 8 are compared, it can be
seen that the estimating device 100 estimates blood ox-
ygen concentration having a closer waveform to that of
the actual value. Note that there is a valley of SpO2
around 180 seconds in Fig. 7, whereas there is a valley
of the blood oxygen concentration around 150 seconds
in Fig. 8. Such difference in the waveforms between Fig.
7 and Fig. 8 is due to time difference caused by the signal
processing by the pulse oximeter in Fig. 7. Accordingly,
it can be seen that the estimating device 100 can esti-
mate, as similar to the actual value measured by the pulse
oximeter, the change in the waveform of the blood oxygen
concentration.
[0043] Note that, the value in the vertical axis in Fig. 8
is not the same as the SpO2 value in Fig. 7. However, as
similar to what other SpO2 measurement instruments do,
checking in advance the correspondence relation be-
tween the values output from the estimating device 100
and the actual values of SpO2 allows a value correspond-
ing to SpO2 value to be output.

[Example 2]

[0044] Fig. 9 shows an exemplary configuration of the
estimating device 100 according to Example 2. The es-
timating device 100 in the present example includes a
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light-emitting unit 12 as the light source 10. Also, the es-
timating device 100 includes a light-receiving unit 22 as
the acquiring unit 20.
[0045] The estimating device 100 acquires optical in-
formation, 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 wearable terminals.
[0046] The light-emitting unit 12 has a light emitting
diode (LED) to irradiate the living body 110 with light hav-
ing 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 λ1, and a
second wavelength λ2 that is different from the first wave-
length λ1. In one example, the light-emitting unit 12 irra-
diates the living body 110 with lights having a plurality of
wavelengths in a visible light region. Also, the light-emit-
ting unit 12 may irradiate the living body 110 with lights
including wavelengths outside the visible light region.
[0047] Also, the light-emitting unit 12 irradiates lights
the living body 110 having the first wavelength λ1 and
the second wavelength λ2. In one example, the light-emit-
ting unit 12 emits light having, as the first wavelength λ1,
a wavelength where absorption coefficient of reduced
hemoglobin Hb is greater than that of oxyhemoglobin
HbO2 in the blood of the living body 110. Also, the light-
emitting unit 12 emits light having, as the second wave-
length λ2, a wavelength where absorption coefficient of
reduced hemoglobin Hb is smaller than that of oxyhemo-
globin HbO2 in the blood of the living body 110. For ex-
ample, the light-emitting unit 12 emits lights having wave-
lengths of blue and red. The light-emitting unit 12 may
irradiate the living body 110 with lights having both of the
first wavelength λ1 and the second wavelength λ2. Also,
the light-emitting unit 12 may irradiate the living body 110
with lights having the first wavelength λ1, the second
wavelength λ2, and a third wavelength λ3. In one exam-
ple, the light-emitting unit 12 emits light having, as the
third wavelength λ3, a wavelength of green between the
first wavelength λ1 and the second wavelength λ2. For
example, the light-emitting unit 12 irradiates the living
body 110 with light of white.
[0048] 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 se-
quentially irradiate lights the living body 110 with having
a plurality of wavelengths. In one example, the light-emit-
ting unit 12 may include a filtering unit to remove part of
light having a certain wavelength region from the irradi-
ation light.
[0049] 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 plu-
rality 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 ob-
tained 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.
[0050] Fig. 10 shows an exemplary configuration of the
estimating device 100 according to Example 2. The es-
timating device 100 is a wearable device including the
light source 10 and the light-receiving unit 22. The esti-
mating device 100 in the present example is worn on the
wrist of the living body 110.
[0051] Also, the light-emitting unit 12 irradiates the liv-
ing body 110 with lights having the first wavelength λ1
and the second wavelength λ2. In one example, the light-
emitting unit 12 emits light having, as the first wavelength
λ1, a wavelength where absorption coefficient of reduced
hemoglobin Hb is greater than that of oxyhemoglobin
HbO2 in the blood of the living body 110. Also, the light-
emitting unit 12 emits light having, as the second wave-
length λ2, a wavelength where absorption coefficient of
reduced hemoglobin Hb is smaller than that of oxyhemo-
globin HbO2 in the blood of the living body 110. For ex-
ample, the light-emitting unit 12 emits lights having wave-
lengths of blue and red. The light-emitting unit 12 may
irradiate the living body 110 with lights having both of the
first wavelength λ1 and the second wavelength λ2. Also,
the light-emitting unit 12 may irradiate the living body 110
with lights having the first wavelength λ1, the second
wavelength λ2, and a third wavelength λ3. In one exam-
ple, the light-emitting unit 12 emits light having, as the
third wavelength λ3, a wavelength of green between the
first wavelength λ1 and the second wavelength λ2. For
example, the light-emitting unit 12 irradiates the living
body 110 with light of white.
[0052] 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-re-
ceiving unit 22 in the present example has a light receiv-
ing element to receive the reflected light from the living
body 110. The estimating device 100 in the present ex-
ample includes an extracting unit 50 and processes an
output of the light-receiving unit 22 as the ROI.
[0053] The estimating device 100 in the present exam-
ple 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 acceleration sensor, may measure an activity amount
etc. of the living body 110, in addition to the blood oxygen
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concentration. In this case, the estimating device 100
can acquire information combining the blood oxygen con-
centration and the feature quantity of the living body 110.
[0054] Fig. 11 shows exemplary wavelengths of irra-
diation 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 wave-
lengths: the first wavelength λ1, the second wavelength
λ2, and the third wavelength λ3.
[0055] The light source 10 emits light having the first
wavelength λ1 where absorption coefficient of reduced
hemoglobin Hb is greater than that of oxyhemoglobin
HbO2 in the blood of the living body 110. The light source
10 in the present example selects, as the first wavelength
λ1, a wavelength of 575-800 nm. Also, the light source
10 emits light having the second wavelength λ2 where
absorption coefficient of reduced hemoglobin Hb is small-
er than that of oxyhemoglobin HbO2 in the blood of the
living body 110. The light source 10 in the present exam-
ple selects, as the second wavelength λ2, a wavelength
of 450-500 nm. Also, the light source 10 emits light of the
third wavelength λ3 between the first wavelength λ1 and
the second wavelength λ2. The light source 10 in the
present example selects, as the third wavelength λ3, a
wavelength of 500-580 nm.
[0056] As described above, the estimating device 100
in the present example, even using irradiation light in-
cluding only a wavelength of visible light, can select a
wavelength having different absorption coefficients be-
tween oxyhemoglobin HbO2 and reduced hemoglobin
Hb. The estimating device 100 can estimate the blood
oxygen concentration of the living body 110, if a wave-
length having different absorption coefficients between
oxyhemoglobin HbO2 and reduced hemoglobin Hb can
be selected. In this manner, the irradiation light of the
estimating device 100 may have only a wavelength of
visible light.
[0057] Fig. 12 shows exemplary wavelengths of the
irradiation 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 λ1, the
second wavelength λ2, and the third wavelength λ3.
[0058] The light source 10 emits light having the first
wavelength λ1 where absorption coefficient of reduced
hemoglobin Hb is greater than that of oxyhemoglobin
HbO2 in the blood of the living body 110. The light source
10 in the present example selects, as the first wavelength
λ1, a wavelength of 575-800 nm. Also, the light source
10 emits light having the second wavelength λ2 where
absorption coefficient of reduced hemoglobin Hb is small-
er than that of oxyhemoglobin HbO2 in the blood of the
living body 110. The light source 10 in the present exam-
ple selects, as the second wavelength λ2, a wavelength
of 800-1000 nm. Also, the light source 10 emits light of
the third wavelength λ3 between the first wavelength λ1
and the second wavelength λ2. The light source 10 in the
present example selects, as the third wavelength λ3, a

wavelength of 775-825 nm.
[0059] As described above, even using irradiation light
including wavelengths other than the wavelengths of vis-
ible light in addition to the wavelengths of visible light,
the estimating device 100 in the present example can
select a wavelength having different absorption coeffi-
cients between oxyhemoglobin HbO2 and reduced he-
moglobin Hb. The estimating device 100 can estimate
the blood oxygen concentration of the living body 110, if
a wavelength having different absorption coefficients be-
tween oxyhemoglobin HbO2 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.
[0060] 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 altera-
tions and improvements can be added to the above-de-
scribed embodiments. It is also apparent from the scope
of the claims that the embodiments added with such al-
terations or improvements can be included in the tech-
nical scope of the invention.
[0061] The operations, procedures, steps, and stages
of each process performed by an apparatus, system, pro-
gram, 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 necessar-
ily mean that the process must be performed in this order.

EXPLANATION OF REFERENCES

[0062] 10: light source; 12: light-emitting unit; 20: ac-
quiring unit; 22: light-receiving unit; 30: converting unit;
40: calculating unit; 50: extracting unit; 100: estimating
device; 110: living body; 112: nose; 200: estimating sys-
tem

Claims

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

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-differ-
ence signal; and
a calculating unit to calculate blood oxygen con-
centration of the living body based on the first
color-difference signal.
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2. The estimating device according to claim 1, wherein
the acquiring unit acquires the optical information
based on reflected light from the living body.

3. The estimating device according to claim 1 or 2,
wherein

the converting unit converts a signal included in
the optical information into a second color-dif-
ference signal that is different from the first color-
difference signal, and
the calculating unit calculates the blood oxygen
concentration based on the first color-difference
signal and the second color-difference signal.

4. The estimating device according to claim 3, wherein
the calculating unit calculates the blood oxygen con-
centration based on a ratio of the first color-differ-
ence signal to the second color-difference signal.

5. The estimating device according to claim 3 or 4,
wherein
the calculating unit calculates the blood oxygen con-
centration based on difference between the first
color-difference signal and the second color-differ-
ence signal.

6. The estimating device according to any one of claims
1 to 5, 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 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.

7. The estimating device according to claim 6, 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 im-
age 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 any one of claims
1 to 7, further comprising an extracting unit to identify
a nose of the living body based on the optical infor-
mation 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.

9. The estimating device according to claim 7, 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 cor-
responding 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 any one of claims
1 to 9, further comprising
a light source to irradiate the living body with light
having a predetermined wavelength.

11. The estimating device according to claim 10, wherein
the light source emits the lights including a first wave-
length, and a second wavelength that is different
from the first wavelength.

12. The estimating device according to claim 11, wherein
the light source emits light having, as the first wave-
length, a wavelength of 575 to 800 nm, at the wave-
length absorption coefficient of reduced hemoglobin
being greater than absorption coefficient of oxyhe-
moglobin in blood of the living body, and emits light
having, as the second wavelength, at the wavelength
absorption coefficient of reduced hemoglobin is
smaller than absorption coefficient of oxyhemoglob-
in in blood of the living body.

13. The estimating device according to claim 11 or 12,
wherein
the light source emits the lights including a third
wavelength that is different from the first wavelength
and the second wavelength.

14. The estimating device according to claim 13, wherein
the third wavelength includes light having a wave-
length between the first wavelength and the second
wavelength.

15. The estimating device according to any one of claims
11 to 14, wherein
the light source concurrently irradiates the living
body with lights having the first wavelength and the
second wavelength.

16. The estimating device according to claim 13 or 14,
wherein
the light source concurrently irradiates the living
body with lights having the first wavelength, the sec-
ond wavelength, and the third wavelength.

17. The estimating device according to any one of claims
10 to 16, wherein
the light source irradiates the living body with the
light of white.

18. The estimating device according to any one of claims
1 to 17, wherein
the acquiring unit has a camera, and acquires the
optical information by photographing the living body.
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