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BIOLOGICAL INFORMATION 
MEASUREMENT DEVICE AND 

NON - TRANSITORY COMPUTER READABLE 
MEDIUM 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This application is based on and claims priority 
under 35 USC 119 from Japanese Patent Application No . 
2018 - 057113 filed Mar . 23 , 2018 . 

BACKGROUND 

signal expressing each change in the amount of light from 
multiple lights detected from a living body as changes in the 
blood oxygen concentration . 
[ 0007 ] Aspects of certain non - limiting embodiments of 
the present disclosure address the above advantages and / or 
other advantages not described above . However , aspects of 
the non - limiting embodiments are not required to address 
the advantages described above , and aspects of the non 
limiting embodiments of the present disclosure may not 
address advantages described above . 
[ 0008 ] According to an aspect of the present disclosure , 
there is provided a biological information measurement 
device including : a correction unit that receives a first signal 
expressing a change in an amount of light of a first wave 
length detected from a living body and a second signal 
expressing a change in an amount of light of a second 
wavelength detected from the living body , and corrects at 
least one of the first signal and the second signal to reduce 
a difference between an amount of change in the first signal 
and an amount of change in the second signal associated 
with a change in an amount of arterial blood of the living 
body , and a computing unit that computes a change in a 
blood oxygen concentration in the living body on a basis of 
the first signal and the second signal of which at least one is 
corrected by the correction unit . 

( i ) Technical Field 
[ 0002 ] The present disclosure relates to a biological infor 
mation measurement device and a non - transitory computer 
readable medium . 

( ii ) Related Art 
[ 0003 ] Japanese Unexamined Patent Application Publica 
tion No . 2006 - 231012 describes an oxygen transport circu 
lation time measurement method that computes a change in 
oxygen saturation on the basis of an arterial blood absor 
bance signal computed from a living body using a sensor . 
The oxygen transport circulation time measurement method 
changes the amount of oxygen inhaled by the living body 
while also treating the point in time at which the amount 
changes as a reference point , and measures the amount of 
time from the reference point until the oxygen saturation in 
arterial blood changes . 

BRIEF DESCRIPTION OF THE DRAWINGS 

SUMMARY 

[ 0004 ] Meanwhile , cardiac output is one indicator that 
indicates the state of cardiac function . A typical method of 
measuring cardiac output is the thermodilution method that 
performs a measurement by injecting cold water from a 
catheter inserted into a blood vessel , but the thermodilution 
method is highly invasive into the living body , and the 
burden on the living body is large . 
[ 0005 ] In contrast , with the oxygen transport circulation 
time measurement method , multiple light emitters that radi 
ate light of different wavelengths are made to emit light at 
a living body , and the change in the blood oxygen concen 
tration is measured from the change in the amount of light 
transmitted or reflected by the living body . This method is 
desirable for being relatively non - invasive with respect to 
the living body and for imposing little burden on the living 
body , but changes in the amplitude ratio ( light dimming 
ratio ) of the signal expressing each change in the amount of 
light from multiple lights detected from the living body are 
detected as changes in the blood oxygen concentration . In 
this case , for example , for a living body having an atrial 
fibrillation , a living body with reduced blood flow due to the 
influence of factors such as environmental temperature and 
mental state , and the like , accurately measuring the blood 
oxygen concentration may be difficult in some situations . 
[ 0006 ] Aspects of non - limiting embodiments of the pres 
ent disclosure relate to a biological information measure 
ment device and a biological information measurement 
program capable of measuring changes in the blood oxygen 
concentration accurately compared to the case of detecting 
changes in the amplitude ratio ( light dimming ratio ) of a 

[ 0009 ] An exemplary embodiment of the present disclo 
sure will be described in detail based on the following 
figures , wherein : 
[ 0010 ] FIG . 1 is a schematic diagram illustrating an 
example of measuring blood flow information and oxygen 
saturation in the blood according to the present exemplary 
embodiment ; 
[ 0011 ] FIG . 2 is a graph illustrating one example of change 
in the amount of light received by reflected light from a 
living body according to the present exemplary embodi 
ment ; 
[ 0012 ] FIG . 3 is a schematic diagram accompanying a 
description of a Doppler shift produced in a case of irradi 
ating a blood vessel with laser light according to the present 
exemplary embodiment ; 
[ 0013 ] FIG . 4 is a schematic diagram accompanying a 
description of speckle produced in a case of irradiating a 
blood vessel with laser light according to the present exem 
plary embodiment ; 
[ 0014 ] FIG . 5 is a graph illustrating one example of a 
spectral distribution by frequency in a unit time according to 
the present exemplary embodiment ; 
[ 0015 ] FIG . 6 is a graph illustrating one example of 
change in the amount of blood flow per unit time according 
to the present exemplary embodiment ; 
[ 0016 ] FIG . 7 is a graph illustrating one example of 
change in the amount of absorbance of light absorbed by a 
living body according to the present exemplary embodi 
ment ; 
[ 0017 ] FIG . 8 is a graph illustrating one example of the 
absorbance characteristics by hemoglobin according to the 
present exemplary embodiment ; 
[ 0018 ] FIG . 9 is a schematic diagram accompanying a 
description of the principle of measuring a respiration wave 
form according to the present exemplary embodiment ; 
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[ 0019 ] FIG . 10 is a schematic diagram accompanying a 
description of the principle of measuring output according to 
the present exemplary embodiment ; 
[ 0020 ] FIG . 11 is a graph for explaining one example of a 
method of measuring the LFCT according to the present 
exemplary embodiment ; 
10021 ] FIG . 12 is a block diagram illustrating one example 
of an electrical configuration of the biological information 
measurement device according to the present exemplary 
embodiment ; 
[ 0022 ] FIG . 13 is a diagram illustrating one example of an 
arrangement of light emitters and a light receiver in the 
biological information measurement device according to the 
present exemplary embodiment ; 
[ 0023 ] FIG . 14 is a diagram illustrating another example 
of an arrangement of light emitters and a light receiver in the 
biological information measurement device according to the 
present exemplary embodiment ; 
[ 0024 ] FIG . 15 is a graph illustrating one example of the 
sampling timing of data in a light receiver according to the 
present exemplary embodiment ; 
[ 0025 ] FIG . 16 is a block diagram illustrating one example 
of a functional configuration of the biological information 
measurement device according to a first exemplary embodi 
ment ; 
[ 0026 ] FIG . 17 is a flowchart illustrating one example of 
the flow of the process of a biological information measure 
ment program according to the first exemplary embodiment ; 
[ 0027 ] FIG . 18 is a graph illustrating one example of the 
amplitude of an IR light signal and the amplitude of a red 
light signal according to the present exemplary embodiment ; 
[ 0028 ] FIG . 19 is a graph illustrating one example of the 
relationship between a coefficient and a pulse wave differ - 
ence according to the present exemplary embodiment ; 
[ 0029 ] FIG . 20 is a graph illustrating one example of time 
series data of an IR light signal and time series data of a red 
light signal according to the present exemplary embodiment ; 
[ 0030 ] FIG . 21 is a graph illustrating one example of time 
series data of an IR light signal and time series data of a red 
light signal after correction according to the present exem 
plary embodiment ; 
[ 0031 ] FIG . 22 is a graph illustrating one example of a 
monitor result by the pulse wave difference according to the 
present exemplary embodiment ; 
[ 0032 ] FIG . 23 is a graph illustrating one example of a 
monitor result obtained by detecting a change in the ampli 
tude ratio of a pulse wave as a change in the blood oxygen 
concentration according to the related art ; 
[ 0033 ] FIG . 24 is a graph illustrating one example of the 
LFCT specified from the pulse wave difference according to 
the present exemplary embodiment ; 
[ 0034 ] FIG . 25 is a graph illustrating the LFCT specified 
from the amplitude ratio according to a comparative 
example ; 
[ 0035 ] FIG . 26 is a block diagram illustrating one example 
of a functional configuration of the biological information 
measurement device according to a second exemplary 
embodiment ; 
[ 0036 ] FIG . 27 is a graph illustrating one example of time 
series data of an IR light signal and time series data of a red 
light signal to which an LPF is applied according to the 
present exemplary embodiment ; 

[ 0037 ] FIG . 28 is a graph illustrating one example of time 
series data of an IR light signal and time series data of a red 
light signal after correction according to the present exem 
plary embodiment ; 
[ 0038 ] FIG . 29A is a graph illustrating the post - LPF pulse 
waveform , the pulse wave difference , and an enlargement of 
the pulse wave difference in the case of making the cutoff 
frequency of the LPF equal to the pulse frequency according 
to the present exemplary embodiment ; 
[ 0039 ] FIG . 29B is a graph illustrating the post - LPF pulse 
waveform , the pulse wave difference , and an enlargement of 
the pulse wave difference in the case of making the cutoff 
frequency of the LPF equal to 1 / 2 the pulse frequency 
according to the present exemplary embodiment ; 
[ 0040 ] FIG . 29C is a graph illustrating the post - LPF pulse 
waveform , the pulse wave difference , and an enlargement of 
the pulse wave difference in the case of making the cutoff 
frequency of the LPF equal to 1 / 4 the pulse frequency 
according to the present exemplary embodiment ; 
[ 0041 ] FIG . 29D is a graph illustrating the post - LPF pulse 
waveform , the pulse wave difference , and an enlargement of 
the pulse wave difference in the case of making the cutoff 
frequency of the LPF equal to 1 / 8 the pulse frequency 
according to the present exemplary embodiment ; 
[ 0042 ] FIG . 30 is a graph illustrating one example of time 
series data of a red light signal to which an LPF is applied 
according to the present exemplary embodiment ; 
[ 0043 ] FIG . 31 is a graph illustrating one example of a 
midpoint waveform obtained from time series data of a red 
light signal after smoothing according to the present exem 
plary embodiment ; 
[ 0044 ] FIG . 32 is a graph illustrating one example of time 
series data of an IR light signal and time series data of a red 
light signal connecting the pulse wave midpoints according 
to the present exemplary embodiment ; 
10045 ) FIG . 33 is a graph illustrating one example of time 
series data of an IR light signal and time series data of a red 
light signal after correction according to the present exem 
plary embodiment ; and 
00461 . FIG . 34 is a graph illustrating the pulse wave 
difference and an enlargement of the pulse wave difference 
obtained from a pulse waveform connecting the pulse wave 
midpoints according to the present exemplary embodiment . 

DETAILED DESCRIPTION 

[ 0047 ] Hereinafter , one example of an exemplary embodi 
ment for carrying out the present disclosure will be 
described in detail and with reference to the drawings . 

First Exemplary Embodiment 
[ 0048 ] First , FIG . 1 will be referenced to describe a 
method of measuring blood flow information and oxygen 
saturation in the blood , which are one example of biological 
information , particularly biological information related to 
blood . 
[ 0049 ] FIG . 1 is a schematic diagram illustrating an 
example of measuring blood flow information and oxygen 
saturation in the blood according to the present exemplary 
embodiment . 
[ 0050 ] As illustrated in FIG . 1 , the blood flow information 
and the oxygen saturation in the blood are obtained by 
irradiating a body of a patient ( living body 8 ) with light from 
a light emitter 1 , and measuring the intensity of light 
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reflected from or transmitted through arteries 4 , veins 5 , 
capillaries 6 , and the like running through the inside of the 
living body 8 received by a light receiver 3 , or in other 
words , the amount of reflected light or transmitted light 
received . 
[ 0051 ] ( Measurement of Blood Flow Information ) 
[ 0052 ] FIG . 2 is a graph illustrating one example of 
change in the amount of light received by reflected light 
from the living body 8 according to the present exemplary 
embodiment . 
10053 ] Note that in FIG . 2 , the horizontal axis of the graph 
80 represents the passage of time , while the vertical axis 
represents the amount of light received by the light receiver 

[ 0054 ] As illustrated in FIG . 2 , the amount of light 
received by the light receiver 3 changes over time , but this 
is thought to be because of the influence of three optical 
phenomena that occur when the living body 8 including 
blood vessels is irradiated with light . 
[ 0055 ] The first optical phenomenon is thought to be a 
change in the absorbance of light due because a change due 
to pulsation in the amount of blood existing inside the blood 
vessels being measured . Since blood includes blood cells 
such as red blood cells for example and moves inside blood 
vessels such as the capillaries 6 , changes in the amount of 
blood also cause the number of blood cells moving inside the 
blood vessels to change , and may influence the amount of 
light received by the light receiver 3 . 
[ 0056 ] The second optical phenomenon is thought to be 
the influence of Doppler shift . 
[ 0057 ] FIG . 3 is a schematic diagram accompanying a 
description of a Doppler shift produced in a case of irradi 
ating a blood vessel with laser light according to the present 
exemplary embodiment . 
[ 0058 ] As illustrated in FIG . 3 , for example , in the case of 
irradiating a region including the capillaries 6 , which is one 
example of a blood vessel , with coherent light 40 of a 
frequency w , such as laser light from the light emitter 1 , 
scattered light 42 scattered by blood cells moving through 
the capillaries 6 produces a Doppler shift having a difference 
frequency Aw , determined by the movement speed of the 
blood cells . On the other hand , the frequency of the scattered 
light 42 scattered by tissue ( stationary tissue ) such as skin 
that does not include moving bodies such as blood cells 
maintains the same frequency w , as the frequency of the 
radiated laser light . Consequently , the frequency we + Aw , of 
the laser light scattered by blood vessels such as the capil 
laries 6 and the frequency 0 , of the laser light scattered by 
stationary tissue interfere with each other , a beat signal 
having the difference frequency Aw , is observed by the light 
receiver 3 , and the amount of light received by the light 
receiver 3 changes over time . Note that the difference 
frequency Aw , of the beat signal observed by the light 
receiver 3 depends on the movement speed of the blood 
cells , but is included in a range with an upper limit of 
approximately a few dozen kHz . 
[ 0059 ] In addition , the third optical phenomenon is 
thought to be the influence of speckle . 
[ 0060 ] FIG . 4 is a schematic diagram accompanying a 
description of a speckle produced in a case of irradiating a 
blood vessel with laser light according to the present exem 
plary embodiment . 
10061 ] As illustrated in FIG . 4 , in the case of irradiating 
blood cells 7 such as red blood cells moving through a blood 

vessel in the direction of the arrow 44 with the coherent light 
40 such a laser light from the light emitter 1 , laser light 
colliding with the blood cells 7 scatters in various directions . 
Since the scattered light has different phases , the scattered 
light interferes with itself randomly . Consequently , a random 
light intensity distribution having a spotted pattern is pro 
duced . A distribution pattern of light intensity formed in this 
way is called a “ speckle pattern ” . 
10062 ] As described earlier , since the blood cells 7 move 
inside a blood vessel , the state of light scattering in the blood 
cells 7 changes , and the speckle pattern fluctuates over time . 
Consequently , the amount of light received by the light 
receiver 3 changes over time . 
[ 0063 ] Next , one example of obtaining blood flow infor 
mation will be described . In the case of obtaining the amount 
of light received by the light receiver 3 over time illustrated 
in FIG . 2 , data included in the range of a predetermined unit 
time To is cut out , and by executing the fast Fourier trans 
form ( FFT ) for example on the data , a spectral distribution 
by frequency w is obtained . 
[ 0064 ] FIG . 5 is a graph illustrating one example of the 
spectral distribution by frequency w in the unit time To 
according to the present exemplary embodiment . 
[ 0065 ] Note that in FIG . 5 , the horizontal axis of the graph 
82 represents the frequency w while the vertical axis rep 
resents the spectral intensity . 
[ 0066 ] Here , the amount of blood is proportional to a value 
obtained by standardizing the area of the power spectrum 
illustrated in the shaded region 84 enclosed by the horizontal 
axis and the vertical axis of the graph 82 by the total amount 
of light . Also , the blood flow speed is proportional to the 
average value of the frequency of the power spectrum 
expressed by the graph 82 , and thus is proportional to the 
value obtained by taking the value of integrating the product 
of the frequency w and the power spectrum for the frequency 
co over the frequency co , and dividing the integral value by 
the area of the shaded region 84 . 
[ 0067 ] Note that since the amount of blood flow is 
expressed as the product of the amount of blood and the 
blood flow speed , it is possible to compute the amount of 
blood flow with a formula of the amount of blood and the 
blood flow speed above . The amount of blood flow , the 
blood flow speed , and the amount of blood are one example 
of blood flow information , but the blood flow information is 
not limited thereto . 
[ 0068 ] FIG . 6 is a graph illustrating one example of 
change in the amount of blood flow per unit time To 
according to the present exemplary embodiment . 
[ 0069 ] Note that in FIG . 6 , the horizontal axis of the graph 
86 represents time while the vertical axis represents the 
amount of blood flow . 
[ 0070 ] As illustrated in FIG . 6 , the amount of blood flow 
fluctuates with time , but the trend of fluctuation is classified 
into two types . For example , compared to a fluctuation range 
88 of the amount of blood flow in a segment T of FIG . 6 , 
the fluctuation range 90 of the amount of blood flow in a 
segment T , is large . The reason for this is thought to be that 
while the change in the amount of blood flow in the segment 
Ti is the change in the amount of blood flow mostly 
associated with the motion of pulsation , the change in the 
amount of blood flow in the segment T , indicates a change 
in the amount of blood flow associated with a cause such as 
congestion , neural activity , or the like , for example . 
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( Math . 2 ) 10071 ] ( Measurement of Oxygen Saturation ) 
[ 0072 ] Next , the measurement of oxygen saturation in the 
blood will be described . Oxygen saturation in the blood is 
one example of the blood oxygen concentration , and is an 
indicator indicating how much hemoglobin in the blood is 
bonded to oxygen . As the oxygen saturation in the blood 
falls , symptoms such as anemia occur more readily . 
10073 ] FIG . 7 is a graph illustrating one example of 
change in the amount of absorbance of light absorbed by the 
living body 8 according to the present exemplary embodi 
ment . 
[ 0074 ] Note that in FIG . 7 , the horizontal axis of the graph 
92 represents time while the vertical axis represents the 
amount of absorbance . 
[ 0075 ] As illustrated in FIG . 7 , the amount of absorbance 
in the living body 8 tends to fluctuate over time . 
[ 0076 ] Further examination of the fluctuations in absor 
bance by the living body 8 reveals that the amount of 
absorbance by the arteries 4 fluctuates widely , whereas for 
other tissues including the veins 5 and stationary tissues , the 
amount of fluctuation is small enough to consider the 
amount of absorbance to be unchanging compared to the 
arteries 4 . This is because since arterial blood output from 
the heart moves through blood vessels in association with a 
pulse wave , the arteries 4 expand and contract over time in 
the cross - sectional direction of the arteries 4 , and the thick 
ness of the arteries 4 change . Note that in FIG . 7 , the range 
indicated by the arrow 94 denotes the amount of fluctuation 
in the amount of absorbance corresponding to change in the 
thickness of the arteries 4 . 
[ 0077 ] In FIG . 7 , if I , is taken to be the amount of light 
received at a time t , and I , is taken to be the amount of light 
received at a time ty , the amount of change AA in the amount 
of absorbance of light due to change in the thickness of the 
arteries 4 is expressed by Formula ( 1 ) . 

( Math . 1 ) 

S = k ( A4 Red AAR ) ( 2 ) 
[ 0082 ] In other words , in the case of computing the 
oxygen saturation in the blood , multiple light emitters 1 that 
radiate light of different wavelengths , or more specifically , a 
light emitter 1 that radiates IR light and a light emitter 1 that 
radiates red light may have partially overlapping light emis 
sion periods , but desirably are made to emit light without 
having overlapping light emission periods . Additionally , the 
reflected light or transmitted light from each of the light 
emitters 1 is received by the light receiver 3 , and by 
computing Formula ( 1 ) and Formula ( 2 ) or a publicly 
available formula obtained by transforming these formulas 
from the amount of light received at each point in time of 
light reception , the oxygen saturation is measured . 
10083 ] As the publicly available formula obtained by 
transforming Formula ( 1 ) above , Formula ( 1 ) may be 
expanded to express the amount of change AA in the amount 
of absorbance of light as in Formula ( 3 ) , for example . 

( Math . 3 ) 

MA = In 15 - In la ( 3 ) 

[ 0084 ] Also , Formula ( 1 ) may be transformed as in For 
mula ( 4 ) . 

( Math . 4 ) 

AA = In ( 11 / 12 ) = ln ( 1 + ( 11 - 1 ) Ia ) ( 4 ) 

[ 0085 ] Normally , since ( I . - 12 ) < < ] ? , the relationship In ( IL ! 
12 ) - ( 1 , - 1 . ) / I , holds , and thus instead of Formula ( 1 ) , For 
mula ( 5 ) may be used as the amount of change AA in the 
amount of absorbance of light . 

( Math . 5 ) 

AA = In ( 17 / 12 ) ( 1 ) 
[ 0078 ] FIG . 8 is a graph illustrating one example of the 
absorbance characteristics by hemoglobin according to the 
present exemplary embodiment . 
[ 0079 ] Note that in FIG . 8 , the vertical axis represents 
absorbance while the horizontal axis represents wavelength . 
10080 ) As illustrated in FIG . 8 , hemoglobin bonded to 
oxygen ( oxyhemoglobin ) flowing through the arteries 4 
absorbs light in the infrared ( IR ) region having a wavelength 
near approximately 880 nm particularly easily , while hemo 
globin not bonded to oxygen ( reduced hemoglobin ) absorbs 
light in the red region having a wavelength near approxi 
mately 665 nm particularly easily . Furthermore , the oxygen 
saturation exists in a proportional relationship with the ratio 
of the amount of change AA in the amount of absorbance for 
the different wavelengths . 
[ 0081 ] Consequently , by using infrared light ( IR light ) and 
red light for which the difference in the amount of absor 
bance by oxyhemoglobin and reduced hemoglobin is more 
apparent compared to combinations of other wavelengths , 
and computing each of the ratios of the amount of change 
AAR in the amount of absorbance in the case of irradiating 
the living body 8 with IR light and the amount of change 
AAred in the amount of absorbance in the case of irradiating 
the living body 8 with red light , the oxygen saturation S is 
computed according to Formula ( 2 ) . Note that in Formula 
( 2 ) , k is a constant of proportionality . 

AX = ( 15 - Ida ( 5 ) 
[ 0086 ] Note that in the following , when distinguishing the 
light emitter 1 that radiates IR light from the light emitter 1 
that radiates red light , the light emitter 1 that radiates IR light 
will be designated the “ light emitter LD1 ” while the light 
emitter 1 that radiates red light will be designated the “ light 
emitter LD2 ” . Also , as an example , the light emitter LD1 is 
taken to be the light emitter 1 used to compute the amount 
of blood flow , while the light emitter LD1 and the light 
emitter LD2 are taken to be the light emitters 1 used to 
compute the oxygen saturation in the blood . 
[ 0087 ] Also , in the case of measuring the oxygen satura 
tion in the blood , since it is sufficient for the frequency of 
measuring the amount of light received to be approximately 
from 30 Hz to 1000 Hz , it is also sufficient for the light 
emission frequency that expresses the number of flashes per 
second by the light emitter LD2 to be approximately from 30 
Hz to 1000 Hz . Consequently , from the perspective of power 
consumption and the like in the light emitter LD2 , it is 
desirable to set the light emission frequency of the light 
emitter LD2 lower than the light emission frequency of the 
light emitter LD1 , but the light emission frequency of the 
light emitter LD2 may also be matched to the light emission 
frequency of the light emitter LD1 to make the light emitter 
LD1 and the light emitter LD2 emit light in alternation . 
[ 0088 ] Next , FIG . 9 will be referenced to describe the 
principle of measuring a respiration waveform from a pulse 
wave signal obtained from a peripheral site on the living 
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body 8 . Examples of the peripheral site referred to herein 
include the tips of the fingers , the tips of the toes , the 
earlobes , and the like . Note that the peripheral site also 
includes sites past the elbow , sites past the knee , and the like . 
In addition , the respiration waveform is the waveform of a 
signal indicating the respiratory state of the living body 8 , 
and is taken to be the waveform of a time - series signal 
expressing change over time in exhalation and inhalation . 
10089 FIG . 9 is a schematic diagram accompanying a 
description of the principle of measuring the respiration 
waveform according to the present exemplary embodiment . 
[ 0090 ] As illustrated in FIG . 9 , during respiration , the 
amplitude of the pulse wave signal decreases according to 
the steps indicated below . ( S1 ) The intrathoracic pressure 
falls to a negative pressure , and the lungs expand . 
( S2 ) The amount of venous return increases . 
( S3 ) The amount of blood flowing into the right atrium 
increases . 
( S4 ) The vascular bed of the lungs expands , and the amount 
of blood retained by the lungs increases . 
( S5 ) The amount of blood returning to the left atrium from 
the lungs decreases . 
( S6 ) The stroke volume of the left ventricle decreases . 
( S7 ) The amplitude of the pulse wave decreases . 
[ 0091 ] On the other hand , during respiration , the ampli 
tude of the pulse wave signal increases according to the steps 
indicated below . 
( S8 ) Blood squeezed out from the lungs flows into the left 
ventricle . 
( 59 ) The amplitude of the pulse wave increases . 
[ 0092 ] In other words , since the influence of the " pump 
action of the lungs ” caused by respiration is superimposed 
onto the pulsation caused by the " pump action of the heart ” , 
it is possible to measure the respiration waveform from a 
pulse wave signal obtained from a peripheral site of the 
living body 8 . 
[ 0093 ] Next , FIG . 10 will be referenced to describe a 
principle of measuring the lung to finger circulation time 
( LFCT ) , which is one example of an indicator correlated 
with the output of blood from the heart . The output referred 
to herein is not limited to the cardiac output described 
earlier , and also includes stroke volume , cardiac index , and 
the like . Note that the cardiac output is defined as the amount 
of blood output to the arteries by contraction of the heart per 
unit time ( for example , per minute ) . The stroke volume is 
defined as the amount of blood output to the arteries by a 
single contraction of the heart . The cardiac index is defined 
as a coefficient obtained by dividing the cardiac output by 
the body surface area of the test subject . Also , the LFCT is 
defined as the time for oxygen taken in by respiration to pass 
through the lungs and heart , and reach a fingertip . 
[ 0094 ] FIG . 10 is a schematic diagram accompanying a 
description of the principle of measuring the output accord 
ing to the present exemplary embodiment . 
[ 0095 ] As illustrated in FIG . 10 , the above output and the 
LFCT are correlated . For example , if CO is taken to be the 
cardiac output as one example of the output , the cardiac 
output CO is computed according to Formula ( 6 ) indicated 
below . 

[ 0096 ] Herein , a , is a constant . For example , 20 = 50 is 
used . Also , S is the body surface area ( m² ) of the test subject , 
and the units of the LFCT are seconds . 
[ 0097 ] FIG . 11 is a graph for explaining one example of a 
method of measuring the LFCT according to the present 
exemplary embodiment . 
f0098 ] . Note that in FIG . 11 , the vertical axis represents the 
reciprocal of the oxygen saturation while the horizontal axis 
represents time . 
[ 0099 ] As illustrated in FIG . 11 , the LFCT according to the 
present exemplary embodiment is measured from the change 
in the oxygen saturation described above . In other words , the 
LFCT is obtained by measuring the amount of time from the 
point in time at which respiration resumes after stopping 
respiration for a fixed period , until the inflection point that 
indicates that the oxygen saturation has recovered . 
( 0100 ] Meanwhile , in the above LFCT measurement , to 
detect the change in the blood oxygen concentration , as one 
example , the ratio of the amount of change in the IR light 
signal and the amount of change in the red light signal , or in 
other words , the amplitude ratio of two pulse wave signals 
of different wavelengths ( herein , the IR light signal and the 
red light signal ) is used . In the case of using the amplitude 
ratio , for example , for a living body having an atrial fibril 
lation , a living body with reduced blood flow due to the 
influence of factors such as environmental temperature and 
mental state , and the like , accurately measuring the blood 
oxygen concentration may be difficult in some situations . 
[ 0101 ] The following describes a biological information 
measurement device that measures the blood oxygen con 
centration accurately , even for a living body having an atrial 
fibrillation , a living body with reduced blood flow due to the 
influence of factors such as environmental temperature and 
mental state , and the like . 
10102 ] FIG . 12 is a block diagram illustrating one example 
of an electrical configuration of a biological information 
measurement device 10 according to the present exemplary 
embodiment . 
0103 ] As illustrated in FIG . 12 , the biological information 

measurement device 10 according to the present exemplary 
embodiment is provided with a light emission controller 12 . 
a driving circuit 14 , an amplification circuit 16 , an analog 
digital ( A / D ) conversion circuit 18 , a controller 20 , a display 
22 , the light emitter LD1 , the light emitter LD2 , and the light 
receiver 3 . Note that the light emitter LD1 , the light emitter 
LD2 , the light receiver 3 , and the amplification circuit 16 
form a sensor unit . Also , the light emission controller 12 , the 
driving circuit 14 , the amplification circuit 16 , the A / D 
conversion circuit 18 , the controller 20 , and the display 22 
form a main unit . In the present exemplary embodiment , the 
sensor unit and the main unit are configured as separate units 
able to communicate in a wired or wireless manner . How 
ever , the sensor unit and the main unit may also be config 
ured in a unified manner . Also , the sensor unit is attached to 
adhere closely to the living body 8 such that external light 
is not input . As one example , the sensor unit according to the 
present exemplary embodiment is attached to a fingertip of 
the living body 8 , but is also attachable to another peripheral 
site such as an earlobe . 
[ 0104 ] The light emission controller 12 outputs a control 
signal that controls the light emission cycle and the light 
emission period of the light emitter LD1 and the light emitter 
LD2 to the driving circuit 14 including a power supply 
circuit that supplies driving power to the light emitter LD1 

( Math . 6 ) 

CO = ( aoxS ) / LFCT ( 6 ) 
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and the light emitter LD2 . Note that the light emission 
controller 12 may also be realized as part of the controller 
20 . 
10105 ] The driving circuit 14 receives the control signal 
from the light emission controller 12 , and following the light 
emission cycle and light emission period indicated by the 
control signal , supplies driving power to the light emitter 
LD1 and the light emitter LD2 , and drives the light emitter 
LD1 and the light emitter LD2 . 
[ 0106 ] The light receiver 3 is one example of a light 
receiving unit , receiving light of a first wavelength from the 
light emitter LD1 and outputting a first received light signal 
corresponding to the received light of the first wavelength , 
and also receiving light of a second wavelength from the 
light emitter LD2 and outputting a second received light 
signal corresponding to the received light of the second 
wavelength . Note that in the present exemplary embodi 
ment , a range of wavelengths corresponding to the infrared 
region is applied as the first wavelength , and a range of 
wavelengths corresponding to the red region is applied as 
the second wavelength . Also , an IR light signal is applied as 
the first received light signal , and a red light signal is applied 
as the second received light signal . 
[ 0107 ] The amplification circuit 16 converts a current 
depending on the light intensity and produced by the light 
receiver 3 into a voltage , and amplifies the voltage to a 
voltage level prescribed as the input voltage range of the 
A / D conversion circuit 18 . 
[ 0108 ] The A / D conversion circuit 18 receives the voltage 
amplified by the amplification circuit 16 as input , and 
outputs an amount of light received by the light receiver 3 
expressed by the magnitude of the voltage as a numerical 
value . 
0109 ] The controller 20 is provided with a central pro 
cessing unit ( CPU ) 20A , read - only memory ( ROM ) 20B , 
and random access memory ( RAM ) 20C . The ROM 20B 
stores the biological information measurement program . The 
biological information measurement program may be pre 
installed in the biological information measurement device 
10 , for example . The biological information measurement 
program may also be realized by being stored on a non 
volatile storage medium or distributed over a network , and 
installed appropriately in the biological information mea 
surement device 10 . Note that anticipated examples of the 
non - volatile storage medium include a Compact Disc - Read 
Only Memory ( CD - ROM ) , a magneto - optical disc , an HDD , 
a Digital Versatile Disc - Read - Only Memory ( DVD - ROM ) , 
flash memory , a memory card , and the like . 
[ 0110 ] The display 22 is one example of a notification unit 
that presents a notification of the result of measuring bio 
logical information . For the display 22 , for example , a liquid 
crystal display ( LCD ) , an organic electroluminescence ( EL ) 
display , or the like is used . The display 22 includes an 
integrated touch panel . 
[ 0111 ] FIG . 13 is a diagram illustrating one example of an 
arrangement of the light emitter LD1 , the light emitter LD2 , 
and the light receiver 3 in the biological information mea 
surement device 10 according to the present exemplary 
embodiment . Also , FIG . 14 is a diagram illustrating a 
different example of an arrangement of the light emitter 
LD1 , the light emitter LD2 , and the light receiver 3 in the 
biological information measurement device 10 according to 
the present exemplary embodiment . 

[ 0112 ] As illustrated in FIG . 13 , the light emitter LD1 , the 
light emitter LD2 , and the light receiver 3 are arranged side 
by side facing one side of the living body 8 . In this case , the 
light receiver 3 receives light from the light emitter LD1 and 
the light emitter LD2 that has been transmitted near the 
surface of the living body 8 . 
[ 0113 ] Note that the arrangement of the light emitter LD1 , 
the light emitter LD2 , and the light receiver 3 is not limited 
to the example arrangement of FIG . 13 . For example , as 
illustrated in FIG . 14 , the light emitter LD1 , the light emitter 
LD2 , and the light receiver 3 may also be arranged at 
opposing positions with the living body 8 interposed in 
between . In this case , the light receiver 3 receives light from 
the light emitter LD1 and the light emitter LD2 that has been 
transmitted through the living body 8 . 
0114 ) Note that herein , as one example , the light emitter 
LD1 and the light emitter LD2 both are described as being 
surface - emitting laser elements , but the light emitter LD1 
and the light emitter LD2 are not limited thereto , and may 
also be edge - emitting laser elements . Also , the light radiated 
from each of the light emitter LD1 and the light emitter LD2 
does not have to be laser light . In this case , a light - emitting 
diode ( LED ) or an organic light - emitting diode ( OLED ) may 
be used for each of the light emitter LD1 and the light 
emitter LD2 . 
[ 0115 ] FIG . 15 is a graph illustrating one example of the 
sampling timing of data in the light receiver 3 according to 
the present exemplary embodiment . In FIG . 15 , the positions 
of the circle marks indicate the sampling timings . 
[ 0116 ] Note that in FIG . 15 , the vertical axis represents the 
output voltage of the light receiver 3 while the horizontal 
axis represents time . 
[ 0117 ] As illustrated in FIG . 15 , in the case of treating IR 1 , 
IR2 , . . . , IR , as output voltages corresponding to the light 
that the light receiver 3 receives from the light emitter LD1 , 
IR ( t ) = IR1 , . . . , IR , is obtained as time series data . Similarly , 
in the case of treating Red , , Red2 , . . . , Red , as output 
voltages corresponding to the light that the light receiver 3 
receives from the light emitter LD2 , Red ( t ) = Red ) , Red2 , . . 
. , Red , is obtained as time series data . At this time , periods 
during which neither of the light emitter LD1 and the light 
emitter LD2 emit light may also be provided , and outputs 
Dark? , Dark2 , . . . , Dark , , may be obtained in these dark 
states . In this case , IR ( t ) may also be taken to be IR - Dark? , 
IR - Dark , , IR , - Dark , , . Similarly , Red ( t ) may also be taken to 
be Red - Dark , Red - Dark2 , . . . , Red , , - Dark? . It is desirable 
for the above data to be sampled in near the end of each light 
emission period in a state of stable output . 
[ 0118 ] The CPU 20A of the biological information mea 
surement device 10 according to the present exemplary 
embodiment loads the biological information measurement 
program stored in the ROM 20B into the RAM 20C and 
executes the program , and thereby functions as each unit 
illustrated in FIG . 16 . 
[ 0119 ] FIG . 16 is a block diagram illustrating one example 
of a functional configuration of the biological information 
measurement device 10 according to a first exemplary 
embodiment . 
[ 0120 ] As illustrated in FIG . 16 , the CPU 20A of the 
biological information measurement device 10 according to 
the present exemplary embodiment functions as a first 
removal unit 30 , a correction unit 31 , a computing unit 32 , 
a detection unit 33 , a specification unit 34 , and an estimation 
unit 35 . Note that the first removal unit 30 is not a required 
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component , and it is sufficient to provide the first removal 
unit 30 only when appropriate . 
10121 ] First , the configuration of each unit in the case of 
not providing the first removal unit 30 will be described . 
( 0122 ] The correction unit 31 according to the present 
exemplary embodiment receives each of the IR light signal 
and the red light signal output from the light receiver 3 , and 
corrects the IR light signal to reduce the difference between 
the amount of change in the IR light signal ( hereinafter 
designated AIR ) and the amount of change in the red light 
signal ( hereinafter designated ARed ) associated with change 
in the amount of arterial blood in the living body 8 . The 
change in the amount of arterial blood expresses the ampli 
tude of pulsation associated with heartbeat . Note that in this 
case , the IR light signal is treated as an example of the first 
signal , and the red light signal is treated as an example of the 
second signal . 
10123 ] It is desirable for the above correction to make AIR 
and ARed equal . Herein , AIR is expressed as the amplitude 
of the IR light signal , and ARed is expressed as the ampli 
tude of the red light signal . In this case , the above correction 
is performed by multiplying the values of the IR light signal 
( IR ( t ) ) by a coefficient a representing the amplitude ratio of 
AIR and ARed ( ARed / AIR ) . In other words , the corrected 
output of IR ( t ) becomes axIR ( t ) . 
[ 0124 ] The computing unit 32 according to the present 
exemplary embodiment computes the change in the blood 
oxygen concentration in the living body 8 on the basis of the 
IR light signal and the red light signal corrected by the 
correction unit 31 . As one example , the change in the blood 
oxygen concentration is expressed as the difference between 
the IR light signal and the red light signal corrected by the 
correction unit 31 ( hereinafter , this difference is designated 
the " pulse wave difference " ) . For example , if B ( t ) is taken to 
be the pulse wave difference , B ( t ) is computed according to 
Formula ( 7 ) indicated below . 

( Math . 7 ) 

33 . Note that the point in time at which the amount of 
inhaled oxygen changes is , for example , the point in time at 
which the test subject resumes breathing after a state of 
holding one ' s breath or the like . In the present exemplary 
embodiment , the time specified by the specification unit 34 
is taken to be the LFCT . 
[ 0127 ] The estimation unit 35 according to the present 
exemplary embodiment estimates the output from the LFCT 
specified by the specification unit 34 . For example , Formula 
( 6 ) above is used to estimate the cardiac output , which is one 
example of output . 
[ 0128 ] At this point , each of the IR light signal and the red 
light signal includes a component expressing change in the 
amount of blood due to pulsation , neural activity , and the 
like , and a component expressing change in the oxygen 
concentration due to the change in the amount of inhaled 
oxygen . Additionally , according to the above pulse wave 
difference B ( t ) , by multiplying IR ( t ) by the coefficient 
a ( = ARed / AIR ) and adopting the difference between axIR ( t ) 
and a Red ( t ) , the components expressing the change in the 
amount of arterial blood are canceled out , and only the 
components expressing the change in the oxygen concen 
tration are extracted . 
101291 Note that in the above , the coefficient a is taken to 
be ( ARed / AIR ) to correct the IR light signal , but the coef 
ficient a may also be taken to be ( AIR / ARed ) to correct the 
red light signal . In this case , the pulse wave difference B ( t ) 
is computed according to Formula ( 8 ) indicated below . 

( Math . 8 ) 

B ( t ) = axIR ( t ) - Red ( t ) 
[ 0125 ] The detection unit 33 according to the present 
exemplary embodiment detects the inflection point of the 
blood oxygen concentration associated with a change in the 
amount of oxygen inhaled by the living body 8 on the basis 
of the pulse wave difference f ( t ) computed by the computing 
unit 32 . Note that one example of a method for causing the 
amount of inhaled oxygen to change is the method of 
holding one ' s breath and the like . Also , the change in the 
amount of inhaled oxygen referred to herein is assumed to 
be a change that induces a change in the blood oxygen 
concentration for at least several seconds , and does not 
include slight changes due to a normal respiratory state ( for 
example , inhaling and exhaling at an ordinary rate and an 
ordinary depth ) . In other words , in the normal respiratory 
state , it is determined that there is no change in the amount 
of inhaled oxygen , whereas in the case of causing a change 
from the normal respiratory state by holding one ' s breath , 
taking shallow breaths , inhaling gas with a high oxygen 
concentration , or the like , it is determined that the amount of 
inhaled oxygen has changed . 
[ 0126 ] The specification unit 34 according to the present 
exemplary embodiment specifies the amount of time from 
the point in time at which the amount of oxygen inhaled by 
the living body 8 changes until the inflection point in the 
blood oxygen concentration detected by the detection unit 

B ( t ) = IR ( t ) - axRed ( t ) ( 8 ) 
[ 0130 ] Also , the above describes the case of correcting 
either one of the IR light signal or the red light signal , which 
are one example of two pulse wave signals , but both the IR 
light signal and the red light signal may also be corrected . 
Also , in the above , the red light signal is subtracted from the 
IR light signal , but the IR light signal may also be subtracted 
from the red light signal . In this case , the direction of the 
inflection point appearing in B ( t ) is different . 
0131 ] Herein , the pulse wave signal when computing the 
coefficient a and the pulse wave signal to which the com 
puted coefficient a is applied are shifted in time . In other 
words , the above correction is applied by multiplying the 
coefficient a representing the amplitude ratio of AIR and 
ARed before causing the amount of inhaled oxygen to 
change by IR ( t ) or Red ( t ) after causing the amount of 
inhaled oxygen to change . For example , it is desirable to use 
a pulse wave signal when the test subject is resting before 
holding one ' s breath as the pulse wave signal to use when 
computing the coefficient a . 
[ 0132 ] Next , the configuration of each unit in the case of 
providing the first removal unit 30 will be described . 
[ 0133 ] The first removal unit 30 according to the present 
exemplary embodiment removes the DC component from 
each of the IR light signal and the red light signal output 
from the light receiver 3 , and outputs each of the IR light 
signal and the red light signal with the DC component 
removed to the correction unit 31 . As one example , a 
high - pass filter or a band - pass filter is applied as the first 
removal unit 30 . Note that in this case , the IR light signal 
with the DC component removed by the first removal unit 30 
is treated as the first signal , and the red light signal with the 
DC component removed by the first removal unit 30 is 
treated as the second signal . 
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[ 0134 ] The correction unit 31 receives the IR light signal 
and the red light signal with the DC component removed by 
the first removal unit 30 , and derives the coefficient a 
representing the amplitude ratio between the amplitude of 
the received IR light signal and the amplitude of the received 
red light signal . After that , the correction unit 31 performs 
correction by multiplying IR ( t ) , which are the values of the 
IR light signal , or Red ( t ) , which are the values of the red 
light signal , received from the light receiver 3 without going 
through the first removal unit 30 by the coefficient a derived 
above . Note that since the computing unit 32 , the detection 
unit 33 , the specification unit 34 , and the estimation unit 35 
are similar , a repeated description will be omitted . 
[ 0135 ] At this point , as an exemplary modification of the 
biological information measurement device 10 illustrated in 
FIG . 16 , a configuration not provided with the computing 
unit 32 is also acceptable . In this case , after the amount of 
oxygen inhaled by the living body 8 changes , the detection 
unit 33 detects the inflection point in the blood oxygen 
concentration obtained from the IR light signal and the red 
light signal of which at least one has been corrected by the 
correction unit 31 . 
[ 0136 ] Next , FIG . 17 will be referenced to describe the 
action of the biological information measurement device 10 
according to the first exemplary embodiment . Note that FIG . 
17 is a flowchart illustrating one example of the flow of the 
process of the biological information measurement program 
according to the first exemplary embodiment . 
[ 0137 ] First , when the biological information measure 
ment device 10 is powered on by an operation by the test 
subject or a measurement technician , the biological infor 
mation measurement program is launched , and each of the 
following steps is executed . 
10138 ] In step 100 of FIG . 17 , the correction unit 31 
acquires the amplitude ( AIR ) of the IR light signal obtained 
from the light receiver 3 , and acquires the amplitude ( ARed ) 
of the red light signal obtained from the light receiver 3 . In 
this step 100 , first , each of AIR and ARed is acquired as a 
pulse wave amplitude while the test subject remains in a 
resting state . 
[ 0139 ] FIG . 18 is a graph illustrating one example of the 
amplitude of the IR light signal and the amplitude of the red 
light signal according to the present exemplary embodiment . 
10140 ] Note that in FIG . 18 , the vertical axis represents the 
output voltage of the light receiver 3 while the horizontal 
axis represents time . 
[ 0141 ] As illustrated in FIG . 18 , the correction unit 31 
acquires AIR from IR ( t ) , which is the time series data of the 
values of the IR light signal , and acquires ARed from Red ( t ) , 
which is the time series data of the values of the red light 
signal . 
[ 0142 ] In step 102 , the correction unit 31 derives the 
coefficient a representing the amplitude ratio of AIR and 
ARed on the basis of AIR and ARed acquired in step 100 . As 
an example , the coefficient a is derived according to one of 
the methods indicated below . 
( a ) The amplitude ratio obtained at any timing is adopted . 
Note that in this case , the timing may also be after the start 
of the LFCT measurement . 
( b ) The average value of multiple amplitude ratios obtained 
in a fixed period is adopted . In the case of this method , a 
coefficient a that is suited to measurement is computed 
compared to the case of deriving the coefficient a by 
adopting the amplitude ratio at only a single point . ( c ) After 

measurement ends , the coefficient a is varied between 0 and 
1 as illustrated in FIG . 19 for example , and the value with 
the smallest frequency component of pulsation appearing in 
the pulse wave difference B ( t ) is adopted . However , in the 
case of taking the coefficient a to be ( ARed / AIR ) , the 
condition AIR > ARed is assumed to be satisfied . In the case 
of this method , it is not necessary to derive the coefficient a 
during measurement , and thus the measurement time is 
shortened , for example . 
101431 FIG . 19 is a graph illustrating one example of the 
relationship between the coefficient a and the pulse wave 
difference B ( t ) according to the present exemplary embodi 
ment . 
[ 0144 ] Note that in FIG . 19 , the vertical axis represents the 
pulse wave difference B ( t ) . Also , in this example , a = ARed / 
AIR and B ( t ) = axIR ( t ) - Red ( t ) . 
[ 0145 ] The upper part in FIG . 19 illustrates an overall 
waveform and an enlarged waveform of the pulse wave 
difference B ( t ) for the case in which the coefficient a = 0 . 2 . 
The diagram on the left is the overall waveform , while the 
diagram on the right is the enlarged waveform . 
10146 ] The middle part in FIG . 19 illustrates an overall 
waveform and an enlarged waveform of the pulse wave 
difference B ( t ) for the case in which the coefficient a = 0 . 
3583 . The diagram on the left is the overall waveform , while 
the diagram on the right is the enlarged waveform . 
[ 0147 ] The lower part in FIG . 19 illustrates an overall 
waveform and an enlarged waveform of the pulse wave 
difference B ( t ) for the case in which the coefficient a = 0 . 6 . 
The diagram on the left is the overall waveform , while the 
diagram on the right is the enlarged waveform . 
( 0148 ] As the above demonstrates , in the case in which the 
coefficient a = 0 . 3583 , the frequency component of pulsation 
appearing in the pulse wave difference B ( t ) is minimized . 
Consequently , according to the method of ( c ) above , the 
coefficient a = 0 . 3583 is adopted , and the pulse wave differ 
ence B ( t ) in which the inflection point of oxygen concen 
tration is at a correct position is obtained . 
10149 ] In step 104 , the correction unit 31 receives an 
instruction to start measuring the LFCT while the test 
subject remains in a resting state . As one example , this 
instruction to start measurement is performed by the test 
subject or a measurement technician issuing an instruction to 
start measurement through the touch panel of the display 22 
or the like . 
( 0150 ] In step 106 , the correction unit 31 instructs the test 
subject to start holding one ' s breath . Specifically , for 
example , the correction unit 31 may cause the display 22 to 
display a message such as “ Please hold your breath . ” , or 
output an instruction as speech . 
[ 0151 ] In step 108 , after a fixed period elapses ( for 
example , after 20 seconds elapse ) since the start of the 
breath holding , the correction unit 31 instructs the test 
subject to resume breathing . Specifically , for example , the 
correction unit 31 causes the display 22 to display a message 
indicating the resumption of breathing by a countdown , or 
output an instruction as speech . Additionally , an indication 
that one has resumed breathing may also be input by an 
operation ( such as an operation of pressing a button ) by the 
test subject oneself . 
[ 0152 ] In step 110 , the correction unit 31 determines 
whether or not a predetermined time has elapsed since the 
resumption of breathing . The predetermined time is preset as 
a duration for observation over time , and may be 60 seconds 
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or the like , for example . Note that since the arrival time of 
oxygen is different depending on the measurement site , a 
duration for observation over time that is suited to the 
measurement site is preferably preset . In the case of deter 
mining that the predetermined time has elapsed ( the case of 
a positive determination ) , the flow proceeds to step 112 , 
whereas in the case of determining that the predetermined 
time has not yet elapsed ( the case of a negative determina 
tion ) , the flow stands by in step 110 . 
[ 0153 ] In step 112 , the correction unit 31 performs a 
correction by multiplying IR ( t ) or Red ( t ) obtained through 
the above measurement by the coefficient a derived in step 
102 above . Note that in the present exemplary embodiment , 
the correction is performed by multiplying IR ( t ) by the 
coefficient a ( ARed / AIR ) , but in the case of correcting 
Red ( t ) , it is sufficient to set the coefficient a to AIR / ARed . 
[ 0154 ] FIG . 20 is a graph illustrating one example of time 
series data of the IR light signal and time series data of the 
red light signal according to the present exemplary embodi 
ment . 
[ 0155 ] Note that in FIG . 20 , the vertical axis represents the 
output voltage of the light receiver 3 while the horizontal 
axis represents time . 
[ 0156 ] As illustrated in FIG . 20 , the graph gl represents 
IR ( t ) , which is the time series data of the IR light signal . 
Also , the graph g2 represents Red ( t ) , which is the time series 
data of the red light signal . 
[ 0157 ] FIG . 21 is a graph illustrating one example of the 
time series data of the IR light signal and the time series data 
of the red light signal after correction according to the 
present exemplary embodiment . 
[ 0158 ] Note that in FIG . 21 , the vertical axis represents the 
output voltage of the light receiver 3 while the horizontal 
axis represents time . 
[ 0159 ] As illustrated in FIG . 21 , the graph g3 represents 
the offset - adjusted axIR ( t ) obtained by multiplying IR ( t ) by 
the coefficient a . Also , the graph g4 represents Red ( t ) , which 
is the time series data of the red light signal . 
[ 0160 ] Note that the instruction to resume breathing in 
step 108 above may also be issued in the case of detecting 
a drop in the blood oxygen concentration . 
[ 0161 ] FIG . 22 is a graph illustrating one example of a 
monitor result by the pulse wave difference according to the 
present exemplary embodiment . 
[ 0162 ] In FIG . 22 , the vertical axis represents the pulse 
wave difference B ( t ) while the horizontal axis represents 
time . Also , FIG . 23 is a graph illustrating one example of a 
monitor result obtained by detecting a change in the ampli 
tude ratio of the pulse wave as a change in the blood oxygen 
concentration according to the related art . In FIG . 23 , the 
vertical axis represents the amplitude ratio of AIR and ARed 
while the horizontal axis represents time . 
[ 0163 ] As demonstrated by FIGS . 22 and 23 , with the 
method according to the present exemplary embodiment 
( FIG . 22 ) , compared to the method of the related art ( FIG . 
23 ) , the change in oxygen saturation due to holding breath 
is exhibited distinctly . 
[ 0164 ] Next , in step 114 , the computing unit 32 uses 
Formula ( 7 ) above to compute the pulse wave difference B ( t ) 
from axIR ( t ) obtained by the correction in step 112 and 
Red ( t ) . Note that in the case of correcting Red ( t ) , it is 
sufficient to use Formula ( 8 ) above to compute the pulse 
wave difference ( t ) . 

( 0165 ] In step 116 , the detection unit 33 detects the 
inflection point of the blood oxygen concentration associ 
ated with a change in the amount of oxygen inhaled by the 
test subject on the basis of the pulse wave difference B ( t ) 
computed in step 114 . 
[ 0166 ] In step 118 , the specification unit 34 specifies the 
amount of time from the point in time at which the amount 
of oxygen inhaled by the test subject changed until the 
inflection point detected in step 116 as the LFCT , and ends 
the series of processes according to the biological informa 
tion measurement program . Note that in the present exem 
plary embodiment , the process goes up to the specification 
of the LFCT , but in addition , Formula ( 6 ) above may be 
applied to the specified LFCT to compute the cardiac output , 
which is one example of output . 
[ 0167 ] FIG . 24 is a graph illustrating one example of the 
LFCT specified from the pulse wave difference B ( t ) accord 
ing to the present exemplary embodiment . In FIG . 24 , the 
vertical axis represents the pulse wave difference B ( t ) while 
the horizontal axis represents time . Also , FIG . 25 is a graph 
illustrating the LFCT specified from the amplitude ratio 
according to a comparative example . In FIG . 25 , the vertical 
axis represents the amplitude ratio of AIR and ARed while 
the horizontal axis represents time . 
[ 0168 ] As illustrated in FIG . 24 , the LFCT is taken to be 
the amount of time from the point in time at which breathing 
resumes until the inflection point indicated by the maximum 
value of the pulse wave difference B ( t ) ( = axIR ( t ) - Red ( t ) ) . 
[ 0169 ] Note that in FIG . 24 , the graph g5 represents the 
pulse wave difference B ( t ) as a moving average of sample n 
data ( in this example , n = 64 ) . Also , the graph g6 represents 
the pulse wave difference B ( t ) in the case of setting the 
coefficient a = 0 . 3583 . In this way , by treating the pulse wave 
difference B ( t ) as a moving average of sample n data , 
residual pulse wave components due to differences in blood 
oxygen concentration are removed , and a more accurate 
LFCT is obtained . 
[ 0170 ] Also , the graph g5 and the graph g6 illustrated in 
FIG . 24 demonstrate that immediately after the breath 
holding period ends and breathing is resumed , the value of 
the pulse wave difference B ( t ) rises , reaches a single peak , 
and then falls . Since the pulse wave difference B ( t ) rises as 
the blood oxygen concentration falls , the point in time of the 
peak is the state of the lowest blood oxygen concentration , 
and the inflection point where the pulse wave difference B ( t ) 
beings to fall indicates that oxygen is starting to be taken 
into the blood due to the resumption of breathing . Conse 
quently , the amount of time from the resumption of breath 
ing up to the peak is specified as the LFCT . 
[ 0171 ] On the other hand , in the comparative example 
illustrated in FIG . 25 , the LFCT is specified from the 
amplitude ratio ( ARed / AIR ) . For this reason , for example , in 
the case of a test subject with a small amplitude ratio or the 
like , a peak position different from the original peak position 
may be detected , and the LFCT may not be specified 
accurately in some cases . 
[ 0172 ] In this way , according to the present exemplary 
embodiment , compared to the case of using the amplitude 
ratio of two pulse wave signals of different wavelengths , 
change in the blood oxygen concentration are measured 
accurately . 
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Second Exemplary Embodiment 
[ 0173 ] The first exemplary embodiment above describes 
an embodiment that uses the pulse wave difference B ( t ) 
representing change in the blood oxygen concentration to 
accurately measure change in the blood oxygen concentra 
tion . In the present exemplary embodiment , by additionally 
removing the pulse wave component from each pulse wave 
signal before correction , the accuracy of measuring change 
in the blood oxygen concentration is improved further . 
[ 0174 ] FIG . 26 is a block diagram illustrating one example 
of a functional configuration of a biological information 
measurement device 11 according to a second exemplary 
embodiment . 
0175 ] As illustrated in FIG . 26 , the biological information 
measurement device 11 according to the present exemplary 
embodiment is provided with the first removal unit 30 , the 
correction unit 31 , the computing unit 32 , the detection unit 
33 , the specification unit 34 , and the estimation unit 35 
described above , as well as a second removal unit 36 . Note 
that structural elements having the same function as the 
biological information measurement device 10 according to 
the first exemplary embodiment are denoted with the same 
signs , and a repeated description is omitted here . 
[ 0176 ] The second removal unit 36 according to the pres 
ent exemplary embodiment removes at least a part of a 
frequency component corresponding to change in the 
amount of arterial blood in the living body 8 from each of 
the IR light signal and the red light signal output from the 
light receiver 3 , and outputs each of the IR light signal and 
the red light signal with the at least part of the frequency 
component removed to the correction unit 31 . As one 
example , a low - pass filter ( LPF ) is applied as the second 
removal unit . 
[ 0177 ] The correction unit 31 according to the present 
exemplary embodiment receives the IR light signal and the 
red light signal from which at least part of the frequency 
component has been removed by the second removal unit 
36 . 
[ 0178 ] FIG . 27 is a graph illustrating one example of time 
series data of the IR light signal and time series data of the 
red light signal to which an LPF is applied according to the 
present exemplary embodiment . 
[ 0179 ] Note that in FIG . 27 , the vertical axis represents the 
output voltage of the light receiver 3 while the horizontal 
axis represents time . 
[ 0180 ] As illustrated in FIG . 27 , the graph g7 represents 
IR ( t ) that is the time series data of the IR light signal after 
applying the LPF . Also , the graph g8 represents IR ( t ) that is 
the time series data of the IR light signal before applying the 
LPF . The graph g9 represents Red ( t ) that is the time series 
data of the red light signal after applying the LPF . Also , the 
graph g10 represents Red ( t ) that is the time series data of the 
red light signal before applying the LPF . Note that herein , a 
second - order Bessel filter is used as one example of the LPF . 
Also , with respect to the pulse frequency ( herein , 1 . 6 Hz ) , 
the cutoff frequency of the LPF is set to 1 / 8 ( herein , 0 . 2 Hz ) . 
[ 0181 ] FIG . 28 is a graph illustrating one example of the 
time series data of the IR light signal and the time series data 
of the red light signal after correction according to the 
present exemplary embodiment . 
[ 0182 ] Note that in FIG . 28 , the vertical axis represents the 
output voltage of the light receiver 3 while the horizontal 
axis represents time . 

[ 0183 ] As illustrated in FIG . 28 , the graph g11 represents 
the offset - adjusted axIR ( t ) obtained by multiplying IR ( t ) 
with the LPF applied by the coefficient a . Also , the graph 
g12 represents Red ( t ) , which is the time series data of the red 
light signal . 
[ 0184 ] FIG . 29A is a graph illustrating the post - LPF pulse 
waveform , the pulse wave difference B ( t ) , and an enlarge 
ment of the pulse wave difference B ( t ) in the case of making 
the cutoff frequency of the LPF equal to the pulse frequency 
according to the present exemplary embodiment . 
[ 0185 ] FIG . 29B is a graph illustrating the post - LPF pulse 
waveform , the pulse wave difference B ( t ) , and an enlarge 
ment of the pulse wave difference B ( t ) in the case of making 
the cutoff frequency of the LPF equal to 1 / 2 the pulse 
frequency according to the present exemplary embodiment . 
[ 0186 ] FIG . 29C is a graph illustrating the post - LPF pulse 
waveform , the pulse wave difference B ( t ) , and an enlarge 
ment of the pulse wave difference B ( t ) in the case of making 
the cutoff frequency of the LPF equal to 1 / 4 the pulse 
frequency according to the present exemplary embodiment . 
[ 0187 ] FIG . 29D is a graph illustrating the post - LPF pulse 
waveform , the pulse wave difference B ( t ) , and an enlarge 
ment of the pulse wave difference B ( t ) in the case of making 
the cutoff frequency of the LPF equal to 1 / 8 the pulse 
frequency according to the present exemplary embodiment . 
[ 0188 ] Note that in FIGS . 29A to 29D , the pulse frequency 
is 1 . 6 Hz . The pulse wave difference B ( t ) is axIR ( t ) - Red ( t ) . 
The graph g13 represents the offset - adjusted axIR ( t ) 
obtained by multiplying IR ( t ) with the LPF applied by the 
coefficient a . Also , the graph g14 represents Red ( t ) , which 
is the time series data of the red light signal . 
[ 0189 ] From the examples of the graphs illustrated in 
FIGS . 29A to 29D , it is desirable to set the cutoff frequency 
of the LPF to 14 the pulse frequency or less . By setting the 
cutoff frequency to 1 / 4 or less , the influence of the pulse wave 
is largely reduced , and the inflection point of the blood 
oxygen concentration is detected more accurately . Note that 
since the cutoff frequency produces a delay , to correct the 
delay time , it is desirable to have a lookup table correspond 
ing to the cutoff frequency . 
[ 0190 ] Also , instead of the LPF above , a method of using 
the midpoints of the pulse wave may be applied . In this case , 
by generating a first waveform signal that connects inter 
mediate points corresponding to the intermediate value 
between the maximum value and the minimum value 
obtained in each cycle of the IR light signal , the second 
removal unit 36 removes at least a part of the frequency 
component corresponding to change in the amount of arte 
rial blood in the living body 8 . Similarly , by generating a 
second waveform signal that connects the intermediate 
points corresponding to the intermediate value between the 
maximum value and the minimum value obtained in each 
cycle of the red light signal , the second removal unit 36 
removes at least a part of the frequency component corre 
sponding to change in the amount of arterial blood in the 
living body 8 . 
f0191 ] First , the second removal unit 36 applies a smooth 
ing filter to each of the obtained IR ( t ) and Red ( t ) . In the case 
of applying an LPF as the smoothing filter , the approximate 
range of the cutoff frequency is set from 2x ( herein , 3 . 2 Hz ) 
to 16x ( herein , 25 . 6 Hz ) with respect to the pulse frequency 
( herein , 1 . 6 Hz ) . This is because if the cutoff frequency is too 
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low , a drop in the amplitude values may occur , and if the 
cutoff frequency is too high , noise may not be removed in 
some cases . 
[ 0192 ] FIG . 30 is a graph illustrating one example of time 
series data of the red light signal to which an LPF is applied 
according to the present exemplary embodiment . 
[ 0193 ] Note that in FIG . 30 , the vertical axis represents the 
output voltage of the light receiver 3 while the horizontal 
axis represents time . 
[ 0194 ] As illustrated in FIG . 30 , the graph g15 represents 
Red ( t ) that is the time series data of the red light signal to 
which is applied an LPF having a cutoff frequency that is 2x 
the pulse frequency . Also , the graph g16 represents Red ( t ) 
that is the time series data of the red light signal to which is 
applied an LPF having a cutoff frequency that is 4x the pulse 
frequency . Also , the graph g17 represents Red ( t ) that is the 
time series data of the red light signal to which is applied an 
LPF having a cutoff frequency that is 8x the pulse frequency . 
Also , the graph g18 represents Red ( t ) that is the time series 
data of the red light signal to which is applied an LPF having 
a cutoff frequency that is 16x the pulse frequency . Also , the 
graph g19 represents Red ( t ) that is the time series data of the 
red light signal without the LPF applied . 
[ 0195 ] FIG . 31 is a graph illustrating one example of a 
midpoint waveform obtained from time series data of the red 
light signal after smoothing according to the present exem 
plary embodiment . 
0196 ] Note that in FIG . 31 , the vertical axis represents the 
output voltage of the light receiver 3 while the horizontal 
axis represents time . 
[ 0197 ] Herein , the case of using the graph g17 illustrated 
in FIG . 30 is described as an example , but the other graphs 
g15 , g16 , and g18 may also be used 
[ 0198 ] As illustrated in FIG . 31 , the second removal unit 
36 detects a peak value P1 taking the maximum value and 
a peak value P2 taking the minimum value in each cycle of 
the graph g17 . Note that the peak value P1 is expressed as 
( t ; , y : ) , and the peak value P2 is expressed as ( t ; 11 , Yi11 ) . If 
( t , y ) is taken to be the intermediate value P3 between 
adjacent peak values P1 and P2 , the intermediate value P3 
may be computed according to Formula ( 9 ) indicated below . 

( Math . 9 ) 

red light signal connecting the pulse wave midpoints . Also , 
the graph g24 represents Red ( t ) that is the time series data 
of the red light signal before connecting the pulse wave 
midpoints . 
[ 0203 ] FIG . 33 is a graph illustrating one example of the 
time series data of the IR light signal and the time series data 
of the red light signal after correction according to the 
present exemplary embodiment . 
[ 0204 ] Note that in FIG . 33 , the vertical axis represents the 
output voltage of the light receiver 3 while the horizontal 
axis represents time . 
[ 0205 ] As illustrated in FIG . 33 , the graph 925 represents 
the offset - adjusted axIR ( t ) obtained by multiplying IR ( t ) 
connecting the pulse wave midpoints by the coefficient a . 
Also , the graph g26 represents Red ( t ) , which is the time 
series data of the red light signal . 
[ 0206 ] FIG . 34 is a graph illustrating the pulse wave 
difference B ( t ) and an enlargement of the pulse wave dif 
ference B ( t ) obtained from a pulse waveform connecting the 
pulse wave midpoints according to the present exemplary 
embodiment . 
[ 0207 ] Note that in FIG . 34 , the vertical axis represents the 
pulse wave difference B ( t ) while the horizontal axis repre 
sents time . 
[ 0208 ] In the example illustrated in FIG . 34 , the pulse 
wave difference ( t ) is axIR ( t ) - Red ( t ) . 
[ 02091 . In this way , according to the present exemplary 
embodiment , by using the LPF or the pulse wave midpoints 
to remove the pulse wave component from each pulse wave 
signal before correction , change in the blood oxygen con 
centration is measured even more accurately . 
[ 0210 ] The above describes a biological information mea 
surement device as one example of an exemplary embodi 
ment . An exemplary embodiment may also be configured as 
a program that causes a computer to execute the functions of 
each component provided in the biological information 
measurement device . An exemplary embodiment may also 
be configured as a computer - readable storage medium stor 
ing the program . 
0211 ] Otherwise , the configuration of the biological 
information measurement device described in the exemplary 
embodiment above is an example , and may be modified 
according to circumstances within a range that does not 
depart from the gist . 
[ 0212 ] Also , the process flow of the program described in 
the exemplary embodiment above is an example , and unnec 
essary steps may be removed , new steps may be added , or 
the processing sequence may be rearranged within a range 
that does not depart from the gist . 
[ 0213 ] Also , the exemplary embodiment above describes 
a case in which the process according to the exemplary 
embodiment is realized by a software configuration using a 
computer by executing a program , but the configuration is 
not limited thereto . An exemplary embodiment may also be 
realized by a hardware configuration , or by a combination of 
a hardware configuration and a software configuration , for 
example . 
[ 0214 ] The foregoing description of the exemplary 
embodiment of the present disclosure has been provided for 
the purposes of illustration and description . It is not intended 
to be exhaustive or to limit the disclosure to the precise 
forms disclosed . Obviously , many modifications and varia 
tions will be apparent to practitioners skilled in the art . The 
embodiment was chosen and described in order to best 

= ( tz + ti + 1 ) / 2 , y = ( + Yi + 1 ) / 2 ( 9 ) 
[ 0199 ] Additionally , by connecting the intermediate points 
corresponding to the intermediate values P3 computed 
according to Formula ( 9 ) above , the second removal unit 36 
generates the midpoint waveform g20 , which is one example 
of the second waveform signal . In this way , a second 
waveform signal is generated for Red ( t ) , but a first wave 
form signal for IR ( t ) is also generated by a similar technique . 
[ 0200 ] FIG . 32 is a graph illustrating one example of time 
series data of the IR light signal and time series data of the 
red light signal connecting the pulse wave midpoints accord 
ing to the present exemplary embodiment . 
10201 ) Note that in FIG . 32 , the vertical axis represents the 
output voltage of the light receiver 3 while the horizontal 
axis represents time . 
[ 0202 ] As illustrated in FIG . 32 , the graph g21 represents 
IR ( t ) that is the time series data of the IR light signal 
connecting the pulse wave midpoints . Also , the graph g22 
represents IR ( t ) that is the time series data of the IR light 
signal before connecting the pulse wave midpoints . The 
graph g23 represents Red ( t ) that is the time series data of the 



US 2019 / 0290174 A1 Sep . 26 , 2019 

explain the principles of the disclosure and its practical 
applications , thereby enabling others skilled in the art to 
understand the disclosure for various embodiments and with 
the various modifications as are suited to the particular use 
contemplated . It is intended that the scope of the disclosure 
be defined by the following claims and their equivalents . 

What is claimed is : 
1 . A biological information measurement device compris 

ing : 
a correction unit that receives a first signal expressing a 

change in an amount of light of a first wavelength 
detected from a living body and a second signal 
expressing a change in an amount of light of a second 
wavelength detected from the living body , and corrects 
at least one of the first signal and the second signal to 
reduce a difference between an amount of change in the 
first signal and an amount of change in the second 
signal associated with a change in an amount of arterial 
blood of the living body ; and 

a computing unit that computes a change in a blood 
oxygen concentration in the living body on a basis of 
the first signal and the second signal of which at least 
one is corrected by the correction unit . 

2 . The biological information measurement device 
according to claim 1 , wherein 

the correction is a correction that makes the amount of 
change in the first signal and the amount of change in 
the second signal equal . 

3 . The biological information measurement device 
according to claim 1 , wherein 

the change in the blood oxygen concentration is expressed 
by a difference between a value of the first signal and 
a value of the second signal of which at least one is 
corrected by the correction unit . 

4 . The biological information measurement device 
according to claim 3 , further comprising : 

a detection unit that detects an inflection point in the blood 
oxygen concentration associated with a change in an 
amount of oxygen inhaled by the living body , on a basis 
of the difference expressing the change in the blood 
oxygen concentration . 

5 . The biological information measurement device 
according to claim 4 , further comprising : 

a specification unit that specifies an amount of time from 
a point in time at which the amount of oxygen inhaled 
by the living body changes until the inflection point in 
the blood oxygen concentration detected by the detec 
tion unit . 

6 . The biological information measurement device 
according to claim 1 , wherein 

the correction is performed by multiplying a value of the 
first signal or a value of the second signal by a 
coefficient expressed as an amplitude ratio of an ampli 
tude of the first signal and an amplitude of the second 
signal . 

7 . The biological information measurement device 
according to claim 6 , wherein 

the coefficient is expressed as an amplitude ratio of the 
amplitude of the first signal and the amplitude of the 
second signal before causing the amount of oxygen 
inhaled by the living body to change , and 

the correction is performed by multiplying the coefficient 
by a value of the first signal or a value of the second 
signal after causing the amount of oxygen inhaled by 
the living body . 

8 . The biological information measurement device 
according to claim 1 , further comprising : 

a first removal unit that removes a direct current compo 
nent from each of a first received light signal corre 
sponding to light of the first wavelength and a second 
received light signal corresponding to light of the 
second wavelength output from a light receiving unit , 
and outputs each of the first received light signal and 
the second received light signal with the direct - current 
component removed as each of the first signal and the 
second signal , and 

the correction unit derives a coefficient expressed as an 
amplitude ratio of an amplitude of the first signal and 
an amplitude of the second signal on a basis of the first 
signal and the second signal received from the first 
removal unit . 

9 . The biological information measurement device 
according to claim 8 , wherein 

the correction is performed by multiplying the derived 
coefficient by a value of a first signal or a value of a 
second signal received from the light receiving unit 
without going through the first removal unit . 

10 . The biological information measurement device 
according to claim 8 , wherein 

the first removal unit is a high - pass filter or a band - pass 
filter . 

11 . The biological information measurement device 
according to claim 1 , further comprising : 

a second removal unit that removes at least a part of a 
frequency component corresponding to a change in an 
amount of arterial blood in the living body from each 
of a first received light signal corresponding to light of 
the first wavelength and a second received light signal 
corresponding to light of the second wavelength output 
from a light receiving unit , and outputs each of the first 
received light signal and the second received light 
signal with the at least a part of the frequency compo 
nent removed as each of the first signal and the second 
signal . 

12 . The biological information measurement device 
according to claim 11 , wherein 

the second removal unit is a low - pass filter . 
13 . The biological information measurement device 

according to claim 11 , wherein 
the second removal unit 

removes at least a part of the frequency component 
corresponding to a change in the amount of arterial 
blood in the living body by generating a first wave 
form signal that connects intermediate points corre 
sponding to an intermediate value between a maxi 
mum value and a minimum value obtained in each 
cycle of the first received light signal , and 

removes at least a part of the frequency component 
corresponding to a change in the amount of arterial 
blood in the living body by generating a second 
waveform signal that connects intermediate points 
corresponding to an intermediate value between a 
maximum value and a minimum value obtained in 
each cycle of the second received light signal . 
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14 . A biological information measurement device com 
prising : 

a correction unit that receives a first signal expressing a 
change in an amount of light of a first wavelength 
detected from a living body and a second signal 
expressing a change in an amount of light of a second 
wavelength detected from the living body , and corrects 
at least one of the first signal and the second signal to 
reduce a difference between an amount of change in the 
first signal and an amount of change in the second 
signal associated with a change in an amount of arterial 
blood of the living body ; and 

a detection unit that , after an amount of oxygen inhaled by 
the living body changes , detects an inflection point in 
a blood oxygen concentration obtained from the first 
signal and the second signal of which at least one is 
corrected by the correction unit . 

15 . A non - transitory computer readable medium storing a 
program causing a computer to execute a process for mea 
suring biological information , the process comprising : 

receiving a first signal expressing a change in an amount 
of light of a first wavelength detected from a living 
body and a second signal expressing a change in an 
amount of light of a second wavelength detected from 
the living body , and correcting at least one of the first 
signal and the second signal to reduce a difference 
between an amount of change in the first signal and an 
amount of change in the second signal associated with 
a change in an amount of arterial blood of the living 
body ; and 

computing a change in a blood oxygen concentration in 
the living body on a basis of the first signal and the 
second signal of which at least one is corrected . 


