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BIOLOGICAL INFORMATION
MEASUREMENT SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims priority to and the benefit
under 35 U.S.C. §119(a) of the earlier filing date of Japanese
Patent Application No. 2015-069911 filed Mar. 30, 2015, the
disclosure of which is hereby incorporated by reference, in
its entirety, for any purpose.

BACKGROUND

[0002] Examples of the present invention relate to a sys-
tem measuring biological information.

[0003] A pulse photometer is known as an example of an
apparatus constituting such a biological information mea-
surement system. A pulse photometer is an apparatus for
calculating the concentration of a light absorbing substance
in blood of a subject. Specifically, light having a plurality of
wavelengths illuminates the biological tissue of the subject.
The plurality of wavelengths are determined so that the ratio
of the absorption coeflicients of blood differs depending on
the concentration of the light absorbing substance in blood.
The amount of light having each wavelength transmitted
through or reflected by the biological tissue is detected. The
light amount of each wavelength depends on the pulsation of
the blood of the subject. Accordingly, the time-dependent
change of the light amount of each wavelength caused by the
pulsation is obtained as a pulse wave signal. The amplitude
of the pulse signal of each wavelength corresponds to the
attenuation change amount of the waveform. The concen-
tration of the light absorbing substance in blood is calculated
based on the ratio of the attenuation change amount of each
waveform (see JP-B-53-026437, for example).

[0004] Arterial blood oxygen saturation is known as the
concentration of a light absorbing substance in blood. Arte-
rial blood oxygen saturation is the ratio of oxyhemoglobin to
the amount of hemoglobin capable of carrying oxygen. That
is, oxyhemoglobin is an example of a light absorbing
substance in blood. Another example of a light absorbing
substance in blood is a dye as an indicator to be administered
to a blood flow to measure the transit time of the biological
tissue.

SUMMARY

[0005] An object of the invention is to easily measure
various types of biological information using the principle of
a pulse photometer.

[0006] To achieve the above object, according to a first
aspect of the invention, there is provided a biological
information measurement system including a light emitting
unit emitting first light having a first wavelength and second
light having a second wavelength, a photoreception umt
outputting a first signal and a second signal depending on
photoreception intensity of the first light and photoreception
intensity of the second light transmitted through or reflected
by biological tissue of a subject, a processing period setting
unit extracting a signal cycle corresponding to a cardiac
cycle of the subject for one of the first signal and the second
signal and setting a processing period in one of a first part
in which an effect of arterial blood flowing to the biological
tissue is dominant and a second part in which an effect of
venous blood flowing from the biological tissue is dominant
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in the signal cycle, a first change amount acquisition unit
acquiring a first change amount corresponding to an attenu-
ation change amount of the first light based on the first signal
in the processing period, a second change amount acquisi-
tion unit acquiring a second change amount corresponding
to an attenuation change amount of the second light based on
the second signal in the processing period, a concentration
calculation unit calculating a concentration of a light absorb-
ing substance in blood of the subject based on the first
change amount and the second change amount, and an
output unit outputting the concentration.

[0007] Examples of the light absorbing substance in blood
are oxyhemoglobin, deoxyhemoglobin, a dye, and the like.
[0008] In such a structure, the signal cycle corresponding
to the cardiac cycle of the subject obtained based on the
signal corresponding to the photoreception intensity in the
photoreception unit is divided into the part in which the
effect of arterial blood flowing to the biological tissue is
dominant and the part in which the effect of venous blood
flowing from the biological tissue is dominant. The process-
ing period is set in only one of these parts and the attenuation
change amounts of these pieces of light having the indi-
vidual wavelengths are obtained. The processing period is
necessarily shorter than the diastole phase or the systole
phase of the heart of the subject. That is, the concentration
of a light absorbing substance in blood of the subject can be
calculated at high speed while suppressing calculation loads.
Accordingly, biological information can be measured easily
using the principle of a pulse photometer.

[0009] The biological information measurement system
according to the first aspect may further include a differential
signal acquisition unit acquiring a differential signal by
differentiating the one of the first signal and the second
signal, in which the processing period setting unit sets the
processing period in the first part based on a minimum value
of the differential signal.

[0010] In such a structure, only by performing simple
processing that differentiates the first signal or the second
signal, the processing period can be set at the feature point
at which the effect arterial blood flowing to the biological
tissue is the most dominant. Accordingly, it is possible to
improve the effect of the above structure that can easily
measure biological information using the principle of the
pulse photometer.

[0011] Alternatively, the biological information measure-
ment system according to the first aspect may further include
a differential signal acquisition unit acquiring a differential
signal by differentiating the one of the first signal and the
second signal, in which the processing period setting unit
sets the processing period in the second part based on a
maximum value of the differential signal.

[0012] In such a structure, only by performing simple
processing that differentiates the first signal or the second
signal, the processing period can be set at the feature point
at which the effect of venous blood flowing from the
biological tissue is the most dominant. Accordingly, it is
possible to improve the effect of the above structure that can
easily measure biological information using the principle of
the pulse photometer.

[0013] To achieve the above object, according to a second
aspect of the invention, there is provided a biological
information measurement system including a light emitting
unit emitting first light having a first wavelength and second
light having a second wavelength, a photoreception umt
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outputting a first signal or a second signal depending on
photoreception intensity of the first light and photoreception
intensity of the second light transmitted through or reflected
by biological tissue of a subject, a processing period setting
unit extracting a signal cycle corresponding to a cardiac
cycle of the subject for each of the first signal and the second
signal and setting a first processing period in a first part in
which an effect of arterial blood flowing to the biological
tissue and setting a second processing period in a second part
in which an effect of venous blood flowing from the bio-
logical tissue is dominant in the signal cycle, a first change
amount acquisition unit acquiring a first change amount
corresponding to an attenuation change amount of the first
light in the first processing period based on the first signal in
the first processing period, a second change amount acqui-
sition unit acquiring a second change amount corresponding
to an attenuation change amount of the second light in the
first processing period based on the second signal in the first
processing period, a first concentration calculation unit
calculating a first concentration corresponding to a concen-
tration of a light absorbing substance in blood of the subject
in the first processing period based on the first change
amount and the second change amount, a third change
amount acquisition unit acquiring a third change amount
corresponding to an attenuation change amount of the first
light in the second processing period based on the first signal
in the second processing period, a fourth change amount
acquisition unit acquiring a fourth change amount corre-
sponding to an attenuation change amount of the second
light in the second processing period based on the second
signal in the second processing period, a second concentra-
tion calculation unit calculating a second concentration
corresponding to the concentration of the light absorbing
substance in blood of the subject in the second processing
period based on the third change amount and the fourth
change amount, a transit time calculation unit calculating a
transit time of blood in the biological tissue based on the first
concentration and the second concentration, and, an output
unit outputting at least one of the first concentration, the
second concentration, and the transit time.

[0014] According to the second aspect of the invention as
described above, there is provided a biological information
measurement systent including a light emitting unit emitting
first light having a first wavelength and second light having
a second wavelength, a photoreception unit outputting a first
signal or a second signal depending on photoreception
intensity of the first light and photoreception intensity of the
second light transmitted through or reflected by biological
tissue of a subject, a processing period setting unit extracting
a signal cycle corresponding to a cardiac cycle of the subject
for each of the first signal and the second signal and setting
a first processing period in a first part in which an effect of
arterial blood flowing to the biological tissue and setting a
second processing period in a second part in which an effect
of venous blood flowing from the biological tissue is domi-
nant in the signal cycle, a first change amount acquisition
unit acquiring a first change amount corresponding to an
attenuation change amount of the first light in the first
processing period based on the first signal in the first
processing period, a second change amount acquisition unit
acquiring a second change amount corresponding to an
attenuation change amount of the second light in the first
processing period based on the second signal in the first
processing period, a first concentration calculation unit
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calculating a first concentration corresponding to a concen-
tration of a light absorbing substance in blood of the subject
in the first processing period based on the first change
amount and the second change amount, a third change
amount acquisition unit acquiring a third change amount
corresponding to an attenuation change amount of the first
light in the second processing period based on the first signal
in the second processing period, a fourth change amount
acquisition unit acquiring a fourth change amount corre-
sponding to an attenuation change amount of the second
light in the second processing period based on the second
signal in the second processing period, a second concentra-
tion calculation unit calculating a second concentration
corresponding to the concentration of the light absorbing
substance in blood of the subject in the second processing
period based on the third change amount and the fourth
change amount, a transit time calculation unit calculating a
transit time of blood in the biological tissue based on the first
concentration and the second concentration, and, an output
unit outputting at least one of the first concentration, the
second concentration, and the transit time.

[0015] Examples of the light absorbing substance in blood
are oxyhemoglobin, deoxyhemoglobin, a dye, and the like.
[0016] In such a structure, the signal cycle corresponding
to the cardiac cycle of the subject obtained based on the
signal corresponding to the photoreception intensity in the
photoreception unit is divided into a portion in which the
effect of arterial blood flowing to the biological tissue is
dominant and a portion in which the effect of venous blood
flowing from the biological tissue is dominant. Then, the
attenuation change amount of these pieces of light having
the individual wavelengths are obtained for both parts, so
that two types of concentrations of a light absorbing sub-
stance in blood having different time-dependent change
characteristics are obtained. This enables the calculation of
the transit time of blood in the biological tissue while using
the principle of a pulse photometer having no invasion. The
first processing period and the second processing period are
necessarily shorter than the diastole phase or systole phase
of the heart of the subject. That is, the concentration of the
light absorbing substance in blood and the transit time of
blood of the subject can be calculated at high speed while
suppressing calculation loads. Accordingly, biological infor-
mation can be measured easily using the principle of a pulse
photometer.

[0017] The biological information measurement system
according to the second aspect may be configured such that
the transit time calculation unit calculates the transit time
based on a time difference between a time when the first
concentration takes the maxinium value and a time when the
second concentration takes the maximum value.

[0018] Alternatively, the biological information measure-
ment system according to the second aspect may be config-
ured such that the transit time calculation unit calculates the
transit time based on a time difference between a time when
the first concentration exceeds a threshold and a time when
the second concentration exceeds the threshold.

[0019] Alternatively, the biological information measure-
ment system according to the second aspect may be config-
ured such that the transit time calculation unit calculates the
transit time based on a difference between a first mean transit
time obtained based on time-dependent change of the first
concentration and a second mean transit time obtained based
on time-dependent change of the second concentration.
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[0020] Alternatively, the biological information measure-
ment system according to the second aspect may be config-
ured such that the transit time calculation unit calculates the
transit time based on a cross correlation function between
the first concentration and the second concentration.
[0021] The biological information measurement system
according to the second aspect may further include an air
circuit supplying air to be inhaled by the subject and an
oxygen concentration adjusting unit adjusting a concentra-
tion of oxygen included in the air.

[0022] In such a structure, the arterial blood oxygen satu-
ration of blood transmitted through the biological tissue can
be changed by changing the concentration of oxygen
included in air to be inhaled by the subject. That is, it is
possible to measure the transit time of blood in the biological
tissue of the subject using the principle of a pulse photom-
eter without the need to administer an indicator to a blood
flow. Accordingly, biological information of the subject can
be measured more easily using the principle of a pulse
photometer.

[0023] The biological information measurement system
according to the second aspect may further include a cuff
attachable to the subject so as to press a part of a blood flow
upstream of the biological tissue and a pressure control unit
capable of controlling pressure of the cuff.

[0024] In such a structure, the arterial blood oxygen satu-
ration of blood can be changed by stopping a blood flow
through pressing with the cuff. That is, it is possible to
measure the transit time of blood in the biological tissue of
the subject using the principle of a pulse photometer without
the need to administer an indicator to a blood flow. Accord-
ingly, biological information of the subject can be measured
more easily using the principle of a pulse photometer.
[0025] The biological information measurement system
according to the second aspect may further include a noti-
fying unit making a notice when a value of the transit time
falls outside a predetermined range.

[0026] In such a structure, the notice from the notifying
unit helps to determine peripheral circulation incompetence.
For example, when the value of the transit time falls below
a predetermined range, the disease state of sepsis can be
suspected.

[0027] To achieve the above object, according to a third
aspect of the invention, there is provided a light emitting unit
emitting first light having a first wavelength and second light
having a second wavelength, a photoreception unit output-
ting a first signal and a second signal depending on photo-
reception intensity of the first light and photoreception
intensity of the second light transmitted through or reflected
by biological tissue of a subject, a correlation coefficient
acquisition unit acquiring a correlation coeflicient between
the first signal and the second signal, a transit time calcu-
lation unit calculating a transit time of blood in the biologi-
cal tissue based on time-dependent change of the correlation
coeflicient, and an output unit outputting the concentration.
[0028] In such a structure, it is possible to measure the
transit time of blood in the biological tissue of the subject
using the principle of a pulse photometer without the need
to administer an indicator to a blood flow. In addition, the
transit time can be calculated using simple processing that
acquires the correlation coeflicient between the first signal
and the second signal. Accordingly, biological information
of the subject can be measured more easily using the
principle of a pulse photometer.
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[0029] The biological information measurement system
according to the third aspect may further include a notifying
unit making a notice when a value of the transit time falls
outside a predetermined range.

[0030] 1In such a structure, the notice from the notifying
unit helps to determine peripheral circulation incompetence.
For example, when the value of the transit time falls below
a predetermined range, the disease state of sepsis can be
suspected.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1is a block diagram illustrating a structure of
a biological information measurement system according to a
first embodiment.

[0032] FIGS. 2A-B illustrate a process performed by the
biological information measurement system in FIG. 1.
[0033] FIG. 3 is a block diagram illustrating a structure of
a biological information measurement system according to a
second embodiment.

[0034] FIGS. 4A-B illustrate a process performed by the
biological information measurement system in FIG. 3.
[0035] FIGS. SA-C illustrate a process performed by the
biological information measurement system in FIG. 3.
[0036] FIGS. 6A-B illustrate a process performed by the
biological information measurement system in FIG. 3.
[0037] FIG. 7 is a block diagram illustrating a structure of
a biological information measurement system according to a
third embodiment.

[0038] FIGS. 8A-G illustrate a process performed by the
biological information measurement system in FIG. 7.
[0039] FIGS. 9A-C illustrate a process performed by the
biological information measurement system in FIG. 7.

DETAILED DESCRIPTION

[0040] Examples of embodiments will be described in
detail below with reference to the attached drawings.
[0041] FIG. 1 is a block diagram illustrating a functional
structure of a biological information measurement system 1
(abbreviated below as the measurement system 1) according
to a first embodiment.

[0042] The measurement system 1 includes a light emit-
ting unit 10. The light emitting unit 10 is configured to emit
first light having a first wavelength A1 and second light
having a second wavelength A2. The first wavelength A1 is
880 nm or 940 nm, for example. The second wavelength A2
is 660 nm or 805 nm, for example. The first light is emitted
from, for example, a semiconductor light emitting device.
The second light is emitted from, for example, a semicon-
ductor light emitting device. Examples of the semiconductor
light emitting device are a light emitting diode (LED), laser
diode, organic EL device, and the like.

[0043] The first wavelength A1 and second wavelength A2
are determined as appropriate depending on the type of light
absorbing substance in blood for which the concentration is
calculated. Examples of the light absorbing substance in
blood are oxyhemoglobin, a dye (for example, indocyanine
green) to be administered to a blood flow, and the like.
Specifically, the wavelengths are determined so that the ratio
of absorption coefficients of blood substantially differs
depending on the concentration of the light absorber in
blood.

[0044] The measurement system 1 includes a photorecep-
tion unit 20. The photoreception unit 20 is configured to
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output a first signal S1 depending on intensity I1 of the first
light that has passed through or that is reflected by a
biological tissue 2 of the subject. In addition, the photore-
ception unit 20 is configured to output a second signal S2
depending on intensity 12 of the second light that has passed
through or that is reflected by the biological tissue 2 of the
subject. The photoreception unit 20 is, for example, an
optical sensor sensitive to the first wavelength A1 and the
second wavelength A2. Examples of the optical sensor are a
photodiode, phototransistor, photoresistor, and the like.
[0045] The measurement system 1 includes a processing
period setting unit 30. The processing period setting unit 30
is configured to extract a signal cycle corresponding to the
cardiac cycle of the subject for one of the first signal S1 and
the second signal S2 and set the processing period in one of
the first part in which the effect of arterial blood flowing to
the biological tissue 2 is dominant and the second part in
which the effect of venous blood flowing from the biological
tissue 2 1s dominant.

[0046] A case in which the above processing is performed
for the first signal S1 will be described with reference to
FIG. 2A. A waveform illustrated in FIG. 2A corresponds to
time-dependent changes of the intensity of the first signal
S1. As described above, the intensity of the first signal S1
corresponds to the intensity I1 of the first light in the
photoreception unit 20. Accordingly, a horizontal axis in
FIG. 2A represents time. A vertical axis represents a loga-
rithmic value of the intensity I1 of the first light. The
processing period setting unit 30 is configured to obtain the
intensity of the first signal S1 at predetermined sampling
periods. Fach of a plurality of small circles indicated along
the waveform represents the intensity of the first signal S1
obtained at each sampling point.

[0047] In FIG. 2A, alocal maximal value of the logarith-
mic value is indicated as 1 ;;,, and a local minimal value of the
logarithmic value is indicated as I, A time when the above
logarithmic value becomes the local maximal value I, is
indicated as t,. A time when the above logarithmic value
becomes the local minimal value I is indicated as t, .. The
processing period setting unit 30 1s configured to treat the
time period from the time t,, to the time t,, or the time
period from the time t,, to the time t, as the signal cycle
corresponding to the cardiac cycle of the subject.

[0048] In the signal cycle, in a period T1 (an example of
a first period) from the time t ;,, to the time t,,,, during which
the intensity I1 of the first light reduces, the effect of arterial
blood flowing to the biological tissue 2 is dominant. In
addition, in a period T2 (an example of the second period)
from the time t, , to the time t,, during which the intensity
11 of the first light increases, venous blood flowing from the
biological tissue 2 is dominant. The processing period
setting unit 30 is configured to set the processing period for
acquiring the attenuation change amount, which will be
described later, for one of the period T1 and the period T2.
The processing period is determined to be shorter than the
period T1 and the period T2 and is further determined to be
at least one sampling period. In FIG. 2A, a processing period
for the period T1 is shown as t,,,. A processing period for the
period T2 is shown as t_,,,.

[0049] Although not illustrated, the processing period
setting unit 30 is configured to be able to perform the same
processing for the second signal S2. The signal to be
processed is determined as appropriate depending on the
type of a light absorbing substance in blood for which the
concentration is calculated.

[0050] The measurement system 1 includes a first change
amount acquisition unit 41. The first change amount acqui-
sition unit 41 is configured to obtain a first change amount
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AA1 corresponding to the attenuation change amount of the
first light based on the first signal S1 (T) in the processing
period set by the processing period setting unit 30.

[0051] When the processing period set by the processing
period setting unit 30 is t,, in the first period T1, the first
change amount AA1 is obtained by the following expres-
sion.

AA2 = log[12(1) / 12(12)]

=log[i2(z1)] - log[{2(2)]

[0052] In this expression, t1 represents the starting point
of the processing period t,, and t2 represents the end point
of the processing period t,,,.

[0053] When the processing period set by the processing
period setting unit 30 is t_,, in the second period T2, the first
change amount AA1 is obtained by the following expres-
sion.

AA2 = log[l2(t4) 1 12(13)]

=1og[i2(13)] - log[/2(:3)]

[0054] In this expression, t3 represents the starting point
of the processing period t,,, and t4 represents the end point
of the processing period t,,,.

[0055] The measurement system 1 includes a second
change amount acquisition unit 42. The second change
amount acquisition unit 42 is configured to obtain the second
change amount AA2 corresponding to the attenuation
change amount of the second light based on the second
signal S2(T) in the processing period set by the processing
period setting unit 30.

[0056] When the processing period set by the processing
period setting unit 30 is t,,, in the first period T1, the second
change amount AA2 is obtained by the following expres-
sion.

AAL = log[I1 (1) /1112)]

=log[I1(z1)] — log[/1(z2)]

[0057] In this expression, t1 represents the starting point
of the processing period t,, and t2 represents the end point
of the processing period t,,,.

[0058] When the processing period set by the processing
period setting unit 30 is t_,, in the second period T2, the
second change amount AA2 is obtained by the following
expression.

AAL = logli1(#4)/ 11(3)]

= log[11(z4)] — log[I1(z3)]

[0059] In this expression, t3 represents the starting point
of the processing period t_,, and t4 represents the end point
of the processing period t,,,.

[0060] The measurement system 1 includes a concentra-
tion calculation unit 50. The concentration calculation unit
50 is configured to calculate a concentration C of a light
absorbing substance in blood of the subject based on the first



US 2016/0287099 A1

change amount AA1 obtained by the first change amount
acquisition unit 41 and the second change amount AA2
obtained by the second change amount acquisition unit 42.
Specifically, the concentration calculation unit 50 is config-
ured to calculate a change amount ratio ®@, which is the ratio
of the second change amount AA2 to the first change amount
AA1. The concentration C of the light absorbing substance
in blood is given by the following expression as a function
of the change amount ratio ®. The function f depends on the
light absorbing substance in blood.

C=D)

[0061] When the arterial blood oxygen saturation is cal-
culated as the concentration of a light absorbing substance in
blood, the ratio of oxyhemoglobin to the amount of hemo-
globin capable of carrying oxygen is obtained. As this ratio
increases, the ratio of deoxyhemoglobin reduces. That is,
when the arterial blood oxygen saturation is calculated, the
ratio of deoxyhemoglobin is treated as the concentration of
a light absorbing substance in blood.

[0062] The measurement system 1 includes an output unit
60. The output unit 60 is configured to output the concen-
tration C calculated by the concentration calculation unit 50.
The output unit 60 may have various aspects. For example,
the output unit 60 may be a display unit visually providing
the concentration C. Alternatively, the output unit 60 may be
configured to providing the concentration C as a voice
output. Alternatively, the output unit 60 may be configured
as a terminal capable of outputting a signal indicating the
concentration C externally.

[0063] Inthe embodiment, the signal cycles corresponding
to the cardiac cycles of the subject obtained based on the
signal corresponding to the photoreception intensity in the
photoreception unit 20 is divided into a portion in which the
effect of arterial blood flowing to the biological tissue 2 is
dominant and a portion in which the effect of venous blood
flowing from the biological tissue 2 is dominant. The
processing period is set for only one of both portions and the
attenuation change amount of each light having each indi-
vidual wavelength is obtained. The processing period is
necessarily shorter than the diastole phase or the systole
phase of the heart of the subject. That is, the concentration
of a light absorbing substance in blood of the subject can be
calculated at high speed while suppressing calculation loads.
Accordingly, biological information can be measured easily
using the principle of a pulse photometer.

[0064] As illustrated by dashed lines in FIG. 1, the mea-
surement system 1 may include a differential signal acqui-
sition unit 31. The differential signal acquisition unit 31 is
configured to obtain a differential signal by differentiating
one of the first signal S1 and the second signal S2 for which
the processing period setting unit 30 sets the processing
period. In FIG. 1, the differential signal of the first signal S1
is indicated as DS1 and the differential signal of the first
signal S2 is indicated as DS2.

[0065] A case in which a differential signal DS1 is
obtained from the first signal S1 will be described with
reference to FIG. 2B. A waveform illustrated in FIG. 2B
corresponds to the time-dependent change of the intensity of
the differential signal DS1. As described above, the intensity
of the differential signal DS1 corresponds to the differenti-
ated value of the intensity I1 of the first light. Accordingly,
a horizontal axis represents time in FIG. 2B. A vertical axis
indicates the differentiated value of the logarithmic value of
the intensity I1 of the first light.

[0066] In FIG. 2B, a maximum value of the differentiated
value is indicated as DI, and a minimum value of the
differentiated value is indicated as DI . The differentiated
value corresponds to the change in the amount (that is, the
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amount of blood flow) of blood through which the first light
passes. Accordingly, the minimum value DI of the differ-
entiated value indicates the point at which the ratio of the
inflow amount of arterial blood to the outflow amount of
venous blood becomes maximum. The maximum value
DI, of the differentiated value indicates the point at which
the ratio of the outflow amount of venous blood to the inflow
amount of arterial blood becomes maximum.

[0067] Inthis case, the processing period setting unit 30 is
configured to set the processing period t,, in the first period
T1 of the cardiac cycle based on the minimum value of the
differential signal DS1 corresponding to the minimum value
DI, of the differentiated value. For example, the processing
period t,, is determined to be shorter than the period T1 and
to be at least one sampling period of the first signal S1
beginning with the time corresponding to the minimum
value of the differential signal DS1.

[0068] In such a structure, only by performing simple
processing that differentiates the first signal S1, the process-
ing period t,, can be set at the feature point at which the
effect of arterial blood flowing to the biological tissue 2 is
the most dominant. Accordingly, it is possible to improve the
effect of the above structure that can easily measure bio-
logical information using the principle of the pulse photom-
eter.

[0069] Alternatively, the processing period setting unit 30
is configured to set the processing period t_,, in the second
period T2 of the cardiac cycle based on the maximum value
of the differential signal DS1 corresponding to the maximum
value DI, of the differentiated value. For example, pro-
cessing period t,,, is determined to be shorter than the period
T2 and to be at least one sampling period of the first signal
S1 beginning with the time corresponding to the maximum
value of the differential signal DS1.

[0070] In such a structure, only by performing simple
processing that differentiates the first signal S1, the process-
ing period t,,, can be set at the feature point at which the
effect of venous blood flowing from the biological tissue 2
is the most dominant. Accordingly, it is possible to improve
the effect of the above structure that can easily measure
biological information using the principle of the pulse
photometer.

[0071] Although not illustrated, the differential signal
acquisition unit 31 is configured to be able to perform the
same processing for the second signal S2. The signal to be
processed is determined as appropriate depending on the
type of a light absorbing substance in blood for which the
concentration is calculated.

[0072] In the measurement system 1, the functions of the
processing period setting unit 30, the differential signal
acquisition unit 31, the first change amount acquisition unt
41, the second change amount acquisition unit 42, and the
concentration calculation unit 50 are provided by software
executed by a combination of a processor and a memory
interconnected communicably. Examples of the processor
include a central processing unit (CPU) and a microproces-
sor unit (MPU). Examples of the memory include a random
access memory (RAM) and read-only memory (ROM).
However, at least one of the functions of the processing
period setting unit 30, the differential signal acquisition unit
31, the first change amount acquisition unit 41, the second
change amount acquisition unit 42, and the concentration
calculation unit 50 may be provided by hardware such as
circuit devices or a combination of hardware and software.
[0073] FIG. 3 is a block diagram illustrating the functional
structure of a biological information measurement system
101 (abbreviated hereinafter as the measurement system
101) according to a second embodiment. Components hav-
ing the same structures or functions as in the measurement
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system 1 according to the first embodiment are given the
same reference numerals and duplicate descriptions are
omitted.

[0074] The measurement system 101 includes a process-
ing period setting unit 130. The processing period setting
unit 130 is configured to extract the signal cycle correspond-
ing to the cardiac cycle of the subject for each of the first
signal S1 and the second signal S2. The case in which the
above processing is performed for the first signal S1 will be
described with reference to FIG. 4A. Since FIG. 4A is
identical to FIG. 2A, duplicate descriptions are omitted. The
processing period setting unit 130 is configured to be able to
perform the same processing for the second signal S2.

[0075] The processing period setting unit 130 is config-
ured to assume the time period from the time t,, to the time
t4, or the time period from the time t,,, to the time t, , as the
signal cycle corresponding to the cardiac cycle of the
subject. The processing period setting unit 130 is configured
to set the first processing period t;, in the first period T1 in
which arterial blood flowing to the biological tissue 2 is
dominant and set the second processing period t,,, in the
second period T2 in which venous blood flowing from the
biological tissue 2 is dominant. The processing period is
determined to be shorter than the period T1 and the period
T2 and to be at least one sampling period.

[0076] In the setting of the first processing period and the
second processing period, it is possible to apply the structure
and function of the differential signal acquisition unit 31
described with reference to the measurement system 1
according to the first embodiment.

[0077] The measurement system 101 includes a first
change amount acquisition unit 141. The first change
amount acquisition unit 141 is configured to obtain the first
change amount AA1 corresponding to the attenuation
change amount of the first light in the first processing period
t;,, set by the processing period setting unit 130 based on the
first signal S1 (T1) in the first processing period t,,,. The first
change amount AA1 is obtained by the following expres-
sion.

AAL = log[I1 (1) /11(2)]

=log[1(1)] — log[/1(12)]

[0078] In this expression, t1 represents the starting point
of the first processing period t,, and t2 represents the end
point of the first processing period t, .

[0079] The measurement system 101 includes a second
change amount acquisition unit 142. The second change
amount acquisition unit 142 is configured to obtain the
second change amount AA2 corresponding to the attenuation
change amount of the second light in the first processing
period t,, set by the processing period setting unit 130 based
on the second signal S2 (T1) in the first processing periodt,,.
The second change amount AA2 is obtained by the follow-
ing expression.

AA2 = log[12(11) [ 12(12)]

=log[12(x])] — log[12(12)]

[0080] 1In this expression, t1 represents the starting point
of the processing period t,, and 2 represents the end point
of the first processing period t,,,.
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[0081] The measurement system 101 includes a third
change amount acquisition unit 143. The third change
amount acquisition unit 143 is configured to obtain a third
change amount AA3 corresponding to the attenuation
change amount of the first light in the second processing
periodt,,, set by the processing period setting unit 130 based
on the first signal S1 (T2) in the second processing period
t,,,- The third change amount AA3 is obtained by the
following expression.

AA3 = logli1 (1) 11(3)]

= log[I1(4)] — log[11(3)]

[0082] In this expression, t3 represents the starting point
of the second processing period t,,, and t4 represents the end
point of the second processing period t,,,,.

[0083] The measurement system 101 includes a fourth
change amount acquisition unit 144. The fourth change
amount acquisition unit 144 is configured to obtain a fourth
change amount AA4 corresponding to the attenuation
change amount of the second light in the second processing
periodt,,, set by the processing period setting unit 130 based
on the second signal S2 (T2) in the second processing period
t,,, The fourth change amount AA4 is obtained by the
following expression.

AA4 =log[i2(t4) [ 12(13)]

=1og[i2(:3)] — log[/2(:3)]

[0084] In this expression, t3 represents the starting point
of the processing period t,,, and t4 represents the end point
of the processing period t_,,,.

[0085] The measurement system 101 includes a first con-
centration calculation unit 151. The first concentration cal-
culation unit 151 is configured to obtain the first concentra-
tion C1 corresponding to the concentration of a light
absorbing substance in blood of the subject in the first the
first processing period t,, based on the first change amount
AA1 obtained by the first change amount acquisition umt
141 and the second change amount AA2 obtained by the
second change amount acquisition unit 142. Specifically, the
first concentration calculation unit 151 is configured to
calculate a first change amount ratio ®,,, which is the ratio
of the second change amount AA2 to the first change amount
AAL. The first concentration C1 is given by the following
expression as a function of the first change amount ratio ®,,.
The function f1 depends on the light absorbing substance in
blood.

ClA1(®,,)

[0086] The measurement system 101 includes a second
concentration calculation unit 152. The second concentra-
tion calculation unit 152 is configured to calculate a second
concentration C2 corresponding to the concentration of a
light absorbing substance in blood of the subject in the
second processing period t,,, based on the third change
amount AA3 obtained by the third change amount acquisi-
tion unit 143 and the fourth change amount AA4 obtained by
the fourth change amount acquisition unit 144. Specifically,
the second concentration calculation unit 152 is configured
to calculate a second change amount ratio @, which is the
ratio of the fourth change amount AA4 to the third change
amount AA3. The second concentration C2 is given by the
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following expression as a function of the second change
amount ratio @, .. The function 2 depends on the light
absorbing substance in blood.

C22D,..)

[0087] The measurement system 101 includes a transit
time calculation unit 153. The transit time calculation unit
153 is configured to calculate a transit time Tt of blood in the
biological tissue 2 based on the first concentration C1
calculated by the first concentration calculation unit 151 and
the second concentration C2 calculated by the second con-
centration calculation unit 152.

[0088] FIG. 4B illustrates the operation of the transit time
calculation unit 153. FIG. 4B illustrates the time-dependent
change of the first change amount ratio ®,, corresponding to
the first concentration C1 and the second change amount
ratio ®,,,, corresponding to the second concentration C2.
Circles FIG. 4B indicate the time-dependent change of the
attenuation change amount obtained by a conventional pulse
photometer as a comparison example. In the conventional
pulse photometer, between the time (that is, t,,) when the
photoreception intensity in the photoreception unit becomes
the maximum and the time (that is, t.,,) when the photore-
ception intensity becomes the minimum, the attenuation is
obtained for each of light having each wavelength and the
attenuation ratio is calculated. Here, 940 nm is selected as
the first wavelength A1 and 805 nm is selected as the second
wavelength A.2. The first change amount ratio ®,, and the
second change amount ratio ®,,, are calculated by the
following expressions.

out
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[0089] The time-dependent change of the first change
amount ratio @,, in which the effect of arterial blood flowing
to the biological tissue 2 is dominant is similar, in principle,
to the time-dependent change of the change amount ratio
calculated by a conventional pulse photometer. However,
the time-dependent change of the second change amount
ratio @, in which the effect of venous blood flowing from
the biological tissue 2 is dominant is significantly different
from the time-dependent change of the first change amount
ratio @,,,. Specifically, the second change amount ratio @,
increases monotonically and reduces monotonically behind
the first change amount ratio ®@,,. This time delay corre-
sponds to the transit time of blood Tt in the biological tissue
2 to be calculated.

[0090] The measurement system 101 includes an output
unit 160. The output unit 160 is configured to output at least
one of the first concentration C1 calculated by the first
concentration calculation unit 151, the second concentration
C2 calculated by the second concentration calculation unit
152, and the transit time Tt calculated by the transit time
calculation unit 153. The output unit 160 may have various
aspects. For example, the output unit 160 may be a display
unit visually providing at least one of the first concentration
C1, the second concentration C2, and the transit time Tt.
Alternatively, the output unit 160 may be configured to
provide at least one of the first concentration C1, second
concentration C2, and the transit time Tt as a voice output.
Alternatively, the output unit 160 may be configured as a
terminal capable of outputting a signal indicating at least one
of the first concentration C1, second concentration C2, and
the transit time Tt.

[0091] Conventionally, an indicator dilution method has
been used to measure the transit time. A dye is often used as
an indicator. The dye is administered upstream of a blood
flow to be transferred to the biological tissue to draw the dye

=AA44/A43
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densitogram indicating the time-dependent change of the
concentration of the dye in blood for each of the blood vessel
through which the blood flows to the biological tissue and
the blood vessel through which the blood flows from the
biological tissue.

[0092] When the concentration of the dye is measured at
a measurement point A from which arterial blood flows to
the biological tissue, a dye densitogram as illustrated in FIG.
5A is acquired. The dye is administered at time 0. The
administered dye is transferred to the biological tissue while
being diffused by a blood flow. The dye densitogram
obtained at the measurement point A has a curve that
increases monotonically, reduces monotonically, and has a
single peak. The time period from the time when the dye is
administered and the time when the area under the curve
(AUCQ) is halved is referred to as a mean transit time (MTT).
In FIG. 5A, the mean transit time at the measurement point
A is indicated as MTTA.

[0093] The dye having been transmitted the biological
tissue appears at a measurement point B at which venous
blood flows. When the concentration of the dye is measured
at the measurement point B, a dye densitogram as illustrated
in FIG. 5B is obtained. The dye is administered at time 0.
The concentration increases monotonically behind the mea-
surement point A and the peak of the curve is reduced by the
amount of diffusion. In FIG. 5B, the mean transit time at the
measurement point B is indicated as MTTB.

[0094] Since the dye does not disappear after being trans-
mitted through the biological tissue, the area under the curve
at the measurement point A is the same as the area under the
curve at the measurement point B. The time difference
(MTT A to B) between MTTA and MTTB in FIG. 5C
corresponds to the time for the dye to be transmitted through
the biological tissue, that is, the transit time of blood in the
biological tissue.

[0095] If a catheter is inserted into the measurement point
A and the measurement point B and the concentration of the
dye is measured while drawing blood continuously (a
cuvette method), the transit time of blood equivalent to the
time difference between MTTA and MTTB is obtained.
However, invasion with a catheter gives excessive loads to
the subject.

[0096] The pulse dye dilution method has been known as
a non-invasive method. In this method, the concentration of
a dye in arterial blood is measured continuously using the
principle of a pulse photometer. However, this method can
obtain only the concentration of the dye in arterial blood.
Accordingly, MTTA can be obtained, but the time difference
between MTTA and MTTB cannot be obtained. The curve
illustrated as a comparison example in FIG. 4B corresponds
to the dye densitogram obtained by the pulse dye dilution
method.

[0097] In the embodiment, the signal cycle corresponding
to the cardiac cycle of the subject obtained based on the
signal corresponding to the photoreception intensity in the
photoreception unit 20 is divided into a portion in which the
effect of arterial blood flowing to the biological tissue 2 is
dominant and a portion in which the effect of venous blood
flowing from the biological tissue 2 is dominant. An attenu-
ation change amount of each light having each wavelength
is obtained for both portions, so that two types of concen-
trations of light absorbing substance in blood having differ-
ent time-dependent change characteristics are obtained as in
the dye densitograms illustrated in FIGS. 5A and 5B. This
enables the calculation of the transit time Tt of blood in the
biological tissue 2 while using the principle of a pulse
photometer without invasion.

[0098] The first processing period and the second process-
ing period are necessarily shorter than the diastole phase or
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the systole phase of the heart of the subject. That is, the
concentration of a light absorbing substance in blood and the
transit time of blood of the subject can be calculated at high
speed while suppressing calculation loads. Accordingly,
biological information can be measured easily using the
principle of a pulse photometer.

[0099] Some examples can be considered as methods for
obtaining the transit time Tt based on the first change
amount ratio ®,, corresponding to the first concentration C1
and the second change amount ratio @, corresponding to
the second concentration C2 illustrated in FIG. 4B.

[0100] In the example illustrated in FIG. 4B, the transit
time Tt is calculated based on the difference in the mean
transit time obtained from the time-dependent change of the
change amount ratios as in the example illustrated in FIG.
5C. Specifically, the time period until the area under the
curve (AUC) is halved is obtained as the second mean transit
time from the time-dependent change of the first change
amount ratio ®@,,. Similarly, the time period until the area
under the curve (AUC) is halved is obtained as the second
mean transit time from the time-dependent change of the
second change amount ratio ®,,. The transit time Tt is
calculated as the difference between the first mean transit
time and the second mean transit time.

[0101] Alternatively, the transit time Tt may calculated
based on the time difference between the time when the first
change amount ratio @,, becomes the maximum value and
the time when the second change amount ratio @, becomes
the maximum value.

[0102] Alternatively, the transit time Tt may calculated
based on the time difference between a time when the first
change amount ratio @, exceeds a predetermined threshold
and a time when the second change amount ratio @,
exceeds the predetermined threshold. In this case, the thresh-
old needs to be set to a value lower than the maximum value
of the second change amount ratio @ ,,,, which is lower than
the maximum value of the first change amount ratio ®,,,.
[0103] Alternatively, the transit time Tt may be calculated
based on a cross correlation function between the first
change amount ratio @,, and the second change amount ratio
@, Since the time-dependent change characteristics of the
first change amount ratio ®,, are similar to the time-depen-
dent change characteristics of the second change amount
ratio ®_,,,, a time period from a reference time related to the
first change amount ratio @, to the time when the maximum
value of the cross correlation function is obtained can be
assumed to be the delay in the time-dependent change of the
second change amount ratio @, from the time-dependent
change of the first change amount ratio ®,,. This delay is
calculated as the transit time Tt.

[0104] The transit time Tt can be also calculated based on
the time-dependent change of the arterial blood oxygen
saturation. Such examples will be described below.

[0105] As illustrated by dashed lines in FIG. 3, the mea-
surement system 101 may include an air circuit 111 and an
oxygen concentration adjusting unit 112. In this case, the air
circuit 111 is configured to be able to supply air to be inhaled
by the subject. The oxygen concentration adjusting unit 112
is configured to adjust an oxygen concentration FiO2
included in air to be supplied via the air circuit 111.
[0106] The oxygen concentration adjusting unit 112
reduces the oxygen concentration FiO2 in air to be inhaled
by the subject, for a predetermined period. After that, the
oxygen concentration adjusting unit 112 returns the oxygen
concentration FiO2 to the normal value. FIG. 6A illustrates
the time-dependent change of the first change amount ratio
corresponding to the first concentration C1 calculated by the
first concentration calculation unit 151 and the second
change amount ratio ®,,,, corresponding to the second con-
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centration C2 calculated by second concentration C2. Here,
940 nm is selected as the first wavelength A1 and 660 nm is
selected as the second wavelength A2. The first change
amount ratio ®,, and the second change amount ratio ®
are calculated by the following expression.

out
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[0107] The first change amount ratio ®,, and the second
change amount ratio @_,, have a negative correlation with
respect to the arterial blood oxygen saturation. Accordingly,
reduction in the first change amount ratio ®,, and the second
change amount ratio @, , indicates an increase in the arterial
blood oxygen saturation. Accordingly, these change amount
ratios increase as the oxygen concentration FiO2 reduces
and these change amount ratios reduce as the concentration
of oxygen FiO2 increases. As in the example described
above, the time-dependent change of the first change amount
ratio in which the effect of arterial blood flowing to the
biological tissue 2 is dominant is similar to the time-
dependent change of the change amount ratio calculated by
a conventional pulse photometer. However, the time-depen-
dent change of the second change amount ratio ®,,,, in which
the effect of venous blood flowing from the biological tissue
2 is dominant is significantly different from the time-depen-
dent change of the first change amount ratio ®@,,. Specifi-
cally, the second change amount ratio @, increases mono-
tonically and reduces monotonically behind the first change
amount ratio @,,,.

[0108] In this example, if the value when the first change
amount ratio @, , starts reducing is 100% and the value when
the first change amount ratio ®,, ends reducing is 0%, the
time difference between the time when the first change
amount ratio ®,, reduces to the value corresponding to 50%
and the time when the second change amount ratio @,
reduces to the value corresponding to 50% is calculated as
the transit time Tt.

[0109] Reduction in the oxygen concentration FiO2 by the
oxygen concentration adjusting unit 112 can be considered
as pseudo reproduction of the state in which the subject
holds the breath. Accordingly, if the subject awakes, the
above change of the arterial blood oxygen saturation can
also be caused by having the subject to hold the breath. In
addition, the above change of the arterial blood oxygen
saturation can also be caused by having the subject to raise
the hand in the state in which the light emitting unit 10 and
the photoreception unit 20 are attached to the tissue of the
fingertip of the subject.

[0110] In such a structure, it is possible to measure the
transit time Tt of blood in the biological tissue 2 of the
subject using the principle of a pulse photometer without the
need to administer an indicator to a blood flow. Accordingly,
biological information of the subject can be measured more
easily using the principle of a pulse photometer. In addition,
it is possible to obtain the change history of the transit time
Tt by adjusting the concentration of oxygen using the
oxygen concentration adjusting unit 112 at regular time
intervals and calculating the transit time Tt. This notifies the
trend of the deterioration and improvement in peripheral
circulation of the subject.

[0111] As illustrated by dashed lines in FIG. 3, the mea-
surement system 101 may include a cuff 113 and a pressure
control unit 114. In this case, the cuff 113 can be attached to
the subject s0 as to press a blood flow upstream side of the
biological tissue 2 of the subject. For example, when the
light emitting unit 10 and the photoreception unit 20 are
attached to a tip of a finger, the cuff 113 is attached to a blood
flow upstream side of the finger (for example, the part

=AA44/A43
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between the second joint and the third joint) and the pressure
control unit 114 is configured to be able to control the
pressure of the cuff 113.

[0112] The pressure control unit 114 raises the pressure of
the cuff’ 113 by blowing air to the cuff 113. When the
pressure of the cuff 113 reaches a predetermined value, the
pressure control unit 114 keeps this state for a predetermined
time. This presses the part to which the cuff 113 has been
attached. After an elapse of the predetermined time, the
pressure control unit 114 releases the pressure of the cuff
113. FIG. 6B illustrates the time-dependent change of the
first change amount ratio ®,, corresponding to the first
concentration C1 calculated by the first concentration cal-
culation unit 151 and the second change amount ratio @,
corresponding to the second concentration C2 calculated by
the second concentration calculation unit 152, in this case.
For the same components as in FIG. 6A, duplicate descrip-
tions are omitted.

[0113] Since the blood flow stops during pressing, the first
signal S1 and the second signal S2 having the signal cycle
corresponding to the cardiac cycle are not obtained. Accord-
ingly, the first change amount ratio ®,, and the second
change amount ratio @, , are not also obtained. When the
pressure of the cuff 113 is released, the first change amount
ratio @, is greatly separated from the second change amount
ratio @, in the signal cycle corresponding to the first
heartbeat. This separation is caused by the difference in the
oxygen saturation between arterial blood and venous blood.
Immediately after release from the pressing, the oxygen
saturation of the biological tissue 2 including venous blood
is low. Venous blood having high oxygen saturation flows in
the biological tissue 2. As blood having small oxygen
saturation flows out, the difference between the first change
amount ratio ®,, and the second change amount ratio ®,_,
reduces. The time period from the release from pressing to
a steady state in which the difference between both ratios is
substantially zero is calculated as the transit time Tt. The
time when the steady state is reached may be, for example,
the time when the difference between the first change
amount ratio @,,, and the second change amount ratio ®,,,, s
equal to or less than a predetermined threshold.

[0114] Also in such a structure, it is possible to measure
the transit time Tt of blood in the biological tissue 2 of the
subject using the principle of a pulse photometer without the
need to administer an indicator to a blood flow. Accordingly,
biological information of the subject can be measured more
easily using the principle of a pulse photometer. In addition,
it is possible to obtain the change history of the transit time
Tt by adjusting the pressure of the cuff’ 113 using the
pressure control unit 114 at regular time intervals and
calculating the transit time Tt. This notifies the trend of the
deterioration and improvement in peripheral circulation of
the subject.

[0115] As illustrated by dashed lines in FIG. 3, the mea-
surement system 101 may include a notifying unit 161. The
notifying unit 161 is configured to notify when the value of
the transit time Tt calculated by the transit time calculation
unit 153 is outside a predetermined range. The notifying unit
161 may have various aspects. For example, the notifying
unit 161 visually notifies the fact that the value of the transit
time Tt calculated by the transit time calculation unit 153 is
outside the predetermined range. Alternatively, the notifying
unit 161 provides the fact as a voice output. Alternatively,
the notifying unit 161 outputs a signal indicating the fact
externally.

[0116] In such a structure, notification from the notifying
unit 161 assists diagnosis of peripheral circulation incom-
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petence. For example, when the value of the transit time Tt
falls below a predetermined range, the disease state of sepsis
may be suspected.

[0117] In the disease state of sepsis, the expansion of
arteries and arteriols, reduction of peripheral artery resis-
tance, and increase in the amount of cardiac output first
arise. This stage is referred to as a warm shock. Since the
blood flows from artery to vein bypassing blood capillary in
this state, oxygen in the peripheral tissue becomes insuffi-
cient. Such a blood flow bypassing blood capillary is
referred to as a shunt blood flow. When this disease state
progresses, the amount of cardiac output reduces, the blood
pressure reduces, and shock disease occurs. In this stage,
metabolic disorder occurs in the peripheral tissue. Accord-
ingly, it is important to find the disease state in the stage of
the warm shock and start treatment in an early stage. Since
the blood flow does not pass through the peripheral tissue
when a shunt blood flow is present, the difference in the
oxygen saturation between artery and vein is small. Accord-
ingly, the transit time of blood in the peripheral tissue
becomes short. In the above structure, the early detection of
the disease state of sepsis can be helped using simple
measurement that uses the principle of a pulse photometer.
[0118] In the measurement system 101, the functions of
the processing period setting unit 130, the first change
amount acquisition unit 141, the second change amount
acquisition unit 142, the third change amount acquisition
unit 143, the fourth change amount acquisition unit 144, the
first concentration calculation unit 151, the second concen-
tration calculation unit 152, and the transit time calculation
unit 153 are provided by software executed by a combina-
tion of a processor and a memory interconnected commu-
nicably. Examples of the processor are a CPU and MPU.
Examples of the memory are a RAM and ROM. However,
at least one of the functions of the processing period setting
unit 130, the first change amount acquisition unit 141, the
second change amount acquisition unit 142, the third change
amount acquisition unit 143, the fourth change amount
acquisition unit 144, the first concentration calculation umit
151, the second concentration calculation unit 152, and the
transit time calculation unit 153 may be provided by hard-
ware such as circuit devices or a combination of hardware
and software.

[0119] FIG. 7is a block diagram illustrating the functional
structure of a biological information measurement system
201 (abbreviated below as the measurement system 201)
according to a third embodiment. Components having the
same structures or functions as in the measurement system
1 according to the first embodiment and the measurement
system 101 according to the second embodiment are given
the same reference numerals and duplicate descriptions are
omitted.

[0120] The measurement system 201 includes a correla-
tion coeflicient acquisition unit 231. The correlation coeffi-
cient acquisition unit 231 is configured to obtain a correla-
tion coefficient Cc between the first signal S1 and the second
signal S2 output from the photoreception unit 20.

[0121] The measurement system 201 includes a transit
time calculation unit 253. The transit time calculation unit
253 is configured to calculate the transit time Tt of blood in
the biological tissue 2 based on the correlation coeflicient Cc
obtained by the correlation coefficient acquisition unit 231.
[0122] The measurement system 101 according to the
second embodiment calculates the transit time Tt using the
difference in the concentration of a light absorbing substance
in blood between the blood flowing to the biological tissue
2 and the blood flowing from the biological tissue 2. The
present embodiment focuses on the difference between the
waveform of the first signal S1 in the signal cycle corre-
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sponding to the cardiac cycle of the subject and the wave-
form of the second signal S2 in the signal cycle and
calculates the transit time Tt based on the difference.
[0123] FIG. 8A illustrates the time-dependent change of
the logarithmic value of the intensity 11 of the first light and
the logarithmic value of the intensity 12 of the second light
when the subject is caused to stop the breath and then caused
to resume the breath after a predetermined time. In this case,
940 nm is selected as the first wavelength A1 and 660 nm is
selected as the second wavelength A2. Substantially in the
middle in the horizontal direction of FIG. 8A, it can be seen
that the direct current component of the intensity 12
increases. The increase is caused since the blood in which
the oxygen saturation has been raised by resumption of the
breath reaches the biological tissue 2.

[0124] FIG. 8B illustrates the time-dependent change of
the first change amount ratio and the second change amount
ratio @,,, measured by the measurement system 201 accord-
ing to the second embodiment in this case.

[0125] FIG. 8C illustrates the time-dependent change of
the correlation coefficient between the time-dependent
change waveform for the intensity 11 and the time-depen-
dent change waveform for the intensity 12 illustrated in FIG.
8A. As the comparison in FIG. 8B illustrates, the correlation
coeflicient Cc drops in the period in which the first change
amount ratio @, differs from the second change amount
ratio @, That is, when there is a difference in the oxygen
saturation between the blood flowing to the biological tissue
2 and the blood flowing from the biological tissue 2, the
time-dependent change waveform for the intensity I1 is not
similar to the time-dependent change waveform for the
intensity 12.

[0126] FIG. 8D is an enlarged view of a portion (one
signal cycle) indicated by symbol t, in FIG. 8 A. This portion
corresponds to the signal cycle in which the correlation
coeflicient Cc is low. FIG. 8E illustrates a Lissajous wave-
form indicating the time-dependent change of the logarith-
mic value of the intensity I1 and the logarithmic value of the
intensity 12 when the logarithmic value of the intensity I1 is
plotted on the horizontal axis and the logarithmic value of
the intensity 12 is plotted on the vertical axis.

[0127] FIG. 8F is an enlarged view of a portion (one signal
cycle) indicated by symbol t; in FIG. 8A. This portion
corresponds to the signal cycle in which the correlation
coeflicient Cc is high. FIG. 8G illustrates a Lissajous wave-
form corresponding to FIG. 8E.

[0128] As illustrated in FIG. 8E, when the correlation
coeflicient Cc is low, the inclinations of the Lissajous figures
greatly differ from each other due to the difference in the
oxygen saturation between the inflow phase and the outflow
phase of a blood flow. As illustrated in FIG. 8G, when the
correlation coeflicient Cc is high, since the difference in the
oxygen saturation between the inflow phase and the outflow
phase of a blood flow is small, the inclinations of the
Lissajous figures do not greatly differ from each other.
[0129] The transit time calculation unit 253 is configured
to calculate the time period from when the correlation
coefficient Cc reduces to when the correlation coefficient Cc
returns to the original value as the transit time Tt. For
example, as illustrated in FIG. 8C, a predetermined thresh-
old th is set as appropriate. The transit time calculation unit
253 may be configured to determine the time period in which
the correlation coefficient Cc is lower than the threshold th
to be the transit time Tt. The transit time Tt may be
determined based on an appropriate rule concerning the
Lissajous waveforms illustrated in FIGS. 8E and 8G.
[0130] The period in which the correlation coeflicient
acquisition unit 231 obtains the correlation coefficient Cc is
not limited to one signal cycle corresponding to the cardiac
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cycle of the subject. The cycle may be determined arbitrarily
as long as the cycle is sufficiently shorter (for example, 1
second) than the transit time.

[0131] In this example, the arterial blood oxygen satura-
tion is changed by causing the subject to stop the breath.
However, the arterial blood oxygen saturation may be
changed using a combination of the air circuit 111 and the
oxygen concentration adjusting unit 112 described with
reference to the measurement system 201 according to the
second embodiment or a combination of the cuff 113 and the
pressure control unit 114.

[0132] In the structure according to the embodiment, it is
possible to measure the transit time Tt of blood in the
biological tissue 2 of the subject using the principle of a
pulse photometer without the need to administer an indicator
to a blood flow. In addition, the transit time Tt can be
calculated by simple processing that acquires the correlation
coeflicient between the first signal S1 and the second signal
S2. Accordingly, biological information of the subject can be
measured more easily using the principle of a pulse pho-
tometer.

[0133] FIG. 9A illustrates the time-dependent change of
the logarithmic value of the intensity 11 of the first light and
the logarithmic value of the intensity 12 of the second light
in the case in which the light emitting unit 10 and the
photoreception unit 20 are attached to the fingertip of the
subject, the subject is made to raise the hand and hold the
breath, and made to resume breathing after a predetermined
time. In this case, 940 nm is selected as the first wavelength
A1 and 660 nm is selected as the second wavelength A2. FIG.
9B illustrates the time-dependent change of the first change
amount ratio @,,, and the second change amount ratio @,
measured by the measurement system 201 according to the
second embodiment in this case.

[0134] FIG. 9C illustrates the time-dependent change of
the correlation coefficient between the time-dependent
change waveform for the intensity I1 and the time-depen-
dent change waveform for the intensity 12 illustrated in FIG.
9A. In this example, as FIG. 9B illustrates, there is no
significant difference between the time-dependent change of
the first change amount ratio ®,, and the time-dependent
change of the second change amount ratio ®@_,,. However, if
the correlation coefficient between the time-dependent
change waveform for the intensity 11 and the time-depen-
dent change waveform for the intensity 12 is obtained, the
difference between the time-dependent change waveform
for the intensity 11 and the time-dependent change wave-
form for the intensity 12 can be easily recognized. Accord-
ingly, in the structure of the present embodiment, even when
it 1s difficult to recognize significant difference between the
time-dependent change of the first change amount ratio ®,,
and the time-dependent change of the second change amount
ratio ®,,,, the transit time Tt can be calculated easily.

[0135] In the measurement system 201, the functions of
the correlation coefficient acquisition unit 231 and the transit
time calculation unit 253 are provided by software executed
by a combination of a processor and a memory intercon-
nected communicably. Examples of the processor include a
CPU and MPU. Examples of the memory include a RAM
and ROM. However, at least one of the functions of the
correlation coefficient acquisition unit 231 and the transit
time calculation unit 253 may be provided by hardware such
as circuit devices or a combination of hardware and soft-
ware.

[0136] The above embodiments are only examples that
facilitate the understanding of the invention. The structures
according to the above embodiments may be changed or
modified as appropriate without departing from the spirit of
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the invention. In addition, it will be appreciated that equiva-
lents fall within the technical range of the invention.

What is claimed is:

1. A biological information measurement system com-
prising:

a light emitting unit configured to emit first light having

a first wavelength and second light having a second
wavelength;

a photoreception unit configured to output a first signal
and a second signal depending on photoreception inten-
sity of the first light and photoreception intensity of the
second light that has passed through biological tissue of
a subject or that is reflected by the biological tissue of
the subject;

a processing period setting unit configured to extract a
signal cycle corresponding to a cardiac cycle of the
subject for one of the first signal and the second signal,
and further configured to set a first processing period in
one of a first period in which an effect of arterial blood
flowing to the biological tissue is dominant and a
second period in which an effect of venous blood
flowing from the biological tissue is dominant in the
signal cycle;

a first change amount acquisition unit configured to obtain
a first change amount corresponding to an attenuation
change amount of the first light based on the first signal
in the first processing period,

a second change amount acquisition unit configured to
obtain a second change amount corresponding to an
attenuation change amount of the second light based on
the second signal in the first processing period;

a first concentration calculation unit configured to calcu-
late a first concentration of a light absorbing substance
in blood of the subject based on the first change amount
and the second change amount; and

an oufput unit configured to provide the first concentra-
tion.

2. The biological information measurement system

according to claim 1, further comprising:

a differential signal acquisition unit configured to obtain
a differential signal by differentiating the one of the first
signal and the second signal,

wherein the processing period setting unit configured to
set the first processing period in the first period based
on a minimum value of the differential signal.

3. The biological information measurement system

according to claim 1, further comprising:

a differential signal acquisition unit configured to obtain
a differential signal by differentiating the one of the first
signal and the second signal,

wherein the processing period setting unit is configured to
set the first processing period in the second period
based on a maximum value of the differential signal.

4. The biological information measurement system
according to claim 1,

wherein the light absorbing substance is oxyhemoglobin
or deoxyhemoglobin.

5. The biological information measurement system

according to claim 1,

wherein the light absorbing substance is a dye.

6. The biological information measurement system
according to claim 1, wherein the one of the first signal and
the second signal is the first signal,

wherein the one of the first period and the second period
is the first period,

wherein the processing period setting unit is further
configured to extract the signal cycle corresponding to
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the cardiac cycle of the subject for the second signal,

and further configured to set a second processing period

in the second period,
wherein the biological information measurement system
further comprises:

a third change amount acquisition unit configured to
obtain a third change amount corresponding to an
attenuation change amount of the first light in the
second processing period based on the first signal in
the second processing period,

a fourth change amount acquisition unit configured to
obtain a fourth change amount corresponding to an
attenuation change amount of the second light in the
second processing period based on the second signal
in the second processing period,;

a second concentration calculation unit configured to
calculate a second concentration corresponding to
the concentration of the light absorbing substance in
blood of the subject in the second processing period
based on the third change amount and the fourth
change amount; and

a transit time calculation unit configured to calculate a
transit time of blood in the biological tissue based on
the first concentration and the second concentration,
and

wherein the output unit is further configured to provide at
least one of the first concentration, the second concen-
tration, and the transit time.
7. The biological information measurement system
according to claim 6,
wherein the transit time calculation unit is configured to
calculate the transit time based on a time difference
between a time when the first concentration becomes
the maximum and a time when the second concentra-
tion becomes the maximum.
8. The biological information measurement system
according to claim 6,
wherein the transit time calculation unit is configured to
calculate the transit time based on a time difference
between a time when the first concentration exceeds a
threshold and a time when the second concentration
exceeds the threshold.
9. The biological information measurement system
according to claim 6,
wherein the transit time calculation unit is configured to
calculate the transit time based on a difference between

a first mean transit time acquired based on time-

dependent change of the first concentration and a

second mean transit time acquired based on time-

dependent change of the second concentration.
10. The biological information measurement system
according to claim 6,
wherein the transit time calculation unit is configured to
calculate the transit time based on a cross correlation
function between the first concentration and the second
concentration.
11. The biological information measurement system
according to claim 1, further comprising:
an air circuit configured to supply air to be inhaled by the
subject; and
an oxygen concentration adjusting unit configured to
adjust a concentration of oxygen included in the air.
12. The biological information measurement system
according to claim 1, further comprising:
a cuff attachable to the subject configured to press a blood
flow upstream side of the biological tissue; and
a pressure control unit configured to control pressure of
the cuff.
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13. The biological information measurement system

according to claim 6, further comprising:

a notifying unit configured to notify when the transit time
is outside a predetermined range.

14. A biological information measurement system com-

prising:

a light emitting unit configured to emit first light having
a first wavelength and second light having a second
wavelength;

a photoreception unit configured to output a first signal
and a second signal depending on photoreception inten-
sity of the first light and photoreception intensity of the
second light that has passed through biological tissue of
a subject or that is reflected by the biological tissue of
the subject;

a correlation coefficient acquisition unit configured to
obtain a correlation coeflicient between the first signal
and the second signal;

a transit time calculation unit configured to calculate a
transit time of blood in the biological tissue based on
time-dependent change of the correlation coeflicient;
and

an output unit configured to provide the transit time.

15. The biological information measurement system

according to claim 14, further comprising:

a notifying unit configured to notify when the transit time
is outside a predetermined range.

16. A method of measuring biological information, com-

prising:

emitting first light having a first wavelength and second
light having a second wavelength;

outputting a first signal and a second signal depending on
photoreception intensity of the first light and photore-
ception intensity of the second light that has passed
through biological tissue of a subject or that is reflected
by the biological tissue of the subject;

extracting a signal cycle corresponding to a cardiac cycle
of the subject for one of the first signal and the second
signal;

setting a first processing period in one of a first period in
which an effect of arterial blood flowing to the biologi-
cal tissue is dominant and a second period in which an
effect of venous blood flowing from the biological
tissue is dominant in the signal cycle;

obtaining a first change amount corresponding to an
attenuation change amount of the first light based on
the first signal in the first processing period,
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obtaining a second change amount corresponding to an
attenuation change amount of the second light based on
the second signal in the first processing period;
calculating a first concentration of a light absorbing
substance in blood of the subject based on the first
change amount and the second change amount; and
providing a calculated result.
17. The method of claim 16, further comprising:
obtaining a differential signal by differentiating the one of
the first signal and the second signal; and
setting the first processing period in the first period based
on a minimum value of the differential signal.
18. The method of claim 16, further comprising:
obtaining a differential signal by differentiating the one of
the first signal and the second signal; and
setting the first processing period in the second period
based on a maximum value of the differential signal.
19. The method of claim 16, wherein the one of the first
signal and the second signal is the first signal,
wherein the one of the first period and the second period
is the first period,
wherein the method further comprises:
extracting the signal cycle corresponding to the cardiac
cycle of the subject for the second signal;
setting a second processing period in the second period,
obtaining a third change amount corresponding to an
attenuation change amount of the first light in the
second processing period based on the first signal in
the second processing period,
obtaining a fourth change amount corresponding to an
attenuation change amount of the second light in the
second processing period based on the second signal
in the second processing period,;
calculating a second concentration corresponding to the
concentration of the light absorbing substance in
blood of the subject in the second processing period
based on the third change amount and the fourth
change amount; and
calculating a transit time of blood in the biological
tissue based on the first concentration and the second
concentration.
20. The method of claim 16, further comprising:
obtaining a correlation coeflicient between the first signal
and the second signal; and
calculating a transit time of blood in the biological tissue
based on time-dependent change of the correlation
coeflicient.
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