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Description
Technical Field

[0001] The present invention relates to a biological information processing apparatus and a biological information
processing method capable of removing a noise component from a time-series signal.

Background Art

[0002] Heretofore, a technique concerning a signal processing of removing from time-series data a noise component
superimposed thereon has been applied to various signal processing apparatuses. In particular, when time-series data
includes information about biological information, the signal processing apparatus is called "biological information meas-
uring apparatus". This biological information measuring apparatus is an apparatus configured to detect biological infor-
mation from a biological tissue in a non-invasive manner, and specific examples of the biological information measuring
apparatus include: a measuring apparatus configured to measure a pulse wave pattern and a pulse rate of a living body,
called "photoelectric pulse wave meter", and a measuring apparatus configured to measure arterial oxygen saturation,
called "pulse oxymeter". A principle of the measuring apparatuses is to derive biological information, such as a concen-
tration of a light-absorbing substance in blood, based on a signal component corresponding to fluctuation due to pulsation
of the biological tissue, which is obtainable by receiving light transmitted through or reflected by a biological tissue.
[0003] Generally, on data obtained by receiving light transmitted through or reflected by a biological tissue, as data
required for detecting biological information, various noise components are superimposed. The noise components mostly
arises from body movement, for example, when a living body moves during use of a biological information measuring
apparatus. Because a noise component superimposed on the signal component becomes a factor causing error in
calculating biological information, it is desired to remove the noise component.

[0004] There has been proposed a technique of emitting a plurality of light beams having respective different wave-
lengths to a living body, and calculating biological information, based on a DC-AC ratio of an intensity of each of corre-
sponding light beams transmitted through or reflected by a biological tissue. Particularly, in the case where a noise
component is superimposed on the signal component, a DC-AC ratio in regard to each of the wavelengths is represented
by the signal component and the noise component. As means to remove the noise component represented in this
manner, there has been proposed a technique of extracting, from data generated based on measured data and including
a signal component having periodicity, the signal component by use of the periodicity, thereby removing a noise com-
ponent from the data (see, for example, the following Patent Literature 1).

[0005] This technique is capable of measuring arterial oxygen saturation and pulse rate in a non-invasive manner,
without occurrence of an error due to body movement.

[0006] However, the above technique is intended to remove noise due to fluctuation of venous blood occurring, for
example, when a person or user moves his/her finger or hand to which a probe is attached, so that it has difficulty in
removing noise due to fluctuation of arterial blood occurring, for example, when a person or user walks while moving
his/her entire arms.

[0007] Thus, the technique disclosed inthe Patent Literature 1 is incapable of sufficiently removing noise superimposed
on a pulse wave signal, during walking or the like, so that an error occurs in a measured value of pulse rate during
walking or the like.

Citation List

Patent Literature

[0008] Patent Literature 1: WO 2010/073908A
Summary of Invention

[0009] The present invention has been made in view of the above circumstances, and an object thereof is to provide
a technique of removing a noise component superimposed on a pulse wave signal during walking or the like to thereby
more accurately measure pulse rate.

[0010] In a biological information processing apparatus and a signal processing method of the present invention, first
measurement data comprising a first signal component having periodicity and a first noise component, and the second
measurement data comprising a second signal component having a given first relationship with the first signal component
and a second noise component having a given second relationship with the first noise component, are measured, and
a biological signal including the first signal component is generated based on an estimate of a given third relationship,
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the first measurement data and the second measurement data. Then, a given frequency distribution is generated based
on a second-order difference signal obtained by subjecting the biological signal to a second-order differencing operation.
With respect to the generated frequency distribution, an effective greatest frequency zone which is a zone having a
greatest frequency of the interval-time is determined based on a given criterion, and a period of the first signal component
is calculated based on an average time interval in the effective greatest frequency zone. As above, the biological
information processing apparatus and the signal processing method of the present invention are an apparatus and
method using a new technique for removing a noise component to make it possible to remove a noise component
superimposed on a pulse wave signal during walking or the like, thereby more accurately measuring pulse rate.
[0011] These and other objects, features, and advantages of the present invention will become apparent upon reading
of the following detailed description along with the accompanying drawings.

Brief Description of Drawings
[0012]

FIG. 1 is a block diagram illustrating a configuration of a biological information processing apparatus according to
one embodiment.

FIG. 2 is a block diagram illustrating a configuration of a pulse rate calculation section in the biological information
processing apparatus.

FIG. 3 is a diagram illustrating each example of a second-order difference signal, and inter-peak, inter-valley and
inter-rising intervals, in the biological information processing apparatus.

FIG. 4 is a diagram illustrating one example of a peak frequency distribution, in the biological information processing
apparatus.

FIG. 5 is a diagram for explaining a weight for use in creating the peak frequency distribution, in the biological
information processing apparatus.

FIG. 6 is a diagram illustrating one example of a valley frequency distribution, in the biological information processing
apparatus.

FIG. 7 is a diagram for explaining a weight for use in creating the valley frequency distribution, in the biological
information processing apparatus.

FIG. 8 is a diagram illustrating one example of a rising frequency distribution, in the biological information processing
apparatus.

FIG. 9 is a diagram for explaining a weight for use in creating the rising frequency distribution, in the biological
information processing apparatus.

FIG. 10 is a flowchart illustrating a processing of determining an effective greatest frequency zone and an effective
greatest weighted-frequency zone, in the biological information processing apparatus.

FIG. 11 is a flowchart illustrating processing steps S20 to S26 of a period calculation process, in the biological
information processing apparatus.

FIG. 12 is a flowchart illustrating processing steps S27 to S34 of the period calculation process, in the biological
information processing apparatus.

FIG. 13 is a flowchart illustrating a pulse rate calculation process, in the biological information processing apparatus.
FIG. 14 is a flowchart illustrating an oxygen saturation and pulse rate measurement process, in the biological
information processing apparatus.

FIG. 15 is a diagram illustrating one example of a result of pulse rate measurement, in the biological information
processing apparatus and a comparative apparatus.

Description of Embodiments

[0013] A principle of the present invention will first be described, and then one embodiment of the present invention
will be described based on the drawings. Elements or components assigned with the same reference sign in the figures
means that they are identical, and therefore duplicated description thereof will be omitted appropriately. In this specifi-
cation, when a term collectively means a plurality of identical elements or components, it is designated by a reference
sign without any suffix, whereas, when the term means a specific one of the elements or components, it is designated
by the reference sign with a suffix.

< Principle of present invention >

[0014] Thefollowing description willbe made on an assumption that, based on a plurality of measurement data obtained
by emitting a plurality of light beams having respective different wavelengths to a living body and receiving corresponding
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light beams transmitted through or reflected by the living body, pulse rate and blood oxygen saturation are measured
as biological information of the living body.

[0015] According to a so-called Beer-Lambert law, it is approximated that a ratio between an AC component and a
DC component of an intensity of light having a certain wavelength after being transmitted through or reflected by a
biological tissue is equivalent to a variation of absorbance of the biological tissue at the wavelength.

[0016] From the use of the approximation based on the Beer-Lambert law, time-series data IR_signal about an infrared
DC-AC ratio which is a ratio between a DC component and an AC component of an intensity of transmitted light or
reflected light, in regard to an infrared wavelength IR, can be deemed to be equivalent to a variation of absorbance of
a biological tissue in regard to the infrared wavelength IR. Similarly, time-series data R_signal about a red DC-AC ratio
which is a ratio between a DC component and an AC component of an intensity of transmitted light or reflected light, in
regard to a red wavelength R, can be deemed to be equivalent to a variation of absorbance of a biological tissue in
regard to the red wavelength R.

[0017] The time-series data IR_signal about the infrared DC-AC ratio is expressed by the following formula (1):

IR signal=s-+n --(1)

In this formula, s is a signal component corresponding to the variation of absorbance, and n is a noise component
superimposed on the signal component.
[0018] The time-series data R_signal about the red DC-AC ratio is expressed by the following formula (2):

R signal=sxk a+nxk v --(2)

In this formula, k_a is a ratio between the signal component s corresponding to a variation of absorbance in light having
the wavelength IR and a signal component corresponding to a variation of absorbance in light having the wavelength
R, and k_v is a ratio between the noise component n superimposed on the signal component in regard to the infrared
wavelength IR and a noise component superimposed on the signal component in regard to the red wavelength R.
[0019] The k_a in the formula (2) is equivalent to a ratio of an absorption coefficient of light with the red wavelength
R to an absorption coefficient of light with the infrared wavelength IR, in arterial blood, wherein it is known that the k_a
has one-to-one correspondence with respect to arterial oxygen saturation. Thus, the arterial oxygen saturation can be
derived by calculating the k_a.

[0020] Further, the following formula (3) can be obtained by multiplying the formula (1) by the k_v, and the following
formula (4) can be obtained by subtracting the formula (2) from the formula (3):

IR signal xk v=sxk v+nxk v - (3)

IR signal xk v—R signal=s x(k v-k a) -—--(4)

[0021] Similarly, the following formula (5) can be obtained by multiplying the formula (1) by the k_a, and the following
formula (6) can be obtained by subtracting the formula (2) from the formula (5):

IR signal xk_ a=sxk a+nxk a --(5)

IR signal xk a—R signal=nx(k_a—k v) - (6)

Then, by using a relationship that the signal component s and the noise component n are independent of each other,
i.e., the following relational formula (7), and under a condition that each of the k_a and k_v is constant within a short
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period of time, a correlation between the formula (4) and the formula (6) is found to thereby obtain the following formula (8):

Zi(s*xn)=0 -~ (7)

% {IR signal x k_v—R signal} x {IR signal xk a—R_signal}
={(k v—k a} x(k a-k v} xZi(sxn) - (8)
=0

In these formulas, > is a sum within a short period of time enough to satisfy the condition that each of the k_a and k_v
is constant. Further, i is a data number of the time-series data IR_signal and the time-series data R_signal indicative of
a variation of light intensity, wherein the i is associated with a time t in the following relationship: t = At X i + t0, where
At is a data measurement time interval, and t0 is a measurement start clock time.

[0022] The formula (8) includes two unknowns: k_v and k_a, and therefore it is impossible to derive the k_v and k_a
only from the formula (8).

[0023] Therefore, in order to derive the k_v, the formula (4) is used, wherein a right-hand side of the formula (4) is an
approximately periodic (or cyclic) value, so that the k_v is derived as a value allowing a left-hand side of the formula (4)
to have periodicity. In case of noise due to usual body movement, the k_v can be deemed as a value pv corresponding
to a ratio between an absorption coefficient in regard to the wavelength R and an absorption coefficient in regard to the
wavelength IR, in venous blood, so that the k_v is used as an estimate pv_es of the pv.

[0024] A value of the k_v derived in the above manner is assigned to the formula (8), and the k_a satisfying the formula
(8) is derived. Then, the derived value of the k_a is used as an estimate pa_es of a value pa corresponding to the ratio
between the absorption coefficientin regard to the wavelength R and the absorption coefficientin regard to the wavelength
IR, in arterial blood (arterial blood absorption coefficient ratio pa). Based on this pa_es, the arterial oxygen saturation
can be derived while reducing a noise component.

[0025] Pulse rate can be derived from the derived k_v, R_signal and IR_signal. More specifically, the following formula
(9) (equivalent to the formula (4)) is established, and thus an average value of periods within a given time in the [R(i) -
k_v X IR(i)] is calculated:

R(G) -k v x IR(i) =(k_a—-k_v) xs(i) —~-(9)
Then, pulse rate is derived as a reciprocal of the period.
< Embodiment >

[0026] In the case where noise superimposed on a pulse wave signal is caused by fluctuation in flow rate of venous
blood, arterial oxygen saturation and pulse rate can be calculated by the method described in the principle of the present
invention. That is, the noise due to fluctuation in flow rate of venous blood can be almost completely removed.

[0027] However, noise during body movement such as walking is not dominantly caused by fluctuation in flow rate of
venous blood, but largely caused by fluctuation in flow rate of blood having a value of oxygen saturation which is
intermediate between those of arterial blood and venous blood, so that the k_v has a value close to that of the k_a.
Thus, during walking or the like, if a value close to the venous blood absorption coefficient ratio pv is assigned to the
k_v, the [R(i) - k_v X IR(i)] does not have high periodicity, and noise largely remains in a signal represented by the
formula (9). Therefore, even if a period is derived, it is impossible to derive a correct period and thus it is impossible to
accurately calculate pulse rate. The venous blood absorption coefficient ratio pv means a ratio between an absorption
coefficient of light with the wavelength R and an absorption coefficient of light with the wavelength IR, in venous blood,
as mentioned above.

[0028] In the case where the k_v has a value close to that of the k_a, the formula (8) is expressed as follows:

k a={k vxIR@) = IR({) - ER(G)*} / {k_v x TIR(G)? - SIRE) x R(1)} =k a
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[0029] Therefore, the k_a can be approximately accurately calculated, i.e., the arterial oxygen saturation can be
approximately accurately calculated. Thus, a value of the k_a calculated from the formula (8) is used as the pa_es. From
a physiological relationship between the pa_es and the venous blood absorption coefficient ratio pv corresponding to
the venous oxygen saturation, the pv is estimated and used as the pv_es. In the case where noise is caused by fluctuation
in venous blood, the k_v is calculated on an assumption that it is equal to the pv, as mentioned above.

[0030] On a pulse wave signal during waking or the like, noise due to fluctuation of blood having a value of oxygen
saturation which is intermediate between those of arterial blood and venous blood is superimposed. Thus, in this em-
bodiment, an intermediate value p between the estimate pa_es of the pa corresponding to the arterial blood absorption
coefficient ratio and the estimate pv_es of the pv corresponding to the venous blood absorption coefficient ratio is used
to thereby reduce noise in the [R(i) - p X IR(i)] indicated in the formula (9).

[0031] Further, a wave period is calculated by using a second-order difference waveform of the [R(i) - p X IR(i)], and
the pulse rate is derived with less error.

< Method of calculating pulse rate >

[0032] Inthis embodiment, an intermediate value p between the estimate pa_es of the pa corresponding to the arterial
blood absorption coefficient ratio and the estimate pv_es of the pv corresponding to the venous blood absorption coef-
ficient ratio is used as the k_v to reduce noise in the [R(i) - k_v X IR(i)] indicated in the formula (9), and a second-order
difference waveform of the [R(i) - k_v X IR(i)] is used to calculate a wave period. Thus, this embodiment will be described
based on an example in which a wave period is calculated three times by using the p set to different values, and a period
in this measurement is determined by using the three estimated periods and a previously determined period, to thereby
derive pulse rate. A value of the p is set based on the estimate pa_es for arterial blood or the estimate pv_es for venous
blood and from a physiological relationship therebetween and heuristics.

[0033] FIG. 13 is a flowchart illustrating a pulse rate calculation process.

[0034] First of all, it is determined whether or not noise due to fluctuation of the aforementioned blood having a value
of oxygen saturation close to a value of arterial oxygen saturation (this noise will hereinafter be referred to as "arterial
blood noise") is large. Specifically, a noise index is calculated using the following formula (10), and the above determination
is performed.

Noise index = [SAR(t)® — pa_es x {£2 x AR(t) x AIR(t) — pa_es x ZAIR(t)*}] / [EAR(®)® - pv_es
x {2 x AR(t) x AIR(t) — pv_es x ZAIR(1)*}] - (10)

In this formula, IR and R represent, respectively, IR_signal and R_signal, and AIR and AR represent, respectively, a
temporal difference in IR(t) and a temporal difference in R(t). Further, t is a serial index for N measurement data being
continuously measured. > is a sum calculated by setting the t in the range of 1 to N, and the serial index t denotes t-th
measurement data among the N measurement data. In this formula, the temporal differences AIR, AR are used. Alter-
natively, IR(t) and R(t) may be used.

[0035] When the noise index is less than a threshold, flg_low_noise is set to 1 (flg_low_noise « 1), otherwise (when
the noise index is equal to or greater than the threshold), the flg_low_noise is set to 0 (flg_low_noise « 0).

[0036] When the noise index is less than the threshold (flg_low_noise = 1), i.e., the arterial blood noise is large (Step
S40: YES), processing in Steps S43 to S47 will be repeatedly performed by using, as a value of the p, the following
three values: pa_es X 1.3; pa_es X 1.5; and pa_es X 1.1. Thus, the pa_es X 1.3 is first set as the value of the p (Step
S41). On the other hand, when the arterial blood noise is small (flg_low_noise = 0), i.e., (Step S40: NO), the estimate
pv_es for venous blood is set as the value of the p (Step S42), and the processing in Steps S43 to S47 are executed
only once. In this routine, when the flg_low_noise = 1, the values pa_es X 1.3, pa_es X 1.5 and pa_es X 1.1 are used
as the p. Alternatively, pa_es + Ap1, pa_es + Ap2 and pa_es + Ap3 may be used, where Ap1, Ap2 and Ap3 are,
respectively, different positive values appropriate to the pa_es or different positive values appropriate to the oxygen
saturation SpO2. Alternatively, pv_es - Ap1, pv_es - Ap2 and pv_es - Ap3 may be used, where Ap1, Ap2 and Ap3 are,
respectively, different positive values appropriate to the pa_es or different positive values appropriate to the oxygen
saturation SpO2. Further, the number of the p is not necessarily set to three, but may be set to one or may be set to
three or more.

[0037] When the p is set, a signal of the [R(i) - p X IR(i)] indicated in the formula (9) is calculated using the set value
of the p (Step S43). Specifically, p_pulse(i) = R(i) - p X IR(i) is calculated from an R pulse waveform R(i) and an IR pulse
waveform IR(i) each having a duration of past T seconds from a current time. The i is a data number of the time-series
data IR_signal and the time-series data R_signal indicative of a variation of light intensity, i.e., the i is a serial index of
OtoN-1.
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[0038] Then,the p_pulse(i) calculated in the Step S43 is moving-averaged, and a second-order difference p_pulse_2(i)
of a result of the moving average is calculated (Step S44). This second-order difference p_pulse_2(i) will be referred to
as "second-order difference signal". FIG. 3 illustrates one example of the second-order difference signal.

[0039] In order to detect a peak and a valley from the second-order difference signal, a peak threshold and a valley
threshold are calculated (Step S45). Specifically, the greatest peak value, the second-greatest peak value and the third-
greatest peak value are retrieved from the second-order difference signal, and the peak threshold is determined based
on these values. In cases where there is no need to reduce an amount of calculation, the peak threshold may be
determined from a root-mean-square value of the second-order difference signal. If the peak value is determined based
on the greatest peak value, an infrequently-occurring large noise has a strong influence on the setting. Thus, when a
ratio between the greatest peak value and the second-greatest peak value is greater than a predetermined value, a
value obtained by multiplying an average value of the second-greatest and third-greatest peak values by a given coefficient
is used as the threshold. On the other hand, in the case where the ratio between the greatest peak value and the second-
greatest peak value is equal to or less than the predetermined value, when a ratio between the greatest peak value and
the third-greatest peak value is greater than a predetermined value, a value obtained by multiplying the third-greatest
peak value by a given coefficient is used as the threshold, and, when a ratio between the greatest peak value and the
third-greatest peak value is equal to or less than the predetermined value, a value obtained by multiplying an average
value of the greatest, second-greatest and third-greatest peak values by a given coefficient is used as the threshold.
Similarly, the deepest, second-deepest and third-deepest valley values are retrieved, and the valley threshold is deter-
mined based on these values. Then, arising threshold is determined based on the peak threshold and the valley threshold.
For example, (peak threshold - valley threshold), i.e.. a value obtained by subtracting the valley threshold from the peak
threshold is used as the rising threshold.

[0040] Then, effective peak, valley and rising are detected from the second-order difference signal (Step S46). Spe-
cifically, peaks each having a peak value greater than the peak threshold are retrieved (see P1 to P17 in FIG. 3), and
a peak interval falling within a predetermined interval (e.g., within a range of period corresponding to a pulse rate of 20
bpm to 250 bpm) is evaluated as an effective peak interval (see intervals 11 to 14 in FIG. 3). A predetermined number
of the effective peak intervals are set for each of the peaks greater than the peak threshold. Similarly, valleys each
having a valley value less than the valley threshold are retrieved (see V1 to P4 in FIG. 3), and a valley interval falling
within a predetermined interval is evaluated as an effective valley interval and set as a valley interval (see intervals 31
to 33 in FIG. 3). Further, risings are detected from the second-order difference signal, and, when the (peak threshold -
valley threshold), i.e., a value obtained by subtracting the valley threshold from the peak threshold, corresponding to
one of the detected risings (see R1 to R5 in FIG. 3), exceeds the rising threshold, an interval between the one rising
and an adjacent rising exceeding the rising threshold is calculated. When the calculated intervals falls within a prede-
termined value, it is evaluated as an effective rising interval and set as a rising interval (see intervals 41 to 44 in FIG. 3).
[0041] The peak interval, the valley interval and the rising interval will be described in more detail below. Each of these
intervals, for example, the peak interval includes not only an interval with respect to an adjacent peak, but also an interval
with respect to second-adjacent peak and others.

[0042] The more detailed description will be made with reference to FIG. 3. In the second-order difference signal
illustrated in FIG. 3, the white circle mark (O), the black circle mark (®) and the triangle mark (A) denote a peak, a valley
and a rising, respectively. Only a peak exceeding the preset peak threshold and only a valley below the preset valley
threshold are used for measurement. Further, a rising in which (peak height - valley depth) of a valley and a peak following
immediately after the valley is greater than the rising threshold based on the peak threshold and the valley threshold,
e.g., the (peak threshold - valley threshold), is detected, and, for example, an average of a clock time of the peak and
a clock time of the valley is calculated as a rising time.

[0043] First of all, intervals the peak P1 are measured. More specifically, the interval 11 between the peak P1 and the
peak P2 is measured. Further, the interval 12 between the peak P1 and the peak P3, the interval 13 between the peak
P1 and the peak P4 and the interval 14 between the peak P1 and the peak P5 are measured. In this embodiment, four
intervals are measured on the basis of each peak. Similarly, intervals on the basis of the peak P2, i.e., intervals 21, 22,
23, 24, are measured. In this manner, intervals will be measured until measurement for the last peak 16 is completed.
In this case, the number of intervals on the basis of the peak P16 is one with respect to the peak 17.

[0044] Similarly, intervals on the basis of each valley and each rising are measured. It should be noted that, in FIG.
3, a reference sign is assigned to only a part of valleys and risings, for simplicity of illustration. Regarding intervals on
the basis of each valley, for example, the valley V1, the interval 31 between the valley V1 and the valley V2, the interval
32 between the valley V1 and the valley V3 and the interval 33 between the valley V1 and the valley V4 are measured.
Regarding intervals on the basis of each rising, for example, the rising R1, the interval 41 between the rising R1 and the
rising R2, the interval 42 between the rising R1 and the rising R3, the interval 43 between the rising R1 and the rising
R4 and the interval 44 between the rising R1 and the rising R5 are measured. In this embodiment, only intervals between
the rising points are measured. Alternatively, intervals between falling points may be measured, in place of or in addition
to intervals between the rising points. Further, in this embodiment, for each of all of the peaks (valleys orrisings), intervals
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with respect to a plurality of adjacent peaks (valleys or risings) are measured. However, it is not essential to perform the
measurement for all of the peaks (valleys or risings), and measure the same number of intervals on the basis of each
peak (valley or rising).

[0045] After completion of the measurement of three types of intervals: the peak intervals; the valley intervals; and
the rising intervals, a period calculation process in Step S47 in FIG. 13 is executed.

[0046] Withreference to FIGS. 11 and 12, details of the period calculation process in Step S47 will be described below.
[0047] In the period calculation process, first of all, with respect to each of the group of peak interval, the group of
valley interval and the group of rising interval, a frequency distribution (frequency distribution table) is created (Step
S20). FIG. 4 illustrates one example of a peak frequency distribution. The horizontal axis represents measured interval-
time, and the vertical axis represents frequency. The frequency distribution is created by sorting the measured intervals
into a plurality of zones each having a predetermined given time width (the zone will hereinafter be referred to as "class
interval"), and calculating the number of the intervals in each class. Then, the class intervals are set on the horizontal
axis, and the number of the intervals in each class interval is plotted with respect to the vertical axis as a frequency. For
example, the classes may be set to have a width of 0.01 sec to less than 0.02 sec, a width of 0.02 sec to less than 0.03 sec.
[0048] From each of the three types of created frequency distribution tables, an effective greatest frequency zone and
an effective greatest weighted-frequency zone are determined (Step S21 to Step S23). The determination of the effective
greatest frequency zone and the effective greatest weighted-frequency zone will be described in detail in the subsequent
section < Method of determining effective greatest frequency zone and effective greatest weighted-frequency zone >
[0049] The term "effective greatest frequency zone" means a zone which is assumed to be usable for determining a
period with highest reliability. The term "effective greatest weighted-frequency zone" means a zone which is estimated
to be usable for determining a period with highest reliability, in a frequency distribution after subjecting frequencies in
the frequency zones to weighting based on a previously-calculated period.

[0050] Subsequently, a period temp_period_peak is derived by dividing a sum of the peak intervals in the zone by a
sum of the frequencies in the effective greatest frequency zone for peak (Step S24). Similarly, a period temp_period_valley
is derived by dividing a sum of the valley intervals in the zone by a sum of the frequencies in the effective greatest
frequency zone for valley (Step S25), and a period temp_period_rising is derived by dividing a sum of the rising intervals
in the zone by a sum of the frequencies in the effective greatest frequency zone for rising (Step S26),

[0051] Subsequently, a temporary period temp_period is determined. How to calculate the temporary period
temp_period varies depending on a level of the arterial blood noise.

[0052] When the flg_low_noise = 1, i.e., the arterial blood noise is large (Step S27 in FIG. 12: YES), and only in a
situation where the average peak interval temp_period_peak, the average valley interval temp_period_valley and the
average setting interval temp_period_rising derived in the Steps S24 to S26 are in approximate relation to each other
(Step S28: YES), the temporary period temp_period is calculated (Step S29). Specifically, (temp_period_valley /
temp_period_peak) and (temp_period_rising / temp_period_peak) are calculated. Then, when both of them fall within
the range of 1 - a to 1 + o, an average of the average peak interval temp_period_peak, the average valley interval
temp_period_valley and the average setting interval temp_period_rising is calculated, and the calculated average is
used as the temporary period temp_period. The a is a setting value for determining a level of approximation. For example,
it is a numerical value of about 0.05, and preliminarily set. Then, a calculation flag flg_same is set to "1" indicating that
the temporary period temp_period has been calculated (Step S30). When the three periods are not in approximate
relation (the Step S28: NO), no temporary period temp_period has been calculated, and the calculation flag flg_same
is maintained in a state in which it is set to "0" indicating that no temporary period temp_period has been calculated
(flg_same = 0).

[0053] On the other hand, when the arterial blood noise is small (flg_low_noise = 0) (the Step S27: NO), and only in
a situation where at lest one of the average valley interval temp_period_valley and the average setting interval
temp_period_rising is in approximate relation to the average peak interval temp_period_peak (Step S3 1: YES), the
temporary period temp_period is calculated (Step S32). Specifically, (temp_period_valley / temp_period_peak) and
(temp_period_rising / temp_period_peak) are calculated. Then, when at least one of them falls within the range of 1 - a
to 1+ a, an average of the two periods thereof is calculated, and the calculated average is used as the temporary period
temp_period. Then, the calculation flag flg_same is set to "1" indicating that the temporary period temp_period has been
calculated (flg_same = 1) (Step S33). When the three periods are not in approximate relation (the Step S31: NO), no
temporary period temp_period has been calculated, and the calculation flag flg_same is maintained in a state in which
it is set to "0" indicating that no temporary period temp_period has been calculated (flg_same = 0).

[0054] Subsequently, an average interval in the effective greatest weighted-frequency zones derived in the Steps S21
to S23. Among the effective greatest weighted-frequency zones for peak, valley and rising, one effective greatest weight-
ed-frequency zone having a greatest one of the frequencies of the zones, is identified, and a temporary weighted period
temp_period_weighted is derived by dividing a sum of the intervals in the identified effective greatest weighted-frequency
zone by the frequency in the zone (Step S34).

[0055] As mentioned above, when flg_low_noise = 1, the period calculation process is performed three times while



10

15

20

25

30

35

40

45

50

55

EP 2 821 008 A1

changing the value of the p. Thus, with respect to each of the values of the p, the temporary periods temp_period and
the temporary weighted periods temp_period_weighted are calculated, and three calculation flags flg_same are set,
correspondingly to the values of the p. When flg_low_noise = 0, the period calculation process is performed only once
while setting the p to the pv_es (p = pv_es), as mentioned above. Thus, only one temporary period temp_period and
only one temporary weighted period temp_period_weighted are calculated, and only one calculation flag flg_same is set.
[0056] Returning to FIG. 13, processing after the period calculation process will be described. Following the period
calculation process, it is first checked whether or not the flg_low_noise is 1 (Step S48).

[0057] When flg_low_noise is 1 (the Step S48: YES), it is checked whether or not the processing in the Step S43 to
the Step S47 have been performed for all of the three values of the p (Step S49). When each of the temporary period
temp_period and the temporary weighted period temp_period_weighted has not been calculated three times (the Step
S49: NO), and the next processing cycle is a 2nd cycle (Step S50: 2nd cycle), the pa_ex X 1.5 is set as the p (Step
S51), and the processing in the Step S43 to the Step S47 are performed to calculate second values of the temporary
period temp_period and the temporary weighted period temp_period_weighted. Differently, when the next processing
cycle is a 3rd cycle (the Step S50: 3rd cycle), the pa_ex x 1.1 is set as the p (Step S52), and the processing in the Step
S43 to the Step S47 are performed to calculate third values of the temporary period temp_period and the temporary
weighted period temp_period_weighted.

[0058] On the other hand, when the flg_low_noise = 0 (the Step S48: NO), or when the flg_low_noise = 1 and the
processing of calculating the temporary period temp_period have been performed three times (the Step S49: YES), it
is determined whether or not the temporary period temp_period has been calculated, by referring the flag flg_same (Step
S53).

[0059] When at least one of the calculation flags flg_same for the three values of the p (the Step S53: YES) is 1, an
average of the temporary periods temp_period in the case where the calculation flags flg_same in the three processing
cycles for the three values of the p (the temporary period temp_period in the case where the calculation flag flg_same
in one processing cycle for one of the three values of the p when flg_low_noise = 0) is calculated as a temporal average
period temp_ave_period (Step S54).

[0060] On the other hand, when no temporary period temp_period has been calculated (Step S53: NO), among three
temporary weighted periods temp_period_weighted, one temporary weighted period corresponding to the greatest fre-
quency max_freq_weighted (one temporary weighted periods temp_period_weighted when flg_low_noise = 0) is used
as the temporal average period temp_ave_period (Step S55). In the Step S54, the temporal average period temp_ave-
period may be derived by subjecting the temporary periods temp_period to averaging with weighting according to re-
spective frequencies corresponding to the temporary periods temp_period.

[0061] Subsequently, when there is a large difference between the temporal average period temp_ave_period and
an average period ave_period derived in the last measurement (Step S56: YES), adjustment of the temporal average
period temp_ave_period is performed (Step S57), whereas, when there is a small difference therebetween (the Step
S56: NO), the adjustment is not performed. Specifically, when the temporal average period temp_ave_period in this
measurement is less than 70% of the average period ave_period in the last measurement, a value obtained by multiplying
the average period ave_period in the last measurement by 0.7 is used as a temporal average period temp_ave_period
in this measurement. On the other hand, when the temporal average period temp_ave_period in this measurement is
1.3 times greater than the average period ave_period in the last measurement, a value obtained by multiplying the
average period ave_period in the last measurement by 1.3 is used as a temporal average period temp_ave_period in
this measurement.

[0062] Subsequently, an average of the temporal average period temp_ave_period in this measurement and a pre-
determined number of previous temporal average periods temp_ave_period is calculated as an average period
ave_period in this measurement (Step S58).

[0063] From this average period ave_period, a pulse rate ave_PR is calculated (Step S59) (ave_PR =60/ ave_period)

< Method of determining effective greatest frequency zone and effective greatest weighted-frequency zone >

[0064] With reference to FIG. 10, a method of determining an effective greatest frequency zone and an effective
greatest weighted-frequency zone from a frequency distribution will be described below. FIG. 10 is a flowchart illustrating
a processing of determining an effective greatest frequency zone and an effective greatest weighted-frequency zone.
This flowchart is common to the processing (Step S21, Step S22 and Step S23) for three types of intervals, i.e., the
peak, valley and rising intervals. Therefore, only the processing for peak intervals will be representatively described here.
[0065] First of all, a plurality of local maximum zone regions are determined (Step S10). Specifically, a plurality of local
maximum zones each of which is a class interval providing a local maximum in a frequency distribution (see extreme
values 50 to 53 in FIG. 4) are derived, and a valley-to-valley region including each of the local maximum zones in the
frequency distribution is determined as a local maximum zone region. In FIG. 4, the local maximum zone region is
described as "local maximum region". It is highly likely that a zone of the first local maximum value 50 or a zone of the
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last local maximum value 53 does not include a true pulse-wave period. Thus, regarding the zone of the first local
maximum value 50 or the last local maximum value 53, only when the first local maximum value 50 or the last local
maximum value 53 is greater than, e.g., 1.5 times or more greater than, the remaining local maximum values, the zone
is determined as a local maximum zone.

[0066] Subsequently, for each of the local maximum zone regions, a local maximum frequency and a region width
(the number of class intervals making up the local maximum zone region) are derived. Further, an average interval-time
of peak intervals included in the local maximum zone region is derived (Step S11).

[0067] Subsequently, an effective greatest frequency zone is determined (Step S12). In the local maximum zone
regions, a greatest one of the local maximum frequencies derived in the Step S11 is determined as an effective greatest
frequency, and a class interval corresponding to the effective greatest frequency is determined as an effective greatest
frequency zone. In FIG. 4, the local maximum zone region having the greatest local maximum frequency is described
as "effective greatest local maximum region".

[0068] Subsequently, for each of the local maximum zone regions, a weighting factor is determined based on the
average interval-time derived in the Step S11 and a period (ave_period) calculated in the last measurement (Step S13).
For example, in the case where the ave_period is 0.8 sec, the weighting factor is set to a highest value for a class interval
including 0.8 sec, and reduced with an increase in deviation from 0.8 sec, as indicated by the dashed line in FIG. 5.
[0069] Subsequently, a temporary weighted local maximum frequency in each of the local maximum zone regions is
calculated (Step S 14). Specifically, for each of the local maximum zone regions, a frequency in each class interval of
the local maximum zone region is multiplied by a weighting factor for each class interval, to thereby derive a temporary
weighted local maximum frequency in the local maximum zone region.

[0070] Subsequently, for each of the local maximum zone regions (Step S 17: NO), the temporary weighted local
maximum frequency is subjected to re-calculation depending on the region width derived in the Step S11. Specifically,
whentheregionwidth is less than a predetermined value, e.g., "4" (Step S15: NO), the temporary weighted local maximum
frequency derived in the Step S14 is directly determined as a weighted local maximum without re-calculation, whereas,
when the region width is equal to or greater than the predetermined value (the Step S15: YES), the temporary weighted
local maximum frequency derived in the Step S14 is subjected to re-calculation using the following formula (11) to derive
a weighted local maximum frequency.

Weighted local maximum frequency = temporary weighted local maximum frequency x 3 /

region width

[0071] Upon completion of the processing for re-calculation of weighted local maximum frequency in all of the local
maximum zone regions (Step S17: YES), an effective greatest weighted-frequency zone is determined (Step S18).
Specifically, in the local maximum zone regions, a greatest one of the weighted local maximum frequencies derived in
Steps S 14 to S 17 is determined as an effective greatest weighted-frequency, and the local maximum zone region
corresponding to the effective weighted local maximum frequency is determined as effective greatest weighted-frequency
zone.

[0072] FIG. 6 illustrates one example of a valley-interval frequency distribution, and FIG. 7 illustrates one example of
a weighting factor for valley. Further, FIG. 8 illustrates one example of a rising-interval frequency distribution, and FIG.
9 illustrates one example of a weighting factor for rising.

< Configuration >

[0073] A biological information measuring apparatus according to one embodiment will be described below. FIG. 1 is
a block diagram illustrating a configuration of the biological information measuring apparatus according to this embod-
iment.

[0074] The biological information measuring apparatus 100 according to this embodiment is an apparatus configured
to measure a physiological phenomenon of a living body as a measurement target to thereby measure biological infor-
mation regarding the living body. Examples of the biological information include pulse rate and blood oxygen saturation.
Such biological information can be derived by utilizing a fluctuation component occurring in an intensity of light transmitted
through or reflected by a biological tissue, due to pulsation of arterial blood, and a basic principle thereof is as described
in the aforementioned Section < Principle of present invention >.

[0075] For example, as illustrated in FIG. 1, the biological information measuring apparatus 100 comprises: a sensor
unit40 for measuring a given physiological phenomenon of a living body and outputting measurement data; an operational
control unit 10 for calculating biological information such as pulse rate and blood oxygen saturation (SpO2, SpO,,
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percutaneous oxygen saturation), based on measurement data measured by the sensor unit 40; and an indicating unit
30 for indicating biological information calculated by the operational control unit 10 in an externally recognizable manner.
[0076] The sensor unit40 is connected to the operational control unit 10. In this embodiment, it is a device configured
to measure information about blood in a biological tissue, as a physiological phenomenon of a living body. More specif-
ically, the sensor unit 40 is a device configured to measure a fluctuation component occurring in an intensity of light
transmitted through or reflected by a biological tissue, due to pulsation of arterial blood according to heartbeat.

[0077] Examples ofamethod of measuring such a physiological phenomenon include a method utilizing light-absorption
properties of hemoglobin in a biological tissue. Oxygen is carried to biological cells by hemoglobin, wherein hemoglobin
is combined with oxygen to form oxygenated hemoglobin, and oxygenated hemoglobin returns to hemoglobin (reduced
hemoglobin) when oxygen is consumed in biological cells. The blood oxygen saturation is defined as a rate of oxygenated
hemoglobin in blood. An absorbance of each of hemoglobin and oxygenated hemoglobin has a wavelength dependence.
For example, in regard to red light (light in a red wavelength region), hemoglobin absorbs more light than oxygenated
hemoglobin, and, in regard to infrared light (light in an infrared wavelength region), it absorbs less light than oxygenated
hemoglobin. That is, hemoglobin has an optical property that, when it is oxidized into oxygenated hemoglobin, its red
light absorbability is deteriorated and an infrared absorbability is enhanced, whereas, when oxygenated hemoglobin is
reduced to return to hemoglobin, the red light absorbability is enhanced and the infrared is deteriorated. The biological
information measuring apparatus 100 according to this embodiment is designed to derive biological information such
as pulse rate and blood oxygen saturation by utilizing a difference in light absorption properties between hemoglobin
and oxygenated hemoglobin, in regard to red light and infrared light.

[0078] Because of such a methodology, for example, the sensor unit 40 in this embodiment comprises a sensor (R)
section 41 for measuring a light absorption property of a biological tissue in regard to red light, and a sensor (IR) section
42 for measuring a light absorption property of the biological tissue in regard to infrared light, wherein each of them is
connected to the operational control unit 10. For example, the sensor (R) section 41 comprises an R light-emitting
element, such as a light-emitting diode, configured to emit red light having a wavelength 11 to the biological tissue, and
an R light-receiving element, such as a silicon photodiode, configured to receive red light transmitted through or reflected
by the biological tissue after being emitted from the R light-emitting element, and the sensor (IR) section 42 comprises
an IR light-emitting element, such as a light-emitting diode, configured to emit infrared light having a wavelength A2
different from the wavelength 11 to the biological tissue, and an IR light-receiving element, such as a silicon photodiode,
configured to receive infrared light transmitted through or reflected by the biological tissue after being emitted from the
IR light-emitting element. The sensor unit 40 may employ a transmission-type or reflection-type sensor having the above
functions.

[0079] The sensor unit 40 is configured to output measurement data measured by the sensor (R) section 41 and the
sensor (IR) section 42 to the operational control unit 10, while being set on a given biological tissue of a finger or an
earlobe, or, in case of an infant, the back of a hand, a wrist, the top of a foot or the like, and, in this state. More specifically,
in the sensor (R) section 41 having the above configuration, the R light-emitting element is operable to emit red light to
the biological tissue, and the R light-receiving element is operable to receive red light R transmitted through or reflected
by the biological tissue after being emitted from the R light-emitting element to the biological tissue, and subject the
received red light to photoelectric conversion to thereby output an electric signal depending on an intensity of the received
red light to the operational control unit 10, as the measurement data. Similarly, in the sensor (IR) section 42, the IR light-
emitting element is operable to emit infrared light to the biological tissue, and the IR light-receiving element is operable
to receive infrared light transmitted through or reflected by the biological tissue after being emitted from the IR light-
emitting element to the biological tissue, and subject the received infrared light to photoelectric conversion to thereby
output an electric signal depending on an intensity of the received infrared light to the operational control unit 10, as the
measurement data. In this embodiment, two light-receiving elements, i.e., the R light-receiving element and the IR light-
receiving element, are provided. Alternatively, a single light-receiving element may be provided. In this case, the R light-
emitting element and the IR light-emitting element may be configured to emit light at respective timings shifted from each
other (emit light in a time-sharing manner), to allow an output of the single light-receiving element to be separated into
an electric signal associated with the IR light-emitting element and an electric signal associated with the R light-emitting
element, according to respective times corresponding to the light-emitting timings.

[0080] The operational control unit 10 is a device connected to the indicating unit 30 and configured to derive biological
information based on measurement data measured by the sensor unit 40 and govern control of the entire biological
information measuring apparatus 100. For example, the operational control unit 10 is configured to sample measurement
data measured by the sensor unit 40 with a given sampling period (e.g., frequency: 37.5 Hz) to thereby acquire a time-
series data about measurement data, from the sensor unit 40. Further, for example, the operational control unit 10 is
configured to drive the sensor unit 40 with a given period, i.e., instruct the sensor unit 40 to perform light-emitting and
light-receiving operations, to thereby acquire measurement data from the sensor unit 40 in the form of a time-series
data. Further, for example, the sensor unit 40 is configured to perform sampling with a given sampling period to measure
measurement data from the biological tissue in the form of a time-series data, and output the time-series data about the
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measurement data to the operational control unit 10. In this embodiment, this measurement data is digital data although
it may be analog data. Conversion from analog data to digital data (A-D conversion) may be performed by the sensor
unit 40 or the operational control unit 10. Further, according to need, an amplification section for amplifying measurement
data before the A-D conversion may be additionally provided in the sensor unit 40 or the operational control unit 10.
[0081] More specifically, the operational control unit 10 is designed to derive given biological information regarding a
living body as a measurement target, based on measurement data measured by the sensor unit 40, and composed, for
example, of a microcomputer comprising a microprocessor, a memory and a peripheral circuit thereof. The memory
comprises: a storage element, such as an EEPROM (Electrically Erasable Programmable Read Only Memory) as a re-
writable, non-volatile storage element or a ROM (Read Only Memory) as a non-volatile storage element, which stores
therein various programs such as a biological information operation program for deriving biological information based
onmeasurementdata measured by the sensor unit40 and a control program for controlling the entire biological information
measuring apparatus 100, and various data such as the measurement data measured by the sensor unit 40 and data
necessary for executing the programs; and a storage element serving as a so-called working memory for the microproc-
essor, such as a RAM (Random Access Memory) as a volatile storage element. For example, the microprocessor consists
of a so-called CPU (Central Processing Unit) or the like, and, functionally, during execution of the programs, comprises:
an AC-DC (R) section 11; an AC-DC (IR) section 12; a BPR (R) section 13; a BPR (IR) section 14; an R correlation
calculation section 15; an IR correlation calculation section 16; a cross-correlation calculation section 17; a pv - pa
calculation section 18; SpO2 calculation section 19; a pulse rate calculation section 20; and a noise discrimination section
21.

[0082] Each of the AC-DC (R) section 11 and the AC-DC (IR) section 12 is designed to subject measurement data
input from the sensor unit 40 to a give pre-processing. More specifically, the AC-DC (R) section 11 is configured to
subject red light-related measurement data input from the sensor (R) section 41 to a so-called dark processing for
correcting a dark current in the R light-receiving element, and calculate a first ratio (red light AC/DC ratio) R of an AC
component RAC to a DC component RDC (= RAC/RDC) to notify the BPR (R) section 13 of the first ratio R (output the
first ratio R to the BPR (R) section 13).

[0083] The AC-DC (IR) section 12 is configured to subject infrared light-related measurement data input from the
sensor (IR) section 42 to a so-called dark processing for correcting a dark current in the IR light-receiving element, and
calculate a second ratio (infrared light AC/DC ratio) IR of an AC component IRAC to a DC componentIRDC (= IRAC/IRDC)
to notify the BPR (IR) section 14 of the second ratio IR (output the second ratio IR to the BPR (IR) section 14). The dark
processing is performed by using a heretofore-known method, for example, by subtracting an output value (dark current
value) Rdark which is output from the R light-receiving element in a light-shielded state, from the red light-related
measurement data, and subtracting an output value (dark current value) IRdark which is output from the IR light-receiving
element in a light-shielded state, from the infrared light-related measurement data. The output values Rdark, IRdark
which are output from the respective R and IR light-receiving elements in the light-shielded state are preliminarily meas-
ured.

[0084] Each of the BPR (R) section 13 and the BPR (IR) section 14 is a filter for removing a given noise component
from measurement date measured by the sensor unit 40, and designed to remove any frequency component other than
afrequency component normally included as a fluctuation component occurring in an intensity of light transmitted through
or reflected by a biological tissue, due to pulsation of arterial blood.

[0085] The BPR (R) section 13 is a filter configured for red light to have a passband set to a given frequency band
including afrequency component normally included as a fluctuation componentoccurringin an intensity of light transmitted
through or reflected by a biological tissue, due to pulsation of arterial blood, and configured to subject the first ratio R to
a filter processing (filtering) and notify the R correlation calculation section 15, the cross-correlation calculation section
17, the pv - pa calculation section 18, the pulse rate calculation section 20 and the noise discrimination section 21 of
the filtered first ratio R in the form of time-series data R_signal.

[0086] The BPR (IR) section 14 is a filter configured for infrared light to have a passband set to a given frequency
band including a frequency component normally included as a fluctuation component occurring in an intensity of light
transmitted through or reflected by a biological tissue, due to pulsation of arterial blood, and configured to subject the
second ratio IR to a filter processing (filtering) and notify the IR correlation calculation section 16, the cross-correlation
calculation section 17, the pv - pa calculation section 18, the pulse rate calculation section 20 and the noise discrimination
section 21 of the filtered second ratio R in the form of time-series data IR_signal.

[0087] The R correlation calculation section 15 is configured to calculate correlation data about the red light-related
R_signal or a difference signal AR ofthe R_signal, and notify the pv - pa calculation section 18 and the noise discrimination
section 21 of the calculated correlation data.

[0088] The IR correlation calculation section 16 is configured to calculate correlation data about the infrared light-
related IR_signal or a difference signal AIR of the IR_signal, and notify the pv calculation section 18 and the noise
discrimination section 21 of the calculated correlation data.

[0089] The cross-correlation calculation section 17 is configured to calculate correlation data between the red light-
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related R_signal or the difference signal AR thereof and the infrared light-related IR_signal or the difference signal AIR
thereof, and notify the pv - pa calculation section 18 and the noise discrimination section 21 of the calculated correlation
data.

[0090] The pv - pa calculation section 18 is configured to calculate an estimate kv_es of the k_v from the R_signal
calculated by the BPR (R) section 13, the IR_signal calculated by the BPR (IR) section 14, the correlation signal about
the R_signal or the difference signal AR thereof calculated by the R correlation calculation section 15, the correlation
signal about the IR_signal or the difference signal AIR thereof calculated by the IR correlation calculation section 16,
and the correlation data between the R_signal or the difference signal AR thereof and the IR_signal or the difference
signal AIR thereof calculated by the cross-correlation calculation section 17, and by using a conventional technique. For
example, the pv - pa calculation section 18 is operable to calculate a variation in width between waveforms (IR_signal
X k_v - R_signal) obtained by sequentially changing the k_v from an initial value k_v_0 within a given range (e.g., k_v_0
-0.5<k_v<k_v_0+0.5), and determine the k_v in such a manner as minimize the variation, to thereby derive the kv_es.
[0091] The pv - pa calculation section 18 is operable, based on the derived value of the kv_es, to calculate the estimate
pv_es for venous blood, and then calculate the estimate pa_es of the k_a by using the formula (8). Then, the pv - pa
calculation section 18 is operable to notify the SpO2 calculation section 19, the pulse rate calculation section 20 and
the noise discrimination section 21 of the calculated values of the pv_es and pa_es.

[0092] The SpO2 calculation section 19 is configured to derive the arterial oxygen saturation SpO2 from the pa_es
derived by the pv - pa calculation section 18, and notify the indicating unit 30 of the derived value of the arterial oxygen
saturation SpO2.

[0093] The pulse rate calculation section 20 is configured to derive the pulse rate ave_PR from the R_signal calculated
by the BPR (R) section 13, the IR_signal calculated by the BPR (IR) section 14 and the pv_es and pa_es calculated by
the pv - pa calculation section 18, as described in connection with FIG. 13, and notify the indicating unit 30 of the
calculated value of the pulse rate ave_PR.

[0094] The noise discrimination section 21 is configured to calculate the noise index from the correlation signal about
the R_signal or the difference signal AR thereof calculated by the R correlation calculation section 15, the correlation
signal about the IR_signal or the difference signal AIR thereof calculated by the IR correlation calculation section 16,
the correlation data between the R_signal or the difference signal AR thereof and the IR_signal or the difference signal
AIR thereof calculated by the cross-correlation calculation section 17, and the pv_es and pa_es calculated by the pv -
pa calculation section 18, and by using the formula (10). Further, it is configured to determine that the arterial blood
noise is large, when the calculated value of the noise index is less than a predetermined threshold, or determine that
that the noise is small, when the calculated value of the noise index is equal to or greater than the predetermined
threshold, and notify the pulse rate calculation section 20 of a result of the determination.

[0095] Theindicating unit 30 is a device configured to indicate (output) a state of operation of the biological information
measuring apparatus 100, biological information derived by the operational control unit 10, and composed, for example,
of a liquid crystal display (LCD) unit, an organic EL display unit, a printer, or the like. For example, in this embodiment,
the indicating unit 30 comprises a pulse rate output section 32 for indicating a value of pulse rate calculated by the pulse
rate calculation section 20 and a value of oxygen saturation calculated by the SpO2 calculation section 19.

[0096] FIG. 2 is a block diagram illustrating a configuration of the pulse rate calculation section 20 in the biological
information processing apparatus 100 in FIG. 1.

[0097] The pulse rate calculation section 20 comprises a secondary differentiation calculation section 50, a peak
threshold calculation section 60, a peak discrimination section 61, a peak time-interval calculation section 62, a peak
time-interval frequency distribution calculation section 63, a frequency-distribution local maximum region detection sec-
tion 64, an effective greatest local maximum region detection section 65, an effective-greatest-local-maximum-region
average time-interval calculation section 66, a valley threshold calculation section 70, a valley discrimination section 71,
a valley time-interval calculation section 72, a valley time-interval frequency distribution calculation section 73, a fre-
quency-distribution local maximum region detection section 74, an effective greatest local maximum region detection
section 75, an effective-greatest-local-maximum-region average time-interval calculation section 76, a rising threshold
calculation section 80, a rising discrimination section 81, a rising time-interval calculation section 82, a rising time-interval
frequency distribution calculation section 83, a frequency-distribution local maximum region detection section 84, an
effective greatestlocal maximum region detection section 85, an effective-greatest-local-maximum-region average time-
interval calculation section 86, a time-averaged pulse rate calculation section 90, a weighting factor calculation section
91, an effective weighted local maximum region detection section 92. and an effective-greatest-weighted-local-maximum-
region average time-interval calculation section 93.

[0098] The secondary differentiation calculation section 50 is configured to perform a processing of generating a
second-order difference signal R_signal - p X IR_signal. This processing corresponds to the processing in the Step S44
of the flowchart in FIG. 13.

[0099] Each of the peak threshold calculation section 60, the valley threshold calculation section 70 and the rising
threshold calculation section 80 is configured to perform a processing of calculating a threshold for detecting a point of
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arespective one of peak, valley and rising in the second-order difference signal generated by the secondary differentiation
calculation section 50. This processing corresponds to the processing in the Step S45 of the flowchart in FIG. 13.
[0100] Each of the peak discrimination section 61, the valley discrimination section 71 and the rising discrimination
section 81 is configured to perform a processing of detecting a point of a respective one of peak, valley and rising in the
second-order difference signal generated by the secondary differentiation calculation section 50, based on a respective
one of the thresholds calculated by the peak threshold calculation section 60, the valley threshold calculation section
70 and the rising threshold calculation section 80. This processing corresponds to the processing in the Step S46 of the
flowchart in FIG. 13.

[0101] The peak time-interval calculation section 62 is configured to calculate an interval-time between peaks detected
by the peak discrimination section 61, and the peak time-interval frequency distribution calculation section 63 is configured
to perform a processing of creating a frequency distribution from the calculated interval-times. This processing corre-
sponds to the processing in the Step S20 of the flowchart in FIG. 11.

[0102] The frequency-distribution local maximum region detection section 64 is configured to perform a processing of
detecting a local maximum zone region from the frequency distribution created by the peak time-interval frequency
distribution calculation section 63. This processing corresponds to the processing in the Step S10 of the flowchart in
FIG. 10.

[0103] The effective greatest local maximum region detection section 65 is configured to perform a processing of
determining an effective greatest local maximum region (effective greatest frequency zone) from the local maximum
zone region in the peak time-interval frequency distribution, detected by the frequency-distribution local maximum region
detection section 64. This processing corresponds to the processing in the Steps S11 and S12 of the flowchartin FIG. 10.
[0104] The effective-greatest-local-maximum-region average time-interval calculation section 66 is configured to per-
form a processing of calculating an average time (period) from the interval-times in the effective greatest local maximum
region determined by the effective greatest local maximum region detection section 65. This processing corresponds to
the processing in the Step S24 of the flowchart in FIG. 11.

[0105] The valley time-interval calculation section 72 is configured to calculate an interval-time between valleys de-
tected by the valley discrimination section 71, and the valley time-interval frequency distribution calculation section 73
is configured to perform a processing of creating a frequency distribution from the calculated interval-times. This process-
ing corresponds to the processing in the Step S20 of the flowchart in FIG. 11.

[0106] The frequency-distribution local maximum region detection section 74 is configured to perform a processing of
detecting a local maximum zone region from the frequency distribution created by the peak time-interval frequency
distribution calculation section 73. This processing corresponds to the processing in the Step S10 of the flowchart in
FIG. 10.

[0107] The effective greatest local maximum region detection section 75 is configured to perform a processing of
determining an effective greatest local maximum region (effective greatest frequency zone) from the local maximum
zone region in the valley time-interval frequency distribution, detected by the frequency-distribution local maximum region
detection section 74. This processing corresponds to the processing in the Steps S11 and S12 of the flowchartin FIG. 10.
[0108] The effective-greatest-local-maximum-region average time-interval calculation section 76 is configured to per-
form a processing of calculating an average time (period) from the interval-times in the effective greatest local maximum
region determined by the effective greatest local maximum region detection section 75. This processing corresponds to
the processing in the Step S25 of the flowchart in FIG. 11.

[0109] Therisingtime-interval calculation section 82 is configured to calculate an interval-time between risings detected
by the rising discrimination section 81, and the rising time-interval frequency distribution calculation section 83 is con-
figured to perform a processing of creating a frequency distribution from the calculated interval-times. This processing
corresponds to the processing in the Step S20 of the flowchart in FIG. 11.

[0110] The frequency-distribution local maximum region detection section 84 is configured to perform a processing of
detecting a local maximum zone region from the frequency distribution created by the rising time-interval frequency
distribution calculation section 83. This processing corresponds to the processing in the Step S10 of the flowchart in
FIG. 10.

[0111] The effective greatest local maximum region detection section 85 is configured to perform a processing of
determining an effective greatest local maximum region (effective greatest frequency zone) from the local maximum
zone region in the rising time-interval frequency distribution, detected by the frequency-distribution local maximum region
detection section 84. This processing corresponds to the processing in the Steps S11 and S12 of the flowchartin FIG. 10.
[0112] The effective-greatest-local-maximum-region average time-interval calculation section 86 is configured to per-
form a processing of calculating an average time (period) from the interval-times in the effective greatest local maximum
region determined by the effective greatest local maximum region detection section 75. This processing corresponds to
the processing in the Step S26 of the flowchart in FIG. 11.

[0113] The time-averaged pulse rate calculation section 90 is configured to perform a processing of calculating pulse
rate from the average times (periods) calculated by the effective-greatest-local-maximum-region average time-interval
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calculation section 66, the effective-greatest-local-maximum-region average time-interval calculation section 76, and
the effective-greatest-local-maximum-region average time-interval calculation section 86. This processing corresponds
to the processing in the Step S27 to the Step 33 of the flowchart in FIG. 12, and the Step S48 to the Step 59 of the
flowchart in FIG. 13.

[0114] The weighting factor calculation section 91 is configured to perform a processing of calculating a weighting
factor. This processing corresponds to the processing in the Step S 13 of the flowchart in FIG. 10.

[0115] The effective weighted local maximum region detection section 92 is configured to perform a processing of
detecting an effective greatest weighted local maximum region (effective greatest weighted-frequency zone) by using
the weighting factor calculated by the weighting factor calculation section 91. This processing corresponds to the process-
ing in the Steps S 14 to 18 of the flowchart in FIG. 10.

[0116] The effective-greatest-weighted-local-maximum-region average time-interval calculation section 93 is config-
ured to perform a processing of calculating an average time (period) from the interval-times in the effective greatest
weighted local maximum region detected by the effective weighted local maximum region detection section 92. This
processing corresponds to the processing in the Step S34 of the flowchart in FIG. 12.

< Operation >

[0117] Next, an operation of the biological information measuring apparatus 100 will be described.

[0118] FIG. 14is aflowchartillustrating a process of deriving oxygen saturation and pulse rate in biological information.
[0119] Inthe biological information measuring apparatus 100, a measurement of biological information of a living body
as a measurement target is started upon turn-on of a power switch (not illustrated) or turn-on of a measurement start
switch (not illustrated) after turn-on of the power switch.

[0120] The operational control unit 10 starts to sample measurement data measured by the sensor unit 40, with a
given sampling period.

[0121] Specifically, in the sensor unit 41, red light-related measurement data Rsignalanddark (including dark current)
and a dark current Rdark therein are measured by the sensor (R) section 41, and converted from an analog signal to a
digital signal, and infrared light-related measurement data IRsignalanddark (including dark current) and a dark current
IRdark therein are measured by the sensor (IR) section 42 and converted from an analog signal to a digital signal.
[0122] Subsequently, in the indicating unit 30, the AC-DC (R) section 11 operates to subject the red light-related
measurement data Rsignalanddark input from the sensor (R) section 41 to a dark processing (Rsignalanddark - Rdark)
to thereby derive R_signal, and the AC-DC (R) section 11 operates to subject the infrared light-related measurement
data IRsignalanddark input from the sensor (IR) section 42 to a dark processing (Rsignalanddark - Rdark) to thereby
derive IR_signal. Subsequently, the R_signal output from the AC-DC (R) section 11 and the | R_signal output from the
AC-DC (IR) section 12 are filtered, respectively, by the BPR (R) section 13 and the BPR (IR) section 14, and then output
to the R correlation calculation section 15 and others.

[0123] The operational control unit 10 starts data sampling. Each of the R correlation calculation section 15, the IR
correlation calculation section 16 and the cross-correlation calculation section 17 acquires the R_signal (in FIG. 14,
described as R(i)) or IR_signal (in FIG. 14, described as IR(i)) from the BPR (R) section 13 or the BPR (IR) section 14
(Step S70) to calculate correlation values, and output the correlation values to the pv - pa calculation section 18. That
is, X R(i)2 or X AR(i)2, X IR(i)2 or X AIR(i)2, and X R(i) X IR(i) or X AR(i) X YAIR(i), are calculated, respectively, by the
R correlation calculation section 15, the IR correlation calculation section 16 and the IR correlation calculation section
16, and then output to the pv - pa calculation section 18. AR(i) and AIR(i) represent, respectively, temporal differences
in R(i) and IR(i), and X represents a sum within a given period of time.

[0124] Upon acquiring a given number of (N) data necessary for calculating oxygen saturation and pulse rate, the pv
- pa calculation section 18 calculates the pv_es and pa_es, and outputs calculated values of the pv_es and pa_es to
the SpO2 calculation section 19, the pulse rate calculation section 20 and the noise discrimination section 21 (Step S71).
[0125] The noise discrimination section 21 calculates the noise index by using the formula (10) (Step S72). When the
calculated noise index is less than a predetermined threshold (Step S73: YES), it determines that arterial blood noise
is large, and sets flg_low_noise to 1 (Step S74). On the other hand, when the calculated noise index is equal to or greater
than the threshold (the Step S73: NO), the noise discrimination section 21 determines that arterial blood noise is small,
and sets flg_low_noise to 0 (Step S75). Then, it sends the content of the flag to the pulse rate calculation section 20.
[0126] The SpO2 calculation section 23 derives the oxygen saturation (SpO2) from the estimate pa_es calculated by
the pv - pa calculation section 18 (Step S76), and stores the derived value of the oxygen saturation SpO2 in the memory
of the biological information measuring apparatus 100 (Step S77). Then, in the case where previously-calculated values
of oxygen saturation SpO2 are stored, the SpO2 calculation section 23 calculates an average of values of oxygen
saturation SpO2 previously calculated over a given period of time, and the currently-calculated value of the oxygen
saturation SpO2, and notifies the indicating section 30 of the calculated oxygen saturation SpO2 ave_SpO2 (Step S78).
[0127] The pulse rate calculation section 20 calculates pulse rate from the content of the flag flg_low_noise notified
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from the noise discrimination section 21, the pv_es and pa_es received from the pv - pa calculation section 18, the R(i)
received from the BPR (R) section 13, and IR(i) received from the BPR (IR) section 14, as described in connection with
FIG. 13, and notifies the indicating section 30 of the calculated value of the pulse rate ave_PR (Step S79).

[0128] The indicating section 30 indicates the value of the oxygen saturation SpO2 ave_SpO2 notified from the SpO2
calculation section 19 a, and the value of the pulse rate ave_PR notified from the pulse rate calculation section 20,
respectively, on the SpO2 output section 31 and the pulse rate output section 32 (Step S80).

[0129] The biological information measuring apparatus 100 according to this embodiment operates in the above
manner. Thus, even when noise occurs due to walking or the like, the biological information measuring apparatus 100
can measure biological information such as pulse rate and oxygen saturation, accurately and quickly. FIG. 15 illustrates
one example of a pulse rate curve during walking, measured by the above biological information processing apparatus.
As presented in this graph, it is proven that pulse rate measured by the biological information processing apparatus
according to this embodiment runs on in approximately the same patterm as pulse rate of an electrocardiogram (HR
graph), and calculates pulse rate more accurately than the conventional technique.

[0130] This specification discloses techniques having various aspects. Among them, major techniques will be outlined
below.

[0131] A biological information processing apparatus according to one aspect is designed to, based on at least first
measurement data and second measurement data obtained by emitting a plurality of light beams having respective
different wavelengths to a living body and receiving corresponding light beams transmitted through or reflected by the
living body, measure biological information of the living body, and equipped with a first measurement section, a second
measurement section, a biological signal generation section, a difference signal generation section, a frequency distri-
bution generation section, and a period calculation section. The first measurement section is configured to measure the
first measurement data, wherein the first measurement data comprises a first signal component having periodicity, and
a first noise component. The second measurement section is configured to measure the second measurement data,
wherein the second measurement data comprising a second signal component having a given first relationship with the
first signal component, and a second noise component having a given second relationship with the first noise component.
The difference signal generation section is configured to generate a biological signal including the first signal component
based on an estimate of a given third relationship, the first measurement data and the second measurement data. The
difference signal generation section is configured to generate a second-order difference signal by subjecting the biological
signal to a second-order differencing operation. The frequency distribution generation section is configured to generate
at least one frequency distribution selected from the group consisting of: a peak frequency distribution which represents
a frequency distribution of an interval-time between peaks at each of which the second-order difference signal has a
value equal to or greater than a given peak threshold; a valley frequency distribution which represents a frequency
distribution of an interval-time between valleys at each of which the second-order difference signal has a value equal to
or less than a given valley threshold; a rising frequency distribution which represents a frequency distribution of an
interval-time between rising points at each of which a value of the second-order difference signal comes across a given
threshold representing an intermediary value between the peaks and the valleys in a rising direction; and a falling
frequency distribution which represents a frequency distribution of an interval-time between falling points at each of
which a value of the second-order difference signal comes across the given threshold representing the intermediary
value between the peaks and the valleys in a falling direction. The period calculation section is configured to, with respect
to the frequency distribution generated by the frequency distribution generation section, determine an effective greatest
frequency zone which is a zone having a greatest frequency of the interval-time, based on a given criterion, and calculate
a period of the first signal component based on an average time interval in the effective greatest frequency zone.
[0132] A signal processing method according to another aspect of the present invention is designed for use in a
biological information processing apparatus configured to, based on at least first measurement data and second meas-
urement data obtained by emitting a plurality of light beams having respective different wavelengths to a living body and
receiving corresponding light beams transmitted through or reflected by the living body, measure biological information
of the living body, wherein: the first measurement data comprises a first signal component having periodicity, and a first
noise component; and the second measurement data comprises a second signal component having a given first rela-
tionship with the first signal component, and a second noise component having a given second relationship with the first
noise component. The signal processing method comprises a biological signal generation step, a difference signal
generation step, a frequency distribution generation step and a period calculation step. The biological signal generation
step is configured to generate a biological signal including the first signal component, based on an estimate of a given
third relationship, the first measurement data and the second measurement data. The difference signal generation step
is configured to generate a second-order difference signal by subjecting the biological signal to a second-order differencing
operation. The frequency distribution generation step is configured to generate atleast one frequency distribution selected
from the group consisting of: a peak frequency distribution which represents a frequency distribution of an interval-time
between peaks at each of which the second-order difference signal has a value equal to or greater than a given peak
threshold; a valley frequency distribution which represents a frequency distribution of an interval-time between valleys
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at each of which the second-order difference signal has a value equal to or less than a given valley threshold; a rising
frequency distribution which represents a frequency distribution of an interval-time between rising points at each of which
avalue of the second-order difference signal comes across a given threshold representing an intermediary value between
the peaks and the valleys in arising direction; and a falling frequency distribution which represents a frequency distribution
of an interval-time between falling points at each of which a value of the second-order difference signal comes across
the given threshold representing the intermediary value between the peaks and the valleys in a falling direction. The
period calculation step is configured to, with respect to the frequency distribution generated by the frequency distribution
generation section, calculating a period of the first signal component based on the interval-time having a greatest
frequency.

[0133] In the above biological information processing apparatus, the estimate of the third relationship is used to
generate a biological signal while allowing the first signal component to be more largely included therein, so that it
becomes possible to reduce signal noise. In addition, in the above biological information processing apparatus, a fre-
quency distribution of an interval-time of peak or the like is created by using a second-order difference waveform of the
biological signal with reduced noise, and the period is calculated based on an interval-time having a greatest frequency,
so that it becomes possible to derive pulse rate with less error.

[0134] In one specific embodiment, the above biological information processing apparatus which further comprises:
an estimation section configured to output respective estimates of an arterial blood absorption coefficient ratio associated
with arterial blood and a venous blood absorption coefficient ratio associated with venous blood, each included in the
first measurement data and the second measurement data, and a noise discrimination section configured to discriminate
whether or not the second noise component largely includes a specific noise component due to blood having a value of
oxygen saturation close to that of arterial blood. In this embodiment, the biological signal generation section is operable,
when the noise discrimination section discriminates that the second noise component does not largely include the specific
noise component, to determine the estimate of the given third relationship based on only the estimate of the venous
blood absorption coefficient ratio, and, when the noise discrimination section discriminates that the second noise com-
ponent largely includes the specific noise component, to determine, as the estimate of the given third relationship, a
value between the respective estimates of the arterial blood absorption coefficient ratio and the venous blood absorption
coefficient ratio.

[0135] In this biological information processing apparatus, it becomes possible to discriminate a level of noise due to
blood having a value of oxygen saturation close to that of arterial blood, and thereby estimate a period by using an
adequate value of the estimate of the third relationship according to a level and property of noise. Thatis, in this biological
information processing apparatus, it becomes possible to derive pulse rate with less error.

[0136] In another specific embodiment, in the above biological information processing apparatus, the frequency dis-
tribution generation section is operable, when generating the peak frequency distribution in a given time range of the
second-order difference signal, to select a plurality of peaks, and measure an interval-time between a certain one of the
selected peaks and each of two or more of the remaining peaks included in a predetermined given range including the
certain peak, with respect to each of the selected peaks, thereby generating the peak frequency distribution by using
the measured interval-times. The frequency distribution generation section is also operable, when generating the valley
frequency distribution in a given time range of the second-order difference signal, to select a plurality of valley, and
measure an interval-time between a certain one of the selected valley and each of two or more of the remaining valleys
included in a predetermined given range including the certain valley, with respect to each of the selected valleys, thereby
generating the valley frequency distribution by using the measured interval-times. The frequency distribution generation
section is operable, when generating the rising frequency distribution in a given time range of the second-order difference
signal, to select a plurality of rising points, and measure an interval-time between a certain one of the selected rising
points and each of two or more of the remaining rising points included in a predetermined given range including the
certain rising points, with respect to each of the selected rising points, thereby generating the rising frequency distribution
by using the measured interval-times. Further, the frequency distribution generation section is operable, when generating
the falling frequency distribution in a given time range of the second-order difference signal, to select a plurality of falling
points, and measure an interval-time between a certain one of the selected falling points and each of two or more of the
remaining falling points included in a predetermined given range including the certain falling points, with respect to each
of the selected falling points, thereby generating the falling frequency distribution by using the measured interval-times.
[0137] In this biological information processing apparatus, as a peak interval-time, for example, an interval-time be-
tween neighborhood peaks, i.e., an interval-time between peaks other than peaks laying side-by-side, is derived, so that
it becomes possible to calculate the period from a more wide range of interval-times.

[0138] In yet another specific embodiment, in the above biological information processing apparatus, the frequency
distribution generation section is operable: when generating the peak frequency distribution, to use a plurality of interval-
times each measured from a respective one of a plurality of different combinations of two peaks; when generating the
valley frequency distribution, to use a plurality of interval-times each measured from a respective one of a plurality of
different combinations of two valleys; when generating the rising frequency distribution, to use a plurality of interval-
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times each measured from a respective one of a plurality of different combinations of two rising points; and when
generating the falling frequency distribution, to use a plurality of interval-times each measured from a respective one of
a plurality of different combinations of two falling points (for example, Steps 40 to 42).

[0139] In this biological information processing apparatus, an interval-time of the same combination, for example, of
peaks, is never calculated plural times, so that it becomes possible to more accurately derive pulse rate.

[0140] In still another specific embodiment, in the above biological information processing apparatus, the period cal-
culation section is operable to calculate at least two periods, respectively, from at least two frequency distributions
generated by the frequency distribution generation section, and calculate, as the period of the first signal component,
an average of selected two or more of the calculated periods, wherein two of the selected periods has a temporal
difference falling within a predetermined range.

[0141] Inthis biologicalinformation processing apparatus, the period is determined from a plurality of types of frequency
distributions of the interval-time, so that it becomes possible to more accurately derive pulse rate.

[0142] In yet still another specific embodiment, in the above biological information processing apparatus, the biological
signal generation section is operable to generate a plurality of the biological signals based on a plurality of the estimates
of the given third relationship, respectively; the second-order difference signal generation section is operable to generate
a plurality of the second-order difference signals based on the biological signals, respectively; the frequency distribution
generation section is operable to generate a plurality of the frequency distributions based on the second-order difference
signals, respectively; and the period calculation section is operable to calculate respective periods of the second-order
difference signals from the respective frequency distributions of the second-order difference signals, and calculate the
period of the first signal component from the calculated periods.

[0143] In this biological information processing apparatus, the period is calculated from the plurality of second-order
difference signals using the plurality of estimates of the third relationship, so that it becomes possible to derive pulse
rate with less error.

[0144] In another further specific embodiment, in the above biological information processing apparatus, the period
calculation section is operable to calculate an average of the calculated period of the first signal component and a
previously-calculated period of the first signal component, as a new period of the first signal component, and, when the
new period of the first signal component is deviated from a period calculated in the last measurement by a given time
or more, to calculate an average of a period derived from the period calculated in the last measurement and a previously-
calculated period, as another new period of the first signal component (for example, Steps S56 and S57).

[0145] In this biological information processing apparatus, the period is calculated additionally based on previously-
derived period, so that it becomes possible to derive pulse rate with less error.

[0146] In still a further specific embodiment, in the above biological information processing apparatus, the frequency
distribution generation section is operable to generate a weighted frequency distribution weighted with a weight based
on a period previously calculated by the period calculation section

[0147] In an additional specific embodiment, in the above biological information processing apparatus, the frequency
distribution generation section is operable to further generate a weighted frequency distribution weighted with a weight
based on a period previously calculated by the period calculation section, and the period calculation section is operable,
in the weighted frequency distribution and based on a given criteria, to determine an effective greatest weighted-frequency
zone which is a zone which is a zone having a greatest frequency of the interval-time, and, based on an average time
interval in the effective greatest weighted-frequency zone and the average time interval in the effective greatest frequency
zone.

[0148] In this biological information processing apparatus, the period is calculated from a weighted frequency distri-
bution weighted with a weight based on a previous calculation result, so that pulse rate is less likely to have a value
fairly deviated from that of previously-derived pulse rate.

[0149] This application is based on Japanese Patent Application Serial No. 2012-40994 filed in Japan Patent Office
on February 28, 2012, the contents of which are hereby incorporated by reference.

[0150] Although the present invention has been illustrated and described adequately and fully by way of example with
reference to the accompanying drawings in order to represent the present invention, it is to be understood that various
changes and modifications will be apparent to those skilled in the art. Therefore, unless otherwise such changes and
modifications depart from the scope of the present invention hereinafter defined, they should be construed as being
included therein.

Industrial Applicability

[0151] The presentinvention can provide a biological information processing apparatus and a signal processing meth-
od.
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1. Abiological information processing apparatus for, based on at leastfirst measurement data and second measurement
data obtained by emitting a plurality of light beams having respective different wavelengths to a living body and
receiving corresponding light beams transmitted through or reflected by the living body, measuring biological infor-
mation of the living body, comprising:

a first measurement section configured to measure the first measurement data, the first measurement data
comprising a first signal component having periodicity, and a first noise component;

a second measurement section configured to measure the second measurement data, the second measurement
data comprising a second signal component having a given first relationship with the first signal component,
and a second noise component having a given second relationship with the first noise component;

a biological signal generation section configured to generate a biological signal including the first signal com-
ponent based on an estimate of a given third relationship, the first measurement data and the second meas-
urement data;

a difference signal generation section configured to generate a second-order difference signal by subjecting
the biological signal to a second-order differencing operation;

a frequency distribution generation section configured to generate at least one frequency distribution selected
from the group comprising: a peak frequency distribution which represents a frequency distribution of an interval-
time between peaks at each of which the second-order difference signal has a value equal to or greater than
a given peak threshold; a valley frequency distribution which represents a frequency distribution of an interval-
time between valleys at each of which the second-order difference signal has a value equal to or less than a
given valley threshold; a rising frequency distribution which represents a frequency distribution of an interval-
time between rising points at each of which a value of the second-order difference signal comes across a given
threshold representing an intermediary value between the peaks and the valleys in a rising direction; and a
falling frequency distribution which represents a frequency distribution of an interval-time between falling points
at each of which a value of the second-order difference signal comes across the given threshold representing
the intermediary value between the peaks and the valleys in a falling direction; and

a period calculation section configured to, with respect to the frequency distribution generated by the frequency
distribution generation section, determine an effective greatest frequency zone which is a zone having a greatest
frequency of the interval-time, based on a given criterion, and calculate a period of the first signal component
based on an average time interval in the effective greatest frequency zone.

2. The biological information processing apparatus as defined in claim 1, which further comprises:

an estimation section configured to output respective estimates of an arterial blood absorption coefficient ratio
associated with arterial blood and a venous blood absorption coefficient ratio associated with venous blood,
each included in the first measurement data and the second measurement data; and

a noise discrimination section configured to discriminate whether or not the second noise component largely
includes a specific noise component due to blood having a value of oxygen saturation close to that of arterial
blood,

wherein the biological signal generation section is operable, when the noise discrimination section discriminates
that the second noise component does not largely include the specific noise component, to determine the
estimate of the given third relationship based on only the estimate of the venous blood absorption coefficient
ratio, and, when the noise discrimination section discriminates that the second noise component largely includes
the specific noise component, to determine, as the estimate of the given third relationship, a value between the
respective estimates of the arterial blood absorption coefficient ratio and the venous blood absorption coefficient
ratio.

3. The biological information processing apparatus as defined in claim 1 or 2, wherein the frequency distribution
generation section is operable:

when generating the peak frequency distribution in a given time range of the second-order difference signal, to
select a plurality of peaks, and measure an interval-time between a certain one of the selected peaks and each
of two or more of the remaining peaks included in a predetermined given range including the certain peak, with
respect to each of the selected peaks, thereby generating the peak frequency distribution by using the measured
interval-times;

when generating the valley frequency distribution in a given time range of the second-order difference signal,
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to select a plurality of valley, and measure an interval-time between a certain one of the selected valley and
each of two or more of the remaining valleys included in a predetermined given range including the certain
valley, with respect to each of the selected valleys, thereby generating the valley frequency distribution by using
the measured interval-times;

when generating the rising frequency distribution in a given time range of the second-order difference signal,
to select a plurality of rising points, and measure an interval-time between a certain one of the selected rising
points and each of two or more of the remaining rising points included in a predetermined given range including
the certainrising points, with respect to each of the selected rising points, thereby generating the rising frequency
distribution by using the measured interval-times; and

when generating the falling frequency distribution in a given time range of the second-order difference signal,
to select a plurality of falling points, and measure an interval-time between a certain one of the selected falling
points and each of two or more of the remaining falling points included in a predetermined given range including
the certain falling points, with respect to each of the selected falling points, thereby generating the falling fre-
quency distribution by using the measured interval-times.

4. The biological information processing apparatus as defined in any one of claims 1 to 3, wherein the frequency

distribution generation section is operable:

when generating the peak frequency distribution, to use a plurality of interval-times each measured from a
respective one of a plurality of different combinations of two peaks;

when generating the valley frequency distribution, to use a plurality of interval-times each measured from a
respective one of a plurality of different combinations of two valleys;

when generating the rising frequency distribution, to use a plurality of interval-times each measured from a
respective one of a plurality of different combinations of two rising points; and

when generating the falling frequency distribution, to use a plurality of interval-times each measured from a
respective one of a plurality of different combinations of two falling points.

The biological information processing apparatus as defined in any one of claims 1 to 4, wherein the period calculation
section is operable to calculate at least two periods, respectively, from at least two frequency distributions generated
by the frequency distribution generation section, and calculate, as the period of the first signal component, an average
of selected two or more of the calculated periods, two of the selected periods having a temporal difference falling
within a predetermined range.

The biological information processing apparatus as defined in any one of claims 1 to 5, wherein:

the biological signal generation section is operable to generate a plurality of the biological signals based on a
plurality of the estimates of the given third relationship, respectively;

the second-order difference signal generation section is operable to generate a plurality of the second-order
difference signals based on the biological signals, respectively;

the frequency distribution generation section is operable to generate a plurality of the frequency distributions
based on the second-order difference signals, respectively; and

the period calculation section is operable to calculate respective periods of the second-order difference signals
from the respective frequency distributions of the second-order difference signals, and calculate the period of
the first signal component from the calculated periods.

The biological information processing apparatus as defined in any one of claims 1 to 6, wherein the period calculation
section is operable to calculate an average of the calculated period of the first signal component and a previously-
calculated period of the first signal component, as a new period of the first signal component, and, when the new
period of the first signal component is deviated from a period calculated in the last measurement by a given time or
more, to calculate an average of a period derived from the period calculated in the last measurement and a previously-
calculated period, as another new period of the first signal component.

The biological information processing apparatus as defined in any one of claims 1 to 7, wherein the frequency
distribution generation section is operable to generate a weighted frequency distribution weighted with a weight

based on a period previously calculated by the period calculation section.

The biological information processing apparatus as defined in any one of claims 1 to 7, wherein:
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the frequency distribution generation section is operable to further generate a weighted frequency distribution
weighted with a weight based on a period previously calculated by the period calculation section; and

the period calculation section is operable, in the weighted frequency distribution and based on a given criteria,
to determine an effective greatest weighted-frequency zone which is a zone which is a zone having a greatest
frequency of the interval-time, and, based on an average time interval in the effective greatest weighted-fre-
quency zone and the average time interval in the effective greatest frequency zone.

10. A signal processing method for use in a biological information processing apparatus configured to, based on at least
first measurement data and second measurement data obtained by emitting a plurality of light beams having re-
spective different wavelengths to a living body and receiving corresponding light beams transmitted through or
reflected by the living body, measure biological information of the living body, wherein: the first measurement data
comprises a first signal component having periodicity, and a first noise component; and the second measurement
data comprises a second signal component having a given first relationship with the first signal component, and a
second noise component having a given second relationship with the first noise component, the signal processing
method comprising:

a biological signal generation step of generating a biological signal including the first signal component, based
on an estimate of a given third relationship, the first measurement data and the second measurement data;

a difference signal generation step of generating a second-order difference signal by subjecting the biological
signal to a second-order differencing operation;

a frequency distribution generation step of generating at least one frequency distribution selected from the group
comprising: a peak frequency distribution which represents a frequency distribution of an interval-time between
peaks at each of which the second-order difference signal has a value equal to or greater than a given peak
threshold; a valley frequency distribution which represents a frequency distribution of an interval-time between
valleys at each of which the second-order difference signal has a value equal to or less than a given valley
threshold; a rising frequency distribution which represents a frequency distribution of an interval-time between
rising points at each of which a value of the second-order difference signal comes across a given threshold
representing an intermediary value between the peaks and the valleys in arising direction; and a falling frequency
distribution which represents a frequency distribution of an interval-time between falling points at each of which
a value of the second-order difference signal comes across the given threshold representing the intermediary
value between the peaks and the valleys in a falling direction; and

a period calculation step of, with respect to the frequency distribution generated by the frequency distribution
generation section, calculating a period of the first signal component based on the interval-time having a greatest
frequency.
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FIG. 10 SUB-PROCESS OF DETERMINING S21,22,23
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FIG. 11
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FIG. 13 (PULSE RATE CALCULATION PROCESS)
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