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INFORMATION PROCESSING APPARATUS,
INFORMATION PROCESSING METHOD,
AND PROGRAM

TECHNICAL FIELD

[0001] The present disclosure relates to an information
processing apparatus, an information processing method,
and a program.

BACKGROUND ART

[0002] Techniques for measuring information regarding
blood flow such as a pulse and a blood flow velocity are
frequently used in the field of medicine and the like. As an
example of an apparatus for measuring a pulse and a blood
flow velocity, a blood flowmeter can be mentioned. A blood
flowmeter can be installed on a measured person without
giving discomfort, pain, or the like to the measured person
and easily measure the pulse and the blood flow velocity. For
example, an example of a blood flowmeter is disclosed in
Patent Literature 1.

CITATION LIST

Patent Literature

[0003] Patent Literature 1: JP 2013-146371A
DISCLOSURE OF INVENTION
Technical Problem
[0004] In the above-described blood flowmeter, a signal

on which a noise component is superimposed is sometimes
detected in a case in which a sampling frequency 1s lowered
to suppress power consumption. For example, in a case in
which a sampling frequency does not satisfy a predeter-
mined condition for a frequency of a signal obtained from
blood flow, noise sometimes occurs due to a folding phe-
nomenon. Then, in a case in which a process is performed
on a detection signal on which such a noise component is
superimposed, it is difficult to obtain accurate blood flow
information such as a pulse due to the noise component.

[0005] Accordingly, the present disclosure is devised in
view of the foregoing circumstances and proposes an infor-
mation processing apparatus, an information processing
method, and a program capable of obtaining accurate blood
flow information while suppressing power consumption.

Solution to Problem

[0006] According to the present disclosure, there is pro-
vided an information processing apparatus including: an
estimation unit configured to estimate another kind of blood
flow information associated with one kind of blood flow
information from the one kind of blood flow information
obtained through blood flow measurement on the basis of
relation information indicating a relation between the two
different kinds of blood flow information.

[0007] In addition, according to the present disclosure,
there is provided an information processing method includ-
ing: estimating another kind of blood flow information
associated with one kind of blood flow information from the
one kind of blood flow information obtained through blood

Jun. 20, 2019

flow measurement on the basis of relation information
indicating a relation between the two different kinds of blood
flow information.

[0008] Furthermore, according to the present disclosure,
there is provided a program causing a computer to realize:
a function of estimating another kind of blood flow infor-
mation associated with one kind of blood flow information
from the one kind of blood flow information obtained
through blood flow measurement on the basis of relation
information indicating a relation between the two different
kinds of blood flow information.

Advantageous Effects of Invention

[0009] According to the present disclosure, as described
above, it is possible to obtain accurate blood flow informa-
tion while suppressing power consumption.

[0010] Note that the effects described above are not nec-
essarily limitative. With or in the place of the above effects,
there may be achieved any one of the effects described in
this specification or other effects that may be grasped from
this specification.

BRIEF DESCRIPTION OF DRAWINGS

[0011] FIG. 1 is a block diagram illustrating a functional
configuration of an information processing system 1 accord-
ing to an embodiment of the present disclosure.

[0012] FIG. 2 is an explanatory diagram illustrating an
example of an operation pattern of a radiation unit 100 and
a detection unit 102 according to the embodiment of the
present disclosure.

[0013] FIG. 3 is a diagram illustrating an example of a
form of a measurement module 10 according to an embodi-
ment of the present disclosure.

[0014] FIG. 4 is an explanatory diagram for describing a
form when the measurement module 10 illustrated in FIG. 3
is installed.

[0015] FIG. 5 is an explanatory diagram illustrating a
blood flow measurement method applied to the embodiment
of the present disclosure.

[0016] FIG. 6 is an explanatory diagram illustrating a first
processing method applied to the embodiment of the present
disclosure.

[0017] FIG. 7 is an explanatory diagram illustrating a
second processing method applied to the embodiment of the
present disclosure.

[0018] FIG. 8 is an explanatory diagram illustrating a
power spectrum 606 on which folding noise components
602 and 604 are superimposed.

[0019] FIG. 9 is a block diagram illustrating a functional
configuration of a processor 300 of an information process-
ing apparatus 30 according to a first embodiment of the
present disclosure.

[0020] FIG. 10 is an explanatory diagram illustrating an
information processing method according to the first
embodiment of the present disclosure.

[0021] FIG. 11 is a diagram illustrating of a flowchart of
a first operation in the information processing method
according to the first embodiment of the present disclosure.
[0022] FIG. 12 is a diagram illustrating of a flowchart of
a second operation in the information processing method
according to the first embodiment of the present disclosure.
[0023] FIG. 13 is a block diagram illustrating a functional
configuration of a processor 300a of the information pro-
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cessing apparatus 30 according to a modification example of
the first embodiment of the present disclosure.

[0024] FIG. 14 is a block diagram illustrating a functional
configuration of a processor 3005 of the information pro-
cessing apparatus 30 according to a second embodiment of
the present disclosure.

[0025] FIG. 15 is an explanatory diagram illustrating an
information processing method according to a second
embodiment of the present disclosure.

[0026] FIG. 16 is an explanatory diagram illustrating an
information processing method according to a modification
example of the second embodiment of the present disclo-
sure.

[0027] FIG. 17 is a block diagram illustrating a functional
configuration of a processor 300¢ of the information pro-
cessing apparatus 30 according to a third embodiment of the
present disclosure.

[0028] FIG. 18 is an explanatory diagram illustrating an
information processing method according to the third
embodiment of the present disclosure.

[0029] FIG. 19 is a block diagram illustrating a functional
configuration of a processor 3004 of the information pro-
cessing apparatus 30 according to a fourth embodiment of
the present disclosure.

[0030] FIG. 20 is an explanatory diagram illustrating an
information processing method according to the fourth
embodiment of the present disclosure.

[0031] FIG. 21 is a diagram illustrating of a flowchart of
the information processing method according to the fourth
embodiment of the present disclosure.

[0032] FIG. 22 is a block diagram illustrating a configu-
ration of the information processing apparatus 30 according
to an embodiment of the present disclosure.

MODE(S) FOR CARRYING OUT THE
INVENTION

[0033] Hereinafter, (a) preferred embodiment(s) of the
present disclosure will be described in detail with reference
to the appended drawings. Note that, in this specification and
the appended drawings, structural elements that have sub-
stantially the same function and structure are denoted with
the same reference numerals, and repeated explanation of
these structural elements is omitted.

[0034] The description will be made in the following
order.
[0035] 1. Configuration of information processing system

1 according to embodiment of present disclosure

[0036] 1.1 Configuration of measurement module 10

[0037] 1.2 Configuration of information processing appa-
ratus 30

[0038] 2. Blood flow measurement method and processing

method according to embodiment of present disclosure

[0039] 2.1 Blood flow information measurement method

[0040] 2.2 Processing methods

[0041] 2.2.1 First processing method

[0042] 2.2.2 Second processing method

[0043] 3. Background of embodiment of present disclo-
sure

[0044] 4. First embodiment

[0045] 4.1 Configuration of processor 300 according to

first embodiment

[0046] 4.2 Information processing method according to
first embodiment

[0047] 4.2.1 First operation
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[0048] 4.2.2 Second operation

[0049] 4.3 Modification example of first embodiment
[0050] 5. Second embodiment

[0051] 5.1 Configuration of processor 3005 according to

second embodiment
[0052] 5.2 Information processing method according to
second embodiment

[0053] 5.3 Modification example of second embodiment
[0054] 6. Third embodiment
[0055] 6.1 Configuration of processor 300¢ according to

third embodiment

[0056] 6.2 Information processing method according to
third embodiment

[0057] 7. Fourth embodiment

[0058] 7.1 Configuration of processor 3004 according to
fourth embodiment

[0059] 7.2 Information processing method according to
fourth embodiment

[0060] 8. Hardware configuration

[0061] 9. Supplement

1. Configuration of Information Processing System
1 According to Embodiment of Present Disclosure

[0062] First, an information processing system 1 accord-
ing to an embodiment of the present disclosure will be
described with reference to FIGS. 1 to 4. FIG. 1 is a block
diagram illustrating a functional configuration of an infor-
mation processing system 1 according to an embodiment of
the present disclosure. FIG. 2 is an explanatory diagram
illustrating an example of an operation pattern of a radiation
unit 100 and a detection unit 102 according to the embodi-
ment of the present disclosure. FIG. 3 is a diagram illus-
trating an example of a form of a measurement module
(measurement unit) 10 according to an embodiment of the
present disclosure. Further, FIG. 4 is an explanatory diagram
for describing a form when the measurement module 10
illustrated in FIG. 3 is installed.

[0063] According to the embodiment of the present dis-
closure, blood flow measurement is performed to acquire
blood flow information regarding blood flow of a measured
person. Specifically, the blood flow information refers to
information regarding blood flow, such as a pulse rate, an
average blood flow velocity, a blood flow amount, a velocity
distribution of particles in a blood vessel, or the like. Further,
in the following description, the blood flow information also
includes blood flow signal information of a power spectrum
or the like used to calculate the above-described information
such as a pulse obtained by processing a detection signal
obtained through blood flow measurement. In addition, the
pulse rate refers to the number of pulsations of an artery per
unit time appearing on a body surface or the like due to
occurrence of a change in pressure on an inner wall of the
artery when muscles of a heart contract at a regular rhythm
(pulsation, and further the number of pulsations in the heart
per unit time is referred to as a pulse rate) to send blood to
the whole body through the artery. Further, the blood flow
velocity refers to a velocity of blood (blood component)
flowing in one blood vessel or a plurality of blood vessels in
a measurement region which is a measured person and a
blood flow amount refers to a blood amount passing per unit
time through one blood vessel or a plurality of blood vessels
in the measurement region. The velocity distribution of
particles in blood vessels refers to a velocity distribution of
density of particles staying or flowing in blood vessels such
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as red blood cells in one blood vessel or a plurality of blood
vessels in a measurement region. In addition, blood can be
considered to be a mixture of substances with a plurality of
flow velocities and a feature of blood flow can be indicated
by a motion of blood cells which are particles in a blood
vessel, that is, a flow velocity of the blood cells. The flow
velocity of the blood cells can be used as a main index
indicating the feature of the blood flow. In the present
disclosure, an average moving velocity of blood cells (par-
ticles) in blood is called an average blood flow velocity.
[0064] In addition, in the embodiment of the present
disclosure, to acquire the above-described blood flow infor-
mation, light is radiated to a part (measurement region) of a
measured person such as a hand, an arm, a neck, or a leg and
light scattered in substances moving in blood vessels or a
stationary biological tissue of the measured person is
detected. Here, in the embodiment, blood flow information
is acquired by processing detected light (in particular, a
detection signal). Note that, in the embodiment to be
described below, a case in which a pulse rate is acquired as
a result of blood flow measurement will be described as an
example. However, in the embodiment of the present dis-
closure, other blood flow information may be acquired as a
result of the blood flow measurement without being limited
to a case in which the pulse rate is acquired as a result of the
blood flow measurement.

[0065] The information processing system 1 according to
the embodiment mainly includes the measurement module
10 and an information processing apparatus 30, as illustrated
in FIG. 1. Further, the information processing system 1
according to the embodiment may include an information
presentation apparatus that notices a measurement result or
the like to a user (the user may be a measured person who
is a target of blood flow measurement or a person or the like
using the information processing system 1 according to the
embodiment other than the measured person) and is not
illustrated in FIG. 1. Hereinafter, configurations of the
measurement module 10 and the information processing
apparatus 30 included in the information processing system
1 will be described sequentially.

<1.1 Configuration of Measurement Module 10>

[0066] The measurement module 10 according to the
embodiment is a module that is mounted on a part of the
body such as skin of the measured person to perform blood
flow measurement on the measured person. As illustrated in
FIG. 1, the measurement module 10 mainly includes a
radiation unit 100, the detection unit 102, and a controller
104. Hereinafter, each functional unit included in the mea-
surement module 10 will be described.

(Radiation Unit 100)

[0067] The radiation unit 100 radiates radiation light with
a predetermined wavelength to a measurement region (a part
of the body) of the measured person. The wavelength of the
radiation light radiated by the radiation unit 100 can be
appropriately selected and, for example, light with a wave-
length around 850 nm is radiated. As the radiation unit 100,
a small laser or the like can be used to radiate coherent light.
Then, the controller 104 to be described below can control
atiming, a radiation time, a radiation interval, a strength, and
the like at which the radiation light of the radiation unit 100
is radiated.
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(Detection Unit 102)

[0068] The detection unit 102 detects light scattered from
the measurement region of the measured person. The detec-
tion unit 102 includes, for example, a photodiode (photo
detector: PD), converts the strength of the received light into
an electric signal, and outputs the electric signal to the
information processing apparatus 30 to be described below.
Note that a charge coupled device (CCD) type sensor, a
complementary metal oxide semiconductor (CMOS) type
sensor, or the like can be used as the detection unit 102. In
addition, the single photodiode, sensor, or the like or the
plurality of photodiodes, sensors, or the like described above
are provided in the measurement module 10. Further, a
timing or the like at which the detection unit 102 outputs
(reads) a detection signal is controlled by the controller 104
to be described below.

(Controller 104)

[0069] The controller 104 controls general measurement
in the measurement module 10 by controlling a radiation
pattern (a radiation timing, a radiation time, and a radiation
interval) of the radiation unit 100, controlling a reading
(sampling) timing of the detection unit 102, or the like on the
basis of a predetermined synchronization signal or the like.
For example, the controller 104 controls a radiation fre-
quency of the radiation unit 100 or a sampling frequency of
the detection unit 102 synchronized with the radiation
frequency in accordance with an operation of the informa-
tion processing system 1. In addition, the controller 104 may
further include a storage unit (not illustrated) and the storage
unit may store various programs, parameters, or the like for
controlling the radiation unit 100 or the like. Further, the
controller 104 may contain a clock mechanism (not illus-
trated) that ascertains an accurate time to output a detection
signal to the information processing apparatus 30 in asso-
ciation with a time. Specifically, the controller 104 is real-
ized by, for example, a central processing unit (CPU), a
read-only memory (ROM), a random access memory
(RAM), and the like. Note that some or all of the functions
performed by the controller 104 may be performed by the
information processing apparatus 30 to be described below.
[0070] Here, the details of control on the radiation unit 100
and the detection unit 102 by the above-described controller
104 will be described with reference to FIG. 2. FIG. 2 is an
explanatory diagram illustrating an example of an operation
pattern of the radiation unit 100 and the detection unit 102
according to the embodiment of the present disclosure. In
particular, the upper stage of FIG. 2 schematically illustrates
a radiation pattern of the radiation unit 100, the middle stage
of FIG. 2 illustrates an electric signal detected by the
detection unit 102, and the lower stage of FIG. 2 illustrates
a detection signal obtained through sampling of the detec-
tion unit 102. Note that in the following description, sam-
pling refers to digitizing and reading (outputting) an electric
signal generated in the detection unit 102 due to detection of
light using, for example, an analog-digital converter or the
like.

[0071] As illustrated in the upper stage of FIG. 2, the
radiation pattern of the radiation unit 100 is a square wave.
In particular, the radiation unit 100 radiates light during a
period of a flat portion (ON) of the upper side (a radiation
period). On the other hand, the radiation unit 100 pauses the
radiation during a period of a flat portion (OFF) of the lower
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side (a pause period). In addition, as illustrated in the middle
stage of FIG. 2, a sampling timing of the detection unit 102
is synchronized with the radiation period of the radiation
unit 100. In particular, during the radiation period, the
detection unit 102 changes the electric signal in accordance
with an amount of light received in the detection unit 102
and samples a change in the electric signal generated in the
detection unit 102 at a timing at which the radiation unit 100
pauses the radiation. That is, in the right end portion of a
peak of a reading pattern in the middle stage of FIG. 2, a
change in the electric signal generated in accordance with
the amount of light received in the detection unit 102 can be
read and the detection signal illustrated in the lower stage of
FIG. 2 can be obtained. Note that, in the following descrip-
tion, the number of samplings per unit time is called a
sampling frequency. Note that, in the following description,
an example in which the sampling is performed at an equal
time interval is used to describe the present disclosure in
brief, but the sampling can also be performed at an unequal
time interval by using a principle of compressed sensing or
the like. The sampling frequency of this case can be con-
sidered to be an average value of the number of samplings
in a certain time section.

[0072] Note that radiation and sampling patterns in a
radiation and measurement method according to the embodi-
ment of the present disclosure are not limited to the patterns
illustrated in FIG. 2. For example, in the radiation pattern of
the radiation unit 100, a radiation section in which the
radiation unit 100 repeats the radiation a predetermined
number of times regularly at a first interval may be repeated
at a second interval longer than the first interval. Note that,
even in this case, the sampling timing of the detection umt
102 is synchronized with the radiation of the radiation unit
100. That is, in the embodiment, various radiation and
sampling patterns can be selected in accordance with desired
blood flow information, measurement accuracy, and the like.
[0073] Further, although not illustrated in FIG. 1, the
measurement module 10 has a power source supplying
power to the radiation unit 100 or the like. Further, the
measurement module 10 may include a communication unit
(not illustrated) or the like communicating with the infor-
mation processing apparatus 30 or the like to be described
below in addition to the radiation unit 100, the detection unit
102, and the controller 104 described above. In addition, the
measurement module 10 may include a sensor (not illus-
trated) such as a pressure sensor detecting that the measure-
ment module 10 is mounted on a part of the body of the
measured person.

[0074] In addition, the measurement module 10 can have,
for example, the form of a wearable apparatus mounted on
the body of the measured person for use. For example, the
measurement module 10 may be a device that has the shape
of a wrist-watch, a ring, a wristband, an anklet, a necklace,
an earphone, or the like and can be mounted on a part of the
measured person such as a wrist, an arm, a neck, a leg, or an
ear. In addition, the measurement module 10 may be a
device that has a pad shape such as a sticking plaster and can
be pasted to a part of the measured person such as a hand,
an arm, a neck, or a leg. Further, the measurement module
10 may have an implant shape embedded in a part of the
body of the measured person.

[0075] Hereinafter, an example of a specific form of the
measurement module 10 according to the embodiment will
be described with reference to FIGS. 3 and 4. For example,
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as illustrated in FIG. 3, the measurement module 10 can
have the form of a belt shape. As illustrated in FIG. 3, the
measurement module 10 includes a band unit 110, a control
unit 112, and a measurement unit 114 in a belt shape. The
control unit 112 is a portion in which the above-described
controller 104 is provided. Note that in a case in which the
measurement module 10 and the information processing
apparatus 30 to be described below are an integrated appa-
ratus, each functional unit to be described below in the
information processing apparatus 30 may be provided in the
control unit 112. In addition, the measurement unit 114 is a
portion in which the radiation unit 100 and the detection unit
102 described above are provided and comes into contact
with or faces the body of the measured person when the
measurement module 10 is mounted on a part of the body.

[0076] The band unit 110 is, for example, a component
that fixes the measurement module 10 to be wrapped around
a wrist of the measured person and is formed of a material
such as a soft silicone gel to form a ring shape that conforms
to the shape of the wrist. That is, since the band unit 110 can
be formed in a ring shape that conforms to the shape of the
wrist, as illustrated in FIG. 4, the measurement module 10
is wrapped to be fixed around the wrist of the measured
person. In addition, when the measurement module 10 is
moved during blood flow measurement, accurate measure-
ment may not be performed. Therefore, the measurement
module 10 is preferably fixed on a measurement region of
the measured person. Accordingly, an adhesive layer 116
which can be adhered to skin of the measured person may be
provided in a portion of the band unit 110 coming into
contact with the skin of the measured person. Further, it is
preferable to freely adjust a circumferential length of a ring
when the measurement module 10 is formed in the ring
shape to correspond to thicknesses of various wrists.
Accordingly, the fixing unit 118 is provided at an end of the
band unit 110 and the fixing unit 118 can be superimposed
on any portion on the band unit 110 to be fixed at various
positions on the band unit 110. In this way, the measurement
module 10 can be mounted in accordance with the thickness
of the wrist of the measured person to be fixed.

<1.2 Configuration of Information Processing Apparatus
30>

[0077] Referring back to FIG. 1, a configuration of the
information processing apparatus 30 of the information
processing system 1 according to the embodiment will be
described. The information processing apparatus 30 is an
apparatus that acquires blood flow information such as a
pulse using a detection signal obtained by the measurement
module 10. As illustrated in FIG. 1, the information pro-
cessing apparatus 30 mainly includes a processor 300 and a
storage unit 302. Hereinafter, each functional unit included
in the information processing apparatus 30 will be
described.

(Processor 300)

[0078] The processor 300 acquires blood flow information
by processing the detection signal obtained by the measure-
ment module 10. The acquired blood flow information can
be output to the storage unit 302 to be described below or
another apparatus. Note that the details of the processor 300
will be described later.
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(Storage Unit 302)

[0079] The storage unit 302 stores a program or various
kinds of data to be used in a process in the above-described
processor 300 and stores the blood flow information or the
like acquired by the processor 300. In addition, in addition
to the data or the like, the storage unit 302 may appropriately
store various parameters, ongoing progress of a process, and
the like necessarily stored when any process is performed.
Then, the processor 300 or the like can freely access the
storage unit 302 to write or read data.

[0080] Note that the information processing apparatus 30
may also include a communication unit (not illustrated)
communicating with the measurement module 10 or the like
in addition to the above-described processor 300 and storage
unit 302. Further, the information processing apparatus 30
may include an input unit (not illustrated) or the like
receiving a manipulation from a user using the information
processing system 1 according to the embodiment.

[0081] In addition, the information processing apparatus
30 may be an apparatus integrated with the above-described
measurement module 10 or may be an apparatus separate
from the above-described measurement module 10. In the
latter case, for example, the information processing appara-
tus 30 may be an information processing apparatus such as
a smartphone, a tablet, or a personal computer (PC) or may
be an information processing apparatus connected to another
apparatus (for example, a medical apparatus or the like).
Further, the information processing apparatus 30 may be an
information processing apparatus such as a server installed
in a location away from the measured person or the like.

2. Blood Flow Measurement Method and
Processing Method According to Embodiment of
Present Disclosure

[0082] As described above, in the embodiment of the
present disclosure, the blood flow measurement is per-
formed to acquire the blood flow information regarding
blood flow of the measured person. As described above, in
the embodiment, to acquire the above-described blood flow
information, light is radiated to a part of a measured person
such as a hand, an arm, a neck, or a leg, light scattered in
substances moving in blood vessels or a stationary biologi-
cal tissue of the measured person is detected, and the
detected light (in particular, a detection signal) is processed.
Hereinafter, a blood flow measurement method, a processing
method, and the like according to the embodiment of the
present disclosure will be described in detail.

<2.1 Blood Flow Information Measurement Method>

[0083] An analysis technology for a velocity distribution
using a laser Doppler blood flow measurement technology
or a dynamic light scattering (DLS) technique can be
exemplified as an example of the blood flow measurement
method according to the embodiment of the present disclo-
sure. First, an interference phenomenon of coherent light for
blood flow common to both the technologies will be
described with reference to FIG. 5. FIG. 5 is an explanatory
diagram illustrating a blood flow measurement method
applied to the embodiment of the present disclosure. In
particular, FIG. 5 schematically illustrates an interference
phenomenon of coherent light by blood flow. Reference
numeral 502 in FIG. 5 denotes an example of a waveform of
a detection signal obtained through the measurement.
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[0084] The blood flow information measurement method
according to the embodiment of the present disclosure is a
method of using the phenomenon that light scattered by the
scattering substances (mainly, red blood cells) moving in
blood vessels of the measured person produces interference
light by the Doppler effect and location movement of
scattering substances when light from the radiation unit 100
is radiated to a measurement region (a part of the body) of
the measured person. The interference light is received by
the detection unit 102 such as a photodiode and blood flow
information is calculated from a distribution of a Doppler
shift frequency in the received interference light.

[0085] In particular, as illustrated in FIG. 5, in a case in
which light with a frequency f radiated to a measurement
region of the measured person by the radiation unit 100 is
scattered by a situated stationary tissue 70 such as skin or a
subcutaneous tissue of the measured person, the scattered
light maintains the frequency f. On the other hand, in a case
in which the light with the frequency f radiated to the
measurement region of the measured person is scattered by
scattering substances (for example, red blood cells can be
exemplified and the red blood cells are a substance with a
diameter of § to 10 um) 72 moving in blood vessels of the
measured person (for example. moving particles causing
Doppler shift in the scattered light), the frequency of the
scattered light is shifted by the Doppler effect and location
movements of the scattering substances, and thus the scat-
tered light has a frequency f+Af. Then, the scattered light
with the frequency f scattered by the stationary tissue 70
interferes with the scattered light with the frequency f+Af
scattered by the moving scattering substances 72, and thus
the detection unit 102 can detect the interference light with
optical beats. Note that the shift frequency Afis considerably
smaller than the frequency f of the radiated light.

[0086] Then, by processing the interference light (detec-
tion signal) detected by the detection unit 102 and denoted
by reference numeral 502 in FIG. 5, it is possible to obtain
blood flow information. Note that, since the detection signal
502 is a signal in which optical beats with a plurality of
different frequencies by the scattered light from the particles
performing a plurality of different movements in the blood
vessels are superimposed, as illustrated in FIG. 5, the
detection signal 502 is seen as an irregular signal such as
white noise. However, the detection signal 502 is a signal in
which the interference beats with the plurality of frequencies
are superimposed, as described above. Therefore, by per-
forming a frequency analyzing process to be described
below on the detection signal, it is possible to acquire
velocity distribution information of particle movements
causing Doppler shift. In the present disclosure, since an
observation target is blood flow, a velocity distribution of
particles such as the red blood cells in blood vessels can be
ascertained. In addition, since blood flow information in a
biological tissue within a range in which the radiated light
arrives can be acquired, blood flow information in a region
including blood vessels in a deep part located to a certain
depth from skin of the body of the measured person as well
as blood vessels of the surface of the skin of the measured
person can be acquired.

<2.2 Processing Methods>

[0087] Further, in the embodiment of the present disclo-
sure, blood flow information is acquired by processing a
detection signal detected by the detection unit 102, as
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described above. In the embodiment of the present disclo-
sure, for example, any of two methods to be described below
can be used as a method of processing a detection signal to
acquire blood flow information. In particular, as the pro-
cessing method according to the embodiment, a first pro-
cessing method in which a frequency analyzing process
(Fourier transform) used generally for laser Doppler velocity
detection is first performed and a second processing method
of calculating an autocorrelation function used in a DLS
technique can be exemplified. Hereinafter, the details of the
first and second processing methods will be described
sequentially.

<2.2.1 First Processing Method>

[0088] First, the first processing method will be described
with reference to FIG. 6. FIG. 6 is an explanatory diagram
illustrating the first processing method applied to the
embodiment. In the first processing method, as illustrated in
FIG. 6, blood flow information is acquired by first perform-
ing, for example, a frequency analyzing process such as a
fast Fourier transform (FFT) on the detection signal (I(t) of
FIG. 6) obtained by the detection unit 102 for each interval
of a plurality of ranges (windows 500 of FIG. 6).

[0089] Specifically, in the first processing method, an FFT
is performed on the detection signal at each interval of a
predetermined time range to acquire a plurality of power
spectra (P(f) of FIG. 6) which are a function of a frequency.
Further, by taking a product of a beat frequency having a
proportional relation with a velocity for each frequency in
each of the acquired power spectra (fP(f) of FIG. 6) and
performing integration in the entire power spectra and
normalization, it is possible to obtain an average blood flow
velocity. Then, by acquiring a plurality of blood flow veloci-
ties on the basis of the plurality of power spectra obtained
from the plurality of windows with different time ranges, it
is possible to acquire a waveform indicating a change in the
average blood flow velocity over time. Further, by perform-
ing an interpolation process or the like on the acquired
waveform, a pulse waveform indicating a change in the
blood flow velocity by pulse can be acquired and a pulse rate
or the like can be calculated from the pulse waveform. Note
that, in FIG. 6, the plurality of superimposed windows 500
deciding the ranges for generating the power spectra are not
expressed. However, in an actual process, the windows 500
can be caused to be mutually superimposed. Thus, by
processing the windows 500 caused to be superimposed, it
is possible to more densely generate the plurality of power
spectrum lines that are formed chronologically.

<2.2.2 Second Processing Method>

[0090] Next, the second processing method will be
described with reference to FIG. 7. FIG. 7 is an explanatory
diagram illustrating the second processing method applied to
the embodiment. In the second processing method, as illus-
trated in FIG. 7, blood flow information is acquired by first
calculating an autocorrelation function from the detection
signal (I(t) of FIG. 7) and processing the calculated auto-
correlation function (G(t) of FIG. 7).

[0091] In particular, according to the Wiener-Khichin
theorem, the power spectra of I(t) are acquired by perform-
ing Fourier transform on the autocorrelation function after
the autocorrelation function is obtained. Note that according
to the second processing method in which the autocorrela-
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tion function is used, the accurate power spectra can be
obtained even in a case in which a detected detection signal
is a signal that does not have periodicity as in the present
disclosure. Here, by processing the acquired power spectra,
it is possible to acquire desired blood flow information.
[0092] More specifically, in the second processing
method, calculation of the autocorrelation function is per-
formed on the detection signal for each predetermined time
range to acquire the plurality of autocorrelation functions.
Further, in the second processing method, according to the
Wiener-Khichin theorem, the FFT is performed on each of
the calculated autocorrelation function to acquire a plurality
of power spectra (P(f) of FIG. 7) which are a function of a
frequency. The power spectra are proportional to existence
density of particles moving at velocities corresponding to
the frequencies of the power spectra. Therefore, by perform-
ing an integration process on the acquired power spectra in
a predetermined frequency range, it is possible to obtain
relative densities of the particles in the blood vessels within
a predetermined velocity range. Further, by acquiring the
relative densities of the plurality of particles from the
plurality of power spectra with different time ranges, it is
possible to acquire a waveform indicating a change in the
relative densities of the particles over time. Then, by per-
forming an interpolation process or the like on the obtained
waveform, it is possible to acquire a pulse waveform indi-
cating a change in the relative densities of the particles by
pulse and calculate a pulse rate or the like from the pulse
waveform. Note that in the above-described first and second
processing methods, different methods are used in the way
of obtaining the power spectra and the way of obtaining the
blood flow information subsequently, but any combination
can be used in the present disclosure. That is, in the present
disclosure, after the power spectra are obtained in accor-
dance with the method described in the first processing
method, the relative densities of the particles within the
predetermined velocity range indicated by the second pro-
cessing method can also be obtained. In addition, in the
present disclosure, after the power spectra are obtained in
accordance with the method described in the second pro-
cessing method, the average blood flow velocity indicated in
the first processing method can also be obtained.

3. Background of Embodiment of Present
Disclosure

[0093] Incidentally, since the measurement module 10
according to the embodiment of the present disclosure is a
wearable apparatus mounted on the measured person, the
measurement module 10 is preferably compact. Therefore, it
is preferable to reduce a power source volume of the
measurement module 10. Accordingly, in order to reduce the
power source volume, power consumption in the measure-
ment module 10 is required to be suppressed as small as
possible. Further, considering that the measurement module
10 is mounted on the measured person for a long time to be
able to perform blood flow measurement for a long time as
much as possible, power consumption in the measurement
module 10 is required to be suppressed as small as possible.
[0094] In the measurement module 10, the power con-
sumption is considerably consumed by the radiation unit
100. Accordingly, in order to suppress the power consump-
tion, it is considered that the number of radiations of light is
reduced and furthermore the number of samplings (sampling
frequency) synchronized with the radiation is reduced. In
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other words, by lowering the sampling frequency, it is
possible to reduce a radiation period (the number of radia-
tions or a time) of the radiation unit 100 synchronized with
the sampling, and thus it is possible to suppress the power
consumption in the radiation unit 100.

[0095] However, a signal with a frequency equal to or
greater than Y2 of a sampling frequency and included in an
original signal is mixed as a folding signal with a discretely
sampled signal according to the Nyquist theorem. When the
sampling frequency is lowered, the folding signal increases
and shortly reaches the magnitude which may not be neg-
ligible. Thus, as a noise signal, the folding signal has an
adverse influence on extraction of information (blood flow
information in the present disclosure). Specifically, in the
method described in the embodiment of the present disclo-
sure, a folding noise component is superimposed on the
power spectrum, the noise component has an adverse influ-
ence on a process at the rear stage, and thus it is difficult to
obtain accurate flood flow information. First, a power spec-
trum 606 on which folding noise components 602 and 604
are superimposed will be described with reference to FIG. 8.
FIG. 8 is an explanatory diagram illustrating the power
spectrum 606 on which the folding noise components 602
and 604 are superimposed.

[0096] First, an original power spectrum 600 of an original
signal is illustrated in FIG. 8. In addition, when fs is a
sampling frequency, the noise component 602 with a wave-
form in which the waveform of the original signal is folded
at a position of 2 fs according to the Nyquist theorem
occurs, as indicated as a noise component by an odd number
of folding in FIG. 8. Further, a noise component in which the
folding noise component is further folded at a position
corresponding to a multiple of a Nyquist frequency also
occurs. For example, the noise component 604 that has a
waveform in which the noise component 602 is folded at a
position of a frequency corresponding to a zero multiple of
the Nyquist frequency (that is, the frequency is zero) occurs
to appear as a noise component by folding of an even
number in FIG. 8. Then, the noise components 602 and 604
are superimposed on the original power spectrum 600 and a
power spectrum 606 on which the noise components are
superimposed is detected to appear as a combined power
spectrum in FIG. 8. Further, in a case in which the above-
described process is performed on the power spectrum 606
on which such folding noise components 602 and 604 are
superimposed, it is difficult to acquire accurate blood flow
information since the noise components 602 and 604 are
superimposed. Note that the folding of two times has been
described herein. However, since the folding continues up to
the infinity actually, high-frequency components included in
an original signal are all convoluted in a signal with 2 fs or
less.

[0097] Note that the folding noise component 604 occur-
ring at a position of a frequency of an even multiple of the
Nyquist frequency has a shape in which the power spectrum
600 on which no noise component is superimposed is
translated along the frequency axis (the X axis). Accord-
ingly, it is easy to suppose an influence of the noise
component 604 from the detection signal (the power spec-
trum 606 on which the noise component is superimposed)
and the influence on calculation of the blood flow informa-
tion can be said to be small. In contrast, the folding noise
component 602 occurring at a position of a frequency of an
odd multiple of the Nyquist frequency has a shape in which
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power spectrum 600 on which no noise component is
superimposed is inverted using the corresponding position
of the Nyquist frequency as a mirror plane. Accordingly, it
is difficult to suppose an influence of the noise component
602 from the detection signal (the power spectrum 606 on
which the noise component is superimposed) and the influ-
ence on calculation of the blood flow information can be said
to be large. In addition, for the blood flow information
corresponding to a frequency range (or a velocity range)
considerably influenced by the folding noise components, of
course, it is difficult to acquire accurate information due to
the folding noise components.

[0098] That is, in a case in which the sampling frequency
is lowered to suppress power consumption in the measure-
ment module 10, the folding noise components are super-
imposed on the detection signal, and thus it is difficult to
obtain the accurate blood flow information from the detec-
tion signal due to the folding noise components.

[0099] Accordingly, the present inventors have created
embodiments of the present disclosure in view of the fore-
going circumstances. According to the embodiments of the
present disclosure, it is possible to obtain accurate blood
flow information even in a case in which a detection signal
on which folding noise components are superimposed since
a sampling frequency is lowered to suppress power con-
sumption of the measurement module 10 is acquired. In
particular, according to the embodiments of the present
disclosure, blood flow information such as a power spectrum
which is not influenced from the folding noise components
is estimated from the detection signal on which the folding
noise components are superimposed. Then, according to the
embodiments, more desired blood flow information is
acquired by processing the estimated blood flow information
such as a power spectrum. Accordingly, according to the
embodiment of the present disclosure, it is possible to obtain
the accurate blood flow information by using the estimated
blood flow information such as the power spectrum which is
not influenced from the folding noise components even in a
case in which the sampling frequency is lowered. Herein-
after, detailed configurations and operations of the embodi-
ments of the present disclosure will be described sequen-
tially in detail.

4. First Embodiment

[0100] In afirst embodiment, a power spectrum on which
a folding noise component is greatly superimposed since a
sampling frequency is lowered is detected, but a power
spectrum in a satisfactory state in which the folding noise
component is negligible is estimated from the power spec-
trum. Accordingly, in the embodiment, to perform the
above-described estimation, the information processing
apparatus 30 performs machine learning of a relation
between a power spectrum on which no folding noise
component is superimposed and a power spectrum on which
a folding noise component corresponding to the power
spectrum is superimposed. Then, on the basis of relation
information obtained through the machine learning, the
information processing apparatus 30 estimates a power
spectrum which corresponds to the power spectrum and
which is in a satisfactory state in which the folding noise
component is negligible, from the power spectrum on which
a separately acquired folding noise component is superim-
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posed. Further, in the embodiment, a pulse rate which is
desired blood flow information is acquired using the esti-
mated power spectrum.

[0101] In particular, in the embodiment, to perform the
machine learning of the relation information, blood flow
measurement is performed at a high sampling frequency
(hereinafter referred to as a first sampling frequency) when
a power spectrum in a satisfactory state in which a folding
noise component is negligible (hereinafter referred to as a
first power spectrum) is acquired. By setting the first sam-
pling frequency to be twice or more a frequency at which a
noise component can be sufficiently attenuated to the extent
that an adverse influence of a folding phenomenon is neg-
ligible, it is possible to avoid the adverse influence of the
noise component occurring in the folding phenomenon by
the Nyquist theorem. Hereinafter, a frequency at which the
noise component is sufficiently attenuated to the extent that
the adverse influence of the folding phenomenon is negli-
gible is referred to as a maximum frequency. It is possible
to acquire a first detection signal (a first blood flow signal)
in a state in which the adverse influence of the folding noise
component is negligible through the blood flow measure-
ment at the first sampling frequency which is twice or more
the maximum frequency and a first power spectrum by
further processing the first detection signal. The first sam-
pling frequency is a frequency equal to or greater than 16
kHz and is, for example, a frequency of about 100 kHz. Note
that power consumption in the measurement module 10
increases in the blood flow measurement at the first sam-
pling frequency.

[0102] In the embodiment, with regard to the first detec-
tion signal in the state in which the adverse influence of the
folding noise component is negligible, a second detection
signal (second blood flow signal) corresponding to a low
sampling frequency (hereinafter referred to as a second
sampling frequency) is acquired by performing a process of
decimating some of the signals included in the first detection
signal in accordance with a predetermined rule (a decima-
tion process). That is, the decimation process is performed
to acquire a signal equal to a detection signal acquired in a
case in which the process is performed at the second
sampling frequency at the time of the blood flow measure-
ment in which the above-described first detection signal is
acquired. The second sampling frequency is a frequency
selected to suppress the power consumption of the measure-
ment module 10, is particularly less than twice the maximum
frequency, and is a frequency less than the above-described
first sampling frequency. Accordingly, since the second
sampling frequency is equal to or less than twice the
maximum frequency, a folding noise component with a level
which has an adverse influence on calculation of the blood
flow information is superimposed on the second detection
signal. Then, a power spectrum on which a folding noise
component is superimposed (hereinafter referred to as a
second power spectrum) is acquired by processing the
second detection signal on which the folding noise compo-
nent is superimposed. For example, as the second sampling
frequency, a frequency equal to or less than %2 of the
above-described first sampling frequency can be selected
and, more specifically, a frequency with about several kHz
to several 10 kHz can be selected.

[0103] Then, in the embodiment, a relation between the
first power spectrum and the second power spectrum
obtained as described above is obtained by machine learn-
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ing. Specifically, in the machine learning, relation informa-
tion indicating the relation between the first power spectrum
and the second power spectrum is acquired by comparing
waveforms in accordance with a predetermined rule or
deriving a mathematical correspondent relation. Since a
velocity distribution of particles during blood flow has a
monotonous phenomenon property smaller as the particles
of which velocities are generally faster and a distribution
pattern in which restriction is imposed on various conditions
caused from the shape of the blood vessels or viscosity of
blood is shown, there are many limitations on the distribu-
tion shape of the power spectrum. Accordingly, it is possible
to acquire the relation information from the above-described
machine learning.

[0104] Further, in the embodiment, a power spectrum on
which a folding noise component is superimposed (herein-
after referred to as a third power spectrum) is acquired from
a third detection signal on which the folding noise compo-
nent detected in another blood flow measurement is super-
imposed. Note that the foregoing another blood flow mea-
surement is performed at the low second sampling frequency
to suppress power consumption in the measurement module
10. Then, on the basis of the relation information obtained
through the above-described machine learning, a power
spectrum which corresponds to the third power spectrum
and is in a satisfactory state in which the folding noise
component is negligible (hereinafter referred to as a fourth
power spectrum) is estimated from the acquired third power
spectrum. As described above, the velocity distribution of
the particles during the blood flow has a particular nature
and there is limitation on the distribution shape of the power
spectrum. Accordingly, on the basis of the relation informa-
tion obtained through the above-described machine learning,
the fourth power spectrum which corresponds to the third
power spectrum and is in a satisfactory state in which the
folding noise component is negligible can be estimated from
the third power spectrum on which the folding noise com-
ponent is superimposed. Note that the fourth power spec-
trum corresponds to a power spectrum obtained in a case of
the actual measurement at the first sampling frequency in the
foregoing other blood flow measurement.

[0105] Note that in the following description, an operation
when the first and second detection signals are acquired
through the blood flow measurement and then the relation
information is acquired through the machine learning is
referred to as a first operation. Further, in the following
description, an operation when the third detection signal is
acquired through another blood flow measurement, the
fourth power spectrum is estimated, and then blood flow
information (for example, a pulse rate) is calculated from the
estimated fourth power spectrum is referred to as a second
operation. In the embodiment, in the first operation, power
consumption in the measurement module 10 is high since
the measurement is performed at the high first sampling
frequency. In the embodiment, however, by performing the
first operation only at a predetermined timing rather than in
every blood flow measurement, it is possible to suppress the
power consumption in the measurement module 10. Then, in
the embodiment, the second operation is an operation at the
time of normal blood flow measurement. By performing the
blood flow measurement at the low second sampling fre-
quency, it 1s possible to suppress the power consumption in
the measurement module 10. That is, by performing the
second operation in every blood flow measurement, it is
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possible to suppress the power consumption. Hereinafter,
detailed configurations and operations according to the
embodiment will be described sequentially in detail.
[0106] Note that since the configurations of the informa-
tion processing system 1, the measurement module 10, and
the information processing apparatus 30 according to the
embodiment have been described above, the description
thereof will be omitted herein.

<4.1 Configuration of Processor 300 According to First
Embodiment>

[0107] Hereinafter, the details of the processor 300
according to the embodiment will be described with refer-
ence to FIGS. 9 and 10. FIG. 9 is a block diagram illustrating
a functional configuration of the processor 300 of the
information processing apparatus 30 according to the
embodiment. FIG. 10 is an explanatory diagram illustrating
an information processing method according to the embodi-
ment. As described above, the processor 300 acquires
desired blood flow information by processing a detection
signal obtained by the measurement module 10. In particu-
lar, as illustrated in FIG. 9, the processor 300 mainly
includes an inter-signal decimation unit 310, a broadband
spectrum signal generation unit 312, a narrowband spectrum
signal generation unit 314, a learning unit 316, a spectrum
signal estimation unit 318, a blood flow information calcu-
lation unit 320, and a pulse calculation unit 322. Hereinafter,
each functional unit included in the processor 300 will be
described.

(Inter-Signal Decimation Unit 310)

[0108] The inter-signal decimation unit 310 performs a
process of decimating some of signals included in the first
detection signal in accordance with a predetermined rule on
the first detection signal acquired at the first sampling
frequency in the first operation to acquire the second detec-
tion signal corresponding to the second sampling frequency.
The acquired second detection signal is output to the nar-
rowband spectrum signal generation unit 314 to be described
below.

(Broadband Spectrum Signal Generation Unit 312)

[0109] The broadband spectrum signal generation unit 312
performs a process on the first detection signal detected by
the detection unit 102 of the measurement module 10 to
generate a first power spectrum 810 (see FIG. 10). In
particular, the broadband spectrum signal generation unit
312 performs the FFT on the first detection signal to
generate the first power spectrum 810 (the first processing
method). Alternatively, the broadband spectrum signal gen-
eration unit 312 calculates an autocorrelation function from
the first detection signal and performs the FFT on the
calculated autocorrelation function to generate the first
power spectrum 810 (the second processing method).

[0110] More specifically, the broadband spectrum signal
generation unit 312 performs a process on the first detection
signal obtained at the first sampling frequency in the first
operation to generate the first power spectrum 810. The
generated first power spectrum 810 is output to the learning
unit 316 to be described below so that the first power
spectrum 810 is supplied for machine learning. Note that in
the first power spectrum 810, an adverse influence of a
folding noise component on the calculation of the blood flow
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information is small to the extent that the adverse influence
is negligible since the first sampling frequency is sufficiently
high.

(Narrowband Spectrum Signal Generation Unit 314)

[0111] The narrowband spectrum signal generation unit
314 performs a process on the second detection signal
processed by the inter-signal decimation unit 310 to generate
a second power spectrum 820 (see FIG. 10), in particular, the
narrowband spectrum signal generation unit 314 performs
the FFT on the second detection signal processed by the
inter-signal decimation unit 310 to generate the second
power spectrum 820 as in the above-described broadband
spectrum signal generation unit 312 (the first processing
method). Alternatively, the narrowband spectrum signal
generation unit 314 calculates an autocorrelation function
from the second detection signal and performs the FFT on
the calculated autocorrelation function to generate the sec-
ond power spectrum (the second processing method). On the
other hand, the narrowband spectrum signal generation unit
314 performs a process on the third detection signal detected
at the second sampling frequency in the second operation to
generate a third power spectrum 830 (see FIG. 10). Note that
a folding noise component is greatly superimposed on the
third power spectrum 830 to the extent that the folding noise
component has an adverse influence on the calculation of the
flood flow information since the second sampling frequency
is low. The generated third power spectrum 830 is output to
the spectrum signal estimation unit 318 to be described
below in order to estimate a fourth power spectrum 840 (see
FIG. 10) which is in a state in which the folding noise
component is small to the extent that the adverse influence
1s negligible.

[0112] More specifically, the narrowband spectrum signal
generation unit 314 performs a process on the second
detection signal corresponding to the second sampling fre-
quency and processed by the inter-signal decimation unit
310 in the first operation to generate the second power
spectrum 820. The generated second power spectrum 820 is
output to the learning unit 316 to be described below so that
the second power spectrum 820 is supplied for the machine
learning. Note that a folding noise component is greatly
superimposed on the second power spectrum 820 to the
extent that the folding noise component has an adverse
influence on the calculation of the blood flow information
since the second sampling frequency is low. On the other
hand, in the second operation, the narrowband spectrum
signal generation unit 314 performs a process on the third
detection signal obtained at the second sampling frequency
to generate the third power spectrum 830. The generated
third power spectrum 830 is supplied to the spectrum signal
estimation unit 318 so that the fourth power spectrum 840 is
estimated.

(Learning Unit 316)

[0113] The learning unit 316 performs the machine learn-
ing using the first power spectrum 810 output from the
broadband spectrum signal generation unit 312 and the
second power spectrum 820 output from the narrowband
spectrum signal generation unit 314 in the first operation.
Then, information (relation information) obtained through
the machine learning in the learning unit 316 is stored in the
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storage unit 302 so that the information is used in the
spectrum signal estimation unit 318 to be described below.
[0114] In particular, the first power spectrum 810 output
from the broadband spectrum signal generation unit 312 is
the power spectrum generated from the first detection signal
corresponding to the first sampling frequency, as described
above. Accordingly, in the first power spectrum 810, a
folding noise component is small to the extent that the
adverse influence of the folding noise component on the
calculation of the blood flow information is negligible since
the first sampling frequency is sufficiently high. As a result,
by processing the first power spectrum 810 in the state in
which the folding noise component is small to the extent that
the adverse influence is negligible, it is possible to acquire
the accurate blood flow information. In contrast, the second
power spectrum 820 output from the narrowband spectrum
signal generation unit 314 is a power spectrum generated
from a signal corresponding to the second sampling fre-
quency, as described above. Accordingly, a folding noise
component is superimposed on the second power spectrum
820 to the extent that the folding noise component has an
adverse influence on the calculation of the blood flow
information since the second sampling frequency is low. As
a result, as described, it is difficult to directly process the
second power spectrum 820 on which the folding noise
component is greatly superimposed and acquire the accurate
blood flow information.

[0115] Accordingly, the learning unit 316 performs the
machine learning of the relation between the first power
spectrum 810 and the second power spectrum 820. Specifi-
cally, the learning unit 316 performs leaning in a supervised
leaner such as a support vector regression or a deep neural
network using the first power spectrum 810 and the second
power spectrum 820 as a supervised signal and an input
signal, respectively, in accordance with a predetermined
rule. Further, the learning unit 316 acquires relation infor-
mation indicating a relation between the first power spec-
trum 810 and the second power spectrum 820 by the
above-described learning. Since the velocity distribution of
the particles during the blood flow has a particular nature
and there is limitation on the distribution shape of the power
spectrum, it is possible to find specific relation information
from the above-described machine learning. For example, as
illustrated in the upper stage of FIG. 10, the learning unit
316 acquires the relation information by the machine learn-
ing using one power spectrum pair 700 formed by the first
power spectrum 810 and the second power spectrum 820 or
a plurality of power spectrum pairs 700.

(Spectrum Signal Estimation Unit 318)

[0116] The spectrum signal estimation unit 318 estimates
the fourth power spectrum 840 from the third power spec-
trum 830 acquired by the blood flow measurement on the
basis of the relation information regarding the blood flow
information obtained by the learning unit 316 in the second
operation. In particular, the third power spectrum includes a
folding noise component and the estimated fourth power
spectrum 840 corresponds to the third power spectrum.
Then, the fourth power spectrum 840 estimated by the
spectrum signal estimation unit 318 is output to the blood
flow information calculation unit 320 to be described below.
In particular, the spectrum signal estimation unit 318
acquires the third power spectrum 830 corresponding to the
second sampling frequency and output from the narrowband
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spectrum signal generation unit 314 as an input signal in the
second operation. Then, on the basis of the relation infor-
mation obtained through the machine learning of the learn-
ing unit 316, the spectrum signal estimation unit 318 esti-
mates the fourth power spectrum (the power spectrum
corresponding to the first sampling frequency) 840 in the
state in which the adverse influence of the folding noise
component is negligible, from the third power spectrum 8§30.
For example, the spectrum signal estimation unit 318 esti-
mates each fourth power spectrum 840 illustrated in the
lower stage of FIG. 10 on the basis of relation learning (see
the upper stage of FIG. 10) from each third power spectrum
830 illustrated in the lower stage of FIG. 10.

(Blood Flow Information Calculation Unit 320)

[0117] The blood flow information calculation unit 320
calculates blood flow information (a blood flow velocity, a
particle density in blood vessels within a predetermined
velocity range, or the like) using the fourth power spectrum
840 estimated by the spectrum signal estimation unit 318 in
the second operation. Then, the blood flow information
calculated by the blood flow information calculation umt
320 is output to the pulse calculation unit 322 to be
described below. In particular, the blood flow information
calculation unit 320 can obtain the blood flow velocity or the
like by integrating values obtained by taking products of
frequencies having proportional relations with particle
velocities in the entire power spectrum in the fourth power
spectrum 840 and subsequently performing normalization.
Then, the blood flow information calculation unit 320
acquires a waveform indicating a change in the blood flow
velocity over time by acquiring the plurality of blood flow
velocities from the plurality of fourth power spectra 840 (the
first processing method). Alternatively, the blood flow infor-
mation calculation unit 320 can obtain a relative density of
the particles in a predetermined velocity range in the blood
vessels by performing the integration on the fourth power
spectrum 840 in a predetermined frequency range. Further,
the blood flow information calculation unit 320 acquires a
waveform indicating a relative density of the particles over
time by acquiring the relative density of the plurality of
particles from the plurality of fourth power spectra 840
calculated from a plurality of different time ranges (the
second processing method).

(Pulse Calculation Unit 322)

[0118] The pulse calculation unit 322 calculates a pulse
waveform by performing an interpolation process or the like
on the waveform obtained from the blood flow information
calculation unit 320 and calculates a pulse rate from the
pulse waveform in the above-described second operation.
The pulse rate or the like obtained by the pulse calculation
unit 322 may be output to the storage unit 302 or may be
output to the above-described information posting apparatus
(not illustrated).

<4.2 Information Processing Method According to First
Embodiment>

[0119] Next, an information processing method according
to the first embodiment of the present disclosure will be
described. The information processing method according to
the embodiment can be broadly divided into the first opera-
tion and the second operation described above. In the first
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operation, the first power spectrum 810 corresponding to the
high first sampling frequency and the second power spec-
trum 820 corresponding to the low second sampling fre-
quency are acquired and machine learning of this relation is
performed. In addition, in the second operation, the third
power spectrum 830 corresponding to the second sampling
frequency is acquired. Then, the fourth power spectrum 840
which is in a state the adverse influence of the folding noise
component is negligible, that is, which corresponds to the
first sampling frequency, is estimated from the third power
spectrum 830. Further, in the second operation, desired
blood flow information is acquired from the estimated fourth
power spectrum 840. Accordingly, hereinafter, the informa-
tion processing method according to the embodiment is
divided into the first operation and the second operation for
the description.

<4.2.1 First Operation>

[0120] First, a first operation of the information processing
method according to the embodiment will be described with
reference to FIG. 11. FIG. 11 is a diagram illustrating of a
flowchart of the first operation in the information processing
method according to the embodiment. As illustrated in FIG.
11, the first operation in the information processing method
according to the embodiment includes step S101 to step
S107. Hereinafter, each step of the first operation will be
described.

[0121] First, before the first operation starts, for example,
as illustrated in FIG. 4, the above-described measurement
module 10 is mounted on a wrist or the like of the measured
person. Note that, for example, the first operation may be
performed when the measurement module 10 is mounted on
a part of the body of the measured person or may be
performed when the measured person performs first mea-
surement. In addition, the first operation may be performed
when the blood flow measurement starts or may be per-
formed for each predetermined period (10 minutes or 20
minutes) in the blood flow measurement. Alternatively, the
first operation may be performed when a manipulation by a
user using the information processing system 1 is received.

(Step S101)

[0122] When it is detected that the measurement module
10 is mounted on a part of the body of the measured person,
or the like, the measurement module 10 starts the blood flow
measurement. Then, the information processing apparatus
30 acquires a first detection signal corresponding to the first
sampling frequency. Note that the blood flow measurement
may be performed a plurality of times by repeating step
S101.

(Step S103)

[0123] The information processing apparatus 30 performs
the decimation process on the first detection signal corre-
sponding to the first sampling frequency and detected in step
S101 on the basis of a predetermined rule to acquire a
second detection signal corresponding to the second sam-
pling frequency.

(Step S105)

[0124] The information processing apparatus 30 performs
a process on the first detection signal corresponding to the
first sampling frequency and detected in step S101 to
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generate the first power spectrum 810. Further, the infor-
mation processing apparatus 30 performs a process on the
second detection signal corresponding to the second sam-
pling frequency and acquired in step S103 to generate the
second power spectrum 820. Note that in a case in which the
blood flow measurement is performed a plurality of times by
repeating the above-described step S101, step S103 and step
S105 are repeated the plurality of times.

[0125] In this way, by performing step S101 to step S105
once or a plurality of times, it is possible to obtain one power
spectrum pair 700 formed by the first power spectrum 810
and the second power spectrum 820, as illustrated in the
upper stage of FIG. 10 or the plurality of power spectrum
pairs 700.

(Step S107)

[0126] The information processing apparatus 30 performs
machine learning of the relation between the first power
spectrum 810 and the second power spectrum 820 using the
power spectrum pair 700 generated in step S105. Then, the
information processing apparatus 30 stores the relation
information regarding the first power spectrum 810 and the
second power spectrum 820 obtained through the machine
learning as information which is used for the second opera-
tion. Note that the number of power spectrum pairs 700 used
for the learning of step S107 may be 1 or plural and the
power spectrum pair 700 can be selected in accordance with
the accuracy of the desired blood flow information or the
like.

[0127] Note that the above-described first operation may
not be performed in the information processing system 1 and
the relation information acquired in another information
processing system 1 may be stored in advance in the storage
unit 302 when the information processing apparatus 30 is
manufactured or shipped, or the like. In this case, the second
operation, that is, the normal blood flow measurement, can
be immediately performed without performing the first
operation. In addition, by repeating the above-described first
operation using data measured in measured people with a
plurality of different features, it is possible to obtain perfor-
mance for stably estimating power spectra for diverse mea-
sured people. Further, in the embodiment, by performing the
first operation at a specific timing during the blood flow
measurement, it is also possible to perform the learning in
real time. In this case, since the learning in accordance with
the blood flow features of the measured people can be
performed, the accuracy of the estimation can be further
improved than in a case in which the estimation is performed
on the basis of only learning results of other measured
people. Furthermore, by performing the first operation when
the measurement module 10 is mounted, the learning can be
performed in accordance with a mounting state (the mea-
surement module 10 is mounted tightly or mounted loosely
on a part of the body of the measured person, or the like) or
a mounted part of the measurement module 10. Therefore, it
is possible to further improve accuracy of the estimation.

<4.2.2 Second Operation>

[0128] Next, the second operation of the information
processing method according to the embodiment will be
described with reference to FIG. 12. FIG. 12 is a diagram
illustrating of a flowchart of the second operation in the
information processing method according to the embodi-
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ment. As illustrated in FIG. 12, the second operation in the
information processing method according to the embodi-
ment includes step S201 to step S209. Hereinafter, each step
of the second operation will be described.

[0129] First, before the second operation starts, for
example, as illustrated in FIG. 4, the above-described mea-
surement module 10 is mounted on a wrist or the like of the
measured person.

(Step S201)

[0130] When it is detected that the measurement module
10 is mounted on a part of the body of the measured person,
or the like, the measurement module 10 starts the blood flow
measurement. Then, the information processing apparatus
30 acquires the third detection signal at the second sampling
frequency. Note that the blood flow measurement can be
continuously performed by continuously repeating step
S201.

(Step S203)

[0131] The information processing apparatus 30 performs
a process on the third detection signal corresponding to the
second sampling frequency and detected in step S201 to
generate the third power spectrum 830. Note that in a case
in which the blood flow measurement is performed a plu-
rality of times by repeating the above-described step S201,
step S203 is repeated the plurality of times. In this way, by
performing step S201 to step S203 the plurality of times, it
is possible to obtain the plurality of third power spectra 8§30,
as illustrated in the lower stage of FIG. 10. Thus, it is
possible to continuously acquire the third power spectra 830
chronologically.

(Step S205)

[0132] The information processing apparatus 30 estimates
the fourth power spectrum 840 from the third power spec-
trum 830 on which a folding noise component is superim-
posed and which is obtained in step S203 on the basis of the
relation information obtained in step S107 of the first
operation. The estimated fourth power spectrum 840, the
adverse influence of the folding noise component is small to
the extent that the folding noise component is negligible.

(Step S207)

[0133] The information processing apparatus 30 acquires
the desired blood flow information using the fourth power
spectrum 840 estimated in step S205.

(Step S209)

[0134] The information processing apparatus 30 calculates
a pulse rate from the blood flow information obtained in step
S207. Note that the pulse rate obtained in step S209 may be
output to the storage unit 302 or may be output to the
above-described information posting apparatus (not illus-
trated).

[0135] As described above, in the embodiment, the third
power spectrum 830 on which the folding noise component
is superimposed since the sampling frequency is lowered is
detected. Accordingly, in the embodiment, the machine
learning is performed on the relation between the first power
spectrum 810 which is in the state in which the adverse
influence of the folding noise component is negligible and
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the second power spectrum 820 which corresponds to the
first power spectrum 810 and on which the folding noise
component is greatly superimposed. Then, in the embodi-
ment, the relation information indicating the relation is
acquired. Further, on the basis of the relation information,
the fourth power spectrum 840 which is in the state in which
the adverse influence of the folding noise component is
negligible is estimated from the foregoing third power
spectrum 830 and the desired blood flow information (a
pulse rate or the like) is acquired using the estimated fourth
power spectrum 840. Accordingly, in the embodiment, it is
possible to obtain the highly accurate blood flow informa-
tion from the third power spectrum 830 on which the folding
noise component is superimposed since the sampling fre-
quency is lowered, while suppressing the power consump-
tion of the measurement module 10 by lowering the sam-
pling frequency.

<4.3 Maodification Example of First Embodiment>

[0136] In the above-described first embodiment, in step
S103 of the first operation, the decimation process has been
performed on the first detection signal to obtain the second
detection signal corresponding to the second sampling fre-
quency. However, in the embodiment, the present disclosure
is not limited to this form. For example, two detection units
102 may be caused to operate simultaneously to acquire the
first detection signal corresponding to the first sampling
frequency and the second detection signal corresponding to
the second sampling frequency. In this case, the processor
300 can reduce a processing amount of the processor 300
since the signal decimation process is not performed. Here-
inafter, this embodiment will be described as a modification
example of the above-described first embodiment.

[0137] In the modification example, compared to the con-
figuration according to the first embodiment, two detection
units 102 are provided and further the inter-signal decima-
tion unit 310 is omitted in a processor 300a. In particular, as
illustrated in FIG. 13 which is a block diagram illustrating
a functional configuration of the processor 300a according
to the modification example, a first detection unit 102a and
a second detection unit 1024 are provided and the inter-
signal decimation unit 310 is not provided in the processor
300¢ in the modification example. The first detection unit
102a performs the blood flow measurement at the first
sampling frequency in the first operation and outputs the first
detection signal to the broadband spectrum signal generation
unit 312. Further, the first detection unit 102a performs the
blood flow measurement at the second sampling frequency
in the second operation and outputs the third detection signal
to the narrowband spectrum signal generation unit 314. In
addition, the second detection unit 1025 performs the blood
flow measurement at the second sampling frequency in the
first operation and directly outputs the second detection
signal to the narrowband spectrum signal generation unit
314. That is, in the modification example, in step S101 in
FIG. 11 illustrating a flowchart of the first operation of the
information processing method according to the above-
described first embodiment, the blood flow measurement at
the first and second sampling frequencies is performed.
Further, in the modification example, the process subse-
quently proceeds to step S105 of generating the power
spectrum without performing step S103 in FIG. 11.

[0138] Forexample, equipment in which the two detection
units 102a and 1024 according to the modification example
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illustrated in FIG. 13 are provided is assumed to be used, for
example, when learning data for machine learning gathers in
advance. Further, as products to be mass-produced, equip-
ment in which one detection unit 1025 performing the blood
flow measurement at the second sampling frequency is
provided is assumed. In this way, in the mass-produced
products, one detection unit 102 that operates at the low
second sampling frequency may be provided. Therefore, it is
possible to decrease manufacturing cost of the products.

5. Second Embodiment

[0139] Inthe above-described first embodiment, the power
spectrum (the fourth power spectrum 830) has been esti-
mated. In an embodiment, however, blood flow information
such as a blood flow velocity may be estimated without
being limited to the estimation of the power spectra. Here-
inafter, the embodiment will be described as a second
embodiment. In the following description, an average blood
flow velocity will be estimated. In the embodiment, by
directly estimating an average blood flow velocity, it is
possible to reduce a processing amount in the second
operation. Note that since the configurations of the infor-
mation processing system 1, the measurement module 10,
and the information processing apparatus 30 according to
the embodiment have been described above, the description
thereof will be omitted.

<5.1 Configuration of Processor 3005 According to Second
Embodiment>

[0140] In the embodiment, each functional unit included
in the processor 3006 is different from that of the processor
300 according to the first embodiment. Hereinafter, a con-
figuration of the processor 3005 according to the embodi-
ment will be described with reference to FIGS. 14 and 15.
FIG. 14 is a block diagram illustrating a functional configu-
ration of the processor 3005 according to the embodiment.
FIG. 15 is an explanatory diagram illustrating an informa-
tion processing method according to a second embodiment.
[0141] As illustrated in FIG. 14, the processor 3005
mainly includes the inter-signal decimation unit 310, the
broadband spectrum signal generation unit 312, the narrow-
band spectrum signal generation unit 314, a learning unit
316a, the blood flow information calculation unit 320, the
pulse calculation unit 322, and a blood flow information
estimation unit 324. That is, in the embodiment, the learning
unit 3164 and the blood flow information estimation unit
324 are different from those of the first embodiment.
Accordingly, the description of the common functional units
to those of the first embodiment will be omitted and only an
association relation between the functional units, the learn-
ing unit 3164, and the blood flow information estimation
unit 324 will be described.

(Association Relation Between Functional Units in
Processor 3005 According to Second Embodiment)

[0142] In the second embodiment, a calculation result of
the broadband spectrum signal generation unit 312 is output
to the blood flow information calculation unit 320. In
addition, a calculation result of the narrowband spectrum
signal generation unit 314 is output to the learning unit 3164
and the blood flow information estimation unit 324. A
calculation result of the blood flow information calculation
unit 320 is output to the learning unit 316a. A calculation
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result of the learning unit 3164 is used when the blood flow
information estimation unit 324 performs estimation via the
storage unit 302. Further, an estimation result of the blood
flow information estimation unit 324 is output to the pulse
calculation unit 322.

(Learning Unit 316a)

[0143] The learning unit 316a performs machine learning
using an average flood flow velocity (a first average blood
flow velocity) output from the blood flow information
calculation unit 320 and the second power spectrum 820
output from the narrowband spectrum signal generation unit
314 in the above-described first operation. Then, relation
information between the average blood flow velocity and the
second power spectrum 820 obtained through the machine
learning in the learning unit 316« is stored in the storage unit
302 to be used in the blood flow information estimation unit
324 to be described below. Note that the average blood flow
velocity output to the learning unit 3164 is obtained by
processing the first detection signal in which a folding noise
component is small to the extent that an adverse influence of
the folding noise component is negligible. More specifically,
as illustrated in the upper stage of FIG. 15, the learning umt
316a acquires an average blood flow velocity from a blood
flow velocity distribution 710 acquired from the first power
spectrum 810. Further, the learning unit 316a acquires the
second power spectrum 820 forming the power spectrum
pair 700 along with the first power spectrum 810. Then, the
learning unit 316a learns a relation between the average
blood flow velocity and the second power spectrum 820. In
other words, the learning unit 316a learns a relation between
the second power spectrum 820 on which the folding noise
component is superimposed and the average blood flow
velocity on which there is no influence of the folding noise
component. Note that one second power spectrum 820 with
which a correspondent relation is learned by the learning
unit 316a may be used or the plurality of second power
spectra 820 with different time ranges may be used. In an
example of the blood flow information estimation unit 324
to be described below, a relation between one average blood
flow velocity and the second power spectra 820 with five
different time ranges is learned (see FIG. 15).

(Blood Flow Information Estimation Unit 324)

[0144] The blood flow information estimation unit 324
estimates an average blood flow velocity from the third
power spectrum 830 on which a folding noise component is
superimposed on the basis of the relation information
obtained by the learning unit 316 in the second operation.
Then, the average blood flow velocity estimated by the
blood flow information estimation unit 324 is output to the
above-described pulse calculation unit 322a. For example,
the blood flow information estimation unit 324 estimates an
average blood flow velocity illustrated in the lower stage of
FIG. 15 on the basis of relation learning (see the upper stage
of FIG. 15) from each third power spectrum 830 illustrated
in the lower stage of FIG. 15. Here, for example, the blood
flow information estimation unit 324 estimates the corre-
sponding average blood flow velocity from the five power
spectra 830 with the different time ranges.

<5.2 Information Processing Method According to Second
Embodiment>

[0145] Next, an information processing method according
to the embodiment will be described. The information
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processing method according to the embodiment can be
divided into a first operation and a second operation as in the
first embodiment. First, the first operation of the information
processing method according to the embodiment will be
described with reference to FIG. 11 which is a flowchart of
the first operation according to the first embodiment. The
first operation according to the embodiment is different from
that of the first embodiment in that the average blood flow
velocity is calculated in addition to generation of the power
spectrum in step S105 illustrated in FIG. 11. Further. the first
operation according to the embodiment is different from that
of the first embodiment in that in step S107 illustrated in
FIG. 11, the relation between the first power spectrum 810
and the second power spectrum 820 is not learned, and the
relation between the average blood flow velocity and the
second power spectrum 820 is learned.

[0146] Next, the second operation of the information
processing method according to the embodiment will be
described with reference to FIG. 12 which is the flowchart
of the second operation according to the first embodiment.
The second operation according to the embodiment is dif-
ferent from that of the first embodiment in that the average
blood flow velocity is estimated instead of estimating the
third power spectrum 830 in step S205 illustrated in FI1G. 12.
[0147] As described above, in the embodiment, the third
power spectrum 830 on which the folding noise component
is superimposed since the sampling frequency is lowered is
detected as in the first embodiment. Accordingly, in the
embodiment, the average blood flow velocity obtained from
the first power spectrum 810 in which the folding noise
component is small to the extent that the adverse influence
of the folding noise component is negligible is acquired.
Further, the relation information is acquired by performing
the machine learning of the relation between the average
blood flow velocity and the power spectrum 820 on which
the folding noise component is superimposed and which
corresponds to the first power spectrum 810. Then, in the
embodiment, on the basis of the relation information, the
average blood flow velocity on which there is no influence
of the folding noise component is estimated from the fore-
going third power spectrum 830 and desired blood flow
information (pulse rate or the like) is acquired using the
estimated average blood flow velocity. Accordingly, in the
embodiment, it is possible to obtain the accurate blood flow
information from the power spectrum 830 on which the
folding noise component is superimposed since the sam-
pling frequency is lowered, while suppressing the power
consumption of the measurement module 10 by lowering the
sampling frequency Furthermore, in the embodiment, it is
possible to reduce a processing amount in the second
operation because of the direct estimation of the average
blood flow velocity.

<5.3 Modification Example of Second Embodiment>

[0148] In the above-described second embodiment, the
average blood flow velocity has been estimated. However,
the embodiment is not limited to this form. For example, a
relative density of particles in a predetermined velocity
range may be estimated. Hereinafter, a modification
example of the embodiment in which a relative density of
the particles is estimated will be described with reference to
FIG. 16 which is an explanatory diagram illustrating an
information processing method according to the modifica-
tion example of the embodiment.

Jun. 20, 2019

[0149] In the first operation according to the modification
example, as illustrated in the upper stage of FIG. 16. the first
detection signal corresponding to the first sampling fre-
quency is acquired, a process is performed on the first
detection signal, and a distribution 720 of a particle density
in blood vessels is acquired. Further, in the modification
example, a relative density (a first specific velocity range
particle relative density) of the particles in the blood vessels
in a predetermined velocity range is calculated from the
particle density distribution 720. In addition, in the modifi-
cation example, the second detection signal corresponding
to the second sampling frequency is acquired and the second
power spectrum 820 is generated as in the first and second
embodiments. Then. in the modification example, machine
learning of a relation between the second power spectrum
820 and the first specific velocity range particle relative
density is performed.

[0150] Further, in the second operation according to the
modification example, the third detection signal correspond-
ing to the second sampling frequency is acquired and the
acquired third detection signal is processed to acquire the
third power spectrum 830 as in the first and second embodi-
ments (see the lower stage of FIG. 16). Then, in the
modification example, a specific velocity range particle
relative density (a second specific velocity range particle
relative density) 1s estimated from the third power spectrum
830 on the basis of the relation information (see the upper
stage of FIG. 16) obtained through the machine learning (see
the lower stage of FIG. 16).

6. Third Embodiment

[0151] In the above-described first and second embodi-
ments, the power spectrum, the average blood flow velocity,
and the like have been estimated. In an embodiment, how-
ever, a pulse rate may be directly estimated without being
limited to the estimation of the power spectrum or the like.
Hereinafter, the embodiment will be described as a third
embodiment. In the embodiment, by directly estimating a
pulse rate, it is possible to reduce a processing amount in the
second operation. Note that since the configurations of the
information processing system 1, the measurement module
10, and the information processing apparatus 30 according
to the embodiment have been described above, the descrip-
tion thereof will be omitted.

<6.1 Configuration of Processor 300c According to Third
Embodiment>

[0152] In the embodiment, each functional unit included
in the processor 300c¢ is different from that of the processors
300 and 3005 according to the first and second embodi-
ments. Hereinafter, a configuration of the processor 300¢
according to the embodiment will be described with refer-
ence to FIGS. 17 and 18. FIG. 17 is a block diagram
illustrating a functional configuration of the processor 300¢
according to the embodiment. FIG. 18 is an explanatory
diagram illustrating an information processing method
according to the embodiment.

[0153] As illustrated in FIG. 17, the processor 300¢
mainly includes the inter-signal decimation unit 310, the
broadband spectrum signal generation unit 312, the narrow-
band spectrum signal generation unit 314, a learning unit
3165, the blood flow information calculation unit 320, the
pulse calculation unit 322, and a pulse estimation unit 326.
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That is, in the embodiment, the learning unit 3165 and the
pulse estimation unit 326 are different from those of the
second embodiment. Accordingly, the description of the
common functional units to those of the second embodiment
will be omitted and only an association relation between the
functional units, the learning unit 3164, and the pulse
estimation unit 326 will be described.

(Association Relation Between Functional Units in
Processor 300¢ According to Third Embodiment)

[0154] In the third embodiment, a calculation result of the
blood flow information calculation unit 320 is output to the
pulse calculation unit 322. A calculation result of the pulse
calculation unit 322 is output to the learning unit 3165. A
calculation result of the narrow band spectrum signal gen-
eration unit 314 is output to the learning unit 3165 and the
pulse estimation unit 326. A learning result of the learning
unit 3165 is used when the pulse estimation unit 326
performs estimation via the storage unit 302.

(Learning Unit 3165)

[0155] The learning unit 3165 performs machine learning
using a pulse rate output from the pulse calculation unit 322
and the second power spectrum 820 output from the nar-
rowband spectrum signal generation unit 314 in the first
operation. Then, relation information between the pulse rate
and the second power spectrum 820 obtained through the
machine learning in the learning unit 3165 is stored in the
storage unit 302 to be used in the pulse estimation unit 326
to be described below Note that the pulse rate output to the
learning unit 3164 is obtained by processing the plurality of
first detection signals in which a folding noise component is
small to the extent that an adverse influence of the folding
noise component is negligible. More specifically, as illus-
trated in the upper stage of FIG. 18, the learning unit 3165
acquires a pulse rate from a pulse rate waveform 730
acquired from the first power spectrum 810. Further, the
learning unit 3164 acquires the second power spectrum 820
forming the power spectrum pair 700 along with the first
power spectrum 810. Then, the learning unit 3165 learns a
relation between the pulse rate and the second power spec-
trum 820. In other words, the learning unit 3165 learns a
relation between the second power spectrum 820 on which
the folding noise component is superimposed and the pulse
rate on which there is no influence of the folding noise
component. Note that in order for the learning unit 3165 to
perform the learning efficiently, it is preferably to input the
plurality of second power spectra 820 with different time
ranges to the learning unit 3165 throughout a period in
which a difference in the time range is longer than a pulse
interval of the pulse. Note that the learning unit 3165 can
also perform the learning by inputting a heartbeat rate
measured using another measurer from the outside of the
processor 300¢ to the learning unit 3165 as an alternative of
the information from the pulse calculation unit 322. In this
case, the estimation by the pulse estimation unit is a heart-
beat rate rather than a pulse rate in theory of machine
learning, but is equal to estimation of a pulse rate in practice
because of estimation on the basis of blood flow informa-
tion. By realizing such modification, an additional measurer
is necessary, but it is possible to further improve accuracy of
a supervised signal used for the learning.
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(Pulse Estimation Unit 326)

[0156] The pulse estimation unit 326 estimates a pulse rate
from the third power spectrum 830 on which a folding noise
component is superimposed on the basis of the relation
information obtained by the learning unit 3165 in the second
operation. The pulse rate obtained by the pulse estimation
unit 326 may be output to the storage unit 302 or may be
output to the above-described information posting apparatus
(not illustrated). More specifically, the pulse estimation unit
326 estimates a pulse rate illustrated in the lower stage of
FIG. 18 on the basis of the relation learning (see the upper
stage of FIG. 18) from each third power spectrum 830
illustrated in the lower stage of FI1G. 18.

<6.2 Information Processing Method According to Third
Embodiment>

[0157] Next, an information processing method according
to the embodiment will be described. The information
processing method according to the embodiment can be
divided into a first operation and a second operation as in the
first embodiment. First, the first operation of the information
processing method according to the embodiment will be
described with reference to FIG. 11 which is a flowchart of
the first operation according to the first embodiment.
[0158] The first operation according to the embodiment is
different from that of the first embodiment in that blood flow
information and a pulse rate (first pulse rate) are calculated
in addition to the generation of the power spectrum in step
S105 illustrated in FIG. 11. Further, the first operation
according to the embodiment is different from that of the
first embodiment in that in step S107 illustrated in FIG. 11,
the relation between the first power spectrum 810 and the
second power spectrum 820 is not learned, and the relation
between the pulse rate and the second power spectrum 820
is learned.

[0159] Next, the second operation of the information
processing method according to the embodiment will be
described with reference to FIG. 12 which is the flowchart
of the second operation according to the first embodiment.
The second operation according to the embodiment is dif-
ferent from that of the first embodiment in that step S205 and
step S207 illustrated in FIG. 12 are skipped and the pulse
rate (second pulse rate) is estimated from the third power
spectrum 830 instead of calculating the pulse rate from the
blood flow information in step S209 illustrated in FIG. 12.
[0160] As described above, in the embodiment, the third
power spectrum 830 on which the folding noise component
is superimposed since the sampling frequency is lowered is
detected as in the first embodiment. Accordingly, in the
embodiment, the pulse rate obtained from the first power
spectrum 810 in which the folding noise component is small
to the extent that the adverse influence of the folding noise
component is negligible is acquired. Further, the relation
information is acquired by performing the machine learning
of the relation between the pulse rate and the power spec-
trum 820 on which the folding noise component is super-
imposed and which corresponds to the first power spectrum
810. Then, in the embodiment, on the basis of the relation
information, the pulse rate on which there is no influence of
the folding noise component is estimated from the foregoing
power spectrum 830. Accordingly, in the embodiment, it is
possible to obtain the accurate blood flow information from
the power spectrum 830 on which the folding noise com-
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ponent is superimposed since the sampling frequency is
lowered, while suppressing the power consumption of the
measurement module 10 by lowering the sampling fre-
quency. Furthermore, in the embodiment, it is possible to
reduce a processing amount in the second operation because
of the direct estimation of the pulse rate.

[0161] Note that embodiments of the present disclosure
are not limited to the above-described first to third embodi-
ments. Another piece of blood flow information or informa-
tion such as a function with a specific relation such as
proportion or inverse proportion to specific blood flow
information may be estimated and the present disclosure is
not particularly limited. For example, in an embodiment of
the present disclosure, a relation between blood flow infor-
mation or the like (first blood flow information) obtained at
the high first sampling frequency and blood flow informa-
tion (second blood flow information) obtained at the low
second sampling frequency is learned (a relation between
two different kinds of blood flow information or the like is
learned). In this case, on the basis of the learned relation
information, blood flow information or the like (fourth blood
flow information) which is obtained at the high first sam-
pling frequency and in Which a folding noise component is
small to the extent that the adverse influence of the folding
noise component is negligible is estimated from blood flow
information or the like (third blood flow information)
obtained at the low second sampling frequency in another
blood flow measurement. That is, in the embodiment of the
present disclosure, another kind of blood flow information
or the like corresponding to one kind of blood flow infor-
mation or the like is estimated from the one kind of blood
flow information or the like. In addition, for example, in the
embodiment of the present disclosure, a relation between
blood flow information or the like on which there is no
influence of noise (noise is not superimposed) and blood
flow information on which there is an influence of noise
(noise is superimposed) may be learned. In this case, on the
basis of the learning, blood flow information or the like on
which there is no influence of noise is estimated from blood
flow information or the like on which there is an influence
of noise and which is obtained in another flood flow mea-
surement.

7. Fourth Embodiment

[0162] To improve accuracy of the estimation performed
in the above-described first to third embodiments, it is
preferable to use the detection signal or the blood flow
information on which other noise components are not supet-
imposed as a matter of course. As an instance in which other
noise components are removed, for example, an instance in
which an exercise in which the measured person shakes his
or her arm when blood flow measurement is performed to
obtain a pulse rate is performed is known. In this instance,
since acceleration occurring in the exercise is used to change
blood flow and noise components are caused to arise, the
noise components causing a change in the blood flow are
cancelled using information of an accelerometer. However,
for example, when a finger moves at the time of measure-
ment of a signal in the arm, noise components caused due to
the movement may be superimposed on a detection signal or
the like in some cases. More specifically, a blood flow
velocity of the arm of the measured person is modulated due
to a physical change in a blood flow passage before the arm
caused due to the movement of the finger at the time ofblood
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flow measurement, the blood flow velocity is mixed with a
variation by heartbeat, and an accurate heartbeat rate (heart-
beat waveform) may not be acquired in some cases. How-
ever, in this case, since acceleration of the arm is scarcely
changed, an obtainable effect is small when noise compo-
nents are cancelled using the above-described accelerom-
eter. Accordingly, in a fourth embodiment, an embodiment
in which accurate blood flow information can be obtained by
removing noise components caused due to a body motion of
the measured person from a detection signal, blood flow
information, or the like will be proposed. For example, in the
embodiment, by combining the above-described first to third
embodiments, it is possible to further improve accuracy of
the learning or the estimation in each embodiment.

[0163] In particular, there are various body motions of the
measured person corresponding to the above-described
example. For example, in a case in which the measurement
module 10 is considered to be mounted on a wrist of the
measured person, an exercise in which an arm on which the
measurement module 10 is mounted is shaken, a typing
exercise of fingertips, and the like can be exemplified. Then,
blood flow is variously influenced due to a difference in the
body motion. Specifically, for example, in a case in which a
body motion is an exercise in which an arm is shaken, a
blood flow velocity in an artery of the arm is modulated due
to the body motion and blood flow information detected
from the artery contains noise components caused due to the
body motion. In the present disclosure, since a measurement
part is not a broad region, the measurement part is moved as
one substantially integrated part and acceleration by the
exercise is almost uniform. On the other hand, a resistant
constant received from a blood vessel serving as a flow
passage differs depending on a kind of blood vessel in which
there is blood. Since an actually caused change in an
exercise of particles in a blood vessel is made by a resultant
force of both parties, a tendency of the change differs for
each kind of blood vessel in which there are the particles. In
addition, in a case in which a body motion is a typing
exercise, propagation of an influence of deformation of
fingertips differs for each kind of blood vessel. Therefore, a
tendency of exercises of particles also differs for each kind
of blood vessel. That is, depending on a body motion, an
influence of the body motion differs for each kind of blood
vessel in the body.

[0164] Incidentally, in a blood flow information measure-
ment method used in the embodiment, as described above,
blood flow information in blood vessels in a biological tissue
within a range in which radiated light arrives can be acquired
at one time. More specifically, in the blood flow information
measurement method used in the embodiment, blood flow
information regarding not only capillaries near the surface of
skin of the measured person but also inner arterioles or the
like can be acquired at one time. Accordingly, a detection
signal detected in the embodiment includes a plurality of
signal components obtained from the various blood vessels.
Moreover, in a method of obtaining a relative particle
density in blood flow in a predetermined velocity range used
in the embodiment, blood flow velocities of flowing blood
differ for each kind of blood vessel (for example, about
several to tens of mm/sec in arterioles and about hundreds of
um/sec in capillaries). Therefore, the foregoing detection
signal is processed in a range suitable for a blood flow
velocity range for each kind of blood vessel. As a result, in
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the method, it is possible to obtain an independent signal
component for each kind of blood vessel.

[0165] Accordingly, in the embodiment, noise compo-
nents caused due to a body motion are calculated using a
plurality of independent signal components obtained by
processing power spectra obtained from one detection signal
in a plurality of ranges and the calculated noise components
are removed from the detection signal. In particular, for
example, in a case in Which noise components caused due
to a body motion are superimposed as an irregular signal on
one of the plurality of signal components, the signal com-
ponent on which the irregular signal is superimposed is
compared to a signal component on which the irregular
signal is not superimposed. Then, by extracting the irregular
signal on the basis of the comparison, the noise components
can be calculated. In addition, for example, in a case in
which noise components caused due to a body motion are
superimposed as an irregular signal at a specific ratio in a
plurality of signal components among the plurality of signal
components, the noise components can be calculated by
comparing signal components on which the irregular signal
is superimposed and extracting the common irregular signal.
Further, as in the above-described first to third embodiments,
a relation between each signal component and noise com-
ponents caused to a body motion may be learned and the
noise components may be estimated from a plurality of
signal components included in detection signals obtained
from other blood flow measurements on the basis of the
relation information obtained through the learning. In addi-
tion, in a case in which an acceleration sensor (not illus-
trated) is included in the information processing system
according to the embodiment, accuracy of the calculation of
the noise components may be improved by additionally
using a detection result obtained by the acceleration sensor.
[0166] According to the embodiment, the accurate blood
flow information can be obtained by using the detection
signal from which the noise components are removed.
Hereinafter, this embodiment will be described as the fourth
embodiment. Note that since the configurations of the infor-
mation processing system 1, the measurement module 10,
and the information processing apparatus 30 according to
the embodiment have been described above, the description
thereof will be omitted herein. Further, in the embodiment,
the information processing system 1 may include an accel-
eration sensor or the like, as described above. The accelera-
tion sensor is contained in, for example, the measurement
module 10. Alternatively, apart from the measurement mod-
ule 10, one acceleration sensor or a plurality of acceleration
sensors are mounted at predetermined spots of the body of
the measured person to detect a motion of a part of the body
of the measured person.

<7.1 Configuration of Processor 3004 According to Fourth
Embodiment>

[0167] In the embodiment, each functional unit included
in the processor 3004 is different from that of the processor
300 according to the first embodiment. Hereinafter, a con-
figuration of the processor 3004 according to the embodi-
ment will be described with reference to FIGS. 19 and 20.
FIG. 19 is a block diagram illustrating a functional configu-
ration of the processor 3004 according to the embodiment.
FIG. 20 is an explanatory diagram illustrating an informa-
tion processing method according to the embodiment. As
illustrated in FIG. 19, the processor 3004 mainly includes a
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spectrum signal generation unit 312a, a first blood flow
information calculation unit 320a, a second blood flow
information calculation unit 3205, a pulse calculation unit
3224, and an adaptive filter unit 328. Hereinafter, each
functional unit included in the processor 300d will be
described.

(Spectrum Signal Generation Unit 312a)

[0168] The spectrum signal generation unit 3124 performs
a process on a detection signal detected by the detection umt
102 of the measurement module 10 to generate power
spectra and outputs the power spectra to the first blood flow
information calculation unit 320q, the second blood flow
information calculation unit 3205, and the adaptive filter
unit 328 to be described below.

(First Blood Flow Information Calculation Unit 320a and
Second Blood Flow Information Calculation Unit 3204)

[0169] The first blood flow information calculation unit
320¢ and the second blood flow information calculation unit
3206 perform processes on the power spectra output from
the spectrum signal generation unit 312¢ in mutually dif-
ferent frequency ranges to obtain mutually different signal
components. In particular, as illustrated in FIG. 20, the first
blood flow information calculation unit 3204 and the second
blood flow information calculation unit 3205 perform pro-
cesses on the plurality of power spectra 850 output from the
spectrum signal generation unit 312a. More specifically, the
first blood flow information calculation unit 320a performs
a process on each power spectrum 850 in a first frequency
range 740¢ to acquire a first signal component. In addition,
the second blood flow information calculation unit 3205
performs a process on each power spectrum 850 in a second
frequency range 7405 which is a different range from the
first frequency range 740a to acquire a second signal com-
ponent. Then, the acquired first and second signal compo-
nents are output to the adaptive filter unit 328 to be described
below.

[0170] Note that the first frequency range 740a and the
second frequency range 7405 are set to ranges in accordance
with a range of blood flow velocity of each kind of blood
vessel, as described above. Alternatively, the first frequency
range 740a and the second frequency range 7405 may be set
to any ranges rather than the ranges in accordance with the
range of the blood flow velocity of each kind of blood vessel.
In addition, the number of blood flow information calcula-
tion units according to the embodiment is not limited to two,
as illustrated in FIG. 19 and three or more blood flow
information calculation units may be installed. In addition,
in order to improve accuracy of the calculation of noise
components caused due to a body motion, it is preferable to
use independent signal components as many as possible, and
thus it is preferable to provide many blood flow information
calculation units 320.

(Pulse Calculation Unit 3224)

[0171] The pulse calculation unit 3224 calculates a pulse
rate using blood flow information from which the noise
components caused due to the body motion are removed by
the adaptive filter unit 328 to be described below.
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(Adaptive Filter Unit 328)

[0172] The adaptive filter unit 328 calculates the noise
components caused due to the body motion using the power
spectra output from the spectrum signal generation unit 312a
and two independent first and second signal components
obtained from the first blood flow information calculation
unit 320a and the second blood flow information calculation
unit 3205. Further, the adaptive filter unit 328 removes the
calculated noise components from the first and second signal
components from the first blood flow information calcula-
tion unit 320a and the second blood flow information
calculation unit 3205 and acquires combination values so
that an adverse influence of the noise components and the
combination is small. Then, the adaptive filter unit 328
outputs the acquired values to the above-described pulse
calculation unit 322c.

<7.2 Information Processing Method According to Fourth
Embodiment>

[0173] Next, an information processing method according
to the embodiment will be described with reference to FIG.
21. FIG. 21 is a diagram illustrating of a flowchart of the
information processing method according to the embodi-
ment. As illustrated in FIG. 21, the information processing
method according to the embodiment includes step S301 to
step S309. Hereinafter, each step of the information pro-
cessing method according to the embodiment will be
described.

[0174] First, before the information processing method
according to the embodiment starts, for example, as illus-
trated in FIG. 4, the above-described measurement module
10 is mounted on a wrist or the like of the measured person.

(Step S301)

[0175] When it is detected that the measurement module
10 is mounted on a part of the body of the measured person,
or the like, the measurement module 10 starts the blood flow
measurement. Then, the information processing apparatus
30 acquires a detection signal. Note that the blood flow
measurement may be performed a plurality of times by
repeating step S301.

(Step S303)

[0176] The information processing apparatus 30 performs
a process on the detection signal detected in step S301 to
generate the power spectra 850. Note that in a case in which
the blood flow measurement is performed the plurality of
times by repeating the above-described step S301, step S303
is repeated the plurality of times.

(Step S305)

[0177] The information processing apparatus 30 performs
a process on the power spectra 850 generated in step S303
to acquire a plurality of signal components.

(Step S307)

[0178] The information processing apparatus 30 calculates
noise components caused due to a body motion using the
power spectra 850 acquired in step S303 and the plurality of
signal components acquired in step S305 and removes the
noise components calculated from the signal components
generated in step S305.
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(Step S309)

[0179] The information processing apparatus 30 calculates
a pulse rate using the signal components from which the
noise components caused due to the body motion are
removed and which are acquired in step S307.

[0180] As described above, in the embodiment, the noise
components caused due to the body motion are calculated
using the plurality of independent signal components
obtained by processing one detection signal in the plurality
of ranges, and the calculated noise components are removed
from the detection signal. Accordingly, according to the
embodiment, by using the detection signal from which the
noise components caused due to the body motion are
removed, it is possible to obtain the accurate blood flow
information. Further, according to the embodiment, by pro-
cessing one detection signal in the plurality of ranges, it is
possible to obtain the plurality of independent signal com-
ponents and avoid providing the plurality of radiation units
100 and the plurality of detection units 102. As a result, since
the plurality of radiation units 100 and the plurality of
detection units 102 are not provided, it is possible to
suppress an increase in the size of the measurement module
10 and manufacturing cost of the measurement module 10.
Furthermore, by combining the embodiment with the above-
described first to third embodiments, it is possible to further
improve accuracy of the learning or the estimation in each
embodiment. In addition, in the embodiment, for example,
the measurement modules 10 may be mounted on both arms
of the measured person so that learning can be performed
using a detection signal (blood flow information) obtained
from one stopping arm and a detection signal (blood flow
information) obtained from the other arm affected by dis-
turbance caused due to a body motion as a supervised signal
and an input signal, respectively. In this case, the detection
signal (blood flow information) of the other arm which is not
affected by the disturbance caused due to the body motion,
that is, on which noise components are not superimposed,
can be estimated in accordance with the relation information
obtained through the learning. Then, for example, by apply-
ing the estimated detection signal on which the noise com-
ponents caused due to the body motion are not superimposed
as the supervised signal to the second or third embodiment,
it is possible to improve accuracy of the learning or the
estimation in the second or third embodiment.

[0181] Note that in the above-described embodiment, the
plurality of independent signal components have been
obtained by processing the power spectra in the plurality of
ranges, as described above, but the embodiment is not
limited thereto. For example, by processing the power
spectra to acquire the blood flow information and processing
blood flow information acquired under a predetermined
condition, the plurality of independent signal components
included in the blood flow information may be obtained.
[0182] Inaddition, in the embodiment, the finally obtained
blood flow information (for example, a pulse rate) may be
analyzed, the noise components caused due to the body
motion and superimposed on the blood flow information be
partitioned, and calculation or removal of the noise may be
dynamically controlled on the basis of the result. In particu-
lar, in the embodiment, for example, as the control, a
frequency range used at the time of acquisition of the signal
components is caused to be dynamically changed in accor-
dance with the calculated noise components. By performing
the feedback control, it is also possible to optimize the
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frequency range or the like and decrease or remove the noise
components included in the finally obtained blood flow
information.

8. Hardware Configuration

[0183] FIG. 22 is an explanatory diagram illustrating an
example of a hardware configuration of an information
processing apparatus 900 according to an embodiment of the
present disclosure. In FIG. 22, the information processing
apparatus 900 is an example of a hardware configuration of
the above-described information processing apparatus 30.
[0184] The information processing apparatus 900
includes, for example, a CPU 950, a ROM 952, a RAM 954,
a recording medium 956, an input/output interface 958, and
a manipulation input device 960. Further, the information
processing apparatus 900 includes a display device 962, a
communication interface 968, and a sensor 980. Further, in
the information processing apparatus 900, for example, the
respective components are connected by a bus 970 serving
as a data transmission path.

(CPU 950)

[0185] The CPU 950 includes, for example, one processor
or two or more processors configured as an arithmetic circuit
such as a CPU, various processing circuits, and the like,
functions as a controller (not illustrated) that controls the
entire information processing apparatus 900, and functions
as the processor 300 that processes a detection result.

(ROM 952 and RAM 954)

[0186] The ROM 952 stores a program, control data such
as operation parameters, and the like used by the CPU 950.
The RAM 954 temporarily stores, for example, a program
executed by the CPU 950. The ROM 952 and the RAM 954
achieve, for example, the function of the above-described
storage unit 302 in the information processing apparatus
900.

(Recording Medium 956)

[0187] The recording medium 956 functions as the storage
unit 302, and stores, for example, data related to the infor-
mation processing method according to the present embodi-
ment and various data such as various kinds of applications.
Here, examples of the recording medium 956 include a
magnetic recording medium such as a hard disk and a
non-volatile memory such as a flash memory. Further, the
recording medium 956 may be removable from the infor-
mation processing apparatus 900.

(Input/Output Interface 958, Manipulation Input Device
960, and Display Device 962)

[0188] The input/output interface 958 connects, for
example, the manipulation input device 960, the display
device 962, and the like. Examples of the input/output
interface 958 include a universal serial bus (USB) terminal,
a digital visual interface (DVI) terminal, a high-definition
multimedia interface (HDMI) (registered trademark) termi-
nal, and various kinds of processing circuits.

[0189] The manipulation input device 960 functions as a
manipulating unit (not illustrated), is installed in, for
example, the information processing apparatus 900, and is
connected with the input/output interface 958 in the infor-
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mation processing apparatus 900. Examples of the manipu-
lation input device 960 include a button, a directional key, a
rotary selector such as a jog dial, a touch panel, and a
combination thereof.

[0190] The display device 962 functions as the informa-
tion presenting section (not shown) including the display
apparatus, and is installed, for example, in the information
processing apparatus 900 and connected with the input/
output interface 958 in the information processing apparatus
900. Examples of the display device 962 include a liquid
crystal display, an organic electro-luminescence (EL) dis-
play, and the like.

[0191] Further, it goes without saying that the input/output
interface 958 can also be connected with an external device
such as a manipulation input device (for example, a key-
board, a mouse, or the like) outside the information pro-
cessing apparatus 900 or an external display device.

(Communication Interface 968)

[0192] A communication interface 968 is a communica-
tion unit installed in the information processing apparatus
900 and functions as a communication section (not illus-
trated) for performing wireless or wired communication
with an external apparatus such as a server via a network (or
directly). Here, examples of the communication interface
968 include a communication antenna and a radio frequency
(RF) circuit (wireless communication), an IEEE 802.15.1
port and a transceiving circuit (wireless communication), an
IEEE 802.11 port and a transceiving circuit (wireless com-
munication), and a local area network (LAN) terminal and
a transceiving circuit (wired communication).

(Sensor 980)

[0193] The sensor 980 is a sensor that functions as the
measurement module 10 and detects blood flow signals in
accordance with an arbitrary scheme capable of detecting
the blood flow signals or the like caused by the blood flow.
The sensor 980 includes, for example, the radiation unit 100
that emits light and the detection unit 102 that generates a
signal in response to received light. The radiation unit 100
includes, as described earlier, for example, one or more light
sources such as a laser. Further, the detection unit 102 also
includes, for example, a photodiode, an amplifier circuit, a
filter circuit, and an analog-to-digital converter.

[0194] Further, the sensor 980 may include, for example,
one sensor or two or more sensors capable of detecting a
motion of the body of a measured person, such as an
acceleration sensor, a gyro sensor, or the like. Further, the
sensor 980 may include a pressure sensor or the like capable
of detecting a mounting state of the above-described mea-
surement module 10. Note that a sensor included in the
sensor 980 is not limited to the above-described example.
[0195] Note that a hardware configuration of the informa-
tion processing apparatus 900 is not limited to the configu-
ration illustrated in FIG. 22. For example, in this case in
which the information processing apparatus 900 communi-
cates with an external apparatus or the like via an external
communication device connected thereto or in a case in
which the information processing apparatus 900 is config-
ured to perform standalone processing, the information
processing apparatus 900 may not include the communica-
tion interface 968. Further, the communication interface 968
may have a configuration capable of communicating with
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one or more external apparatuses in accordance with a
plurality of communication schemes. Further, the informa-
tion processing apparatus 900 can also have, for example, a
configuration in which the recording medium 956, the
manipulation input device 960, the display device 962, or
the like is not included.

[0196] While the information processing apparatus has
been described as the present invention, the present embodi-
ment is not limited to such an embodiment. The present
embodiment can be applied to various devices capable of
performing processing related to the information processing
method according to the present embodiment such as a
communication apparatus such as a cellular phone or the
like.

[0197] Further, the information processing apparatus
according to the present embodiment may be applied to a
system including a plurality of apparatuses based on a
connection to a network (or communication between respec-
tive apparatuses) as in cloud computing or the like. In other
words, the information processing apparatus according to
the present embodiment can also be realized as, for example,
an information processing system which performs process-
ing related to the information processing method according
to the present embodiment through a plurality of appara-
tuses.

[0198] The example of the hardware configuration of the
information processing apparatus 900 has been described
above. Each of the components may be constituted using a
general-purpose member or may be constituted by hardware
specialized for the function of each component. Such a
configuration can be appropriately changed in accordance
with a technical level at the time of implementation.

9. Supplement

[0199] Further, the embodiments of the present disclo-
sures described above may include, for example, a program
causing a computer to function as the information process-
ing apparatus according to the present embodiment and a
non-transitory tangible medium having a program recorded
therein. Further, the program may be distributed via a
communication line such as the Internet (including wireless
communication).

[0200] Further, the steps in the process of each of the
above-described embodiments may not necessarily be pro-
cessed in the described order. For example, the order of the
steps may be appropriately modified so that the steps are
processed. Further, some of the steps may be processed in
parallel or individually instead of being processed chrono-
logically. Moreover, a processing method of the steps may
not necessatily be processed in accordance with the
described method and may be processed in accordance with
another method by other functional units, for example.
[0201] The preferred embodiment(s) of the present disclo-
sure has’have been described above with reference to the
accompanying drawings, whilst the present disclosure is not
limited to the above examples. A person skilled in the art
may find various alterations and modifications within the
scope of the appended claims, and it should be understood
that they will naturally come under the technical scope of the
present disclosure.

[0202] Further, the effects described in this specification
are merely illustrative or exemplified effects, and are not
limitative. That is, with or in the place of the above effects,
the technology according to the present disclosure may
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achieve other effects that are clear to those skilled in the art
from the description of this specification.

[0203] Additionally, the present technology may also be
configured as below.

(L

[0204] An information processing apparatus including:
[0205] an estimation unit configured to estimate another

kind of blood flow information associated with one kind of
blood flow information from the one kind of blood flow
information obtained through blood flow measurement on
the basis of relation information indicating a relation
between the two different kinds of blood flow information.
o)

[0206] The information processing apparatus according to
(1), further including:

[0207] a learning unit configured to learn the relation
information.

3)

[0208] The information processing apparatus according to

(1) or (2), further including:

[0209] a storage unit that stores the relation information.
4
[0210] The information processing apparatus according to

any one of (1) to (3), further including:

[0211] a pulse calculation unit configured to calculate a
pulse rate or a heart rate from the other kind of blood flow
information estimated by the estimation unit.

5)

[0212] The information processing apparatus according to
any one of (1) to (3),

[0213] in which the relation information is information
indicating a relation between first blood flow information
obtained through another blood flow measurement at a first
sampling frequency and second blood flow information
obtained through the other blood flow measurement at a
second sampling frequency lower than the first sampling
frequency, and

[0214] the estimation unit estimates fourth blood flow
information corresponding to the first sampling frequency
from third blood flow information obtained through the
blood flow measurement at the second sampling frequency.
(6)

[0215] The information processing apparatus according to
any one of (1) to (3), further including:

[0216] a signal decimation unit configured to perform a
signal decimation process on a first blood flow signal
obtained through another blood flow measurement at a first
sampling frequency to generate a second blood flow signal
corresponding to a second sampling frequency lower than
the first sampling frequency,

[0217] in which the relation information is information
indicating a relation between first blood flow information
generated from the first blood flow signal and second blood
flow information generated from the second blood flow
signal, and

[0218] the estimation unit estimates fourth blood flow
information corresponding to the first sampling frequency
from third blood flow information obtained through the
blood flow measurement at the second sampling frequency.
™)

[0219] The information processing apparatus according to
(6), further including:

[0220] a signal generation unit configured to generate a
power spectrum from a blood flow signal,
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[0221] in which the relation information is information
indicating a relation between a first power spectrum genet-
ated from the first blood flow signal and a second power
spectrum generated from the second blood flow signal, and
the estimation unit estimates a fourth power spectrum cor-
responding to the first sampling frequency from a third
power spectrum obtained through the blood flow measure-
ment at the second sampling frequency.

®)

[0222] The information processing apparatus according to
(6), further including: a signal generation unit configured to
generate a power spectrum from a blood flow signal; and
[0223] a calculation unit configured to calculate an aver-
age blood flow velocity or a relative density of particles in
a predetermined velocity range from the power spectrum,
[0224] in which the relation information is information
indicating a relation between a first average blood flow
velocity or a relative density of particles in a first predeter-
mined velocity range calculated from the first blood flow
signal and a second power spectrum generated from the
second blood flow signal, and

[0225] the estimation unit estimates a second average
blood flow velocity or a relative density of particles in a
second predetermined velocity range corresponding to the
first sampling frequency from a third power spectrum
obtained through the blood flow measurement at the second
sampling frequency.

©)

[0226] The information processing apparatus according to
(6), further including:

[0227] a signal generation unit configured to generate a
power spectrum from a blood flow signal; and

[0228] a pulse calculation unit configured to calculate a
pulse rate from a plurality of the power spectra,

[0229] in which the relation information is information
indicating a relation between a first pulse rate calculated
from a plurality of the first blood flow signals and a plurality
of second power spectra generated from a plurality of the
second blood flow signals, and

[0230] the estimation unit estimates a second pulse rate
corresponding to the first sampling frequency from a plu-
rality of third power spectra obtained through the blood flow
measurement at the second sampling frequency.

(10)

[0231] The information processing apparatus according to
any one of (7) to (9), in which the signal generation unit
performs frequency analysis on the blood flow signal to
generate the power spectrum.

(11)

[0232] The information processing apparatus according to
any one of (7) to (9), in which the signal generation unit
generates the power spectrum by calculating an autocorre-
lation function from the blood flow signal and performing an
integration process on the autocorrelation function.

(12)

[0233] The information processing apparatus according to
any one of (1) to (11), further including:

[0234] a measurement unit configured to be mounted on a
part of a body of a measured person and perform the blood
flow measurement on the measured person.

(13)

[0235] The information processing apparatus according to
(12), in which the measurement unit includes
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[0236] a radiation unit configured to radiate light to the
part of the body of the measured person,

[0237] a detection unit configured to detect light from the
part of the body of the measured person, and

[0238] a controller configured to control a sampling fre-
quency that decides a radiation timing of the radiation unit
and a reading timing for reading a detection result of the
detection unit.

(14)
[0239] The information processing apparatus according to
(13),
[0240] in which the radiation unit radiates light with a

predetermined frequency, and

[0241] the detection unit detects interference light
between light with the predetermined frequency and light
with a frequency different from the predetermined fre-
quency.

(15)

[0242] An information processing method including:
[0243] estimating another kind of blood flow information
associated with one kind of blood flow information from the
one kind of blood flow information obtained through blood
flow measurement on the basis of relation information
indicating a relation between the two different kinds of blood
flow information.

(16)
[0244] A program causing a computer to realize:
[0245] a function of estimating another kind of blood flow

information associated with one kind of blood flow infor-
mation from the one kind of blood flow information
obtained through blood flow measurement on the basis of
relation information indicating a relation between the two
different kinds of blood flow information.

REFERENCE SIGNS LIST

[0246] 1 information processing system

[0247] 10 measurement module

[0248] 30 information processing apparatus

[0249] 70 stationary tissue

[0250] 72 scattering substance

[0251] 100 radiation unit

[0252] 102, 1024, 1025 detection unit

[0253] 104 controller

[0254] 110 band unit

[0255] 112 control unit

[0256] 114 measurement unit

[0257] 116 adhesive layer

[0258] 118 fixing unit

[0259] 300, 300a, 3005, 300¢, 3004 processor

[0260] 302 storage unit

[0261] 310 inter-signal decimation unit

[0262] 312, 3124, 314 spectrum signal generation unit

[0263] 316, 316a, 3164 learing unit

[0264] 318 spectrum signal estimation unit

[0265] 320, 320q, 3205 blood flow information calcula-
tion unit

[0266] 322, 322a pulse calculation unit

[0267] 324 blood flow information estimation unit

[0268] 326 pulse estimation unit

[0269] 328 adaptive filter unit

[0270] 500 window

[0271] 502 detection signal

[0272] 600, 606, 810, 820, 830, 840, 850 power spectrum

[0273] 602, 604 folding noise component
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[0274] 700 power spectrum pair

[0275] 710 blood flow velocity distribution
[0276] 720 particle density distribution
[0277] 730 pulse waveform

[0278] 740a, 74056 frequency range

[0279] 900 information processing apparatus
[0280] 950 CPU

[0281] 952 ROM

[0282] 954 RAM

[0283] 956 recording medium

[0284] 958 input/output interface

[0285] 960 manipulation input device
[0286] 962 display device

[0287] 968 communication interface

[0288] 970 bus

[0289] 980 sensor

1. An information processing apparatus comprising:

an estimation unit configured to estimate another kind of
blood flow information associated with one kind of
blood flow information from the one kind of blood flow
information obtained through blood flow measurement
on a basis of relation information indicating a relation
between the two different kinds of blood flow infor-
mation.

2. The information processing apparatus according to

claim 1, further comprising:

a learning unit configured to learn the relation informa-
tion.

3. The information processing apparatus according to

claim 1, further comprising:

a storage unit that stores the relation information.

4. The information processing apparatus according to

claim 1, further comprising:

apulse calculation unit configured to calculate a pulse rate
or a heart rate from the other kind of blood flow
information estimated by the estimation unit.

5. The information processing apparatus according to

claim 1,

wherein the relation information is information indicating
arelation between first blood flow information obtained
through another blood flow measurement at a first
sampling frequency and second blood flow information
obtained through the other blood flow measurement at
a second sampling frequency lower than the first sam-
pling frequency, and

the estimation unit estimates fourth blood flow informa-
tion corresponding to the first sampling frequency from
third blood flow information obtained through the
blood flow measurement at the second sampling fre-
quency.

6. The information processing apparatus according to

claim 1, further comprising:

a signal decimation unit configured to perform a signal
decimation process on a first blood flow signal obtained
through another blood flow measurement at a first
sampling frequency to generate a second blood flow
signal corresponding to a second sampling frequency
lower than the first sampling frequency,

wherein the relation information is information indicating
a relation between first blood flow information gener-
ated from the first blood flow signal and second blood
flow information generated from the second blood flow
signal, and
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the estimation unit estimates fourth blood flow informa-
tion corresponding to the first sampling frequency from
third blood flow information obtained through the
blood flow measurement at the second sampling fre-
quency.

7. The information processing apparatus according to
claim 6, further comprising:

a signal generation unit configured to generate a power

spectrum from blood flow signal,

wherein the relation information is information indicating

a relation between a first power spectrum generated
from the first blood flow signal and a second power
spectrum generated from the second blood flow signal,
and

the estimation unit estimates a fourth power spectrum

corresponding to the first sampling frequency from a
third power spectrum obtained through the blood flow
measurement at the second sampling frequency.

8. The information processing apparatus according to
claim 6, further comprising:

a signal generation unit configured to generate a power

spectrum from a blood flow signal; and
a calculation unit configured to calculate an average blood
flow velocity or a relative density of particles in a
predetermined velocity range from the power spectrum,

wherein the relation information is information indicating
a relation between a first average blood flow velocity or
a relative density of particles in a first predetermined
velocity range calculated from the first blood flow
signal and a second power spectrum generated from the
second blood flow signal, and

the estimation unit estimates a second average blood flow

velocity or a relative density of particles in a second
predetermined velocity range corresponding to the first
sampling frequency from a third power spectrum
obtained through the blood flow measurement at the
second sampling frequency.

9. The information processing apparatus according to
claim 6, further comprising:

a signal generation unit configured to generate a power

spectrum from a blood flow signal; and

a pulse calculation unit configured to calculate a pulse rate

from a plurality of the power spectra,

wherein the relation information is information indicating

a relation between a first pulse rate calculated from a
plurality of the first blood flow signals and a plurality
of second power spectra generated from a plurality of
the second blood flow signals, and

the estimation unit estimates a second pulse rate corre-

sponding to the first sampling frequency from a plu-
rality of third power spectra obtained through the blood
flow measurement at the second sampling frequency.

10. The information processing apparatus according to
claim 7, wherein the signal generation unit performs fre-
quency analysis on the blood flow signal to generate the
power spectrum.

11. The information processing apparatus according to
claim 7, wherein the signal generation unit generates the
power spectrum by calculating an autocorrelation function
from the blood flow signal and performing an integration
process on the autocorrelation function.

12. The information processing apparatus according to
claim 1, further comprising:
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a measurement unit configured to be mounted on a part of
a body of a measured person and perform the blood
flow measurement on the measured person.

13. The information processing apparatus according to

claim 12, wherein the measurement unit includes
aradiation unit configured to radiate light to the part of the
body of the measured person,

a detection unit configured to detect light from the part of
the body of the measured person, and

a controller configured to control a sampling frequency
that decides a radiation timing of the radiation unit and
a reading timing for reading a detection result of the
detection unit.

14. The information processing apparatus according to
claim 13,
wherein the radiation unit radiates light with a predeter-
mined frequency, and
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the detection unit detects interference light between light
with the predetermined frequency and light with a
frequency different from the predetermined frequency.

15. An information processing method comprising;

estimating another kind of blood flow information asso-
ciated with one kind of blood flow information from the
one kind of blood flow information obtained through
blood flow measurement on a basis of relation infor-
mation indicating a relation between the two different
kinds of blood flow information.

16. A program causing a computer to realize:

a function of estimating another kind of blood flow
information associated with one kind of blood flow
information from the one kind of blood flow informa-
tion obtained through blood flow measurement on a
basis of relation information indicating a relation
between the two different kinds of blood flow infor-
mation.
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