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(57) ABSTRACT

A measuring apparatus as an aspect of the present invention
includes: a first signal acquirer that acquires a pulse wave
signal of a living body; a second signal acquirer that acquires
a body motion signal of the living body; a frequency
analyzer that converts the pulse wave signal and the body
motion signal to a frequency domain to generate frequency
domain signals, and estimates a frequency of a pulse wave
of the living body on the basis of the frequency domain
signals; and a time domain analyzer that calculates biologi-
cal information about the living body on the basis of the
frequency.
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MEASURING APPARATUS, MEASURING
METHOD AND NON-TRANSITORY
COMPUTER READABLE MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATION (8)

[0001] This application is a Continuation of International
Application No. PCT/IP2016/054383, filed on Feb. 16,
2016, which claims the benefit of Japanese Application No.
2015-056184, filed Mar. 19, 2015 the entire contents of each
are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to a
measuring apparatus, a measuring method and a non-tran-
sitory computer readable medium.

BACKGROUND

[0003] Recently, in response to growing consciousness of
health, it is becoming popular to measure biological infor-
mation with a wearable terminal. Especially, a watch-type
pulse measuring apparatus using a reflective photoelectric
pulse wave sensor has advantages that measurement is
relatively easy, and that a user is not given an uncomfortable
feeling.

[0004] The reflective photoelectric pulse wave sensor
measures a pulse rate using reflected light of light radiated
on an artery. Since hemoglobin in an artery has a nature of
absorbing light, the reflected light fluctuates according to
change in an amount of hemoglobin due to change in a
vascular volume at the time of pulsation. The pulse rate is
measured by the fluctuation of the reflected light.

[0005] However, it is known that a large disturbance
occurs in a measured waveform of the reflective photoelec-
tric pulse wave sensor due to a state of contact between the
sensor and a living body or change in a blood flow in the
living body. Therefore, when a subject’s body motion is
large during exercise or the like, it is necessary to perform
a process for removing the noise.

[0006] The process for removing noise leads to increase in
the size of a processing operation unit and increase in the
size of a battery to cope with increase in power consump-
tion, which causes a problem for a wearable device requiring
reduction in the size. Further, production costs become high.
Therefore, there is a demand for reduction in the amount of
processing of the measuring apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a block diagram showing a schematic
configuration of a measuring apparatus according to a first
embodiment.

[0008] FIGS. 2A and 2B are diagrams showing examples
of a pulse wave.

[0009] FIGS. 3A and 3B are diagrams showing an
example of a pulse wave signal, a body motion signal, a
pulse wave signal spectrum and a body motion signal
spectrum.

[0010] FIGS. 4A to 4C are diagrams showing an example
of spectrum subtraction.

[0011] FIGS. 5A and 5B are diagrams showing an
example of a pulse wave signal before and after a process by
a pulse component extractor.
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[0012] FIGS. 6A and 6B are diagrams showing an
example of a processing result of the measuring apparatus
according to the first embodiment.

[0013] FIG. 7 is a schematic flowchart of an overall
process of the measuring apparatus according to the first
embodiment.

[0014] FIG. 8 is a flowchart of a process by a pulse wave
signal processor.

[0015] FIG. 9 is a flowchart of a process by a body motion
signal processor.

[0016] FIG. 10 is a flowchart of a process by a frequency
domain analyzer.

[0017] FIG. 11 is a flowchart of a process by a time
domain analyzer.

[0018] FIG. 12 is a block diagram showing a schematic
configuration of a measuring apparatus according to a sec-
ond embodiment.

[0019] FIG. 13 is a block diagram showing a hardware
configuration example realizing the measuring apparatus
according to the present embodiments.

DETAILED DESCRIPTION

[0020] An object of embodiments of the present invention
is to suppress an amount of processing while maintaining
accuracy of a measuring apparatus.

[0021] A measuring apparatus as an aspect of the present
invention includes: a first signal acquirer that acquires a
pulse wave signal of a living body; a second signal acquirer
that acquires a body motion signal of the living body; a
frequency analyzer that converts the pulse wave signal and
the body motion signal to a frequency domain to generate
frequency domain signals, and estimates a frequency of a
pulse wave of the living body on the basis of the frequency
domain signals; and a time domain analyzer that calculates
biological information about the living body on the basis of
the frequency.

[0022] The embodiments of the present invention will be
described below with reference to drawings.

First Embodiment

[0023] FIG. 1 is a block diagram showing a schematic
configuration of a measuring apparatus according to a first
embodiment. The measuring apparatus according to the first
embodiment acquires biological information from a mea-
sured pulse wave signal of a living body. It is assumed that
the measuring apparatus is fitted to a part of the living body.
[0024] The measuring apparatus according to the first
embodiment is provided with a pulse wave signal processor
100, a body motion signal processor 200, a frequency
domain analyzer 300, a time domain analyzer 400 and an
outputter 501.

[0025] Each part will be described below.

[0026] The pulse wave signal processor 100 acquires a
pulse wave signal of a living body from a sensor not shown.
The pulse wave signal processor 100 is provided with a
pulse wave signal acquirer 101, a first DC remover 102 and
a first noise remover 103,

[0027] The body motion signal processor 200 acquires a
signal related to a motion of the measuring apparatus itself
caused by a body motion of a living body and the like from
a sensor not shown. The body motion signal processor 200
is provided with a body motion signal acquirer 201, a second
DC remover 202 and a second noise remover 203.
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[0028] The frequency domain analyzer 300 converts a
pulse wave signal and a body motion signal to a frequency
domain and calculates a frequency of the pulse wave signal.
The frequency domain analyzer 300 is provided with a first
frequency domain converter 301, a first frequency domain
converter 302, a second frequency domain converter 311, a
second frequency domain converter 312, a frequency spec-
trum caleulator 321, a frequency peak detector 322 and a
frequency estimator 323.

[0029] The time domain analyzer calculates biological
information such as a pulse rate on the basis of a pulse wave
signal and a frequency. The time domain analyzer 400 is
provided with a pulse component extractor 401, a time peak
detector 402 and a biological information acquirer 403.
[0030] Details of each part will be described below.
[0031] The pulse wave signal acquirer 101 acquires a
pulse wave signal of a living body. The pulse wave is a wave
motion at the time when pressure change in a blood vessel
caused by blood being pushed out into a main artery by
contraction of a heart is transmitted in a peripheral direction.
[0032] In the description below, it is assumed that a pulse
wave signal is measured by a reflective photoelectric pulse
wave sensor on the basis of change in an amount of
hemoglobin accompanying change in a vascular volume at
the time of pulsation.

[0033] The first DC remover 102 removes a DC compo-
nent signal from a pulse wave signal. In a pulse wave signal
with the use of the reflective photoelectric pulse wave
sensor, a DC component detected by absorbed and reflected
light is included in addition to a pulse wave signal detected
as an AC component by pulsation. The DC component can
be removed by a high-path filter that causes only a prede-
termined frequency band component to pass through or the
like.

[0034] Though the first DC remover 102 is shown before
the first noise remover, the first DC remover 102 may be
after the first noise remover. The first DC remover 102 can
be omitted.

[0035] The first noise remover 103 removes a signal
outside a certain range determined in advance from a pulse
wave signal. For example, since a normal human pulse rate
per minute is about 40 to 220 bpm, a frequency of a pulse
wave takes a range from about 0.66 Hz to about 3.7 Hz.
Therefore, the first noise remover 103 may remove a fre-
quency component signal outside this range, regarding the
signal as noise. The range is not limited to this example but
may be arbitrarily determined.

[0036] Further, in order to prevent occurrence of aliasing
distortion (aliasing) in a process performed by the first
frequency domain converter 302, which is to be described
later, the first noise remover 103 may remove a frequency
component signal that causes the aliasing, in advance.
[0037] The removal by the first noise remover 103 can be
realized by a bandpass filter or the like. Further, the aliasing
distortion can be removed by a low-path filter.

[0038] The first noise remover 103 can be omitted.
[0039] The body motion signal acquirer 201 acquires a
signal related to a motion of the measuring apparatus itself
caused by a motion of a living body and the like. Hereinafter,
this signal will be referred to as a body motion signal. A
motion of a living body causes a state of contact between a
sensor and the living body and a blood flow state in the
living body to change, and causes a large disturbance (body
motion noise) in a measured waveform. For example, when
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an arm equipped with the measuring apparatus is swung,
noise caused by a displacement between the living body and
the measuring apparatus, change in contact pressure and the
like, noise caused by change in a blood flow of the measured
region and the like are included in a pulse wave signal. The
body motion signal is used to remove the noise from the
pulse wave signal.

[0040] FIGS. 2A and 2B are diagrams showing examples
of a pulse wave signal measured by the pulse wave signal
acquirer 101. FIG. 2A is a pulse wave signal during a rest.
FIG. 2B is a pulse wave signal during exercise. A pulse
wave, body motion noise and other noises are included in a
pulse wave signal.

[0041] The pulse wave signal of FIG. 2A does not include
a body motion noise almost at all, and the pulse wave signal
almost corresponds to the pulse wave. On the other hand, the
pulse wave signal of FIG. 2B shows a disturbed waveform
due to influence of body motion noise. Since the body
motion noise is larger than the pulse wave, it is not possible
to measure the wavelength of the pulse wave and the like in
the pulse wave signal in which the body motion noise is
included. Therefore, it is necessary to remove the body
motion noise.

[0042] In the description below, it is assumed that a body
motion signal is measured by a sensor that detects a motion
of a measured region or the measuring apparatus itself, for
example, an acceleration sensor, an angular velocity sensor
(a gyro sensor) or the like.

[0043] The second DC remover 202 removes a DC com-
ponent signal from a body motion signal acquired from the
body motion signal acquirer 201. The role and operation are
similar to those of the first DC remover 102.

[0044] The second noise remover 203 removes a signal
outside a certain range determined in advance from a body
motion signal. The role and operation are similar to those of
the first noise remover 103.

[0045] The first frequency converter 301 performs down-
sampling to thin out a sample signal from a pulse wave
signal in a time direction. In order to calculate a peak
interval with a high accuracy, it is desirable that the number
of samplings is larger. However, a processing load on the
first frequency domain converter 302 and the second fre-
quency domain converter 312 becomes higher, which leads
to increase in the size of the measuring apparatus and
increase in power consumption. Therefore, down-sampling
is performed in order to suppress processing in the fre-
quency domain with a high load and reduce resolution of the
first frequency domain converter 302 and the second fre-
quency domain converter 312, and accuracy is secured by
another function. By the down-sampling, the first frequency
domain converter 302 and the second frequency domain
converter 312 can suppress an amount of FFT processing to
be described later.

[0046] The first frequency domain converter 302 and the
second frequency domain converter 312 performs FFT (fast
Fourier transform) on the basis of inputted sampling data to
calculate a spectrum.

[0047] FIGS. 3A and 3B are diagrams showing an
example of a pulse wave signal, a body motion signal, a
spectrum of the pulse wave signal and a spectrum of the
body motion signal. An upper part of FIG. 3A is a pulse
wave signal, and a lower part is a body motion signal. FIG.
3B is spectrums of ranges surrounded by dotted frames in
FIG. 3A. An upper part of FIG. 3B is a spectrum of the pulse
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wave signal, and a lower part is a spectrum of the body
motion signal. Body motion noise is included in the mea-
sured pulse wave signal. Though an original pulse wave
frequency in this data is near 2.0 Hz, a frequency near 2.3
Hz is the largest because of the body motion noise.

[0048] The frequency spectrum calculator 321 processes a
pulse wave signal spectrum obtained by the first frequency
domain converter 302 to bring the pulse wave signal spec-
trum close to a more correct pulse wave signal spectrum. As
a processing method, for example, spectrum subtraction of
subtracting a body motion signal spectrum obtained by the
second frequency domain converter 312 from the pulse
wave signal spectrum obtained by the first frequency domain
converter 302 is given.

[0049] FIGS. 4A to 4C are diagrams showing an example
of spectrum subtraction. FIG. 4A shows a spectrum of a
pulse wave signal, and FIG. 4B shows a spectrum of a body
motion signal. X marks are attached to local maximum
values of graphs of FIG. 4A and FIG. 4B, and X marks
surrounded by circles are attached to the maximum values of
the graphs.

[0050] When spectrum subtraction of the graphs of FIG.
4A and FIG. 4B is performed, a graph of FIG. 4C is
obtained. Though the local maximum value near the fre-
quency of 2.3 Hz is the maximum value in FIG. 44, it is seen
that, as for the local maximum value in FIG. 4C, about 10
dB, which is an output value of the body motion signal, is
subtracted. Thereby, the maximum value in FIG. 4C is the
local maximum value near 2.0 Hz.

[0051] The frequency peak detector 322 calculates a peak
(an extreme value) of a spectrum. As for calculation of a
peak, it is possible to determine a peak, for example, by
differentiating a spectrum with a frequency and judging a
value at a time point where a differential value is 0 as an
extreme value. The frequency estimator 323 estimates a
frequency from a spectrum of a pulse wave signal. It is
assumed that there are a plurality of extreme values calcu-
lated by the frequency peak detector by a down-sampling.
The frequency estimator 323 estimates a frequency of a
pulse wave from the extreme values. As a method for the
estimation, the maximum value among the peaks may be
regarded as a detection result. Further, an evaluation func-
tion based on past data and the like may be generated in
advance so that a value closest to a value predicted from the
evaluation function is regarded as the frequency of a pulse
wave.

[0052] The pulse component extractor 401 acquires an
estimated frequency calculated by the frequency estimator
323 and functions as an adaptive filter for a pulse wave for
which the process by the frequency domain analyzer 300 has
not been performed.

[0053] An adaptive filter is a filter capable of changing a
passband because its filter coeflicient to decide filter char-
acteristics is variable.

[0054] Generally, a filter coeflicient is decided so as to
make an error smaller, by feeding back an output signal for
an input signal. Here, an estimated frequency of a pulse
wave signal is used as a reference value of an adaptive filter
instead of feeding back an output signal. An adaptive
algorithm for determining a filter coefficient may be arbi-
trarily specified.

[0055] Accuracy of the estimated frequency is not high
because of down-sampling of the first frequency converter
301 and the second frequency converter 311. Therefore, it is
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better to set a range of a frequency that can pass through the
adaptive filter relatively wide.

[0056] FIGS. S5A and 5B are diagrams showing an
example of a pulse wave signal before and after the process
by the pulse component extractor 401. FIG. 5A is a pulse
wave signal before the process, and FIG. 5B is the pulse
wave signal after the process. Though noise removal by the
first DC remover 102 and the first noise remover 103 has
been performed in FIG. 5A, a peak of the pulse wave signal
cannot be discriminated in a time domain. In FIG. 5B,
though amplitude fluctuation exists, it is seen that a state is
generated in which the peak of the pulse wave can be
discriminated in a time domain.

[0057] The time peak detector 402 detects a peak from a
filtering-processed pulse wave signal. A peak is assumed to
be the maximum value of a pulse wave in a predetermined
time interval (detection time window width) with a certain
length. The width of the detection time window may be
determined in advance or may be decided on the basis of an
estimated frequency calculated by the frequency domain
analyzer 300. Further, the time peak detector 402 may
sequentially update the width on the basis of a previous
detection result. The maximum value can be determined, for
example, by a method in which a pulse wave is differentiated
with time, and, with values at time points when a differential
value is 0 as extreme values, a maximum value among the
extreme values is regarded as the maximum value.

[0058] The biological information acquirer 403 calculates
biological information such as a pulse rate from a pulse
wave signal on the basis of a peak calculated by the time
peak detector 402. The biological information acquirer 403
may sequentially calculate the pulse rate for each beat.
Specifically, a time interval between a peak calculated by the
time peak detector 402 and an immediately previous peak is
determined.

[0059] The value of a pulse rate differs for each pulsation.
This is referred to as a fluctuation. In autonomic analysis,
pulse and heartbeat fluctuations are analyzed. It is known
that, when an autonomic nervous system is imbalanced, the
fluctuations are lost. Therefore, it is necessary to measure a
pulse rate for each beat to determine a fluctuation.

[0060] Since a frequency estimated by the frequency
domain analyzer 300 is an average frequency within a
predetermined time, it is not possible to grasp a fluctuation.
However, since the time domain analyzer 400 can measure
a pulse rate for each beat, it is possible to grasp a fluctuation.
[0061] Though it is assumed that acquired biological
information is a pulse rate here, any biological information
that can be calculated from a filtering-processed pulse wave
signal is possible.

[0062] The outputter 501 outputs calculated biological
information such as a pulse rate. As an outputting method,
the biological information may be displayed on a screen of
the measuring apparatus, which is not shown. Further, a
wireless communication function may be provided so that
output via data transmission may be performed to a different
communication apparatus or the like.

[0063] FIGS. 6A and 6B are diagrams showing an
example of a processing result of the measuring apparatus
according to the first embodiment. FIG. 6 A shows heart rates
of a living body by a measuring apparatus different from the
present measuring apparatus, which is attached to a chest.
FIG. 6B shows pulse rates of the living body by the present
measuring apparatus attached to an arm. In FIG. 6A, the
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heart rates are smoothed as average values and indicated by
a curved line. In FIG. 6B, the pulse rates judged for each
beat are plotted.

[0064] In FIGS. 6A and 6B, an action of the measured
person is changed according to a measurement time. The
measured person is in a sitting state for 300 seconds after
start. After that, the state is changed to a walking state, to a
jogging state, to a running state and then to the sitting state
every 300 seconds. When both figures are compared, it is
seen that almost equal values are taken even in the running
state with intense body motions. From this, it is seen that the
present apparatus can perform measurement with a high
accuracy though it is an arm-type measuring apparatus that
is influenced by body motion noise.

[0065] Next, a process flow of the first embodiment will be
specifically described.

[0066] FIG. 7 is a schematic flowchart of an overall
process of the measuring apparatus according to the first
embodiment. It is assumed that the process is started when
the measuring apparatus is powered on, or at a timing of an
operation start instruction from a user and the like.

[0067] When the process is started, the pulse wave signal
processor 100 and the body motion signal processor 200
separately start processes (S101A and S101B). A pulse wave
signal is outputted from the pulse wave signal processor 100,
and a body motion signal is outputted from the body motion
signal processor 200.

[0068] After acquiring both of the pulse wave signal form
the pulse wave signal processor 100 and the body motion
signal from the body motion signal processor 200, the
frequency domain analyzer 300 calculates an estimated
frequency of the pulse wave signal on the basis of the signals
(8102). The time domain analyzer 400 determines a pulse
period for each pulsation on the basis of the estimated
frequency from the frequency domain analyzer 300 and
calculates a pulse rate for each pulsation (S103). The out-
putter 501 outputs the pulse rate calculated by the time
domain analyzer 400 (S104). The above is the flow of the
schematic process. Next, details of the process of each part
will be described.

[0069] FIG. 8 is a flowchart of the process by the pulse
wave signal processor 100. The pulse wave signal acquirer
101 acquires a pulse wave signal (S201). A DC component
is removed from the acquired pulse wave signal via a
bandpass filter or the like which is the first DC remover 102
(8202). Furthermore, frequency components outside a pass-
able range are removed from the extracted pulse wave signal
via a bandpass filter or the like which is the first noise
remover 103 (S203). The above is the flow of the process of
the pulse wave signal processor 100.

[0070] FIG. 9 is a flowchart of the process by the body
motion signal processor 200. The body motion signal
acquirer 201 acquires a body motion signal (S301). Similar
to the pulse wave signal, a DC component of the acquired
body motion signal is removed via the second DC remover
202 (S302), and frequency components outside a passable
range are removed via the second noise remover (S303). The
above is the flow of the process of the body motion signal
processor 200.

[0071] FIG. 10 is a flowchart of the process by the
frequency domain processor 300. The frequency domain
processor 300 starts processes for a pulse wave signal and a
body motion signal separately.
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[0072] The first frequency converter 301 performs down-
sampling for an acquired pulse wave signal (S401A). It is
assumed that a period for sampling is determined in
advance. A sampled pulse wave signal is sent to the first
frequency domain converter 302.

[0073] The first frequency domain converter 302 performs
FFT to convert the sampled pulse wave signal to a frequency
spectrum (S402A). The sampled pulse wave signal is sent to
the frequency spectrum calculator 311.

[0074] Similarly to the first frequency converter 301, the
second frequency converter 311 performs down-sampling
for an acquired body motion signal (S401B). It is assumed
that a period for sampling is determined in advance. The
sampled pulse wave signal is sent to the second frequency
domain converter 312.

[0075] Similarly to the first frequency domain converter
302, the second frequency domain converter 312 performs
FFT to convert the sampled pulse wave signal to a frequency
spectrum (S402B). The sampled pulse wave signal is sent to
the frequency spectrum calculator 311.

[0076] The frequency spectrum calculator 321 subtracts
the frequency spectrum of the body motion signal from the
frequency spectrum of the pulse wave signal by spectrum
subtraction (S403).

[0077] A pulse wave spectrum after the subtraction is sent
to the frequency peak detector 322.

[0078] The frequency peak detector 322 calculates a peak
by a predetermined method (S404). There may be a plurality
of calculated peaks. A calculation result is sent to the
frequency estimator 323.

[0079] The frequency estimator 323 estimates a frequency
of a pulse wave by a predetermined method (S405). The
above is the flow of the process of the frequency domain
processor 300.

[0080] FIG. 11 is a flowchart of the process by the time
domain analyzer 400.

[0081] The pulse component extractor 401 performs fil-
tering for a pulse wave signal from the pulse wave signal
processor 100 on the basis of an estimated frequency from
the frequency domain analyzer 300 (S501). It is assumed
that an adaptive filter algorithm is determined in advance.
The filtered pulse wave signal is sent to the time peak
detector 402.

[0082] The time peak detector 402 detects a peak from the
filtering-processed pulse wave signal (S502). It is assumed
that a peak detecting method is determined in advance.
Information about the calculated peak is sent to the biologi-
cal information acquirer 403.

[0083] The biological information acquirer 403 calculates
biological information on the basis of the information about
the peak or the pulse wave signal (S503). It is assumed that
the biological information to be calculated is determined in
advance. The number of pieces of biological information to
be calculated may be more than one. The above is the flow
of the process of the time domain analyzer 400.

[0084] As described above, according to the first embodi-
ment, by performing time domain processing supplementa-
rily using frequency domain processing with a low resolu-
tion, it is possible to enable both of reduction in a processing
load and highly accurate calculation of a pulse wave.
Thereby, it is possible to realize weight reduction and power
saving of the measuring apparatus. Further, since it is
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possible to calculate a pulse rate per beat for each pulsation,
it is possible to utilize measurement data for other analyses
such as autonomic analysis.

Second Embodiment

[0085] FIG. 12 is a block diagram showing a schematic
configuration of a measuring apparatus according to a sec-
ond embodiment. The measuring apparatus according to the
second embodiment is what is obtained by newly adding a
third signal processor 600 to the first embodiment.

[0086] The second embodiment will be described below.
Explanation overlapping with explanation of the first
embodiment will be omitted.

[0087] The third signal processor 600 performs a process
for a pulse wave signal (a second pulse wave signal) that is
different from a pulse wave signal (a first pulse wave signal)
processed by the pulse wave signal processor 100.

[0088] A measuring apparatus that measures the first pulse
wave signal and a measuring apparatus that measures the
second pulse wave signal may be different or may be the
same. If the measuring apparatuses are the same, it is only
necessary that measurement signals are different because
measuring methods or the like are different. For example, if
a reflective photoelectric pulse wave sensor to measure a
pulse wave signal receives red light and measures the first
pulse wave signal, it is only necessary that the second pulse
wave signal is a signal measured by receiving light other
than the red light. Colors and, furthermore, wavelengths of
lights of the first and second pulse waves can be appropri-
ately selected according to a measurement target.

[0089] The third signal processor 600 is provided with a
third signal acquirer 601, a third DC remover 602 and a third
noise remover 603. Since functions of the parts inside the
third signal processor 600 are the same as functions of
corresponding parts inside the pulse wave signal processor
100, description will be omitted. The third signal acquirer
601, the third DC remover 602 and the third noise remover
603 correspond to the pulse wave signal acquirer 101 of the
pulse wave signal processor 100, the first DC remover 102
and the first noise remover 103, respectively.

[0090] The second pulse wave signal processed by the
third signal processor 600 is sent to the frequency domain
analyzer 300 and the time domain analyzer 400 similarly to
the first pulse wave signal, and processed similarly to the
first embodiment. Thereby, two pieces of biological infor-
mation, biological information based on the first pulse wave
signal and biological information based on the second pulse
wave signal can be obtained. It is also possible to, by
comparing the obtained two pieces of biological informa-
tion, provide new measurement information.

[0091] The biological information acquirer 403 may cal-
culate the biological information based on the first pulse
wave signal and the biological information based on the
second pulse wave signal individually. Otherwise, the bio-
logical information acquirer 403 may calculate information
based on comparison between the two pieces of biological
information.

[0092] The second pulse wave signal may be subjected to
filtering by the pulse component extractor 401 based on
estimation information about the first pulse wave signal,
without being sent to the frequency domain analyzer 300.
This is because the possibility of occurrence of a problem is
low unless frequencies of the first pulse wave signal and the
second pulse wave signal are significantly different.
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[0093] Flowcharts of processes in the second embodiment
will be omitted because the processes of the pulse wave
signal processor 100 and the parts inside the pulse wave
signal processor 100 are processes replaced with the pro-
cesses of the third signal processor 600 and the parts inside
the third signal processor 600, respectively.

[0094] Though the second embodiment describe above is
in a form of being newly provided with the third signal
processor 600, fourth to n-th (n is an integer equal to or
larger than five) signal processors may be further provided.
In this case also, functions and operations of parts of the
fourth to n-th signal processors are similar to those of the
third signal processor 600.

[0095] As described above, according to the second
embodiment, it is possible to acquire two kinds of biological
information for which sensors, measuring methods or the
like are different, and it is possible to provide new measure-
ment information on the basis of a result of comparing the
acquired pieces of biological information. Further, by using
the fourth to n-th signal processors in configurations similar
to the configuration of the third signal processor 600, it is
possible to acquire a plurality of kinds of biological infor-
mation, and provide new measurement information by com-
paring the acquired plurality of kinds of biological informa-
tion. Furthermore, it is also possible to increase
measurement accuracy by taking an average of outputs of
the plurality of signal processors.

[0096] Further, each process in the embodiments
described above can be realized by software (a program).
Therefore, each of the measuring apparatuses in the embodi-
ments described above can be realized, for example, by
using a general-purpose computer apparatus as basic hard-
ware and causing a processor mounted on the computer
apparatus to execute the program.

[0097] FIG. 13 is a block diagram showing a hardware
configuration example realizing the measuring apparatuses
according to the present embodiments. Each of the measur-
ing apparatus can be realized as a computer apparatus
provided with a processor 701, a main memory 702, an
auxiliary storage device 703, a device interface 704, a
network interface 705, an inputting device 706 and an
outputting device 707, which are connected via a bus 708.
[0098] By the processor 701 reading a program from the
auxiliary storage device 703, developing the program in the
main memory 702 and executing the program, the functions
of the pulse wave signal processor 100, the body motion
signal processor 200, the frequency domain analyzer 300
and the time domain analyzer 400 can be realized.

[0099] Each of the measuring apparatuses of the present
embodiments may be realized by installing a program to be
executed in the measuring apparatus, into the computer
apparatus in advance or may be realized by storing the
program into a recording medium such as a CD-ROM or
distributing the program via a network so that the program
is appropriately installed into the computer apparatus.
[0100] The main memory 702 is a memory device that
temporarily stores instructions to be executed by the pro-
cessor 701, various kinds of data and the like and may be a
volatile memory such as a DRAM or a non-volatile memory
such as an MRAM. The auxiliary storage device 703 is a
storage device that permanently stores programs, data and
the like and is, for example, a flash memory.

[0101] The device interface 704 is an interface, such as an
USB interface, connected to an external storage medium in
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which an output result and the like are recorded. The
external storage medium may be any recording medium
such as an HDD, CD-R, CD-RW, DVD-RAM, DVD-R and
SAN (storage area network). Further, a sensor for measuring
a pulse wave such as a reflective photoelectric pulse wave
sensor, a sensor for measuring acceleration such as an
acceleration sensor and an angular velocity sensor (a gyro
sensor), and the like, which are not shown, may be con-
nected via the device interface 704.

[0102] The network interface 504 is an interface for con-
necting to a network such as a wireless LAN. The outputter
501 may transmit an output result and the like to other
communication apparatuses via the network interface 504.

[0103] A user may input information such as start of
measurement from the inputting device 706. Further, the
outputting device 708 may be a display device that displays
images.

[0104] Embodiments of the present invention have been
described above. However, the embodiments are presented
as examples and are not intended to limit the scope of the
invention. The novel embodiments can be implemented in
other various forms, and various omissions, replacements
and changes can be made within a range not departing from
the spirit of the invention. The embodiments and modifica-
tions of the embodiments are included in the scope and spirit
of the invention and included in the inventions described in
Claims and a range equal thereto.

[0105] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. Indeed, the novel embodiments described herein may
be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the inventions. The accompa-
nying claims and their equivalents are intended to cover
such forms or modifications as would fall within the scope
and spirit of the inventions.

1. A measuring apparatus comprising:

a first signal acquirer that acquires a pulse wave signal of
a living body;

a second signal acquirer that acquires a body motion
signal of the living body;

a frequency domain analyzer that converts the pulse wave
signal and the body motion signal to a frequency
domain to generate frequency domain signals, and
estimates a frequency of a pulse wave of the living
body on the basis of the frequency domain signals; and

a time domain analyzer that calculates biological infor-
mation about the living body on the basis of the pulse
wave signal and the frequency.

2. The measuring apparatus according to claim 1, wherein
the frequency domain analyzer comprises:

a first converter that, by performing down-sampling of the
pulse wave signal and converting a signal after the
down-sampling to the frequency domain, acquires first
frequency domain signal;

a second converter that, by performing down-sampling of
the body motion signal and converting a signal after the
down-sampling to the frequency domain, acquires sec-
ond frequency domain signal;
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a frequency spectrum calculator that processes the first
frequency domain signal on the basis of the second
frequency domain signal to acquire a third frequency
domain signal;

a frequency peak detector that detects a peak of the third
frequency domain signal; and

a frequency estimator that estimates the frequency of the
pulse wave of the living body on the basis of a position
of the peak.

3. The measuring apparatus according to claim 1, wherein
the time domain analyzer performs filtering of the pulse
wave signal on the basis of the frequency and calculates the
biological information about the living body on the basis of
the signal after the filtering.

4. The measuring apparatus according to claim 1, wherein

the time domain analyzer comprises:

a pulse component extractor that filters the pulse wave
signal on the basis of the frequency of the pulse wave
of the living body;

a time peak detector that detects a peak of the signal
filtered by the pulse component extractor; and

a biological information acquirer that acquires the bio-
logical information about the living body on the basis
of a position of the peak detected by the time peak
detector.

5. The measuring apparatus according to claim 1, wherein
the biological information is information regarding a heart
rate.

6. The measuring apparatus according to claim 1, further
comprising:

a first noise remover that removes a signal with a prede-

termined frequency from the pulse wave signal; and

a second noise remover that removes a signal with a
predetermined frequency from the body motion signal.

7. The measuring apparatus according to claim 1, further
comprising:

a first DC remover that removes a DC component signal

from the pulse wave signal; and

a second DC remover that removes a DC component
signal from the body motion signal.

8. The measuring apparatus according to claim 1, further
comprising third to n-th (n is an integer equal to or larger
than three) signal acquirers that acquire pulse wave signals
of the living body; wherein

the time domain analyzer calculates the biological infor-
mation about the living body on the basis of the pulse
wave signal acquired by the first signal acquirer, the
frequency and the pulse wave signals acquired by the
third to n-th signal acquirers.

9. A measuring method in which a computer executes:

acquiring a pulse wave signal of a living body;

acquiring a body motion signal of the living body;

converting the pulse wave signal and the body motion
signal to a frequency domain to generate frequency
domain signals, and estimating a frequency of a pulse
wave of the living body on the basis of the frequency
domain signals; and

calculating biological information about the living body
on the basis of the pulse wave signal and the frequency.

10. A non-transitory computer readable medium having a
computer program stored therein which causes a computer
when executed by the computer, to perform processes com-
prising:
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acquiring a pulse wave signal of a living body;

acquiring a body motion signal of the living body:

converting the pulse wave signal and the body motion
signal to a frequency domain to generate frequency
domain signals, and estimating a frequency of a pulse
wave of the living body on the basis of the frequency
domain signals; and

calculating biological information about the living body
on the basis of the pulse wave signal and the frequency.
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