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processing unit configured to detect a pulse of the detection
target on the basis of the first detection signal and the second
detection signal.
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DETECTION APPARATUS, DETECTION
METHOD, AND PROGRAM

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Japanese
Priority Patent Application JP 2016-079495 filed Apr. 12,
2016, the entire contents of which are incorporated herein by
reference.

BACKGROUND

[0002] The present disclosure relates to a detection appa-
ratus, a detection method, and a program.

[0003] Technologies related to an apparatus that includes
a sensor capable of detecting a signal concerned with
heartbeat have been developed. An example of the sensor
capable of detecting a signal concerned with heartbeat is a
heartbeat sensor that detects a signal indicating heartbeat
according to a potential difference between a plurality of
electrodes. An example of technologies related to an appa-
ratus including a heartbeat sensor is the technology
described in JP 2008-73462A.

SUMMARY

[0004] A signal indicating heartbeat, such as an electro-
cardiogram waveform (hereinafier, referred to as an “elec-
trocardiogram (ECG)” in some cases), can be detected by
using a heartbeat sensor. However, since the heartbeat sensor
detects a signal indicating heartbeat according to a potential
difference between a plurality of electrodes, a living body
serving as a detection target (hereinafter, simply referred to
as a “detection target™) needs to be touching the plurality of
electrodes in order that a signal indicating heartbeat is
detected by using the heartbeat sensor.

[0005] Therefore, detection of heartbeat using the heart-
beat sensor is suitable for the purpose of detecting heartbeat
temporarily, but, in terms of convenience of the detection
target, is not suitable for the purpose of detecting heartbeat
continuously when the detection target is walking, for
example.

[0006] Another example of a sensor capable of detecting
a signal concerned with heartbeat is a pulse wave sensor that
optically detects a pulse wave using a method called pho-
toplethysmography (hereinafter, referred to as “PPG” in
some cases). A pulse wave is a volumetric change in the
blood vessel that accompanies pulsation of the heart of a
living body. Therefore, the number of pulses (hereinafter,
referred to as a “pulse rate”) that is detected from a pulse
wave detected by a pulse wave sensor in a certain period
coincides with the number of heartbeats (hereinafter,
referred to as a “heart rate”) detected by a heartbeat sensor
in the certain period.

[0007] A pulse wave sensor irradiates a living body serv-
ing as a detection target (hereinafter, simply referred to as a
“detection target”) with light from a light source, such as a
light-emitting diode (LED), and obtains a signal indicating
the intensity of light reflected from the detection target by a
light-receiving element, such as a photodiode (photo detec-
tor), thereby detecting a pulse wave of the detection target.
Hemoglobin in the blood flowing through the blood vessel
of the detection target has a property of absorbing light;
therefore, a pulse wave of the detection target is detected by
observing reflected light by the photodiode. Hence, detec-
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tion of a pulse wave using the pulse wave sensor is more
suitable for the purpose of detecting a pulse continuously
when the detection target is walking, for example, than
detection of heartbeat using the heartbeat sensor is.

[0008] However, a signal that is detected in a pulse wave
sensor changes wildly. Therefore, in the case where a pulse
of a detection target is detected by using a signal detected by
the pulse wave sensor, the pulse is detected by frequency
analysis of the signal detected by the pulse wave sensor. In
addition, a pulse rate of the detection target is estimated from
the periodicity of the detected pulse. Therefore, in the case
where the pulse rate is estimated on the basis of the signal
detected by the pulse wave sensor, it may take approxi-
mately several tens of seconds until the pulse rate of the
detection target is obtained. Hence, in the case where the
pulse rate is estimated on the basis of the signal detected by
the pulse wave sensor, it may take several tens of seconds or
more until a state where the detection target is able to check
the pulse rate is reached after measurement by the pulse
wave sensor is started.

[0009] The present disclosure proposes a novel and
improved detection apparatus, detection method, and pro-
gram that are capable of shortening time taken for detection
of a pulse of a detection target.

[0010] According to an embodiment of the present disclo-
sure, there is provided a detection apparatus including: a
heartbeat sensor that includes a plurality of electrodes and is
configured to detect a first detection signal indicating heart-
beat of a detection target via the plurality of electrodes; a
pulse wave sensor configured to detect a second detection
signal indicating a pulse wave of the detection target; and a
processing unit configured to detect a pulse of the detection
target on the basis of the first detection signal and the second
detection signal.

[0011] According to an embodiment of the present disclo-
sure, there is provided a detection method executed by a
detection apparatus, including: detecting a pulse of a detec-
tion target, on the basis of a first detection signal that is
acquired from a heartbeat sensor including a plurality of
electrodes and indicates heartbeat of the detection target, and
a second detection signal that is acquired from a pulse wave
sensor and indicates a pulse wave of the detection target.
[0012] According to an embodiment of the present disclo-
sure, there is provided a program causing a computer to
implement a function of: detecting a pulse of a detection
target, on the basis of a first detection signal that is acquired
from a heartbeat sensor including a plurality of electrodes
and indicates heartbeat of the detection target, and a second
detection signal that is acquired from a pulse wave sensor
and indicates a pulse wave of the detection target.

[0013] According to an embodiment of the present disclo-
sure, time taken for detection of a pulse of a detection target
can be shortened.

[0014] 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 THE DRAWINGS

[0015] FIG. 1 is an explanatory diagram illustrating
examples of a first detection signal and a second detection
signal according to the embodiment;
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[0016] FIG. 2 is an explanatory diagram illustrating an
example of a detection apparatus according to the embodi-
ment;

[0017] FIG. 3 is a flowchart illustrating an example of
processing related to a detection method according to the
embodiment;

[0018] FIG. 4 is an explanatory diagram for describing an
example of processing related to a detection method accord-
ing to the embodiment;

[0019] FIG. 5 is an explanatory diagram for describing an
example of processing related to a detection method accord-
ing to the embodiment;

[0020] FIG. 6 is an explanatory diagram for describing an
example of processing related to a detection method accord-
ing to the embodiment;

[0021] FIG. 7 is a flowchart illustrating an example of
processing of a detection apparatus in a use case in which a
detection apparatus according to the embodiment is used;
[0022] FIG. 81sa block diagram illustrating an example of
a configuration of a detection apparatus according to the
embodiment; and

[0023] FIG. 9 is an explanatory diagram illustrating an
example of a hardware configuration of a detection appara-
tus according to the embodiment.

DETAILED DESCRIPTION OF THE
EMBODIMENT(S)

[0024] Hereinafter, (a) preferred embodiment(s) of the
present disclosure will be described in detail with reference
to the appended drawings. In this specification and the
appended drawings, structural elements that have substan-
tially the same function and structure are denoted with the
same reference numerals, and repeated explanation of these
structural elements is omitted.

[0025] Hereinafter, the description will proceed in the
following order.

1. Detection method according to present embodiment

2. Detection apparatus according to present embodiment
3. Program according to present embodiment

(Detection Method According to Present Embodiment)

[0026] First, a detection method according to the present
embodiment will be described. As an example, a case where
processing related to the detection method according to the
present embodiment is performed by a detection apparatus
according to the present embodiment will be described.

[1] Overview of Detection Method According to Present
Embodiment

[0027] As described above, in terms of convenience of the
detection target, detection of heartbeat using the heartbeat
sensor is not suitable for the purpose of detecting heartbeat
continuously when the detection target is walking, for
example.

[0028] In contrast, detection of a pulse wave using the
pulse wave sensor is more suitable for the purpose of
detecting a pulse continuously when the detection target is
walking, for example, than detection of heartbeat using the
heartbeat sensor is. However, as described above, it may
take several tens of seconds or more until a state where the
detection target is able to check the pulse rate is reached after
measurement by the pulse wave sensor is started.
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[0029] Hence, the detection apparatus according to the
present embodiment detects a pulse of a detection target on
the basis of a signal indicating heartbeat of the detection
target (hereinafter, referred to as a “first detection signal”)
acquired from a heartbeat sensor and a signal indicating a
pulse wave of the detection target (hereinafter, referred to as
a “second detection signal”) acquired from a pulse wave
sensor. In the following description, processing of detecting
a pulse of the detection target according to the present
embodiment is referred to as “detection processing”.
[0030] For example, the detection apparatus according to
the present embodiment acquires the first detection signal
from a heartbeat sensor included in the detection apparatus
according to the present embodiment, or an external heart-
beat sensor connected to the detection apparatus according
to the present embodiment. For example, the detection
apparatus according to the present embodiment acquires the
second detection signal from a pulse wave sensor included
in the detection apparatus according to the present embodi-
ment, or an external pulse wave sensor connected to the
detection apparatus according to the present embodiment.
[0031] FIG. 1 is an explanatory diagram illustrating
examples of the first detection signal and the second detec-
tion signal according to the present embodiment. A wave-
form “ECG” in FIG. 1 illustrates an example of an electro-
cardiogram waveform indicated by the first detection signal.
A waveform “PPG” in FIG. 1 illustrates an example of a
waveform of a pulse wave indicated by the second detection
signal.

[0032] As described above, a pulse wave is a volumetric
change in the blood vessel that accompanies pulsation of the
heart of a living body. Therefore, heartbeat detected on the
basis of the first detection signal and a pulse detected on the
basis of the second detection signal have a one-to-one
correspondence, and the heartbeat in the electrocardiogram
waveform appears in the electrocardiogram waveform ear-
lier than the pulse in the waveform of the pulse wave. The
heartbeat is detected by detection of peak positions in the
electrocardiogram waveform, and peak positions in the
electrocardiogram waveform are clearer than peak positions
in the waveform of the pulse wave, as illustrated in FIG. 1.
[0033] Hence, the detection apparatus according to the
present embodiment uses heartbeat detected on the basis of
the first detection signal as an index to detect a pulse of the
detection target from the second detection signal.

[0034] Using heartbeat detected on the basis of the first
detection signal as an index to detect a pulse of the detection
target from the second detection signal, as described above,
enables the pulse of the detection target to be detected more
easily from the second detection signal.

[0035] Accordingly, the detection apparatus according to
the present embodiment performs the detection processing
as the processing related to the detection method according
to the present embodiment, which shortens time taken for
detection of a pulse of the detection target.

[0036] In addition, as described above, a pulse rate of the
detection target is estimated from the periodicity of the
detected pulse; therefore, when time taken for detection of
a pulse of the detection target is shortened, time taken until
the pulse rate is estimated after measurement by the pulse
wave sensor is started is also shortened. Accordingly, per-
forming the detection processing as the processing related to
the detection method according to the present embodiment
further shortens “time taken until a state where the detection
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target is able to check the pulse rate is reached after
measurement by the pulse wave sensor is started”, which
improves the convenience of the detection target.

[0037] Furthermore, since heartbeat is used as an index in
the detection processing, continuous detection of heartbeat
by the heartbeat sensor need not be performed, as long as
heartbeat serving as an index is detected from the first
detection signal. In other words, in the case where the
detection processing is performed as the processing related
to the detection method according to the present embodi-
ment, detection of a pulse is enabled by using the heartbeat
sensor for “the purpose of detecting heartbeat temporarily”,
for which detection of heartbeat using the heartbeat sensor
is suitable. Hence, in the case where the detection processing
is performed as the processing related to the detection
method according to the present embodiment, there is no
fear of impairing the convenience of the detection target,
unlike in the case where heartbeat is continuously detected
by using a heartbeat sensor.

[2] Processing Related to Detection Method According to
Present Embodiment

[0038] Next, the processing related to the detection
method according to the present embodiment will be
described more specifically.

[2-1] Example of Detection Apparatus According to Present
Embodiment

[0039] FIG. 2 is an explanatory diagram illustrating an
example of the detection apparatus according to the present
embodiment. FIG. 2 illustrates an example of the detection
apparatus according to the present embodiment when the
detection apparatus according to the present embodiment is
applied to a clock-type wearable apparatus that is worn on
the detection target’s arm to be used. A of FIG. 2 illustrates
a surface on the opposite side to a surface to be worn on the
detection target’s arm in the detection apparatus according
to the present embodiment, and B of FIG. 2 illustrates a
surface on the side to be worn on the detection target’s arm
in the detection apparatus according to the present embodi-
ment.

[0040] The detection apparatus according to the present
embodiment includes, for example, electrodes E1, E2, and
E3, a display device D, light sources [1 and .2, and a
photodiode PD.

[0041] The electrodes E1, E2, and E3 are a plurality of
electrodes constituting a heartbeat sensor. In the heartbeat
sensor, the first detection signal indicating heartbeat is
detected according to a potential difference between elec-
trodes, which occurs when the detection target touches at
least two of the electrodes E1, E2, and E3. The number of
electrodes included in the detection apparatus according to
the present embodiment is not limited to three as illustrated
in FIG. 2, and the detection apparatus according to the
present embodiment may include, for example, two or four
or more electrodes.

[0042] For example, in the example illustrated in FIG. 2,
the electrode E3 is provided on the surface on the side to be
worn on the detection target’s arm in the detection apparatus
according to the present embodiment; therefore, in a state
where the detection target is wearing the detection apparatus
according to the present embodiment, a state where the
detection target is touching the electrode E3 is maintained.
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Consequently, when the detection target wearing the detec-
tion apparatus according to the present embodiment touches
at least one of the electrodes E1 and E2, the first detection
signal is detected in the heartbeat sensor.

[0043] The display device D displays either or both of text
and an image. On a display screen of the display device D,
contents based on a result of the detection processing (e.g.,
the pulse rate of the detection target), time, a user interface
(UI), and the like are displayed, for example. Note that the
detection apparatus according to the present embodiment
may have a configuration without the display device D.
[0044] The light sources 1 and .2 and the photodiode PD
constitute a pulse wave sensor. Examples of the light sources
L1 and 1.2 are LEDs that emit red light, green light, and the
like.

[0045] For example, in the example illustrated in FIG. 2,
the light sources L1 and [.2 and the photodiode PD are
provided on the surface on the side to be worn on the
detection target’s arm in the detection apparatus according
to the present embodiment; therefore, in a state where the
detection target is wearing the detection apparatus according
to the present embodiment, a state where the pulse wave
sensor is able to detect a pulse wave is maintained.

[0046] As illustrated in FIG. 2, for example, the detection
apparatus according to the present embodiment includes the
heartbeat sensor and the pulse wave sensor.

[0047] Here, in the detection apparatus according to the
present embodiment, detection of the first detection signal in
the heartbeat sensor may be performed in conjunction with
detection of the second detection signal in the pulse wave
Sensor.

[0048] For example, making the plurality of electrodes of
the heartbeat sensor function as switches for detection start
in the pulse wave sensor enables detection in the heartbeat
sensor to be performed in conjunction with detection in the
pulse wave sensor.

[0049] In the detection apparatus according to the present
embodiment illustrated in FIG. 2, for example, the elec-
trodes E1 and E2 function as switches for detection start in
the pulse wave sensor. In the case where the electrodes E1
and E2 function as switches for detection start in the pulse
wave sensor, the detection target wearing the detection
apparatus according to the present embodiment can cause
detection by the heartbeat sensor and detection by the pulse
wave sensor to be started by touching the electrode E1 or the
electrode E2.

[0050] A case where the detection apparatus according to
the present embodiment illustrated in FIG. 2 performs the
processing related to the detection method according to the
present embodiment will be described as an example. Note
that a device to which the detection apparatus according to
the present embodiment is applicable is not limited to a
clock-type wearable apparatus as illustrated in FIG. 2.
Application examples of the detection apparatus according
to the present embodiment will be described later.

[2-2] Example of Processing Related to Detection Method
According to Present Embodiment

[0051] As described above, the detection apparatus
according to the present embodiment performs “detection
processing of detecting a pulse of the detection target on the
basis of the first detection signal and the second detection
signal”.
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[0052] FIG. 3 is a flowchart illustrating an example of the
processing related to the detection method according to the
present embodiment, and illustrates an example of the
detection processing. FIGS. 4 and 5 are explanatory dia-
grams for describing the example of the processing related
to the detection method according to the present embodi-
ment. Hereinafter, the example of the detection processing
will be described referring to FIGS. 3 to 5 as appropriate.
[0053] The detection apparatus according to the present
embodiment calculates a heart rate on the basis of the first
detection signal (S100).

[0054] For example, the detection apparatus according to
the present embodiment detects a heartbeat interval (here-
inafter, referred to as a “R R interval (RRI)”) from the first
detection signal. The RRI can be obtained by detecting an
interval between peak positions in the first detection signal,
as illustrated in A of FIG. 4, for example.

[0055] Moreover, the detection apparatus according to the
present embodiment performs a computation in Expression
1 below, for example, thereby calculating a heart rate in a
predetermined period. Here, Expression 1 below is an
example of a computation when a heart rate for one minute
(an example of the predetermined period) is calculated. In
other words, the unit of the heart rate calculated according
to Expression 1 below is “[beats per minute]”. In Expression
1 below, the RRI is expressed by “[sec]”. Note that the
predetermined period according to the present embodiment
is not limited to one minute, and may be any period.

Heart rate=1/RRIx60

[0056] The detection apparatus according to the present
embodiment performs frequency analysis on the second
detection signal (S102).

[0057] FIG. 3 illustrates an example in which the process-
ing of step S102 is performed after the processing of step
S100 is performed, but the detection apparatus according to
the present embodiment can perform the processing of step
S100 and the processing of step S102 in parallel, for
example. The processing of step S102 is performed con-
tinuously until detection of the pulse wave of the detection
target ends, for example.

[0058] The detection apparatus according to the present
embodiment performs the frequency analysis by performing
fast Fourier transform (hereinafter, referred to as “FFT” in
some cases) on the second detection signal. The FFT per-
formed on the second detection signal converts the second
detection signal from a time domain as illustrated in A of
FIG. 5 to a frequency domain as illustrated in B of FIG. 5.
[0059] Here, as illustrated in FIG. 5, peak positions are
clearer in the frequency domain than in the time domain.
Hence, performing frequency analysis on the second detec-
tion signal in step S102 enables detection of a pulse from the
second detection signal to be performed more easily.
[0060] Using the heart rate based on the first detection
signal calculated in step S100, the detection apparatus
according to the present embodiment detects a pulse from a
result of the frequency analysis based on the second detec-
tion signal (S104).

[0061] The detection apparatus according to the present
embodiment performs a calculation in Expression 2 below,
for example, thereby calculating a frequency of heartbeat (a
cycle of heartbeat) from the heart rate calculated in step
S100. Here, Expression 2 below is an example of a com-
putation when the frequency of the heartbeat is calculated on

(Expression 1)
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the basis of the heart rate calculated in Expression 1 above.
The unit of the frequency of the heartbeat in Expression 2
below is expressed by “[Hz]”

Frequency of heartbeat=heart rate/60

[0062] In the first detection signal illustrated in A of FIG.
4, for example, the RRI is 0.8 [sec]; thus, according to
Expressions 1 and 2 above, the frequency of the heartbeat is
1.25 [Hz]. Note that the detection apparatus according to the
present embodiment can also calculate the frequency of the
heartbeat on the basis of the RRI detected from the first
detection signal, without performing the processing of step
S100, that is, without calculating the heart rate.

[0063] The detection apparatus according to the present
embodiment detects a pulse of the detection target from a
result of the frequency analysis in step S102, on the basis of
the calculated frequency of the heartbeat. The detection
apparatus according to the present embodiment uses the
frequency of the heartbeat calculated according to Expres-
sion 2, for example, as an index for detecting the pulse of the
detection target from the second detection signal, thereby
detecting the pulse of the detection target from the result of
the frequency analysis in step S102.

[0064] InFIG. 4, for example, 1.25 [Hz] is obtained as the
frequency of the heartbeat on the basis of the first detection
signal illustrated in A of FIG. 4. The detection apparatus
according to the present embodiment detects a peak value
within a predetermined frequency range including 1.25 [Hz],
which is the calculated frequency of the heartbeat, from a
result of the frequency analysis performed on the second
detection signal, illustrated in B of FIG. 4. An example of the
predetermined frequency range is “a range between a fre-
quency obtained by subtracting a set value of an error from
the calculated frequency of the heartbeat and a frequency
obtained by adding the value of the error to the frequency of
the heartbeat”. The value of the error may be a fixed value
set in advance, or may be a variable value that can be
changed on the basis of operation by a user of the detection
apparatus according to the present embodiment, for
example.

[0065] Then, the detection apparatus according to the
present embodiment specifies a frequency corresponding to
the detected peak value as a frequency of a pulse (a cycle of
a pulse), for example, thereby detecting the pulse of the
detection target from the result of the frequency analysis in
step S102. By detecting the pulse of the detection target in
the above manner, the detection apparatus according to the
present embodiment can detect the pulse of the detection
target even in the case where there is a change in the second
detection signal due to breathing of the detection target,
other motions in the detection target, and the like, as
illustrated in B of FIG. 4, for example.

[0066] Furthermore, the detection apparatus according to
the present embodiment may calculate a pulse rate of the
detection target on the basis of the detected pulse of the
detection target. Here, processing related to the calculation
of the pulse rate of the detection target based on the detected
pulse of the detection target corresponds to processing
related to estimation of the pulse rate of the detection target.
For example, the detection apparatus according to the pres-
ent embodiment calculates a pulse rate in a predetermined
period on the basis of the specified frequency of the pulse.
[0067] More specifically, the detection apparatus accord-
ing to the present embodiment substitutes a value of the

(Expression 2)
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frequency of the pulse specified as the value of “1/RRI” into
Expression 1 above, for example, thereby calculating the
pulse rate.

[0068] The detection apparatus according to the present
embodiment performs the processing illustrated in FIG. 3,
for example, as the detection processing. In the case where
the processing illustrated in FIG. 3 is performed, for
example, the detection apparatus according to the present
embodiment can use heartbeat detected on the basis of the
first detection signal as an index to detect a pulse of the
detection target from the second detection signal.

[0069] Hence, the detection apparatus according to the
present embodiment performs the processing illustrated in
FIG. 3, for example, which shortens time taken for detection
of a pulse of the detection target.

[0070] In addition, the detection apparatus according to
the present embodiment can improve detection precision of
the pulse of the detection target by performing the detection
processing, because the pulse of the detection target can be
detected even in the case where there is a change in the
second detection signal due to breathing of the detection
target, other motions in the detection target, and the like.
[0071] Furthermore, by performing the processing illus-
trated in F1G. 3, for example, the detection apparatus accord-
ing to the present embodiment can have an effect obtained
by performing the detection processing described above.
[0072] The detection processing related to the detection
method according to the present embodiment is not limited
to the example illustrated in FIG. 3.

[0073] For example, when the pulse of the detection target
is detected on the basis of the frequency of the heartbeat in
step S104 of FIG. 3, the detection apparatus according to the
present embodiment can detect a pulse of the detection target
from a result of frequency analysis, on the basis of a
frequency corresponding to the pulse detected on the basis
of the frequency of the heartbeat.

[0074] The detection apparatus according to the present
embodiment uses a frequency corresponding to the pulse
detected on the basis of the frequency of the heartbeat as a
new index to detect a pulse of the detection target from the
second detection signal. As in the case of using the fre-
quency of the heartbeat as an index, for example, the
detection apparatus according to the present embodiment
detects a pulse of the detection target by detecting a peak
value within a predetermined frequency range including “a
frequency corresponding to the pulse detected on the basis
of the frequency of the heartbeat”.

[0075] In addition, when a pulse of the detection target is
newly detected on the basis of “a frequency corresponding
to the pulse detected on the basis of the frequency of the
heartbeat”, for example, the detection apparatus according to
the present embodiment detects a pulse of the detection
target from a result of frequency analysis, on the basis of a
frequency corresponding to the newly detected pulse.
[0076] In other words, the detection apparatus according
to the present embodiment can use a frequency correspond-
ing to the last detected pulse, for example, as a new index to
detect a pulse of the detection target from the second
detection signal. Using a frequency corresponding to the last
detected pulse as a new index enables a pulse of the
detection target to be detected more accurately from the
second detection signal.

[0077] Inaddition, each time a pulse is newly detected, the
detection apparatus according to the present embodiment
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may calculate a pulse rate in a predetermined period on the
basis of a frequency of the detected pulse. Using, each time
a pulse is newly detected, a frequency of the detected pulse
as a new index enables a pulse rate of the detection target to
be calculated more accurately.

[0078] FIG. 6 is an explanatory diagram for describing an
example of the processing related to the detection method
according to the present embodiment, and illustrates an
overview of acquisition of a pulse rate, which is enabled by
the detection processing. In FIG. 6, a heart rate acquired on
the basis of the first detection signal and a pulse rate
acquired on the basis of the second detection signal are both
referred to as a “heart rate (HR)” for convenience.

[0079] The detection apparatus according to the present
embodiment calculates a heart rate on the basis of the first
detection signal. Then, the detection apparatus according to
the present embodiment uses a frequency of heartbeat cal-
culated from the calculated heart rate as an index to detect
a pulse wave from a result of frequency conversion of the
second detection signal, and obtains a pulse rate in a
predetermined period from a frequency of the detected pulse
wave.

[0080] Moreover, the detection apparatus according to the
present embodiment uses the frequency of the detected pulse
wave as an index to detect a pulse wave from a result of
frequency conversion of the second detection signal, and
obtains a pulse rate in a predetermined period from a
frequency of the detected pulse wave.

[0081] Performing the processing illustrated in FIG. 6, for
example, in the detection apparatus according to the present
embodiment, enables a pulse rate to be continuously
acquired while detection of the second detection signal by
the pulse wave sensor is continued.

[0082] In addition, in the case of detecting a pulse wave
from the second detection signal, when a detection result of
a motion of the detection target is obtained, the detection
apparatus according to the present embodiment may detect
a pulse wave, excluding a motion component of the detec-
tion target indicated by the detection result of the motion of
the detection target. The motion of the detection target is
acquired from, for example, a motion sensor included in the
detection apparatus according to the present embodiment, or
amotion sensor connected to the detection apparatus accord-
ing to the present embodiment. As the motion sensor, one or
more sensors capable of detecting a motion, such as an
acceleration sensor and an angular velocity sensor, may be
used.

[0083] By detecting a pulse wave, excluding a motion
component of the detection target, the detection apparatus
according to the present embodiment can improve detection
precision of a pulse of the detection target.

[0084] The detection apparatus according to the present
embodiment performs the detection processing as described
above as the processing related to the detection method
according to the present embodiment.

[0085] The processing related to the detection method
according to the present embodiment is not limited to the
above-described detection processing. For example, the
detection apparatus according to the present embodiment
can further perform either or both of processing of (I) below
and processing of (II) below.
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(I) Display Control Processing

[0086] The detection apparatus according to the present
embodiment causes the pulse rate of the detection target
calculated in the above-described detection processing, for
example, to be displayed on a display screen.

[0087] Examples of the display screen on which the detec-
tion apparatus according to the present embodiment causes
the pulse rate of the detection target to be displayed include
a display device included in the detection apparatus accord-
ing to the present embodiment, such as the display device D
illustrated in FIG. 2, and a display device external to the
detection apparatus according to the present embodiment.
For example, the detection apparatus according to the pres-
ent embodiment transmits a control signal including a dis-
play command and data indicating a pulse rate to a display
device included in the detection apparatus according to the
present embodiment, or an external display device, thereby
causing the calculated pulse rate of the detection target to be
displayed on the display screen.

[0088] By causing the calculated pulse rate of the detec-
tion target to be displayed on the display screen, the detec-
tion apparatus according to the present embodiment enables
a person who sees the display screen, such as the detection
target, to visually recognize the calculated pulse rate of the
detection target, for example.

(1I) Recording Control Processing

[0089] The detection apparatus according to the present
embodiment causes the pulse rate of the detection target
calculated in the above-described detection processing, for
example, to be recorded on a recording medium.

[0090] Examples of the recording medium on which the
detection apparatus according to the present embodiment
causes the pulse rate of the detection target to be recorded
include a recording medium constituting a storage unit
(described later) included in the detection apparatus accord-
ing to the present embodiment, and a recording medium
external to the detection apparatus according to the present
embodiment. For example, the detection apparatus accord-
ing to the present embodiment transmits a control signal
including a recording command and data indicating a pulse
rate to a recording medium constituting the storage unit
(described later), or an external recording medium, thereby
causing the calculated pulse rate of the detection target to be
recorded on the recording medium.

[0091] By causing the calculated pulse rate of the detec-
tion target to be recorded on the recording medium, the
detection apparatus according to the present embodiment
enables data indicating a history of calculated pulse rates of
the detection target to be stored in the recording medium, for
example.

[2-3] Example of Processing of Detection Apparatus
According to Present Embodiment in Use Case in which
Detection Apparatus According to Present Embodiment is
Used

[0092] Next, an example of processing of the detection
apparatus according to the present embodiment in a use case
in which the detection apparatus according to the present
embodiment is used will be described. Hereinafter, a use
case in which a pulse rate is measured by using the detection
apparatus according to the present embodiment in the case
where a user (an example of the detection target) wearing the
detection apparatus according to the present embodiment
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does exercise will be used as an example to describe the
example of the processing of the detection apparatus accord-
ing to the present embodiment.

[0093] FIG. 7 is a flowchart illustrating the example of the
processing of the detection apparatus according to the pres-
ent embodiment in the use case in which the detection
apparatus according to the present embodiment is used. In
FIG. 7, a heart rate acquired on the basis of the first detection
signal and a pulse rate acquired on the basis of the second
detection signal are both referred to as a “HR”, as in FIG. 6.
[0094] The detection apparatus according to the present
embodiment determines whether to start detection of a pulse
(5200).

[0095] For example, in the case where operation on the
electrode E1 or the electrode E2 illustrated in FIG. 2, which
functions as a switch for starting detection in the heartbeat
sensor and the pulse wave sensor, is detected for a set period
or longer (or in the case where the operation is detected for
longer than the period), the detection apparatus according to
the present embodiment determines to start detection of a
pulse. The detection apparatus according to the present
embodiment determines that the operation is being detected
when, for example, a potential difference between a plurality
of electrodes is being detected in the heartbeat sensor. An
example of the set period is a period that allows a heart rate
to be calculated on the basis of the first detection signal
obtained from the heartbeat sensor, such as several seconds.
[0096] When detection of a pulse is not determined to be
started in step S200, the detection apparatus according to the
present embodiment refrains from proceeding with the pro-
cessing until detection of a pulse is determined to be started.

[0097] When detection of a pulse is determined to be
started in step S200, the detection apparatus according to the
present embodiment calculates a HR on the basis of the first
detection signal obtained from the heartbeat sensor, as in
step S100 of FIG. 3, for example (S202).

[0098] Although not illustrated in FIG. 7, when detection
of a pulse is determined to be started in step S200, the
detection apparatus according to the present embodiment
may notify the user that detection of a pulse is started. For
example, the detection apparatus according to the present
embodiment notifies the user that detection of a pulse is
started by one or more of the following notification methods:
a visual notification method of causing the display screen of
the display device D to display text or the like, an auditory
notification method of causing a sound output device (not
illustrated), such as a speaker, to output sound, and a tactile
notification method of causing a vibration device (not illus-
trated) to vibrate.

[0099] Notifying the user that detection of a pulse is
started enables the user to recognize that the user is allowed
to stop the operation on the electrode E1 or the electrode E2
illustrated in FIG. 2, and act freely, for example.

[0100] The detection apparatus according to the present
embodiment sets a cycle (a frequency of heartbeat) based on
the HR calculated from the first detection signal as an index
for detecting a pulse of the detection target from a frequency
analysis result of the second detection signal, as in step S104
of FIG. 3, for example (S204).

[0101] The detection apparatus according to the present
embodiment continuously calculates a HR on the basis of

the second detection signal, as described with reference to
FIG. 6, for example (S206). In addition, the detection
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apparatus according to the present embodiment causes the
calculated HR to be displayed on the display screen of the
display device D.

[0102] At this time, the user need not be touching the
electrodes E1 and E2 of the heartbeat sensor illustrated in
FIG. 2, and therefore can do exercise freely. Hence, the user
can cause the detection apparatus according to the present
embodiment to keep calculating his/her pulse rate during
exercise, as long as the user is wearing the detection
apparatus according to the present embodiment and keeps
the detection apparatus according to the present embodiment
in a pulse measurement state.

(Detection Apparatus According to Present Embodiment)

[0103] Next, an example of a configuration of the detec-
tion apparatus according to the present embodiment, which
can perform the above-described processing related to the
detection method according to the present embodiment, will
be described.

[0104] FIG. 8isablock diagram illustrating an example of
a configuration of a detection apparatus 100 according to the
present embodiment. The detection apparatus 100 includes,
for example, a first sensor unit 102, a second sensor unit 104,
and a control unit 106.

[0105] For example. the detection apparatus 100 may
include a read only memory (ROM) (not illustrated), a
random access meniory (RAM) (not illustrated), a storage
unit (not illustrated), an operation unit (not illustrated) that
can be operated by the user of the detection apparatus 100,
a display unit (not illustrated) that causes various screens to
be displayed on the display screen, and the like. In the
detection apparatus 100, the components are connected to
one another, for example, by a bus serving as a data
transmission path. For example, the detection apparatus 100
is driven by electric power supplied from an internal power
source such as a battery included in the detection apparatus
100, electric power supplied from an external power source
connected thereto, or the like.

[0106] The ROM (not illustrated) stores a program and
control data such as operation parameters which are used by
the control unit 106. The RAM (not illustrated) temporarily
stores, for example, a program executed by the control unit
106.

[0107] The storage unit (not illustrated) is a storage device
included in the detection apparatus 100, and stores various
data of, for example, various kinds of applications.

[0108] Here, examples of the storage unit (not illustrated)
include a magnetic recording medium such as a hard disk
(Hard Disk) and a non-volatile memory such as a flash
memory. The storage unit (not illustrated) may be removably
attached to the detection apparatus 100.

[0109] The operation unit (not illustrated) is an operation
input device which will be described later. The display unit
(not illustrated) is a display device which will be described
later.

[Exemplary Hardware Configuration of Detection Apparatus
100]

[0110] FIG. 9 is an explanatory diagram illustrating an
example of a hardware configuration of the detection appa-
ratus 100 according to the present embodiment. The detec-
tion apparatus 100 includes, for example, an MPU 150, a
ROM 152, a RAM 154, a recording medium 156, a com-
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munication interface 158, an input/output interface 160, an
operation input device 162, a display device 164, a heartbeat
sensor 166, a pulse wave sensor 168, and a motion sensor
170.

[0111] The MPU 150 is configured with, for example, one
or more processors configured with an operation circuit such
as a micro processing unit (MPU), various kinds of process-
ing circuits, and the like and functions as the control unit 106
that controls the detection apparatus 100 in general. The
MPU 150 undertakes, for example, the role of a processing
unit 110 (which will be described later) in the detection
apparatus 100. The processing unit 110 may be configured
with a dedicated (or general-purpose) circuit (for example,
a processor separate from the MPU 150 or the like) capable
of performing processing of the processing unit 110.

[0112] The ROM 152 stores a program used by the MPU
150, control data such as operation parameters, and the like.
The RAM 154 temporarily stores, for example, a program
executed by the MPU 150.

[0113] The recording medium 156 functions as a storage
unit (not illustrated), and stores various data, for example,
data related to the detection method according to the present
embodiment such as data indicating a pulse rate, or various
kinds of applications. Here, examples of the recording
medium 156 include a magnetic recording medium such as
a hard disk and a non-volatile memory such as a flash
memory. The recording medium 156 may be removably
attached to the detection apparatus 100.

[0114] The communication interface 158 is a communi-
cation device included in the detection apparatus 100 and
functions as a communication unit (not illustrated) that
performs communication with an external apparatus in a
wireless or wired manner via a network (or directly). Here,
examples of the communication interface 158 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 communication),
and a local area network (LAN) terminal and a transceiving
circuit (wired communication).

[0115] The input/output interface 160 connects, for
example, the operation input device 162 and the display
device 164. The operation input device 162 functions as the
operation unit (not illustrated), and the display device 164
functions as the display unit (not illustrated). Here, examples
of the input/output interface 160 include a Universal Serial
Bus (USB) terminal, a digital visual interface (DVI) termi-
nal, a high-definition multimedia interface (HDMI) (regis-
tered trademark) terminal, and various kinds of processing
circuits.

[0116] For example, the operation input device 162 is
arranged on the detection apparatus 100 and connected with
the input/output interface 160 in the detection apparatus 100.
Examples of the operation input device 162 include a button,
a direction key, a rotational selector such as a jog dial, and
a combination thereof.

[0117] For example, the display device 164 is arranged on
the detection apparatus 100 and connected with the input/
output interface 160 in the detection apparatus 100.
Examples of the display device 164 include a liquid crystal
display (LCD) and an organic EL display (also called an
organic electro-luminescence display or an organic light
emitting diode display (OLED display)).
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[0118] Tt will be appreciated that the input/output interface
160 can be connected with an external device such as an
external operation input device of the detection apparatus
100 (for example, a keyboard, a mouse, or the like) or an
external display device. The display device 164 may be, for
example, a device on which display and a user operation can
be performed such as the touch panel.

[0119] The heartbeat sensor 166 is a first detection device
included in the detection apparatus 100, and functions as the
first sensor unit 102. The heartbeat sensor 166 includes, for
example, a plurality of electrodes and a processing circuit,
and detects the first detection signal according to a potential
difference between a plurality of electrodes.

[0120] The pulse wave sensor 168 is a second detection
device included in the detection apparatus 100, and func-
tions as the second sensor unit 104. The pulse wave sensor
168 includes, for example, a light source, a photodiode, and
a processing circuit, and detects the second detection signal.
[0121] The motion sensor 170 is a third detection device
included in the detection apparatus 100, and detects a motion
of the detection apparatus 100. For example, in the case
where the detection apparatus 100 is a wearable apparatus as
illustrated in FIG. 2, the motion that the motion sensor 170
detects corresponds to a motion of the detection target
wearing the detection apparatus 100.

[0122] The detection apparatus 100 performs the process-
ing related to the detection method according to the present
embodiment through the configuration illustrated in FIG. 9,
for example. Note that the hardware configuration of the
detection apparatus 100 according to the present embodi-
ment is not limited to the configuration illustrated in FIG. 9.
[0123] For example, in the case of performing detection
processing on the basis of the first detection signal acquired
from an external heartbeat sensor connected thereto, the
detection apparatus 100 need not include the heartbeat
sensor 166.

[0124] For example, in the case of performing detection
processing on the basis of the second detection signal
acquired from an external pulse wave sensor connected
thereto, the detection apparatus 100 need not include the
pulse wave sensor 168.

[0125] For example, the detection apparatus 100 can have
a configuration not including one or more of the recording
medium 156, the communication interface 158, the opera-
tion input device 162, the display device 164, and the motion
sensor 170.

[0126] Moreover, the detection apparatus 100 can have,
for example, a configuration according to an application
example of the detection apparatus 100, which is described
later.

[0127] For example, a part or all of the configuration
illustrated in FIG. 9 (or a configuration according to a
modified example) may be implemented by one or more
integrated circuits (ICs).

[0128] The example of the configuration of the detection
apparatus 100 will be described with reference back to FIG.
8. The first sensor unit 102 is configured with the heartbeat
sensor 166, and detects the first detection signal.

[0129] The second sensor unit 104 is configured with the
pulse wave sensor 168, and detects the second detection
signal.

[0130] The control unit 106 is configured with, for

example, an MPU or the like and undertakes a role of
controlling the detection apparatus 100 in general. The
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control unit 106 includes, for example, the processing unit
110 and undertakes a role of initiatively performing the
processing related to the detection method according to the
present embodiment.

[0131] The processing unit 110 undertakes a role of ini-
tiatively performing the processing related to the detection
method according to the present embodiment.

[0132] For example. the processing unit 110 performs
detection processing according to the present embodiment,
and detects a pulse of the detection target on the basis of the
first detection signal and the second detection signal. Fur-
thermore, the processing unit 110 may calculate a pulse rate
of the detection target on the basis of the detected pulse of
the detection target.

[0133] The processing unit 110 may further perform, for
example, either or both of display control processing and
recording control processing.

[0134] The detection apparatus 100 performs the process-
ing related to the detection method according to the present
embodiment (for example, “detection processing” or “detec-
tion processing and either or both of display control pro-
cessing and recording control processing”) through, for
example, the configuration illustrated in FIG. 8. Thus, the
detection apparatus 100 can shorten time taken for detection
of a pulse of the detection target through, for example, the
configuration illustrated in FIG. 8.

[0135] Further, the detection apparatus 100 can have an
effect obtained by performing the processing related to the
detection method according to the present embodiment
through, for example, the configuration illustrated in FIG. §.
[0136] The configuration of the detection apparatus
according to the present embodiment is not limited to the
configuration illustrated in FIG. 8.

[0137] For example, in the detection apparatus according
to the present embodiment, the processing unit 110 illus-
trated in FIG. 8 may be arranged separately from the control
unit 106 (for example, may be implemented by a separate
processing circuit). The processing unit 110 may be imple-
mented by a plurality of processing circuits, and the function
of the processing unit 110 may be distributedly performed
by a plurality of processing circuits.

[0138] The configuration for implementing the processing
related to the detection method according to the present
embodiment is not limited to the configuration illustrated in
FIG. 8, and a configuration according to a division form of
the processing related to the detection method according to
the present embodiment may be employed.

[0139] In the case of performing detection processing on
the basis of the first detection signal acquired from an
external heartbeat sensor, for example, the detection appa-
ratus according to the present embodiment need not include
the first sensor unit 102.

[0140] In the case of performing detection processing on
the basis of the second detection signal acquired from an
external pulse wave sensor, for example, the detection
apparatus according to the present embodiment need not
include the second sensor unit 104.

[0141] The detection apparatus has been described as the
present embodiment, but the present embodiment is not
limited to this example. For example, the present embodi-
ment can be applied to various devices capable of perform-
ing the processing related to the detection method according
to the present embodiment such as “any wearable apparatus
used in a state in which it is worn on the body of the user
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such as an eyeware type apparatus, a clock type apparatus,
or a wristlet type apparatus,” a “computer such as a personal
computer (PC),” a “communication apparatus such as a
smart phone,” a “tablet type apparatus,” an “imaging appa-
ratus such as a digital video camera or a digital still camera,”
a “game machine,” and a “mobile object such as an auto-
mobile.” For example, the present embodiment can be
applied to a processing IC that can be incorporated into the
above devices.

(Program According to Present Embodiment)

[0142] Time taken for detection of a pulse of the detection
target can be shortened by executing a program causing a
computer to function as the detection apparatus according to
the present embodiment (for example, a program capable of
executing the processing related to the detection method
according to the present embodiment such as “detection
processing” or “detection processing and either or both of
display control processing and recording control process-
ing”) through a processor or the like in the computer.
[0143] Further, it is possible to obtain the effect obtained
by the processing related to the detection method according
to the present embodiment by executing a program causing
a computer to function as the detection apparatus according
to the present embodiment through a processor or the like in
the computer.

[0144] Tt should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements
and other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

[0145] For example, the example in which the program
(computer program) causing the computer to function as the
detection apparatus according to the present embodiment is
provided has been described, but in the present embodiment,
a recording medium including the program stored therein
may also be provided.

[0146] The above configurations are examples of the pres-
ent embodiment and understood to be included in the
technical scope of the present disclosure.

[0147] 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
achieve other effects that are clear to those skilled in the art
from the description of this specification.

[0148] Additionally, the present technology may also be
configured as below.

(1) A Detection Apparatus Including:

[0149] a heartbeat sensor that includes a plurality of
electrodes and is configured to detect a first detection signal
indicating heartbeat of a detection target via the plurality of
electrodes;

[0150] a pulse wave sensor configured to detect a second
detection signal indicating a pulse wave of the detection
target; and

[0151] a processing unit configured to detect a pulse of the
detection target on the basis of the first detection signal and
the second detection signal.

(2) The detection apparatus according to (1), wherein detec-
tion of the first detection signal in the heartbeat sensor is
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performed in conjunction with detection of the second
detection signal in the pulse wave sensor.

(3) The detection apparatus according to (2), wherein the
plurality of electrodes of the heartbeat sensor function as
switches for detection start in the pulse wave sensor.

(4) The detection apparatus according to any one of (1) to
(3), wherein the processing unit

[0152] calculates a heart rate on the basis of the first
detection signal,

[0153] performs frequency analysis on the second detec-
tion signal, and

[0154] detects a pulse of the detection target from a result
of the frequency analysis, on the basis of a frequency of
heartbeat calculated from the calculated heart rate.

(5) The detection apparatus according to (4), wherein the
processing unit further detects a pulse of the detection target
from a result of the frequency analysis, on the basis of a
frequency corresponding to the pulse detected on the basis
of the frequency of the heartbeat.

(6) The detection apparatus according to any one of (1) to
(5), wherein the processing unit calculates a pulse rate of the
detection target on the basis of the detected pulse of the
detection target.

(7) The detection apparatus according to (6), wherein the
processing unit causes the calculated pulse rate of the
detection target to be displayed on a display screen.

(8) The detection apparatus according to (6) or (7), wherein
the processing unit causes the calculated pulse rate of the
detection target to be recorded on a recording medium.
(9) A detection method executed by a detection apparatus,
including:

[0155] detecting a pulse of a detection target, on the basis
of a first detection signal that is acquired from a heartbeat
sensor including a plurality of electrodes and indicates
heartbeat of the detection target, and a second detection
signal that is acquired from a pulse wave sensor and indi-
cates a pulse wave of the detection target.

(10) A program causing a computer to implement a function
of:

[0156] detecting a pulse of a detection target, on the basis
of a first detection signal that is acquired from a heartbeat
sensor including a plurality of electrodes and indicates
heartbeat of the detection target, and a second detection
signal that is acquired from a pulse wave sensor and indi-
cates a pulse wave of the detection target.

What is claimed is:

1. A detection apparatus comprising:

a heartbeat sensor that includes a plurality of electrodes
and is configured to detect a first detection signal
indicating heartbeat of a detection target via the plu-
rality of electrodes;

a pulse wave sensor configured to detect a second detec-
tion signal indicating a pulse wave of the detection
target; and

a processing unit configured to detect a pulse of the
detection target on the basis of the first detection signal
and the second detection signal.

2. The detection apparatus according to claim 1, wherein
detection of the first detection signal in the heartbeat sensor
is performed in conjunction with detection of the second
detection signal in the pulse wave sensor.

3. The detection apparatus according to claim 2, wherein
the plurality of electrodes of the heartbeat sensor function as
switches for detection start in the pulse wave sensor.
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4. The detection apparatus according to claim 1, wherein
the processing unit

calculates a heart rate on the basis of the first detection

signal,

performs frequency analysis on the second detection

signal, and

detects a pulse of the detection target from a result of the

frequency analysis, on the basis of a frequency of
heartbeat calculated from the calculated heart rate.

5. The detection apparatus according to claim 4, wherein
the processing unit further detects a pulse of the detection
target from a result of the frequency analysis, on the basis of
a frequency corresponding to the pulse detected on the basis
of the frequency of the heartbeat.

6. The detection apparatus according to claim 1, wherein
the processing unit calculates a pulse rate of the detection
target on the basis of the detected pulse of the detection
target.

7. The detection apparatus according to claim 6, wherein
the processing unit causes the calculated pulse rate of the
detection target to be displayed on a display screen.
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8. The detection apparatus according to claim 6, wherein
the processing unit causes the calculated pulse rate of the
detection target to be recorded on a recording medium.

9. A detection method executed by a detection apparatus,
comprising:

detecting a pulse of a detection target, on the basis of a

first detection signal that is acquired from a heartbeat
sensor including a plurality of electrodes and indicates
heartbeat of the detection target, and a second detection
signal that is acquired from a pulse wave sensor and
indicates a pulse wave of the detection target.

10. A program causing a computer to implement a func-
tion of:

detecting a pulse of a detection target, on the basis of a

first detection signal that is acquired from a heartbeat
sensor including a plurality of electrodes and indicates
heartbeat of the detection target, and a second detection
signal that is acquired from a pulse wave sensor and
indicates a pulse wave of the detection target.
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