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ELECTRONIC DEVICE AND
COMPUTER-READABLE RECORDING
MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority of the prior Japanese Patent Application
No. 2015-250584, filed on Dec. 22, 2015, the entire contents
of which are incorporated herein by reference.

FIELD

[0002] The embodiments discussed herein are related to an
electronic device and a computer-readable recording
medium.

BACKGROUND

[0003] In recent vears, wearable terminals that can be
worn on, for example, an arm of a user are becoming
popular. Because being used in a state worn on the body of
a user, the wearable terminals can measure, for example, the
pulse rate of the user to monitor the condition of the body of
the user. An example of a pulse sensor that detects pulses of
auser is a sensor that measures a reflection amount of light.
[0004] Specifically, the pulse sensor includes an LED
(Light Emitting Diode) that emits light and a PD (Photo
Detector) that detects light, and detects a reflection amount
of light emitted from the LED toward a human body with the
PD. Because the reflection amount of light changes depend-
ing on a blood flow rate, the time waveform of a light level
detected with the PD changes according to pulses. There-
fore, a method of subjecting the time waveform of the light
level detected with the PD to, for example, FFT (Fast
Fourier Transform) processing to calculate pulse rates cor-
responding to peaks of the resultant frequency spectrum is
adopted, for example.

[0005] However, because a wearable terminal is used in a
state worn on the body of a user, a sensor value of the pulse
sensor includes various noises caused by body motion of the
user, for example. That is, for example, in the pulse sensor
that uses light reflection described above, when the FFT
processing of the time waveform of a light level detected by
the PD is performed, the resultant frequency spectrum may
include peaks corresponding to noises. Accordingly, there is
a problem that an accurate pulse rate of the user is difficult
to measure.

[0006] Furthermore, to eliminate the peaks corresponding
to the noises from peaks included in the frequency spectrum
to specify peaks corresponding to pulses of a user, compli-
cated processing may be performed. As a result, processing
load or power consumption of a processor incorporated in
the wearable terminal is increased.

SUMMARY

[0007] According to an aspect of an embodiment, an
electronic device includes a storage that stores therein pulse
rate ranges using a resting heart rate of a user as a reference
to be associated with exercise amounts, respectively, and a
processor coupled to the storage. The processor executes a
process including: acquiring a first sensor value and a
second sensor value from a first sensor and a second sensor
that are sensors worn on a body of the user, respectively, the
first sensor detecting pulses and the second sensor detecting
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an acceleration; first calculating a plurality of pulse rate
candidates based on the acquired first sensor value; second
calculating an exercise amount of the user based on the
acquired second sensor value; and specifying a pulse rate
range stored in the storage to be associated with the exercise
amount calculated at the second calculating, and deciding a
pulse rate candidate included in the specified pulse rate
range among the pulse rate candidates calculated at the first
calculating as a pulse rate of the user.

[0008] The object and advantages of the invention will be
realized and attained by means of the elements and combi-
nations particularly pointed out in the claims.

[0009] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are not restrictive of the
invention, as claimed.

BRIEF DESCRIPTION OF DRAWINGS

[0010] FIG. 1 is a block diagram illustrating a configura-
tion of a portable terminal device according to a first
embodiment;

[0011] FIG. 2 is a block diagram illustrating functions of
a processor according to the first embodiment;

[0012] FIG. 3 is an explanatory diagram of a pulse rate
candidate;
[0013] FIG. 4 is a diagram illustrating a specific example

of a pulse rate candidate;

[0014] FIG. 5 is a diagram illustrating a specific example
of a pulse-rate range table according to the first embodiment;
[0015] FIG. 6 is a flowchart illustrating a pulse-rate cal-
culation process according to the first embodiment;

[0016] FIGS. 7A, 7B and 7C are explanatory diagrams of
refinement of a pulse rate candidate;

[0017] FIG. 8 is a flowchart illustrating an RHR setting
process;
[0018] FIG. 9 is a flowchart illustrating a pulse-rate-

candidate calculation process;

[0019] FIG. 10 is a flowchart illustrating an exercise-
intensity calculation process;

[0020] FIG. 11 is a block diagram illustrating functions of
a processor according to a second embodiment;

[0021] FIG. 12 is a diagram illustrating a specific example
of a pulse-rate range table according to the second embodi-
ment;

[0022] FIG. 13 is a flowchart illustrating a pulse-rate
calculation process according to the second embodiment;
and

[0023] FIG. 14 is a flowchart illustrating a step-number
calculation process.

DESCRIPTION OF EMBODIMENTS

[0024] Preferred embodiments of the present invention
will be explained with reference to accompanying drawings.
The present invention is not limited to the embodiments. In
the following descriptions, an as example of the electronic
device, a portable terminal device that is used in a state worn
on the body of a user is described; however, the techniques
disclosed in the respective embodiments can be widely
applicable to other types of electronic devices.

[a] First Embodiment

[0025] FIG. 1 is a block diagram illustrating a configura-
tion of a portable terminal device 100 according to a first
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embodiment. The portable terminal device 100 illustrated in
FIG. 1 has a wireless communication unit 110, a pulse sensor
120, an acceleration sensor 130, a processor 140, a memory
150, and a display 160.

[0026] The wireless communication unit 110 is, for
example, a communication module including a wireless
communication function using Bluetooth® and provides
wireless communication with other communication terminal
devices such as a smartphone. Specifically, the wireless
communication unit 110 notifies other communication ter-
minal devices of, for example, a pulse rate of a user wearing
the portable terminal device 100 using BLE (Bluetooth Low
Energy).

[0027] The pulse sensor 120 detects pulses of the user
wearing the portable terminal device 100. Specifically, the
pulse sensor 120 includes an LED and a PD, and detects
reflection of light emitted from the LED with the PD to
output an obtained reflection amount of light to the proces-
sor 140 as a sensor value. The light emitted toward the body
of the user reflects on the user’s body and an amount of light
reflected at that time changes according to a flow rate of
blood in the user’s body. Therefore, the pulses of the user
can be detected based on the sensor value of the pulse sensor
120.

[0028] The acceleration sensor 130 includes, for example,
a three-axis acceleration sensor and detects respective accel-
erations in three axis directions of the portable terminal
device 100. The acceleration sensor 130 outputs the accel-
erations detected by the three-axis acceleration sensor to the
processor 140 as a sensor value.

[0029] The processor 140 includes, for example, a CPU
(Central Processing Unit), an FPGA (Field Programmable
Gate Array), or a DSP (Digital Signal Processor) and con-
trols the entire portable terminal device 100 in an integrated
manner. That is, the processor 140 performs various types of
processing using the memory 150. Specifically, the proces-
sor 140 drives the pulse sensor 120 and the acceleration
sensor 130 and decides the pulse rate of the user based on the
pulse sensor value obtained from the pulse sensor 120 and
the acceleration sensor value obtained from the acceleration
sensor 130. The processor 140 performs a notification pro-
cess of notifying the user of the decided pulse rate. Func-
tions of the processor 140 will be explained in detail later.

[0030] The memory 150 includes, for example, a RAM
(Random Access Memory), a ROM (Read Only Memory),
or a NAND flash memory and stores therein various types of
information during the processing performed by the proces-
sor 140.

[0031] The display 160 includes, for example, a liquid
crystal panel and displays notification information output
from the processor 140. The display 160 can be placed with
a touch panel that detects contacts superposed thereon.

[0032] FIG. 2 is a block diagram illustrating functions of
the processor 140 according to the first embodiment. The
processor 140 illustrated in FIG. 2 has a pulse-sensor control
unit 141, an acceleration-sensor control unit 142, a pulse-
rate-candidate calculation unit 143, an exercise-intensity
calculation unit 144, a pulse-rate decision unit 145, and a
notification processing unit 146.

[0033] The pulse-sensor control unit 141 drives the pulse
sensor 120 and acquires a reflection amount of light detected
by the pulse sensor 120 with a predetermined period as a
pulse sensor value. The pulse-sensor control unit 141 out-
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puts the acquired pulse sensor value to the pulse-rate-
candidate calculation unit 143.

[0034] The acceleration-sensor control unit 142 drives the
acceleration sensor 130 and acquires an acceleration
detected by the acceleration sensor 130 with a predeter-
mined period as an acceleration sensor value. The accelera-
tion-sensor control unit 142 outputs the acquired accelera-
tion sensor value to the exercise-intensity calculation unit
144.

[0035] The pulse-sensor control unit 141 and the accel-
eration-sensor control unit 142 are included in a sensor
driver that controls sensors included in the portable terminal
device 100.

[0036] The pulse-rate-candidate calculation unit 143 fil-
ters the waveform of the pulse sensor value with a band-pass
filter that passes a predetermined frequency band to elimi-
nate noises outside the band. The pulse-rate-candidate cal-
culation unit 143 performs FFT processing of the waveform
after noise elimination to obtain a frequency spectrum of the
waveform of the pulse sensor value. The pulse-rate-candi-
date calculation unit 143 detects peaks in the frequency
spectrum and determines the number of beats having a
frequency (hereinafter, “peak frequency”) corresponding to
each of the peaks per unit time (one minute, for example) as
a pulse rate candidate.

[0037] To cite a specific example, the pulse-rate-candidate
calculation unit 143 performs the FFT processing of the
waveform of the pulse sensor value and obtains a frequency
spectrum as illustrated in FIG. 3, for example. This fre-
quency spectrum has three peak frequencies f1, 2, and f3.
Accordingly, the pulse-rate-candidate calculation unit 143
detects the three peak frequencies f1, £2, and {3 from the
frequency spectrum. Because the numbers of beats corre-
sponding to these peak frequencies f1, {2, and 3 are pulse
rate candidates, respectively, the pulse-rate-candidate calcu-
lation unit 143 obtains pulse rate candidates corresponding
to the respective peak frequencies. In this case, for example,
as illustrated in FIG. 4, a pulse rate candidate Cl corre-
sponding to the peak frequency f1, a pulse rate candidate C2
corresponding to the peak frequency {2, and a pulse rate
candidate C3 corresponding to the peak frequency f3 are
obtained.

[0038] The pulse-rate-candidate calculation unit 143 reads
pulse rates having been decided and stored in a past prede-
termined time from the memory 150 and performs refine-
ment of the pulse rate candidates based on the read pulse
rates. That is, the pulse-rate-candidate calculation unit 143
selects pulse rate candidates within a predetermined range
around the past pulse rates and stores the selected pulse rate
candidates in the memory 150. The pulse-rate-candidate
calculation unit 143 does not need to perform the refinement
of the pulse rate candidates based on the past pulse rates and
may store the pulse rate candidates corresponding to all the
peak frequencies in the memory 150.

[0039] The exercise-intensity calculation unit 144 calcu-
lates a current exercise intensity of the user based on the
acceleration sensor value. Because the acceleration sensor
130 can detect motion of the portable terminal device 100
worn on the user’s body, the acceleration sensor 130 can
calculate an exercise intensity of the user from the accel-
eration sensor value indicating an amount of the motion. For
example, METs (Metabolic Equivalents of Task) can be used
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for the exercise intensity. The exercise intensity is expressed
with a relative value based on the exercise intensity at rest,
which set at 1.0 MET.

[0040] The pulse-rate decision unit 145 sets a resting heart
rate RHR of the user being in a resting state based on the
exercise intensity calculated by the exercise-intensity cal-
culation unit 144. The pulse-rate decision unit 145 then
decides one of the pulse rate candidates stored in the
memory 150 as the pulse rate based on the set resting heart
rate RHR and the exercise intensity calculated by the
exercise-intensity calculation unit 144.

[0041] Specifically, the pulse-rate decision unit 145
detects that the user is in a resting state, for example, when
a state where the exercise intensity is equal to or lower than
a predetermined value has continued for a predetermined
time. The pulse-rate decision unit 145 sets a pulse rate
candidate calculated by the pulse-rate-candidate calculation
unit 143 in a case where a resting state is detected as the
resting heart rate RHR. When the user is in the resting state,
there is almost no body motion of the user and thus a few
noises are included in the pulse sensor value. Accordingly,
it is considered that one pulse rate candidate is calculated by
the pulse-rate-candidate calculation unit 143 in the case
where a resting state of the user is detected. Therefore, the
calculated pulse rate candidate is set as the resting heart rate
RHR.

[0042] After the resting heart rate RHR of the user is set,
the pulse-rate decision unit 145 decides a pulse rate candi-
date included in a range using the resting heart rate RHR as
a reference to be the pulse rate of the user. That is, the
pulse-rate decision unit 145 specifies a pulse rate range
corresponding to the exercise intensity calculated by the
exercise-intensity calculation unit 144. At that time, for
example, the pulse-rate decision unit 145 reads a pulse-rate
range table as illustrated in FIG. 5§ from the memory 150 and
refers to the pulse-rate range table to specify the pulse rate
range corresponding to the exercise intensity.

[0043] The pulse-rate range table illustrated in FIG. §
represents that, when the exercise intensity is equal to or
lower than 1.0 MET, the minimum value of the correspond-
ing pulse rate range is the resting heart rate RHR-10 bpm
(beats per minute) and the maximum value thereof is the
resting heart rate RHR+10 bpm. That is, when the exercise
intensity is equal to or lower than 1.0 MET, a pulse rate
range that is plus or minus 10 bpm of the resting heart rate
RHR is specified. Similarly, when the exercise intensity is
between 1.0 MET and 10 METs, a pulse rate range that is 5
to 60 bpm higher than the resting heart rate RHR is specified.
When the exercise intensity exceeds 10 METs, a pulse rate
range that is 20 to 100 bpm higher than the resting heart rate
RHR is specified. In this way, in the pulse-rate range table,
a higher pulse rate range using the resting heart rate RHR as
a reference is associated with a higher exercise intensity.
[0044] When having specified the pulse rate range corre-
sponding to the exercise intensity until the current time with
reference to the pulse-rate range table in the manner
described above, the pulse-rate decision unit 145 decides a
pulse rate candidate included in the specified pulse rate
range among the pulse rate candidates stored in the memory
150 as the pulse rate of the user. At that time, when there are
plural pulse rate candidates included in the specified pulse
rate range, a pulse rate range in which the level of the
corresponding peak is highest among the pulse rate candi-
dates is decided as the pulse rate of the user.
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[0045] Upon decision of the pulse rate of the user by the
pulse-rate decision unit 145, the notification processing unit
146 generates notification information for notifying of the
decided pulse rate and causes the display 160 to display the
generated notification information. The notification process-
ing unit 146 may cause the wireless communication unit 110
to transmit the generated notification information therefrom.
[0046] A pulse-rate calculation process performed by the
portable terminal device 100 configured as described above
is explained next with reference to a flowchart illustrated in
FIG. 6.

[0047] When the portable terminal device 100 is worn on
the body of a user, the resting heart rate RHR of the user is
set as an advance preparation for pulse rate calculation (Step
S101). That is, when the exercise intensity calculated by the
exercise-intensity calculation unit 144 meets a predeter-
mined condition, the user is determined to be in a resting
state and a pulse rate candidate calculated in the resting state
by the pulse-rate-candidate calculation unit 143 is set as the
resting heart rate RHR. This RHR setting process is
explained in detail later with reference to FIG. 8.

[0048] Upon setting of the resting heart rate RHR, the
pulse-rate-candidate calculation unit 143 calculates a plu-
rality of pulse rate candidates (Step S102). That is, the
pulse-rate-candidate calculation unit 143 performs the FFT
processing of the waveform of the pulse sensor value and
calculates pulse rate candidates corresponding to plural peak
frequencies of a resultant frequency spectrum, respectively.
This pulse-rate-candidate calculation process is explained in
detail later with reference to FIG. 9.

[0049] At the same time as calculation of the pulse rate
candidates, the exercise-intensity calculation unit 144 cal-
culates an exercise intensity based on the acceleration sensor
value (Step S103). That is, at the same time as the pulse-
rate-candidate calculation unit 143 calculates plural pulse
rate candidates, the exercise-intensity calculation unit 144
calculates an exercise intensity of the user during this period.
This exercise-intensity calculation process is explained in
detail later with reference to FIG. 10.

[0050] Subsequently. the pulse-rate decision unit 145 per-
forms refinement of the pulse rate candidates based on the
exercise intensity (Step S104). Specifically, the pulse-rate
decision unit 145 specifies a pulse rate range corresponding
to the exercise intensity in a predetermined period until the
current time with reference to the pulse-rate range table
stored in the memory 150. As described above, in the
pulse-rate range table, a higher pulse rate range using the
resting heart rate RHR as a reference is associated with a
higher extension intensity. Accordingly, when the exercise
intensity is high, the pulse-rate decision unit 145 specifies a
pulse rate range including high pulse rates using the resting
heart rate RHR as a reference.

[0051] When the pulse rate range is specified, the pulse-
rate decision unit 145 selects a pulse rate candidate included
in the specified pulse rate range among the pulse rate
candidates. Specific examples are cited. For example, when
a pulse rate range 201 using the resting heart rate RHR as a
reference is specified based on the exercise intensity, a pulse
rate candidate C2 is selected from among pulse rate candi-
dates C1, C2, and C3 as illustrated in FIG. 7A. Similarly, for
example, when a pulse rate range 202 using the resting heart
rate RHR as a reference is specified based on the exercise
intensity, the pulse rate candidate C3 is selected from among
the pulse rate candidates C1, C2, and C3 as illustrated in
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FIG. 7B. For example, when a pulse rate range 203 using the
resting heart rate RHR as a reference is specified based on
the exercise intensity, the pulse rate candidates C2 and C3
are selected from among the pulse rate candidates C1, C2,
and C3 as illustrated in FIG. 7C.

[0052] Referring back to FIG. 6, upon selection of the
pulse rate candidate or the pulse rate candidates included in
the specified pulse rate range, whether one pulse rate can-
didate is selected is determined (Step S105). When the
determination result indicates that one pulse rate candidate
is selected (YES at Step S105), this pulse rate candidate is
decided as the pulse rate of the user (Step S106). That is, in
the examples described above, when the number of pulse
rate candidates within the specific pulse rate range is one as
illustrated in FIGS. 7A and 7B, the pulse rate candidate C2
or C3 is decided as the pulse rate of the user.

[0053] On the other hand, when plural pulse rate candi-
dates are selected (NO at Step S105), a pulse rate candidate
having a highest level of the corresponding peak in the
frequency spectrum is selected from among the selected
pulse rate candidates (Step S107). The selected pulse rate
candidate corresponding to the highest peak is decided as the
pulse rate of the user (Step S106). That is, in the examples
described above, when plural pulse rate candidates are
included in the specified pulse rate range as illustrated in
FIG. 7C, a pulse rate candidate corresponding to a highest
peak out of the pulse rate candidates C2 and C3 is decided
as the pulse rate of the user.

[0054] When the pulse rate of the user is decided by the
pulse-rate decision unit 145 in this way, the notification
processing unit 146 generates notification information to
notify of the pulse rate. The notification processing unit 146
performs a notification process of causing the display 160 to
display the notification information or causing the wireless
communication unit 110 to transmit the notification infor-
mation therefrom (Step S108).

[0055] As described above, when plural peaks are
included in the frequency spectrum obtained by the FFT
processing of the waveform of the pulse sensor value, a
pulse rate candidate within a pulse rate range based on the
exercise intensity and the resting heart rate RHR is selected
from pulse rate candidates corresponding to respective peak
frequencies to decide the pulse rate of the user. Accordingly,
the pulse rate can be calculated accurately by simple pro-
cessing while influences of noises, for example, caused by
body motion of the user are eliminated.

[0056] The process at each of Steps S101 to S103 in the
pulse-rate calculation process described above is explained
next. FIG. 8 is a flowchart illustrating the RHR setting
process at Step S101 described above.

[0057] The RHR setting process is performed as an
advance preparation for pulse rate calculation when the
portable terminal device 100 is worn on the body of a user.
Specifically, the pulse-sensor control unit 141 acquires the
pulse sensor value from the pulse sensor 120 (Step S201)
and similarly the acceleration-sensor control unit 142
acquires the acceleration sensor value from the acceleration
sensor 130 (Step S202).

[0058] Upon acquisition of the pulse sensor value, the
pulse-rate-candidate calculation unit 143 performs filtering
and FFT processing of the waveform of the pulse sensor
value to detect peaks in the frequency spectrum. Meanwhile,
upon acquisition of the acceleration sensor value, the exer-
cise-intensity calculation unit 144 calculates an exercise
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intensity (Step S203). The pulse-rate decision unit 145 is
notified of the calculated exercise intensity and the pulse-
rate decision unit 145 determines whether the user is in a
resting state based on the exercise intensity (Step S204).
[0059] That is, the pulse-rate decision unit 145 determines
whether the exercise intensity meets a predetermined con-
dition. The predetermined condition is a condition enabling
to determine that there is no factor increasing the pulse rate
of the user, such as continuation of a period in which the
exercise intensity is 1.0 MET for three minutes or longer.
While the determination result is indicating that the exercise
intensity does not meet the predetermined condition and that
the user is not in a resting state (NO at Step S204),
acquisition of the pulse sensor value and the acceleration
sensor value is repeated to wait for a resting state of the user.
[0060] When it is determined that the exercise intensity
meets the predetermined condition and that the user in a
resting state (YES at Step S204), a pulse rate corresponding
to a peak detected at that time by the pulse-rate-candidate
calculation unit 143 is decided as the resting heart rate RHR.
When the user in a resting state, the body motion of the user
is fairly small and the waveform of the pulse sensor value
includes few noises. Therefore, only one peak corresponding
to the pulse rate of the user is detected from the frequency
spectrum in many cases when the user in a resting state and
thus a peak frequency corresponding to the resting heart rate
RHR can be decided easily. Even when plural peaks are
included in the frequency spectrum, the levels of peaks
corresponding to noises are considerably smaller than the
levels of the peaks corresponding to pulses because the user
is in a resting state, and the peak frequency corresponding to
the resting heart rate RHR can be decided easily.

[0061] When the pulse rate corresponding to a peak in the
frequency spectrum of a case where the user is in a resting
state 1s decided, the pulse-rate decision unit 145 sets the
decided pulse rate as the resting heart rate RHR (Step S205).
That is, the pulse-rate decision unit 145 obtains the resting
heart rate RHR unique to the user and sets pulse rate ranges
using the resting heart rate RHR as a reference in the
pulse-rate range table. Therefore, the pulse rate ranges
according to the resting heart rate RHR of the user are set in
the pulse-rate range table illustrated in FIG. 5, for example,
and the pulse-rate range table unique to the user is stored in
the memory 150.

[0062] FIG. 9 is a flowchart illustrating the pulse-rate-
candidate calculation process at Step S102 described above.
The pulse-rate-candidate calculation process is performed
mainly by the pulse-rate-candidate calculation unit 143.
[0063] First, the pulse-sensor control unit 141 acquires the
pulse sensor value from the pulse sensor 120 (Step S301).
The waveform of the acquired pulse sensor value is sub-
jected by the pulse-rate-candidate calculation unit 143 to
filtering that transmits a predetermined band (Step S302).
The filtering is for eliminating noises of a frequency band
that is improbable for the pulse rate and is performed using
a band-pass filter. In this way, quite low frequency compo-
nents and quite high frequency components are eliminated
from the waveform of the pulse sensor value.

[0064] The waveform of the pulse sensor value having
passed through the band-pass filter is subjected to the FFT
processing (Step S303). That is, a time waveform of the
pulse sensor value is converted into a frequency spectrum of
a frequency domain. Subsequently, the pulse-rate-candidate
calculation unit 143 detects peaks of the frequency spectrum
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(Step S304). Peaks in the frequency spectrum indicate beats
included in the waveform of the pulse sensor value and thus
the number of beats having a peak frequency per unit time
is calculated as a pulse rate candidate (Step S305). Because
the user is not always in a resting state at that time, many
noises occur, for example, due to body motion of the user
and a plurality of peaks are detected from the frequency
spectrum. As a result, a plurality of pulse rate candidates are
calculated.

[0065] When the pulse rate candidates are calculated,
refinement of the pulse rate candidates is performed based
on a history of pulse rates having been decided by the
pulse-rate decision unit 145 in the past (Step S306). Spe-
cifically, a pulse rate candidate within a predetermined range
is selected and other pulse rate candidates are discarded
based on the history of the past pulse rates. The selected and
left pulse rate candidate is stored in the memory 150 (Step
S307).

[0066] The refinement of the pulse rate candidates based
on the history of the past pulse rates at Step S306 described
above does not always need to be performed. Even when the
refinement of the pulse rate candidates based on the history
of the past pulse rates is performed, plural pulse rate
candidates can be left and stored in the memory 150. Any
one of the pulse rate candidates thus stored in the memory
150 is the pulse rate of the user.

[0067] FIG. 10 is a flowchart illustrating the exercise-
intensity calculation process at Step S103 described above.
The exercise-intensity calculation process is performed
mainly by the exercise-intensity calculation unit 144.
[0068] First, the acceleration-sensor control unit 142
acquires the acceleration sensor value from the acceleration
sensor 130 (Step S401). The acquired acceleration sensor
value is a measurement value of an acceleration occurring
with motion of the user. Therefore, an amount of exercise of
the user can be estimated from the acceleration sensor value
and thus an exercise intensity of the user is calculated by the
exercise-intensity calculation unit 144 based on the accel-
eration sensor value (Step S402). The calculated exercise
intensity is temporarily stored in the memory 150 (Step
S403).

[0069] Generally, when a user performs exercise with a
high exercise intensity, the pulse rate of the user increases.
Accordingly, an estimated pulse rate range of the user differs
according to the exercise intensity. Therefore, for example,
in the pulse-rate range table illustrated in FIG. 5, pulse rate
ranges are associated with exercise intensities, respectively,
and a pulse rate range according to an exercise intensity is
specified when the pulse rate of the user is to be decided
from plural pulse rate candidates.

[0070] As described above, according to the present
embodiment, a resting state of a user is detected based on an
exercise intensity of the user calculated from the accelera-
tion sensor value and pulse rate ranges for respective exer-
cise intensities using a resting heart rate of the user in a
resting state as a reference are stored in advance. The
waveform of the pulse sensor value is then subjected to the
FFT processing and a pulse rate candidate included in a
pulse rate range according to an exercise intensity among
pulse rate candidates corresponding to peaks of the resultant
frequency spectrum is decided as the pulse rate of the user.
Accordingly, the pulse rate can be calculated accurately by
simple processing while influences of noises caused by body
motion of the user, for example, are eliminated.
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[b] Second Embodiment

[0071] A second embodiment is characterized in that pulse
rate candidates are refined using the number of steps as well
as the exercise intensity.

[0072] The configuration of a portable terminal device
according to the second embodiment is identical to that of
the portable terminal device 100 (FIG. 1) according to the
first embodiment, and thus explanations thereof are omitted.
In the second embodiment, functions of the processor 140
are different from those in the first embodiment.

[0073] FIG. 11 is a block diagram illustrating functions of
the processor 140 according to the second embodiment. In
FIG. 11, like parts in FIG. 2 are denoted by like reference
signs to omit explanations thereof. The processor 140 illus-
trated in FIG. 11 adopts a configuration in which a step-
number calculation unit 301 is additionally provided to the
processor 140 illustrated in FIG. 2 and the pulse-rate deci-
sion unit 145 is replaced with a pulse-rate decision unit 302.
[0074] The step-number calculation unit 301 calculates
the number of steps of the user based on an acceleration
sensor value. Specifically, the step-number calculation unit
301 estimates a direction of a gravitational acceleration
based on an acceleration sensor value of a three-axis accel-
eration sensor, for example, and extracts a change pattern of
an acceleration due to walking from a change pattern of an
acceleration in a direction parallel to the gravitational accel-
eration, for example. The step-number calculation unit 301
calculates the number of steps of the user based on the
extracted change pattern of the acceleration due to walking.
[0075] The pulse-rate decision unit 302 sets a resting heart
rate RHR of the user in a resting state based on the exercise
intensity calculated by the exercise-intensity calculation umt
144 and the number of steps calculated by the step-number
calculation unit 301. The pulse-rate decision unit 302 then
decides one of the pulse rate candidates stored in the
memory 150 based on the set resting heart rate RHR, the
exercise intensity, and the number of steps as the pulse rate.
[0076] Specifically, for example, when a state in which the
exercise intensity or the number of steps per predetermined
time is equal to or lower than a predetermined value has
continued for a certain time, the pulse-rate decision unit 302
detects a resting state of the user. The pulse-rate decision
unit 302 then sets a pulse rate candidate calculated by the
pulse-rate-candidate calculation unit 143 at the time when
the resting state is detected as the resting heart rate RHR.
[0077] After the resting heart rate RHR of the user is set,
the pulse-rate decision unit 302 decides a pulse rate candi-
date in a range using the resting heart rate RHR as a
reference as the pulse rate of the user. That is, the pulse-rate
decision unit 302 specifies a pulse rate range corresponding
to the exercise intensity calculated by the exercise-intensity
calculation unit 144 and the number of steps calculated by
the step-number calculation unit 301. At that time, the
pulse-rate decision unit 302 reads, for example, a pulse-rate
range table as illustrated in FIG. 12 from the memory 150
and specifies a pulse rate range corresponding to the exercise
intensity and the number of steps per predetermined time
with reference to the pulse-rate range table.

[0078] In the pulse-rate range table illustrated in FIG. 12,
three levels of exercise intensities are subdivided into three
levels according to the numbers of steps per predetermined
time, respectively. That is, the exercise intensity is divided
into three levels “equal to or lower than 1.0 MET”, “1.0
MET to 10 METs”, and “higher than 10 METs”. Each of the
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levels of exercise intensities is subdivided according to the
numbers of steps per minute to be bounded at a threshold
Th1 and a threshold Th2, respectively. The threshold Th2 is
a value larger than the threshold Thl.

[0079] The table represents that, for example, when the
exercise intensity is equal to or lower than 1.0 MET and the
number of steps is equal to or lower than the threshold Thl,
the minimum value of the corresponding pulse rate range is
the resting heart rate RHR-10 bpm and the maximum value
thereof is the resting heart rate RHR. That is, when the
exercise intensity is equal to or lower than 1.0 MET and the
number of steps is equal to or lower than the threshold Thl,
a pulse rate range that is 0 to 10 bpm lower than the resting
heart rate RHR 1is specified. The table also represents that,
when the number of steps is between the threshold Thl and
the threshold Th2 while the exercise intensity is equal to or
lower than 1.0 MET, the minimum value of the correspond-
ing pulse rate range is the resting heart rate RHR-5 bpm and
the maximum value thereof is the resting heart rate RHR+5
bpm. That is, when the exercise intensity is equal to or lower
than 1.0 MET and the number of steps is between the
threshold Th1 and the threshold Th2, a pulse rate range that
is plus or minus 5 bpm of the resting heart rate RHR 1is
specified. As described above, in the pulse-rate range table,
a higher pulse rate range using the resting heart rate RHR as
a reference is associated with a larger number of steps even
when the exercise intensity is the same.

[0080] When the exercise intensity is between 1.0 MET
and 10 METs and the number of steps is equal to or lower
than the threshold Th1, a pulse rate range that is 5 to 25 bpm
higher than the resting heart rate RHR is specified. When the
exercise intensity is higher than 10 METs and the number of
steps is equal to or lower than the threshold Th1, a pulse rate
range that is 20 to 45 bpm higher than the resting heart rate
RHR is specified. As described above, in the pulse-rate
range table, a higher pulse rate range using the resting heart
rate RHR as a reference is associated with a higher exercise
intensity.

[0081] In the pulse-rate range table according to the pres-
ent embodiment, the pulse rate ranges are subdivided using
the number of steps per predetermined time in addition to the
exercise intensity, which can narrow the pulse rate ranges
corresponding to the individual exercise intensities and
numbers of steps and can refine the pulse rate candidates
more reliably.

[0082] Upon specification of a pulse rate range corre-
sponding to the exercise intensity and the number of steps
until the current time with reference to the pulse-rate range
table in the manner described above, the pulse-rate decision
unit 302 decides a pulse rate candidate included in the
specified pulse rate range among the pulse rate candidates
stored in the memory 150 as the pulse rate of the user. At that
time, when plural pulse rate candidates are included in the
specified pulse rate range, a pulse rate candidate having a
highest level of the corresponding peak among these pulse
rate candidates is decided as the pulse rate of the user.
[0083] A pulse-rate calculation process performed by the
portable terminal device 100 configured as described above
is explained next with reference to a flowchart illustrated in
FIG. 13. In FIG. 13, like parts in FIG. 6 are denoted by like
reference signs to omit detailed explanations thereof.
[0084] When the portable terminal device 100 is worn on
the body of a user, the resting heart rate RHR of the user is
set as an advance preparation for pulse rate calculation (Step
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S101). At the time of setting of the resting heart rate RHR,
whether the user is in a resting state can be determined based
on the exercise intensity similarly in the first embodiment.
Whether the user is in a resting state can alternatively be
determined based on the number of steps. That is, when the
number of steps calculated by the step-number calculation
unit 301 meets a predetermined condition, the user can be
determined to be in a resting state. Upon setting of the
resting heart rate RHR, the pulse-rate-candidate calculation
unit 143 calculates a plurality of pulse rate candidates (Step
S102).

[0085] At the same time as the calculation of the pulse rate
candidates, the step-number calculation unit 301 calculates
the number of steps based on the acceleration sensor value
(Step S501). That is, at the same time as the pulse-rate-
candidate calculation unit 143 calculates the pulse rate
candidates, the step-number calculation unit 301 extracts a
pattern corresponding to walking from time-series changes
of the acceleration sensor value and calculates the number of
steps. This step-number calculation process is explained in
detail later with reference to FIG. 14.

[0086] At the same time as the calculation of the pulse rate
candidates and the number of steps, the exercise-intensity
calculation unit 144 calculates an exercise intensity based on
the acceleration sensor value (Step S103). Subsequently, the
pulse-rate decision unit 302 performs refinement of the pulse
rate candidates based on the exercise intensity and the
number of steps (Step S502). Specifically, the pulse-rate
decision unit 302 refers to the pulse-rate range table stored
in the memory 150 to specify a pulse rate range correspond-
ing to the exercise intensity and the number of steps in a
predetermined period until the current time. As described
above, in the pulse-rate range table, a range of higher pulse
rates using the resting heart rate RHR as a reference is
associated with a higher exercise intensity. Therefore, when
the exercise intensity is high and the number of steps is
large, the pulse-rate decision unit 302 specifies a pulse rate
range including higher pulse rates using the resting heart rate
RHR as a reference.

[0087] Upon specification of the pulse rate range, the
pulse-rate decision unit 302 selects pulse rate candidates
included in the specified pulse rate range from among the
plural pulse rate candidates. Subsequently, whether one
pulse rate candidate is selected is determined (Step S105).
When one pulse rate candidate is selected (YES at Step
S105), this pulse rate candidate is decided as the pulse rate
of the user (Step S106). When plural pulse rate candidates
are selected (NO at Step S105), a pulse rate candidate having
a highest level of the corresponding peak in the frequency
spectrum is selected from among the selected pulse rate
candidates (Step S107). The selected pulse rate candidate
corresponding to the highest peak is decided as the pulse rate
of the user (Step S106).

[0088] When the pulse rate of the user is decided by the
pulse-rate decision unit 302 in this way, the notification
processing unit 146 generates notification information for
notifying of the pulse rate. The notification processing unit
146 performs a notification process of causing the display
160 to display the notification information or causing the
wireless communication unit 110 to transmit the notification
information (Step S108).

[0089] As described above, when the frequency spectrum
obtained by the FET processing of the waveform of the pulse
sensor value includes a plurality of peaks, a pulse rate
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candidate within a pulse rate range based on the exercise
intensity, the number of steps, and the resting heart rate RHR
is selected from pulse rate candidates corresponding to
respective peak frequencies to decide the pulse rate of the
user. Accordingly, the pulse rate can be calculated accurately
by simple processing while influences of noises caused by,
for example, body motion of the user are eliminated. Fur-
thermore, because the pulse rate range is specified using also
the number of steps as well as the exercise intensity, a
narrower pulse rate range can be specified and the pulse rate
candidates can be refined reliably.

[0090] FIG. 14 is a flowchart illustrating a step-number
calculation process at Step S501 described above. The
step-number calculation process is performed mainly by the
step-number calculation unit 301.

[0091] First, the acceleration-sensor control unit 142
acquires the acceleration sensor value from the acceleration
sensor 130 (Step S601). Because the acquired acceleration
sensor value is a measurement value of a three-axis accel-
eration, the direction of a gravitational acceleration can be
estimated from the acceleration sensor value. Subsequently,
the step-number calculation unit 301 extracts a change
pattern of an acceleration due to walking from a change
pattern of an acceleration in a direction parallel to the
gravitational acceleration. The number of steps of the user is
calculated from the extracted change pattern of the accel-
eration due to walking (Step $602).

[0092] The calculation of the number of steps by the
step-number calculation unit 301 can be performed continu-
ously while the user is wearing the portable terminal device
on the body. That is, the number of steps of the user can
always be calculated to count a cumulative number of steps
regardless of the pulse-rate calculation process. The calcu-
lated number of steps is temporarily stored in the memory
150 (Step S603).

[0093] Generally, when the number of steps of the user per
predetermined time increases, the pulse rate of the user
increases. Accordingly, an estimated pulse rate range of the
user differs according to the number of steps. Therefore, for
example, in the pulse-rate range table illustrated in FIG. 12,
pulse rate ranges are associated with the numbers of steps
per predetermined time, respectively. When the pulse rate of
the user is to be decided from plural pulse rate candidates,
a pulse rate range corresponding also to the number of steps
as well as the exercise intensity is specified.

[0094] As described above, according to the present
embodiment, a resting state of the user is detected based on
the exercise intensity or the number of steps of the user
calculated from the acceleration sensor value and pulse rate
ranges for respective exercise intensities and numbers of
steps using a resting heart rate of the user in a resting state
as a reference are stored in advance. The waveform of the
pulse sensor value is then subjected to the FFT processing
and a pulse rate candidate included in a pulse rate range
according to the exercise intensity and the number of steps
among pulse rate candidates corresponding to peaks of a
resultant frequency spectrum is decided as the pulse rate of
the user. Accordingly, the pulse rate can be calculated
accurately by simple processing while influences of noises
caused by, for example, body motion of the user are elimi-
nated. Furthermore, because the pulse rate range is specified
using also the number of steps as well as the exercise
intensity, a narrower pulse rate range can be specified and
the pulse rate candidates can be refined reliably.
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[0095] While the step-number calculation unit 301 calcu-
lates the number of steps and the pulse rate range is specified
using the number of steps in the second embodiment, the
number of steps does not need to be always used when it can
be determined that the pulse rate of the user changes. That
is, for example, when a function such as a GPS (Global
Positioning System) or a wireless LAN (Local Area Net-
work) is used, movement of the portable terminal device can
be detected and whether the user is walking can be deter-
mined based on a movement distance or a movement speed.
When the user is walking, it can be determined that the pulse
rate of the user changes based on the movement distance or
the movement speed and accordingly a pulse rate range
corresponding to the movement distance and the movement
speed instead of the number of steps can be specified.

[0096] In the above embodiments, the pulse rate of a user
is calculated by the portable terminal device worn on the
body of the user. However, the pulse-rate calculation process
can be performed by other information processors. That is,
a portable terminal device worn on the body of a user can
transmit the sensor values obtained by the pulse sensor 120
and the acceleration sensor 130 from the wireless commu-
nication unit 110 to other information processors and the
information processors having received the sensor values
can perform the pulse-rate calculation process. It is alterna-
tively possible that the sensor values are transferred, for
example, to a predetermined server via the Internet and the
pulse-rate calculation process is performed in the predeter-
mined server.

[0097] The pulse-rate calculation process described in the
above embodiments can be described as a computer-execut-
able program. In this case, this program can be stored in a
computer-readable recording medium and loaded into a
computer. Examples of the computer-readable recording
medium are transportable recoding media such as a CD-
ROM, a DVD disk, a USB memory and semiconductor
memories such as a flash memory.

[0098] According to an aspect of the electronic device and
the computer-readable recording medium disclosed in the
present application, a pulse rate can be calculated accurately
by simple processing.

[0099] All examples and conditional language recited
herein are intended for pedagogical purposes of aiding the
reader in understanding the invention and the concepts
contributed by the inventor to further the art, and are not to
be construed as limitations to such specifically recited
examples and conditions, nor does the organization of such
examples in the specification relate to a showing of the
superiority and inferiority of the invention. Although the
embodiments of the present invention have been described
in detail, it should be understood that the various changes,
substitutions, and alterations could be made hereto without
departing from the spirit and scope of the invention.

What is claimed is:

1. An electronic device comprising:

a storage that stores therein pulse rate ranges using a
resting heart rate of a user as a reference to be associ-
ated with exercise amounts, respectively; and

a processor coupled to the storage, wherein
the processor executes a process comprising:

acquiring a first sensor value and a second sensor value
from a first sensor and a second sensor that are sensors



US 2017/0172436 Al

worn on a body of the user, respectively, the first sensor
detecting pulses and the second sensor detecting an
acceleration;

first calculating a plurality of pulse rate candidates based

on the acquired first sensor value;

second calculating an exercise amount of the user based

on the acquired second sensor value; and

specifying a pulse rate range stored in the storage to be

associated with the exercise amount calculated at the
second calculating, and deciding a pulse rate candidate
included in the specified pulse rate range among the
pulse rate candidates calculated at the first calculating
as a pulse rate of the user.

2. The electronic device according to claim 1, wherein

the storage stores therein pulse rate ranges to be associ-

ated with exercise intensities, respectively, and

the second calculating includes calculating an exercise

intensity of the user based on the second sensor value.

3. The electronic device according to claim 1, wherein

the storage stores therein pulse rate ranges to be associ-

ated with exercise intensities and numbers of steps per
predetermined time, respectively, and

the second calculating includes calculating an exercise

intensity and number of steps per predetermined time
of the user based on the second sensor value.

4. The electronic device according to claim 1, wherein the
storage stores therein pulse rate ranges for which a pulse rate
detected by the first sensor when the exercise amount of the
user calculated at the second calculating meets a predeter-
mined condition is set as a resting heart rate of the user.

5. The electronic device according to claim 1, wherein the
first calculating includes converting a time waveform of the
first sensor value to obtain a frequency spectrum, detecting

Jun. 22,2017

a plurality of peaks in the obtained frequency spectrum, and
calculating pulse rate candidates corresponding to the
detected peaks, respectively.

6. The electronic device according to claim 5, wherein
when the specified pulse rate range includes a plurality of
pulse rate candidates, the deciding includes deciding, among
the pulse rate candidates, a pulse rate candidate that corre-
sponds to a highest peak detected at the first calculating as
a pulse rate of the user.

7. A computer-readable recording medium having stored
therein a program that causes a computer to execute a
process comprising:

acquiring a first sensor value and a second sensor value
from a first sensor and a second sensor that are sensors
worn on a body of a user, respectively, the first sensor
detecting pulses and the second sensor detecting an
acceleration;

calculating a plurality of pulse rate candidates based on
the acquired first sensor value;

calculating an exercise amount of the user based on the
acquired second sensor value; and

reading a pulse rate range stored to be associated with the
calculated exercise amount from a storage that stores
therein pulse rate ranges using a resting heart rate of the
user as a reference to be associated with exercise
amounts, respectively, and deciding a pulse rate can-
didate included in the read pulse rate range among the
calculated pulse rate candidates as a pulse rate of the
user.
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