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(57) ABSTRACT

A walking-load-degree calculation apparatus includes a rate
obtainer that obtains a rate that is a heart rate or a pulse rate
of a user, a walking speed obtainer that obtains one or more
walking speeds of the user during a walk, a weight obtainer
that obtains a weight of the user, and a walking-load-degree
calculator that calculates a walking load degree that is an
indicator of cardiopulmonary exercise of the user during the
walk.
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WALKING-LOAD-DEGREE CALCULATION
APPARATUS,
MAXIMUM-OXYGEN-CONSUMPTION
CALCULATION APPARATUS, RECORDING
MEDIUM, AND CONTROL METHOD

BACKGROUND

[0001] 1. Technical Field

[0002] The present disclosure relates to a walking-load-
degree calculation apparatus that measures a heart rate and
a walking speed of a person during a walk and calculates a
walking load degree of the person on the basis of the
measured heart rate and walking speed, a maximum-oxy-
gen-consumption calculation apparatus, recording medium,
and a control method.

[0003] 2. Description of the Related Art

[0004] The number of people who manage their health
through easy-to-do exercise such as walking and jogging has
recently been increasing. Chest-strap-type heart rate moni-
tors and wristband-type pulsimeters (hereinafter, collec-
tively referred to as “rate monitors™) are widely used by such
people to monitor an exercise load during exercise. Such rate
monitors allow users to check their heart/pulse rates detected
in real time and to adjust the exercise intensity to an
appropriate level (see, for example, Japanese Unexamined
Patent Application Publication No. 7-213499).

[0005] It is, however, difficult to accurately estimate a
walking load degree of a person during a walk by using the
rate monitors. Herein, the “walking load degree” is an
indicator indicating a physiological body load for a person
during a walk as well as an indicator indicating a physical
body load for the person during the walk. Examples of the
indicator indicating the physiological body load include the
heat rate, the pulse rate, or the like, whereas examples of the
indicator indicating the physical body load include an indi-
cator indicating the exercise intensity, for example, a walk-
ing speed. Accordingly, the rate monitors estimate only the
physiological body load for a person during a walk and are
incapable of estimating the physical body load.

SUMMARY

[0006] One non-limiting and exemplary embodiment pro-
vides a walking-load-degree calculation apparatus capable
of accurately estimating a walking load degree of a person
during a walk.

[0007] Inone general aspect, the techniques disclosed here
feature a walking-load-degree calculation apparatus includ-
ing a rate obtainer, a walking speed obtainer, a weight
obtainer, and a walking-load-degree calculator. The rate
obtainer obtains a rate of a user. The rate is a heart rate or
a pulse rate of the user. The walking speed obtainer obtains
one or more walking speeds of the user during a walk. The
weight obtainer obtains a weight of the user. The walking-
load-degree calculator calculates a walking load degree of
the user. The walking load degree is an indicator of cardio-
pulmonary exercise of the user during the walk and is
defined as

(HRW(1) — HRr)

t=1
T=
n

3 mev(n?
=1
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where

T denotes the walking load degree, HRw(t) denotes a rate of
the user obtained by the rate obtainer for a t-th period during
the walk, a period of the walk being divided into n periods
including the t-th period, each of the n periods being a
predetermined period of time, t being an integer of 1 or
greater, and n being an integer of 1 or greater, HRr denotes
a resting rate of the user obtained by the rate obtainer for the
predetermined period of time, m denotes the weight of the
user obtained by the weight obtainer, and v(t) denotes a
walking speed of the user obtained by the walking speed
obtainer for the t-th period among the one or more walking
speeds.

[0008] According to the general aspect, a walking load
degree, which is an indicator of a physiological body load
for a person during a walk as well as a indicator of a physical
body load for the person during the walk, is successfully
estimated accurately.

[0009] It should be noted that general or specific embodi-
ments may be implemented as a method, a system, an
integrated circuit, a computer program, a non-transitory
computer-readable recording medium, or any selective com-
bination thereof. Examples of the non-transitory computer-
readable recording medium include a nonvolatile recording
medium, such as a Compact Disc-Read Only Memory
(CD-ROM).

[0010] Additional benefits and advantages of the disclosed
embodiments will become apparent from the specification
and drawings. The benefits and/or advantages may be indi-
vidually obtained by the various embodiments and features
of the specification and drawings, which need not all be
provided in order to obtain one or more of such benefits
and/or advantages.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a block diagram illustrating a functional
configuration of a walking-load-degree calculation appara-
tus according to a first embodiment of the present disclosure;
[0012] FIG. 2 is a diagram for describing a method for
calculating each term of Equation 1 used for calculating a
walking load degree;

[0013] FIG. 3 is a graph showing how the walking load
degree changes for individual endurance-level groups;
[0014] FIG. 4 is a flowchart illustrating a preprocessing
operation performed by the walking-load-degree calculation
apparatus;

[0015] FIG. 5 is a flowchart illustrating a measurement
processing operation performed by the walking-load-degree
calculation apparatus;

[0016] FIG. 6 is a diagram illustrating an example of an
image displayed on a screen of a presenting unit of a
wristband-type walking-load-degree calculation apparatus;
[0017] FIG. 7 is a graph illustrating a relationship between
the walking load degree and the maximum oxygen con-
sumption,;

[0018] FIG. 8 is a block diagram illustrating a functional
configuration of a maximum-oxygen-consumption calcula-
tion apparatus according to a second embodiment of the
present disclosure;

[0019] FIG. 9 is a block diagram illustrating a functional
configuration of a walking-load-degree calculation appara-
tus according to a third embodiment of the present disclo-
sure; and
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[0020] FIG. 10 is a flowchart illustrating a processing
operation performed by the walking-load-degree calculation
apparatus.

DETAILED DESCRIPTION

[0021] A walking-load-degree calculation apparatus
according to a first aspect of the present disclosure includes:
a rate obtainer that obtains a rate of a user, the rate being a
heart rate or a pulse rate of the user; a walking speed obtainer
that obtains one or more walking speeds of the user during
a walk; a weight obtainer that obtains a weight of the user;
and a walking-load-degree calculator that calculates a walk-
ing load degree of the user, the walking load degree being an
indicator of cardiopulmonary exercise of the user during the
walk and being defined as

n

(HRW(1) - HRr)
= t=1 .
> mev(r?
=1
where
[0022] < denotes the walking load degree,
[0023] HRw(t) denotes a rate of the user obtained by the

rate obtainer for a t-th period during the walk, a period of the
walk being divided into n periods including the t-th period,
each of the n periods being a predetermined period of time,
t being an integer of 1 or greater, and n being an integer of
1 or greater,

[0024] HRr denotes a resting rate of the user obtained by
the rate obtainer for the predetermined period of time,
[0025] m denotes the weight of the user obtained by the
weight obtainer, and

[0026] v(t) denotes a walking speed of the user obtained
by the walking speed obtainer for the t-th period among the
one or more walking speeds.

[0027] With this configuration, a change in the body
condition during walking exercise can be objectively and
easily grasped. Accordingly, a walking load degree, which is
an indicator of a physiological body load for a person during
a walk as well as a physical body load for the person during
the walk, can be easily calculated.

[0028] In addition, for example, the walking-load-degree
calculation apparatus may further include a presenter that
presents the walking load degree calculated by the walking-
load-degree calculator to the user.

[0029] With this configuration, the user can be informed of
the calculated walking load degree.

[0030] In addition, for example, the walking-load-degree
calculation apparatus may further include: a height obtainer
that obtains a height of the user; a step counter that counts
steps of the user during the walk; and a walking speed
calculator that calculates the one or more walking speeds of
the user, wherein the walking speed calculator may calculate
the number of steps counted by the step counter for the t-th
period, calculate a stride length of the user during the walk
by using the height obtained by the height obtainer and the
number of steps for the t-th period, and calculate the walking
speed for the t-th period based on a product of the number
of steps for the t-th period and the stride length, and wherein
the walking speed obtainer may obtain the one or more
walking speeds calculated by the walking speed calculator.
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[0031] With this configuration, the user’s walking speed
can be calculated by just providing a simple sensor such as
a step counter that counts steps of the user if a height of the
user is obtained. Consequently, the walking-load-degree
calculation apparatus having a simple configuration can be
implemented.

[0032] In addition, a maximum-oxygen-consumption cal-
culation apparatus according to another aspect of the present
disclosure includes: the walking-load-degree calculation
apparatus described above; and a maximum-oxygen-con-
sumption calculator that calculates a maximum oxygen
consumption of the user by using a relationship calculated in
advance for a walking load degree and a maximum oxygen
consumption and using the walking load degree calculated
by the walking-load-degree calculation apparatus.

[0033] With this configuration, since a walking load
degree, which is an indicator of a physiological body load
for a person during a walk as well as a physical body load
for the person during the walk, can be easily calculated, the
maximum oxygen consumption of the walking person can
be easily calculated.

[0034] In addition, the maximum-oxygen-consumption
calculation apparatus may further include a presenter that
presents the maximum oxygen consumption calculated by
the maximum-oxygen-consumption calculator to the user.

[0035] With this configuration, the user can be informed of
the calculated maximum oxygen consumption.

[0036] A walking-load-degree calculation apparatus
according to still another aspect of the present disclosure
includes: a rate sensor that obtains a rate of a user for a
predetermined period of time during a walk, the rate being
a heart rate or a pulse rate of the user; and a calculation
circuit that calculates a walking load degree of the user, the
walking load degree being an indicator of cardiopulmonary
exercise of the user during the walk, wherein the calculation
circuit (a) obtains a weight of the user, a walking speed of
the user for the predetermined period of time, a resting rate
of the user, and the rate of the user for the predetermined
period of time during the walk, (b) calculates an exercise
energy consumption for the predetermined period of time on
the basis of the weight of the user and the walking speed of
the user for the predetermined period of time, (c) calculates
an increase in the rate of the user for the predetermined
period of time during the walk from the resting rate of the
user on the basis of the resting rate of the user and the rate
of the user obtained for the predetermined period of time
during the walk, and (d) calculates, as the walking load
degree, a ratio of the increase in the rate of the user to the
exercise energy consumption for the predetermined period
of time.

[0037] The walking-load-degree calculation apparatus
may further include a presenter that presents the ratio of the
increase in the rate of the user to the exercise energy
consumption for the predetermined period of time.

[0038] It should be noted that these general or specific
aspects may be implemented as a method, a system, an
integrated circuit, a computer program, or a non-transitory
computer-readable recording medium such as CD-ROM, or
any selective combination thereof.

[0039] Embodiments of the present disclosure will be
described below with reference to the accompanying draw-
ings.
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First Embodiment

Configuration

[0040] FIG. 1 is a block diagram illustrating a functional
configuration of a walking-load-degree calculation appara-
tus 10 according to a first embodiment of the present
disclosure.

[0041] The walking-load-degree calculation apparatus 10
includes a step counting unit 101, a user information setting
unit 102, a walking speed calculating unit 103, a rate
obtaining unit 104, a walking-load-degree calculating unit
105, and a presenting unit 106. The walking-load-degree
calculation apparatus 10 is implemented as a chest-strap-
type or wristband-type user wearable device.

Step Counting Unit 101

[0042] The step counting unit 101 is a unit that counts
steps during walking exercise, which is a fundamental
function of a pedometer. The step counting unit 101 may be
implemented by a pendulum step sensor or an accelerometer
step sensor. A signal output as a result of the step sensor
detecting each step is amplified by an amplification circuit
and is converted into a digital signal by an analog-to-digital
(A/D) conversion circuit. By using such an existing tech-
nique, the step counting unit 101 having a high accuracy
within an error defined by a standard (3% according to the
Japanese Industrial Standards (JIS)) can be implemented.
[0043] In addition, the step counting unit 101 determines
that a time point at which the first step is detected by the step
sensor is the start of walking. The step counting unit 101 also
determines that a time point at which a predetermined period
(e.g., 10 seconds) passes since the step sensor stops detect-
ing a step is the end of walking.

User Information Setting Unit 102

[0044] The user information setting unit 102 includes a
weight obtaining unit 102a that obtains a weight of a user
who utilizes the walking-load-degree calculation apparatus
10 and a height obtaining unit 1025 that obtains a height of
the user. The user information setting unit 102 is imple-
mented by a central processing unit (CPU), a memory
storing a program, an input device (such as buttons, keys, or
a touch panel), etc. The user information setting unit 102
may be implemented by a communication unit, such as a
communication module, that obtains such information from
an external terminal or a server by communication using a
mobile phone network, Wireless Fidelity (Wi-Fi), Bluetooth
(registered trademark), or the like. The obtained weight and
height are stored in a storage unit (not illustrated). The
storage unit is implemented by, for example, a storage
device such as registers or a cache of the CPU, a random
access memory (RAM), or a read-only memory (ROM).
Note that the user information setting unit 102 may obtain
ID information of the user. For example, the user informa-
tion setting unit 102 may refer to an external database by
using the 1D information of the user and obtain the height
and weight of the user. The database stores ID information
of each user and a height and a weight of the user associated
with the ID information.

Walking Speed Calculating Unit 103

[0045] The walking speed calculating unit 103 calculates
a walking pitch (steps/minute) per unit time (e.g., 1 minute)
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from the step count indicating the number of steps counted
by the step counting unit 101. Specifically, the walking
speed calculating unit 103 includes a time measuring unit
and calculates the walking pitch on the basis of the step
count obtained from the step counting unit 101 every
minute, for example. The obtained step count may be a
cumulative value from when step counting has been started
or an accumulated value from when the step count has been
obtained the last time. If the step count is a cumulative value,
the walking speed calculating unit 103 calculates the walk-
ing pitch by subtracting the cumulative value obtained the
last time from the cumulative value obtained this time. If the
step count is an accumulated value from when the step count
has been obtained the last time, the walking speed calculat-
ing unit 103 determines the accumulated value as the
walking pitch. Note that if the walking speed calculating unit
103 obtains the step count every predetermined period
(minutes) instead of every minute, the walking speed cal-
culating unit 103 calculates the walking pitch by dividing
the obtained step count by the predetermined period.
[0046] The walking speed calculating unit 103 then cal-
culates a stride length (m) from the user’s height obtained by
the user information setting unit 102. Since the stride length
correlates to the height, the stride length can be generally
determined using “stride length=heightx0.45” in the case of
walking at ordinary speed. In addition, the stride length is
known to become wider as the walking pitch increases and
to become narrower as the walking pitch decreases. Accord-
ingly, for example, in the case of walking at low speed for
which the walking pitch is 110 (steps/minute) or less, “stride
length=heightx0.40” is used. In the case of walking at
ordinary speed for which the walking pitch is 110 to 130
(steps/minute), “stride length=heightx0.45” is used. In the
case of walking at high speed for which the walking pitch is
130 (steps/minute) or greater, “stride length=heightx0.50” is
used. Increasing a coeflicient by which the height is multi-
plied to calculate the stride length as the walking pitch
increases allows the stride length to be determined more
accurately.

[0047] The walking speed calculating unit 103 may allow
the user to set their standard stride length. In such a case, the
user may calculate the stride length of one step by counting
steps by walking a predetermined distance (e.g., 10 m) at
ordinary speed and may set this stride length as a stride
length for the case of walking at ordinary speed for which
the walking pitch is 110 to 130 (steps/minute). Further, the
user may determine the stride length in accordance with the
walking pitch such that the stride length is 8/9 of the
ordinary stride length in the case of walking at low speed for
which the walking pitch is 110 (steps/minute) or less and
that the stride length is 10/9 of the ordinary stride length in
the case of walking at high speed for which the walking
pitch is 130 (steps/minute) or greater.

[0048] Lastly, the walking speed calculating unit 103
calculates a walking speed of a walk for a unit time by
multiplying the above-described stride length and the above-
described walking pitch.

[0049] The walking speed calculating unit 103 is imple-
mented by a CPU, a memory storing a program, etc. For
example, the walking speed calculating unit 103 calculates
a walking speed of a user as a result of the CPU executing
the program stored in the memory. The walking speed
calculating unit 103 may store the calculated walking speed
in the memory.
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[0050] Note that the walking speed calculating unit 103
may obtain position information determined by a known
positioning system, such as Global Positioning System
(GPS), and calculate a walking speed on the basis of the
position information, in addition to calculating the walking
speed from the walking pitch as described above. For
example, position information of the user may be obtained
using a GPS receiver included in the user wearable device
every predetermined period while the user is walking, and a
distance which the user has walked may be calculated by
linking positions indicated by the position information by a
line while the user is walking. A value obtained by dividing
the walking distance by a time taken for the walk can be
calculated as the walking speed. In this case, the walking
speed calculating unit 103 is implemented by a GPS
receiver, a CPU, a memory storing a program, etc. In this
case, the walking speed calculating unit 103 does not need
step count information since it is capable of calculating the
walking speed on the basis of information obtained by the
positioning system.

[0051] Note that the walking speed calculating unit 103
may calculate the walking speed on the basis of a walking
distance set by the user in advance using the user wearable
device. For example, the walking speed calculating unit 103
may allow the user to set a walking distance in advance and
allow the user to explicitly input the start timing of walking
and the end timing of walking. Then, the walking speed
calculating unit 103 may calculate the walking speed by
dividing the set walking distance by a period from the start
of walking to the end of walking.

Rate Obtaining Unit 104

[0052] The rate obtaining unit 104 measures a user’s
heart/pulse rate to obtain the user’s heart/pulse rate. A
known heart/pulse rate sensor (also referred to as a rate
sensor) capable of obtaining a user’s heart/pulse rate is used.
An example of the rate obtaining unit 104 is a measurement
sensor put on the user’s chest or wrist. The measurement
sensor put on the chest (also referred to as a chest-strap-type
measurement sensor) is fixed to the user’s chest using a strap
and measures the user’s heart rate. The measurement sensor
put on the wrist (also referred to as a wristband-type
measurement sensor) is fixed to the user’s wrist using a band
and measures the pulse rate at the wrist. Note that the rate
obtaining unit 104 may obtain the heart/pulse rate data
without measuring the user’s resting heart/pulse rate. In this
case, the walking-load-degree calculating unit 105 (de-
scribed later) obtains the user’s resting heart/pulse rate
stored in the memory. Specifically, the walking-load-degree
calculating unit 105 obtains the resting heart/pulse rate
stored in the memory with reference to the user information.
[0053] An example of the rate obtaining unit 104 is a heart
rate sensor that measures the heart rate. The heart rate sensor
includes a casing, a measurement circuit housed inside the
casing, and a plurality of electrodes. The measurement
circuit is electrically connected to the plurality of electrodes.
The plurality of electrodes are placed on the user’s chest or
a portion near the chest. The measurement circuit measures
a cardio activity potential signal between a plurality of
electrodes. Note that the casing may be placed on the user’s
chest or a portion near the chest. The rate obtaining unit 104
may also include various circuits, such as an amplification
circuit that amplifies the obtained cardio activity potential
signal, a low-pass filter circuit that removes noise from the
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cardio activity potential signal, and an A/D conversion
circuit that converts the cardio activity potential signal into
a digital signal. The rate obtaining unit 104 includes the
measurement circuit that measures the heart rate by detect-
ing cardio activity potential pulses from the digital signal
resulting from the A/D conversion and counting the cardio
activity potential pulses for unit time (e.g., 1 minute).
Alternatively, the rate obtaining unit 104 may measure a
heart rate per unit time (e.g., 1 minute) by measuring a time
interval (R-R interval) between cardio activity potential
pulses and dividing the unit time by the measured time
interval (R-R interval). The rate obtaining unit 104 is
implemented by, for example, a CPU, a memory storing a
program, etc. The rate obtaining unit 104 obtains the heart/
pulse rate as a result of the CPU executing the program
stored in the memory. The rate obtaining unit 104 may store
the measured heart/pulse rate in the memory.

[0054] Another example of the rate obtaining unit 104 is
a pulse sensor that measures a pulse rate. As the rate
obtaining unit 104, a known pulse sensor including a pho-
toelectric pulse sensor is used. The pulse sensor is placed on
a body portion where the pulse is detectable, such as the
wrist or the neck, and measures the user’s pulse rate. The
photoelectric pulse sensor includes a light-emitting element
(e.g., infrared light-emitting diode (LED)) and a photosen-
sitive element (e.g., phototransistor) that detects reflected
light of infrared emitted from the light-emitting element and
measures a pulse wave that represents a change in the blood
flow. The rate obtaining unit 104 may further include various
circuits, such as an amplification circuit that amplifies a
pulse wave signal obtained by measuring the pulse wave, a
low-pass filter circuit that removes noise from the pulse
wave signal, and an A/D conversion circuit that converts the
pulse wave signal into a digital signal. The rate obtaining
unit 104 measures the pulse rate per unit time (e.g., 1
minute) from the digital signal resulting from A/D conver-
sion.

[0055] Note that measurement of the heart/pulse rate may
be started and ended in response to a user operation.
Alternatively, in the case of walking, measurement of the
heart/pulse rate may be started upon the step counting unit
101 detecting walking and may be ended upon the step
counting unit 101 stopping detecting walking.

Walking-I.oad-Degree Calculating Unit 105

[0056] The walking-load-degree calculating unit 105 cal-
culates a walking load degree by using the user’s weight, the
user’s walking speed during a walk, the user’s resting
heart/pulse rate, and the user’s heart/pulse rate during the
walk. For example, the walking-load-degree calculating unit
105 obtains the user’s weight, the user’s walking speed
during a walk, the user’s resting heart/pulse rate, and the
user’s heart/pulse rate during the walk by referring to the
memory. The memory referred to at that time is not limited
to one memory, and a plurality of memories may be referred
to. Note that the user’s resting heart/pulse rate is not limited
to a value obtained by the rate obtaining unit 104.

[0057] The walking load degree is calculated using Equa-
tion 1 below.
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n (Equation 1)
(HRw(1) — HRr)

=1
rT=———,

m-v(1)?

=

1

[0058] FIG. 2 is a diagram for describing a method for
calculating each term of Equation 1 used for calculating the
walking load degree.

[0059] In Equation 1, HRw(t) denotes a heart/pulse rate
obtained by the rate obtaining unit 104 for a t-th period
(where tis an integer of 1 or greater) during a walk. The t-th
period is a predetermined period of time. Specifically, as
illustrated in FIG. 2, a first period is a period for t=1. For
example, if the predetermined period of time is 1 minute, the
first period is a period from when walking is started to when
the first one minute passes. Note that the predetermined
period of time need not necessarily be 1 minute and may be
another period of time, such as 30 seconds or 2 minutes. In
addition, a second period is a period for t=2 and is a period
from 1 minute after the start of walking to 2 minutes after the
start of walking. In other words, the t-th period is a t-th
period that has elapsed from the start of walking among a
plurality of periods each of which is the predetermined
period of time. The plurality of periods are all equal and are
the predetermined period of time.

[0060] That is, HRw(1) denotes a heart/pulse rate mea-
sured in the first period. Specifically, HRw(1) denotes the
number of heartbeats counted for the first period, i.e., 1
minute. HRw(2) denotes a heart/pulse rate measured in the
second period. Specifically, HRw(2) denotes the number of
heartbeats counted for the second period, i.e., I minute. Note
that a measurement result obtained for a period shorter than
the predetermined period of time may be used to estimate a
measurement result supposed to be obtained for the prede-
termined period of time, and the estimated result may be
used as the heart/pulse rate obtained for the predetermined
period during a walk. Herein, the expression “during a walk”
indicates a period over which the step sensor of the step
counting unit 101 keeps detecting a signal. It is assumed that
the user is walking if an interval at which the step sensor
detects the signal is equal to a predetermined period (e.g., 1
second) or less.

[0061] HRr denotes the resting heart/pulse rate per prede-
termined period of time. Specifically, HRr denotes an aver-
age heart/pulse rate measured in a predetermined period of
time during a rest. The predetermined period of time is equal
to that of the t-th period, i.e., 1 minute. Herein, the expres-
sion “during a rest” indicates a predetermined period for
which there is no physiological and physical change of the
user. The resting heart/pulse rate can be measured by the
user in advance using the user wearable device. Specifically,
the user may measure the heart/pulse rate per unit time by
using the user wearable device after keeping a sitting
position for a predetermined period of time (e.g., 1 minute).

[0062] m denotes the user’s weight obtained by the weight
obtaining unit 102a.

[0063] v(t) denotes a walking speed calculated by the
walking speed calculating unit 103 for the t-th period during
the walk. The t-th period is the same as described above.
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[0064] n is an integer of 1 or greater. Note that FIG. 2
illustrates a case where n>4; however, FIG. 2 is merely an
example and n may be any integer that is greater than or
equal to 1.

[0065] As illustrated in FIG. 2(4), an increase in the
heart/pulse rate is calculated for each period by subtracting
the resting heart/pulse rate (FIG. 2(a)) from a corresponding
one of the plurality of heart/pulse rates measured in the
plurality of periods during the walk. Then, the sum of the
increases in the heart/pulse rate for the respective periods
from the first period to the n-th period is calculated. In this
way, the numerator of Equation 1 is calculated.

[0066] In addition, as illustrated in FIG. 2(c), an exercise
energy consumption is calculated for each period by using
the user’s weight and a corresponding one of the plurality of
walking speeds measured for a corresponding one of the
plurality of periods. Then, the sum of the exercise energy
consumptions for the respective periods from the first period
to the n-th period is calculated. In this way, the denominator
of Equation 1 is calculated.

[0067] Lastly, the walking load degree for the t-th period
is calculated by dividing the numerator of Equation 1
determined in FIG. 2(4) by the denominator of Equation 1
determined in FIG. 2(c). That is, the walking load degree
denotes a heart rate increased due to walking exercise
relative to an amount of energy consumed by a walk up to
the t-th period. In other words, the walking load degree is
denoted as a ratio between (an amount of energy consumed
by exercise for a predetermined period) and (a total increase
in the heart/pulse rate for the predetermined period). That is,
the walking load degree can be denoted not only as (the
amount of energy consumed by exercise for the predeter-
mined period)/(the total increase in the heart/pulse rate for
the predetermined period) but also (the total increase in the
heart/pulse rate for the predetermined period)/(the amount of
energy consumed by exercise for the predetermined period).
[0068] If there is only one period, the sums respectively
calculated in FIGS. 2(5) and (¢) are results calculated for the
one period. That is, the walking load degree may be a value
obtained by dividing the increase in the heart/pulse rate
calculated for the one period by the exercise energy con-
sumption for the one period.

Walking Load Degree

[0069] Now, a result of an experiment regarding the walk-
ing load degree carried out by the inventors will be
described. The inventors confirmed based on the experiment
described below that the walking load degree represents a
user’s walking function and a change in the state of the
walking function. Details of the experiment will be
described below.

[0070] 24 subjects, 13 males and 11 females, whose aver-
age age was 68.015.0, were subjected to two tests (first and
second tests) described below.

[0071] The first test was a 6-minute walk test, which will
be described below.

[0072] During the 6-minute walk test, the resting heart rate
of each subject was measured using a heart rate sensor put
on the chest of the subject who had been in a lying posture
before the start of the test for a sufficient rest. Then, the
subject was caused to walk a 30-meter straight course in
both ways for 6 minutes with the heart rate sensor put on,
and a recording person recorded a walking distance every
minute and measured the heart rate of the walking subject
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every minute. At that time, the subject was instructed to walk
as fast as possible within their safe limits.

[0073] The second test was a cardiopulmonary exercise
test (CPX), which will be described below.

[0074] The cardiopulmonary exercise test is a test for
measuring the maximum oxygen consumption, which is the
most typical indicator of endurance. During the cardiopul-
monary exercise test, the maximum oxygen consuniption of
each subject was measured under a Ramp protocol using a
cycle ergometer (AEROBIKE75XLII, Combi Wellness) and
an expiration gas analyzer (AE-300S, Minato Medical Sci-
ence Co., Ltd).

[0075] A method for analyzing the results of these two
tests will now be described. The subjects were classified into
three groups (a high-endurance-level group, an intermedi-
ate-endurance-level group, and a low-endurance-level
group) of 8 people each in descending order of the maximum
oxygen consumption based on the maximum oxygen con-
sumption measured during the cardiopulmonary exercise
test. Then, for each of the three groups, an average of the
walking load degrees of the 6-minute walk test was calcu-
lated.

[0076] FIG. 3 is a diagram illustrating how the walking
load degree changes every minute for each of the endurance
levels.

[0077] The horizontal axis of FIG. 3 denotes time (min-
ute), and the vertical axis denotes the walking load degree
(beats/J) determined using Equation 1. As illustrated in FIG.
3, a solid line at the lowermost position denotes the change
for the high-endurance-level group, a dashed line in the
middle denotes the change for the intermediate-endurance-
level group, and a dotted line at the uppermost position
denotes the change for the low-endurance-level group.
[0078] The graph of FIG. 3 indicates that the walking load
degree changes at higher values for the group with a lower
endurance level. The graph also indicates that the increase
rate of the walking load degree is larger for the group with
a lower endurance level.

[0079] A consideration by the inventors about the charac-
teristics above will now be described.

[0080] It is considered that walking exercise applies a
higher load on a group with a lower endurance level and the
walking load degree is high for the subjects belonging to
such a group. It can be considered that the fact that the
walking load degree changes at higher values for the group
with a lower endurance level according to the result of the
experiment represents this influence. It is also considered
that an increase in the walking load degree is also larger for
the group with a lower endurance level. It can be considered
that the fact that the increase rate of the walking load degree
is higher for the group with a lower endurance level repre-
sents this influence.

[0081] Accordingly, the walking-load-degree calculating
unit 105 calculates the walking load degree, which is an
indicator of the load applied by walking. In this way, a
change in the body condition during walking exercise can be
objectively and easily grasped.

Presenting Unit 106

[0082] The presenting unit 106 displays, on a screen
included in the walking-load-degree calculation apparatus
10, the value of the walking load degree calculated by the
walking-load-degree calculating unit 105 or information
indicating a change in the walking load degree with time. In
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this case, the presenting unit 106 is implemented by a
display device, such as a liquid crystal display capable of
displaying the information on the screen.

[0083] The presenting unit 106 need not necessarily
include a screen. In this case, the presenting unit 106 may
display the walking load degree using an external display
device provided outside the walking-load-degree calculation
apparatus 10. In addition, the presenting unit 106 may be
implemented by a speaker that outputs the information as
sound in addition to the display device that displays the
information on the screen.

Operations

[0084] Various operations performed by the walking-load-
degree calculation apparatus 10 thus configured will be
described next.

[0085] FIGS. 4 and 5 are flowcharts illustrating processing
operations (control method) performed by the walking-load-
degree calculation apparatus 10 according to the first
embodiment.

[0086] FIG. 4 is a flowchart illustrating a preprocessing
operation performed by the walking-load-degree calculation
apparatus 10.

[0087] In step S301, the user information setting unit 102
accepts information on the user’s height and weight and
stores the accepted information as user information in a
memory (also referred to as user information accepting
processing).

[0088] Then, in step S302, the rate obtaining unit 104
measures the resting heart/pulse rate of the user and stores
the resting heart/pulse rate in the memory (also referred to
as resting heart/pulse rate obtaining processing). Note that
this resting heart/pulse rate obtaining processing is per-
formed after the user is confirmed to be in the resting state
as described above.

[0089] Note that the order of steps S301 and S302 may be
opposite.
[0090] FIG. 5 is a flowchart illustrating an operation of a

walking-load-degree calculation process.

[0091] The walking-load-degree calculation process starts
upon detection of a user operation indicating the start of
walking or upon detection of the start of walking by the step
counting unit 101.

[0092] First, in step S401, the step counting unit 101
counts steps of the user during walking exercise (also
referred to as step counting processing).

[0093] Then, in step S402, the walking speed calculating
unit 103 calculates, as a walking pitch, the number of steps
per unit time on the basis of the step count obtained by the
step counting unit 101. The walking speed calculating unit
103 calculates a stride length during a walk by using the
user’s height accepted by the user information setting unit
102 and the waking pitch. The walking speed calculating
unit 103 multiplies the stride length by the walking pitch,
and calculates the walking speed per unit time (also referred
to as walking speed calculation processing).

[0094] In step S403, the rate obtaining unit 104 measures
the heart/pulse rate of the user per unit time during the walk
(also referred to as walking heart/pulse rate obtaining pro-
cessing), in parallel to steps S401 and S402.

[0095] In step S404, the walking-load-degree calculating
unit 105 calculates the sum of the exercise energy consump-
tions for respective walking periods from the first period to
the n-th period, by using the walking speeds calculated by
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the walking speed calculating unit 103 and the user’s weight
accepted by the user information setting unit 102. Then, the
walking-load-degree calculating unit 105 subtracts the rest-
ing heart/pulse rate from each of the walking heart/pulse
rates obtained by the rate obtaining unit 104 for the respec-
tive periods from the first period to the n-th period and
calculates the sum of the increases in the heart/pulse rate for
the individual periods from the first period to the n-th period.
The walking-load-degree calculating unit 105 calculates, as
the walking load degree, a value obtained by dividing the
sum of the increases in the heart/pulse rate by the sum of
exercise energy consumptions (also referred to as walking-
load-degree calculation processing).

[0096] 1In step S405, the presenting unit 106 presents the
walking load degree calculated by the walking-load-degree
calculating unit 105 to the user (also referred to as presenting
processing). An example of the presenting unit 106 is a
display or a speaker. If the presenting unit 106 is a display,
a graph indicating how the calculated walking load degree
(beats/J) changes every minute may be displayed on the
screen of the display as illustrated in FIG. 6. If the presenting
unit 106 is a speaker, the walking load degree is presented
by sound. For example, the walking load degree is presented
every minute together with the measurement time such that
(1 minute, 0.48), (2 minutes, 0.598), (3 minutes, 0.698), (4
minutes, 0.695), and (5 minutes, 0.695).

[0097] FIG. 6 is a diagram illustrating an example of an
image displayed on the screen of a presenting unit of a
wristband-type walking-load-degree calculation apparatus.

[0098] Then, the walking-load-degree calculation appara-
tus 10 determines whether the user has finished walking on
the basis of whether the user has performed an operation
indicating the end of walking or the step counting unit 101
has detected the end of walking (step S406). If it is deter-
mined that the walking has been finished (YES in S406), the
walking-load-degree calculation apparatus 10 ends the
walking-load-degree calculation process. If it is determined
that walking has not been finished (NO in S406), the
walking-load-degree calculation apparatus 10 performs the
walking-load-degree calculation process again.

Advantageous Effects, Etc.

[0099] As described above, according to the first embodi-
ment, the walking-load-degree calculation apparatus 10 suc-
cessfully calculates the walking load degree using Equation
1 from the user’s weight, the walking speeds obtained during
a walk, the user’s resting heart/pulse rate, and the user’s
heart/pulse rates obtained during the walk. This conse-
quently allows a change in the body condition during
walking exercise to be objectively and easily grasped.
Accordingly, the walking load degree, which is an indicator
of a physiological body load for a person during a walk as
well as an indicator of a physical body load for the person
during the walk, can be easily calculated.

Second Embodiment

[0100] A second embodiment will be specifically
described next. In the second embodiment, a maximum-
oxygen-consumption calculation apparatus that estimates
the maximum oxygen consumption (VO2max), which is the
most typical indicator of endurance, by using a walking load
degree will be described.
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[0101] As a method for indirectly estimating the maxi-
mum power consumption according to the related art, the
Astrand-Ryhming nomogram is known (see Astrand P O,
Ryhming 1., “A nomogram for calculation of aerobic capac-
ity from pulse rate during submaximal work”, J Appl Physiol
1954, 7, pp. 218-221 (hereinafter, referred to as NPL 1)). In
this method, subjects are caused to do exercise at a constant
load using am electrically controlled cycle ergometer for 6
minutes, and the maximum oxygen consumption is esti-
mated from a relationship between the exercise load (work-
load) and the heart rate using the nomogram created by
them. This method, however, requires an exercise load that
makes the heart rate 120 bpm or higher, possibly causing a
risk for elderly or sick people. Further, people who are not
used to ride bicycles may experience local muscle fatigue
soon, leading to underestimation of endurance.

[0102] In addition, a maximum-oxygen-consumption esti-
mation method using a wristband-type mobile terminal is
known (see Japanese Patent No. 3608204). In this method,
an exercise load (weightxrunning speed) and the heart rate
during running are calculated using a wristband-type mobile
terminal, and the maximum oxygen consumption is esti-
mated using the Astrand-Ryhming nomogram of NPL 1.
This method, however, assumes a steady state during run-
ning, and it is difficult to obtain a highly accurate result when
the method is applied to low-load exercise, such as walking.
Therefore, this method requires elderly or sick people to run
and thus is difficult to be applied to elderly or sick people.
[0103] Accordingly, in the second embodiment, a method
for estimating the maximum oxygen consumption, which is
the most typical indicator of endurance, from low-load
exercise such as walking will be described.

[0104] The inventors found out that there is a high corre-
lation between the maximum oxygen consumption and the
walking load degree described in the first embodiment.
[0105] Now, a result of an experiment carried out by the
inventors for the relationship between the maximum oxygen
consumption and the walking load degree will be described.
In the experiment, two tests were carried out. The content
and the subjects of the tests were the same as those described
in the first embodiment.

[0106] FIG. 7 illustrates a relationship between the walk-
ing load degree and the maximum oxygen consumption of
each subject during a 6-minute walk. The horizontal axis
denotes the walking load degree (beats/J) of the 6-minute
walk determined using Equation 1, and the vertical axis
denotes the maximum oxygen consumption (ml/minute).
[0107] FIG. 7 indicates that there is a high correlation
between the walking load degree and the maximum oxygen
consumption since the maximum oxygen consumption
decreases as the walking load degree (the ratio of the
increase in the heart/pulse rate from the resting heart rate
obtained after a 6-minute rest to the 6-minute exercise
energy consumption) increases. Specifically, a correlation
coeflicient r for “the walking load degree (the ratio of the
increase in the heart/pulse rate from the resting heart rate
obtained after a 6-minute rest to the 6-minute exercise
energy consumption)” and “the maximum oxygen consump-
tion” is -0.81.

[0108] A 6-minute walking distance of the 6-minute walk
test is an indicator of a general simple endurance test for
elderly people. The 6-minute walking distance and the
maximum oxygen consumption have been reported to have
a correlation (see Cahalin L P, et al., “The six-minute walk
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test predicts peak oxygen uptake and survival in patients
with advanced heart failure”, Chest., 1996, 110, pp. 325-
332), and The Ministry of Education, Culture, Sports, Sci-
ence and Technology has adopted the 6-minute walking
distance as an indicator for evaluating endurance of elderly
people in the new physical fitness test (see The Ministry of
Education, Culture, Sports, Science and Technology, Shin
Tairyoku Tesuto—Yuigina katuyo no tameni (New Physical
Fitness Test—for the purpose of meaningful utilization),
Gyosei, 2000).

[0109] The inventors carried out an experiment to examine
the correlation between the 6-minute walking distance and
the maximum oxygen consumption and obtained a result
indicating that the correlation coeflicient r is equal to 0.51.
This experiment result suggests that the walking load degree
is an extremely reliable indicator to estimate the maximum
oxygen consumption, compared to the 6-minute walking
distance.

[0110] Considerations about the above-described charac-
teristics by the inventors are described below.

[0111] It is considered that since the 6-minute walking
distance is affected by a psychological aspect that how hard
the subject walks, the correlation coefficient decreases.
[0112] In addition, the Astrand-Ryhming nomogram is
based on the assumption that the exercise load (workload)
and the heart rate during the maximum work (e.g., running)
and the oxygen consumption have a substantially linear
relationship and that the maximum heart rate for people of
substantially the same age is constant. However, the exercise
load (workload) and the oxygen consumption do not nec-
essarily have a linear relationship during a walk. In addition,
variations in the motion ability among individuals are larger
particularly for elderly people than young people, and the
maximum heart rate is unlikely to be constant for people of
substantially the same age.

[0113] Itcan be considered that the abovementioned varia-
tions are cancelled out by utilizing, instead of the exercise
load (workload), a physical exercise energy consumption
spent for walking for a predetermined (certain) period of
time and the sum of increases in the heart rate caused by the
walking during the predetermined period of time to calculate
the walking load degree according to the embodiment of the
present disclosure.

[0114] Accordingly, the use of the aforementioned rela-
tionship allows the maximum oxygen consumption to be
estimated from the low-load exercise such as walking.

Configuration

Maximum-Oxygen-Consumption Estimating Unit 107

[0115] FIG. 8 is a block diagram illustrating a functional
configuration of a maximum-oxygen-consumption calcula-
tion apparatus 20 according to the second embodiment.
[0116] The maximum-oxygen-consumption calculation
apparatus 20 includes the step counting unit 101, the user
information setting unit 102, the walking speed calculating
unit 103, the rate obtaining unit 104, the walking-load-
degree calculating unit 105, the presenting unit 106, and a
maximum-oxygen-consumption estimating unit 107. In FIG.
8, components substantially the same as those illustrated in
FIG. 1 are assigned the same reference signs, and a descrip-
tion thereof is omitted.

[0117] The maximum-oxygen-consumption estimating
unit 107 estimates, using an estimation equation stored in
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advance, the maximum oxygen consumption from the walk-
ing load degree calculated by the walking-load-degree cal-
culating unit 105. Note that the maximum-oxygen-consump-
tion estimating unit 107 need not necessarily estimate the
maximum oxygen consumption using the estimation equa-
tion stored in advance and may use a relationship between
the walking load degree and the maximum oxygen con-
sumption calculated in advance. That is. a table representing
a relationship between the walking load degree and the
maximum oxygen consumption may be used instead of the
estimation equation. The maximum-oxygen-consumption
estimating unit 107 is implemented by a CPU, a memory
storing a program, etc.

[0118] The estimation equation is created based on data of
the walking load degree and the maximum oxygen con-
sumption collected in advance. The creation method may be
based on linear regression analysis, logistic regression
analysis, non-linear regression analysis such as support
vector machine, or any other types of analysis. For example,
if the creation method is based on linear regression analysis
based on the experiment data, the maximum oxygen con-
sumption can be estimated using an estimation equation
below. Linear regression analysis is an analysis method for
describing a correlation between a plurality of variables
using a linear model. In this case, a slope a and an intercept
b of the linear model y=ax+b are determined using sets of
values of y (=maximum oxygen consumption) and x (=walk-
ing load degree), which are the experiment data. Specifi-
cally, the slope a and the intercept b can be determined using
the least squares method for minimizing the sum of the
squares of residues between the prediction value based on
the linear model and each set of values of the experiment
data. That is, the estimation equation can be expressed by
Equation 2 below.

Maximum oxygen consumption [ml/min]=-1586.8x

Walking load degree+2503.8 (Equation 2)

[0119] The presenting unit 106 displays the maximum
oxygen consumption estimated by the maximum-oxygen-
consumption estimating unit 107 instead of the walking load
degree described in the first embodiment.

Advantageous Effects, Etc.

[0120] As described above, according to the second
embodiment, the maximum-oxygen-consumption calcula-
tion apparatus 20 successfully estimates the maximum oxy-
gen consumption, which is the most typical indicator of
endurance, by using the walking load degree of low-load
exercise such as walking. As a result, measurement of the
maximum oxygen consumption, which has been generally
difficult for elderly or sick people, can be safely and easily
carried out.

Third Embodiment

[0121] A third embodiment will be specifically described
next. In the third embodiment, a walking-load-degree cal-
culation apparatus 30 having the simplest configuration will
be described.

Configuration

[0122] FIG. 9 is a block diagram illustrating a functional
configuration of the walking-load-degree calculation appa-
ratus 30 according to the third embodiment.
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[0123] The walking-load-degree calculation apparatus 30
includes the weight obtaining unit 102a, the rate obtaining
unit 104, a walking speed obtaining unit 303, and the
walking-load-degree calculating unit 105. The walking-
load-degree calculation apparatus 30 may further include the
presenting unit 106. In FIG. 9. components substantially the
same as those illustrated in FIG. 1 are assigned the same
reference signs, and a description thereof is omitted.
[0124] The walking speed obtaining unit 303 may calcu-
late the walking speed using the step count and the user’s
height as in the first embodiment. Alternatively, the walking
speed obtaining unit 303 may obtain position information
determined by a known positioning system, such as a GPS,
and calculate the waking speed based on the position infor-
mation. Alternatively, if the positioning system calculates
the walking speed, the walking speed obtaining unit 303
may obtain the walking speed from the positioning system.
Alternatively, the walking speed obtaining unit 303 may
obtain the walking speed by calculating a traveling speed
using an acceleration sensor. The weight obtaining unit
102a, the walking speed obtaining unit 303, and the walk-
ing-load-degree calculating unit 105 are also referred to as
a calculation circuit.

Operations

[0125] Various operations performed by the walking-load-
degree calculation apparatus 30 thus configured will be
described next.

[0126] FIG. 10 is a flowchart illustrating a processing
operation (control method) performed by the walking-load-
degree calculation apparatus 30 according to the third
embodiment.

[0127] The rate obtaining unit 104 or the walking-load-
degree calculating unit 105 first obtains the user’s resting
heart/pulse rate (S901).

[0128] Then, the rate obtaining unit 104 obtains the user’s
heart/pulse rate during a walk (S902).

[0129] Then, the walking speed obtaining unit 303 obtains
the user’s walking speed (S903). Note that the user’s heart/
pulse rate and walking speed for a predetermined period
during a walk are obtained in S902 and S903, respectively.
[0130] Then, the weight obtaining unit 102a obtains the
user’s weight (S904).

[0131] Lastly, the walking-load-degree calculating unit
105 calculates, using Equation 1, the walking load degree
that is an indicator of the user’s cardiopulmonary exercise
during a walk (S905). If the walking-load-degree calculation
apparatus 30 includes the presenting unit 106, the presenting
unit 106 presents the walking load degree.

Advantageous Effects, Etc.

[0132] As described above, according to the third embodi-
ment, a change in the body condition during walking exer-
cise can be objectively and easily grasped. Accordingly, the
walking load degree, which is an indicator of a physiological
body load for a person during a walk as well as an indicator
of a physical body load for the person during the walk, can
be easily calculated.

[0133] Note that the individual components of each of the
embodiments described above may be configured by dedi-
cated hardware or implemented by executing software pro-
grams suitable for the respective components. The indi-
vidual components may be implemented as a result of a

Mar. 2, 2017

program executer, such as a CPU or a processor, reading and
executing a software program stored on a recording
medium, such as a hard disk or a semiconductor memory.
The software that implements the walking-load-degree cal-
culation apparatus and the like according to the embodi-
ments described above is a control program described below.

[0134] Specifically, the control program is a control pro-
gram executed in the walking-load-degree calculation appa-
ratus, so that the rate obtaining unit of the walking-load-
degree calculation apparatus obtains the resting rate, which
is the user’s heart or pulse rate during a rest, and obtains a
walking rate, which is the user’s heart or pulse rate during
a walk, that the walking speed obtaining unit of the walking-
load-degree calculation apparatus obtains the user’s walking
speed during the walk, that the weight obtaining unit of the
walking-load-degree calculation apparatus obtains the user’s
weight, and that the walking-load-degree calculating unit of
the walking-load-degree calculation apparatus calculates,
using Equation 1 above, the walking load degree, which is
an indicator of the user’s cardiopulmonary exercise during
the walk.

[0135] While the walking-load-degree calculation appara-
tus, the maximum-oxygen-consumption calculation appara-
tus, the control method, and the control program according
to one or a plurality of aspects have been described above
based on the embodiments, the present disclosure is not
limited to these embodiments. Embodiments obtained by
making alterations conceived by a person skilled in the art
on the embodiments and embodiments configured by com-
bining the components of different embodiments together
may be within the scope of the one or plurality of aspects
unless such embodiments depart from the spirits of the
present disclosure.

[0136] The embodiments of the present disclosure are
effectively used as apparatuses such as a walking-load-
degree calculation apparatus capable of objectively and
easily grasping a change in the body condition during
walking exercise and a maximum-oxygen-consumption cal-
culation apparatus capable of safely and easily grasping the
maximum oxygen consumption during low-load exercise
such as walking.

What is claimed is:

1. A walking-load-degree calculation apparatus compris-
ing:
a rate obtainer that obtains a rate of a user, the rate being
a heart rate or a pulse rate of the user;

a walking speed obtainer that obtains one or more walking
speeds of the user during a walk;

a weight obtainer that obtains a weight of the user; and

a walking-load-degree calculator that calculates a walking
load degree of the user, the walking load degree being
an indicator of cardiopulmonary exercise of the user
during the walk and being defined as

(HRw(1) = HRP)

=1
T=

m-v(1)?

D=

1



US 2017/0056725 A1l

where

T denotes the walking load degree,

HRw(t) denotes a rate of the user obtained by the rate
obtainer for a t-th period during the walk, a period of
the walk being divided into n periods including the t-th
period, each of the n periods being a predetermined
period of time, t being an integer of 1 or greater, and n
being an integer of 1 or greater,

HRr denotes a resting rate of the user obtained by the rate
obtainer for the predetermined period of time,

m denotes the weight of the user obtained by the weight
obtainer, and

v(t) denotes a walking speed of the user obtained by the
walking speed obtainer for the t-th period among the
one or more walking speeds.

2. The walking-load-degree calculation apparatus accord-

ing to claim 1, further comprising:

a presenter that presents the walking load degree calcu-
lated by the walking-load-degree calculator to the user.

3. The walking-load-degree calculation apparatus accord-

ing to claim 1, further comprising:

a height obtainer that obtains a height of the user;

a step counter that counts steps of the user during the
walk; and

awalking speed calculator that calculates the one or more
walking speeds of the user,

wherein the walking speed calculator
calculates the number of steps counted by the step

counter for the t-th period,
calculates a stride length of the user during the walk by
using the height obtained by the height obtainer and
the number of steps for the t-th period, and
calculates the walking speed for the t-th period based
on a product of the number of steps for the t-th period
and the stride length, and

wherein the walking speed obtainer obtains the one or
more walking speeds calculated by the walking speed
calculator.

4. A maximum-oxygen-consumption calculation appara-

tus comprising;

the walking-load-degree calculation apparatus according
to claim 1; and

a maximum-oxygen-consumption calculator that calcu-
lates a maximum oxygen consumption of the user by
using a relationship calculated in advance for a walking
load degree and a maximum oxygen consumption and
using the walking load degree calculated by the walk-
ing-load-degree calculation apparatus.

5. The maximum-oxygen-consumption calculation appa-

ratus according to claim 4, further comprising:

a presenter that presents the maximum oxygen consump-
tion calculated by the maximum-oxygen-consumption
calculator to the user.

6. A control method for a walking-load-degree calculation

apparatus, comprising:

obtaining, with a rate obtainer included in the walking-
load-degree calculation apparatus, a resting rate of a
user, the resting rate being a heart rate or a pulse rate
of the user during a rest;

obtaining, with the rate obtainer, a walking rate of the
user, the walking rate being a heart rate or a pulse rate
of the user during a walk;
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obtaining, with a walking speed obtainer included in the
walking-load-degree calculation apparatus, one or
more walking speeds of the user during the walk;

obtaining, with a weight obtainer included in the walking-
load-degree calculation apparatus, a weight of the user;
and

calculating, with a walking-load-degree calculator
included in the walking-load-degree calculation appa-
ratus, a walking load degree of the user, the walking
load degree being an indicator of cardiopulmonary
exercise of the user during the walk and being defined
as

(HRW(i) — HRr)

t=1
T=

m-v(t)?

D=

1

where

T denotes the walking load degree,

HRw(t) denotes a walking rate of the user obtained by the
rate obtainer for a t-th period, a period of the walk being
divided into n periods including the t-th period, each of
the n periods being a predetermined period of time, t
being an integer of 1 or greater, and n being an integer
of 1 or greater,

HRr denotes the resting rate of the user obtained by the
rate obtainer for the predetermined period of time,

m denotes the weight of the user obtained by the weight
obtainer, and

v(t) denotes a walking speed of the user obtained by the
walking speed obtainer for the t-th period among the
one or more walking speeds.

7. A nonvolatile computer-readable recording medium
storing a control program for causing a device including a
processor to execute a process, the process comprising:

obtaining, with a rate obtainer included in the device, a
resting rate of a user, the resting rate being a heart rate
or a pulse rate of the user during a rest;

obtaining, with the rate obtainer, a walking rate of the
user, the walking rate being a heart rate or a pulse rate
of the user during a walk;

obtaining, with a walking speed obtainer included in the
device, one or more walking speeds of the user during
the walk;

obtaining, with a weight obtainer included in the device,
a weight of the user; and

calculating, with a walking-load-degree calculator
included in the device, a walking load degree of the
user, the walking load degree being an indicator of
cardiopulmonary exercise of the user during the walk
and being defined as

(HRw(1) = HRP)

=1
T=

m-v(1)?

D=

1
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where
T denotes the walking load degree,

HRw(t) denotes a walking rate of the user obtained by the
rate obtainer for a t-th period, a period of the walk being
divided into n periods including the t-th period, each of
the n periods being a predetermined period of time, t
being an integer of 1 or greater, and n being an integer
of 1 or greater,

HRr denotes the resting rate of the user obtained by the
rate obtainer for the predetermined period of time,

m denotes the weight of the user obtained by the weight
obtainer, and

v(t) denotes a walking speed of the user obtained by the
walking speed obtainer for the t-th period among the
one or more walking speeds.

8. A walking-load-degree calculation apparatus compris-
ing:
a rate sensor that obtains a rate of a user for a predeter-

mined period of time during a walk, the rate being a
heart rate or a pulse rate of the user; and

a calculation circuit that calculates a walking load degree
of the user, the walking load degree being an indicator
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of cardiopulmonary exercise of the user during the
walk, wherein

the calculation circuit

(a) obtains a weight of the user, a walking speed of the
user for the predetermined period of time, a resting rate
of the user, and the rate of the user for the predeter-
mined period of time during the walk,

(b) calculates an exercise energy consumption for the
predetermined period of time on the basis of the weight
of the user and the walking speed of the user for the
predetermined period of time,

(c) calculates an increase in the rate of the user for the
predetermined period of time during the walk from the
resting rate of the user on the basis of the resting rate
of the user and the rate of the user obtained for the
predetermined period of time during the walk, and

(d) calculates, as the walking load degree, a ratio of the
increase in the rate of the user to the exercise energy
consumption for the predetermined period of time.

9. The walking-load-degree calculation apparatus accord-

ing to claim 8, further comprising:

a presenter that presents the ratio of the increase in the rate
of the user to the exercise energy consumption for the
predetermined period of time.

* ok %k
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