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(57) ABSTRACT

An exercise test evaluation system includes an acceleration
sensor that is worn by a user during an exercise test and
acquires acceleration values of a foot of the user, a heart rate
sensor that is worn by the user and measures a heart rate of
the user, and a processor. The processor acquires a first
maximum acceleration value and a second maximum accel-
eration value, calculates a reliability score using the first and
second maximum acceleration values, acquires a walking
velocity and a heart rate of the user and estimates a maxi-
mum oxygen intake amount using the user’s walking veloc-
ity and heart rate if the reliability score is equal to or higher
than a specific threshold value, and estimates the maximum
oxygen intake amount using the user’s walking velocity if
the reliability score is lower than the specific threshold
value.
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EXERCISE TEST EVALUATION SYSTEM,
EXERCISE TEST EVALUATION APPARATUS,
EXERCISE TEST EVALUATION METHOD,
AND NON-TRANSITORY COMPUTER
READABLE RECORDING MEDIUM

BACKGROUND

1. Technical Field

[0001] The present disclosure relates to an exercise test
evaluation system, an exercise test evaluation apparatus, an
exercise test evaluation method, and a non-transitory com-
puter readable recording medium for evaluating the reliabil-
ity of an exercise test.

2. Description of the Related Art

[0002] Information concerning exercise capacity includ-
ing walking function is important when contents of a reha-
bilitation plan of a person are determined. The persons’ falls
caused by sarcopenia or a decreased walking function have
recently become a problem in society, and there is an
increasing demand on easily and accurately evaluating the
walking function of persons. Walking abilities of persons
include muscular strength, endurance, and physical balance
ability. The paper written by Guyatt G H et al. entitled “The
6-minute walk: a new measure of exercise capacity in
patients with chronic heart failure”, Canadian Medical Asso-
ciation Journal, 132(8): 919-923, 1985, discloses a 6-minute
walk test that evaluates physical endurance. The 6-minute
walk test uses an index of physical endurance of a travel
distance of 6 minutes, and is in widespread use in clinical
medicine field. Since physical endurance significantly
depends on cardiopulmonary functions, information related
to a heart rate is used in addition to the travel distance. The
technique disclosed in Japanese Patent No. 3608204 is a
technique of estimating a maximum oxygen intake amount,
as one of accurate indexes of physical endurance, from an
exercise load and heart rate, which are measured using a
wristband type portable terminal during running. The exer-
cise load is determined from a value that results from
multiplying a subject’s weight by a running velocity.
[0003] The technique disclosed in the paper by Guyatt G
H et al. evaluates physical endurance with a low exercise
load, but reliability of the evaluation results is subject to
variations because a larger difference in travel distance is
caused depending on the degree of subjects’ efforts. The
technique disclosed in Japanese Patent 3608204 is based on
a steady state during running, and the degree of subjects’
efforts affects estimation accuracy as in the technique dis-
closed by the paper by Guyatt G H et al.

SUMMARY

[0004] One non-limiting and exemplary embodiment pro-
vides an exercise test evaluation system, an exercise test
evaluation apparatus, an exercise test evaluation method,
and a non-transitory computer readable recording medium
for improving an estimation accuracy of exercise capacity of
a subject from an exercise test.

[0005] In one general aspect, the techniques disclosed here
feature an exercise test evaluation system. The exercise test
evaluation system include an acceleration sensor that is
worn by a user having an exercise test and acquires accel-
eration values of a foot of the user, a heart rate sensor that
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is worn by the user having the exercise test and measures a
heart rate of the user, a processor; and an outputter. The
processor acquires a first maximum acceleration value
within a first time period and a second maximum accelera-
tion value within a second time period after the first time
period in response to the acceleration values. The processor
calculates a reliability score of the exercise test using the
first maximum acceleration value and the second maximum
acceleration value. If the reliability score is equal to or
higher than a specific threshold value, the processor acquires
a walking velocity and a heart rate of the user during the
exercise test, and estimates a maximum oxygen intake
amount using the user’s walking velocity and heart rate. If
the reliability score is lower than the specific threshold
value, the processor acquires the user’s walking velocity,
and estimates the maximum oxygen intake amount using the
user’s walking velocity. The outputter outputs the maximum
oxygen intake amount.

[0006] In accordance with the disclosure, the estimation
accuracy in estimating the exercise capacity of the subject
from the exercise test is increased.

[0007] It should be noted that general or specific embodi-
ments may be implemented as a system, a method, an
integrated circuit, a computer program, a non-transitory
computer readable recording medium, or any selective com-
bination thereof. The non-transitory computer readable
recording medium may include a non-volatile recording
medium, such as a compact disk read-only memory (CD-
ROM).

[0008] 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

[0009] FIG. 1 is a block diagram illustrating an exercise
test evaluation system of a first embodiment;

[0010] FIG. 2 illustrates a wearing example of a sensor of
FIG. 1 to a subject;

[0011] FIG. 3 illustrates an example of measurement
results of the movement of an acceleration sensor in a
direction of movement when a subject walks during an
exercise test;

[0012] FIG. 4 is a flowchart illustrating an example of a
process of an exercise test evaluation system of the first
embodiment;

[0013] FIG. 5illustrates an example of data to be stored on
a memory of FIG. 1;

[0014] FIG. 6A illustrates an example of a correlation
between a mean walking velocity and a maximum oxygen
intake amount during a 6-minute walk test;

[0015] FIG. 6B illustrates another example of the corre-
lation between the mean walking velocity and the maximum
oxygen intake amount during the 6-minute walk test;
[0016] FIG. 7A illustrates an example of a correlation
between the mean walking velocity/heart rate and the maxi-
mum oxygen intake amount during the 6-minute walk test;
[0017] FIG. 7B illustrates another example of the corre-
lation between the mean walking velocity/heart rate and the
maximum oxygen intake amount during the 6-minute walk
test;
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[0018] FIG. 8 is a block diagram illustrating an exercise
test evaluation system of a second embodiment; and
[0019] FIG. 9 is a flowchart illustrating an example of a
process of the exercise test evaluation system of the second
embodiment.

DETAILED DESCRIPTION

[0020] Inventors of the disclosure have studied the tech-
niques disclosed in the paper by Guyatt G H et al. and
Japanese Patent No. 3608204 described in “Background of
the Related Art” and have found that the results related to the
exercise capacity of the subject from these techniques are
significantly influenced by the degree of the subject’s efforts
during the exercise test. The inventors have reached the
conclusion that the estimation accuracy of the exercise
capacity of the subject is low in the techniques disclosed in
the paper by Guyatt G H et al. and Japanese Patent No.
3608204. The inventors have studied the technique of esti-
mating the exercise capacity of the subject from the mea-
surement results in the exercise test, and have developed a
technique described below to increase the estimation accu-
racy.

[0021] According to an aspect of the disclosure, there is
provided an exercise test evaluation system. The exercise
test evaluation system includes an acceleration sensor that is
worn by a user having an exercise test and acquires accel-
eration values of a foot of the user, a heart rate sensor that
is worn by the user having the exercise test and measures a
heart rate of the user, a processor, and an outputter. The
processor acquires a first maximum acceleration value
within a first time period and a second maximum accelera-
tion value within a second time period after the first time
period in response to the acceleration values, calculates a
reliability score of the exercise test using the first maximum
acceleration value and the second maximum acceleration
value, acquires a walking velocity and a heart rate of the user
during the exercise test and estimates a maximum oxygen
intake amount using the user’s walking velocity and heart
rate if the reliability score is equal to or higher than a specific
threshold value, and acquires the user’s walking velocity
and estimates the maximum oxygen intake amount using the
user’s walking velocity if the reliability score is lower than
the specific threshold value. The outputter outputs the maxi-
mum oxygen intake amount.

[0022] According to the aspect, the reliability score may
be related to the relationship between the first maximum
acceleration value and the second maximum acceleration
value within the two time periods. For example, the rela-
tionship between the first maximum acceleration value and
the second maximum acceleration value changes from a
higher-reliability exercise test in which a user may make an
exercise effort to a lower-reliability exercise test in which a
user may not bother to make a sufficient effort. The reliabil-
ity score thus changes accordingly. The reliability score may
numerically indicate the reliability of the exercise test. The
degree of the users effort and the users heart rate may affect
each other during the exercise test. For this reason, an
estimation method of the maximum oxygen intake amount
may change in response to the value of the reliability score.
More specifically, if the reliability score is lower, for
example, lower than a first specific threshold value, the
estimation accuracy of the maximum oxygen intake amount
that has been estimated without using the user’s heart rate is
increased. If the reliability score is higher, for example,
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equal to or higher than the first specific threshold value, the
estimation accuracy of the maximum oxygen intake amount
that has been estimated using two factors, including the
user’s walking velocity and heart rate, is increased. In this
way, the estimation accuracy of the exercise capacity of the
subject having undergone the exercise test is thus increased.

[0023] In the exercise test evaluation system of another
aspect of the disclosure, the acceleration sensor may acquire
the acceleration values during specific time periods. The
specific time periods include a plurality of time-sequenced
time periods including the first time period, and the second
time period. From among the maximum acceleration values
of the time periods, one of the first maximum acceleration
value and the second maximum acceleration value is mini-
mum, and the other of the first maximum acceleration value
and the second maximum acceleration value is maximum.
The processor calculates as the reliability score a difference
between a time sequence number of the first time period
having the first maximum acceleration value and a time
sequence number of the second time period having the
second maximum acceleration value.

[0024] In accordance with the embodiment, the maximum
acceleration values within the time periods remain almost
constant or are decreasing with time if the user is making an
exercise effort during the exercise test If the reliability score
is Zero or positive, it is recognized that the user is making an
exercise effort during the exercise test, and that the results of
the exercise test are reliable. On the other hand, if the
reliability score is negative, the user may not bother to make
an exercise effort during the exercise test and the results of
the exercise test may not be reliable. The reliability score is
used to indicate the reliability of the exercise test in a simple
fashion.

[0025] In the exercise test evaluation system of another
aspect of the disclosure, the acceleration sensor may acquire
the acceleration values during specific time periods. The
specific time periods includes the first time period, a third
time period, and the second time period in that time order.
The processor may acquire a third maximum acceleration
value within the third time period, acquire each of differ-
ences respectively between sequential order numbers
according to which the first maximum acceleration value,
the second maximum acceleration value, and the third
maximum acceleration value are arranged in an order of
from larger to smaller magnitude and time sequence num-
bers of sequential time order according to which the time
periods respectively corresponding to the first maximum
acceleration value, the second maximum acceleration value,
and the third maximum acceleration value are arranged, and
calculate a sum of absolute values of the differences as the
reliability score.

[0026] According to the aspect of the disclosure, the
absolute values acquired during the time periods are the
absolute values of the differences respectively between the
sequential order numbers of the maximum acceleration
values within all the time periods and the time sequence
numbers of all the time periods. The maximum acceleration
values within the time periods remain almost constant or are
decreasing with time if the user is making an exercise effort
during the exercise test. The absolute value is thus lower. On
the other hand, if the user does not bother to make an
exercise effort during the exercise test, the absolute value is
higher. For this reason, as the sum of the absolute values is
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larger, the reliability of the exercise test is decreased. The
reliability score serves as the reliability of the exercise test
in a simple way.

[0027] In the exercise test evaluation system of another
aspect of the disclosure, the processor may acquire a gait
cycle of the user in response to the acceleration values, and
acquire the first time period and the second time period in
response to the gait cycle. According to the aspect, the
maximum acceleration value within each time period
acquired in response to the gait cycle indicates the user’s
walking status and a change in the user’s walking status
more in detail and more accurately. The accuracy of the
reliability score is thus increased.

[0028] According to another aspect of the disclosure, there
is provided an exercise test evaluation apparatus. The exer-
cise test evaluation apparatus includes a processor. The
processor may acquire acceleration values of a foot of a user
during an exercise test, acquire a heart rate of the user,
acquire a first maximum acceleration value within a first
time period and a second maximum acceleration value
within a second time period after the first time period in
response to the acceleration values, calculate a reliability
score of the exercise test using the first maximum accelera-
tion value and the second maximum acceleration value,
acquire a walking velocity and a heart rate of the user during
the exercise test and estimate a maximum oxygen intake
amount using the user’s walking velocity and heart rate if the
reliability score is equal to or higher than a specific threshold
value, acquire the user’s walking velocity and estimate the
maximum oxygen intake amount using the user’s walking
velocity if the reliability score is lower than the specific
threshold value, and outputs the maximum oxygen intake
amount. According the aspect of the disclosure, an effect
similar to the effect of the exercise test evaluation system
described above is provided.

[0029] According another aspect of the disclosure, there is
provided a non-transitory computer readable recording
medium. The non-transitory computer readable recording
medium is non-volatile and stores a control program causing
an apparatus including a processor to perform a process. The
process includes acquiring acceleration values of a foot of a
user during an exercise test, acquiring a heart rate of the user,
acquiring a first maximum acceleration value within a first
time period, and a second maximum acceleration value
within a second time period after the first time period in
response to the acceleration values, calculating a reliability
score of the exercise test using the first maximum accelera-
tion value and the second maximum acceleration value,
acquiring a walking velocity and a heart rate of the user
during the exercise test and estimating a maximum oxygen
intake amount using the user’s walking velocity and heart
rate if the reliability score is equal to or higher than a specific
threshold value, acquiring the user’s walking velocity and
estimating the maximum oxygen intake amount using the
user’s walking velocity if the reliability score is lower than
the specific threshold value, and outputting the maximum
oxygen intake amount. According to the aspect, an effect
similar to the effect of the exercise test evaluation system is
provided.

[0030] In the non-transitory computer readable recording
medium of another aspect of the disclosure, the process may
further include acquiring the acceleration values during
specific time periods, the specific time periods including a
plurality of time-sequenced time periods including the first
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time period, and the second time period, one of the first
maximum acceleration value and the second maximum
acceleration value being minimum, and the other of the first
maximum acceleration value and the second maximum
acceleration value being maximum from among the maxi-
mum acceleration values of the time periods, and calculating
as the reliability score a difference between a time sequence
number of the first time period having the first maximum
acceleration value and a time sequence number of the
second time period having the second maximum accelera-
tion value.

[0031] In the non-transitory computer readable recording
medium of another aspect of the disclosure, the process may
further include acquiring the acceleration values during
specific time periods, the specific time periods including the
first time period, a third time period, and the second time
period in time order, acquiring a third maximum accelera-
tion value within the third time period in response to the
acceleration values, acquiring each of differences respec-
tively between sequential order numbers according to which
the first maximum acceleration value, the second maximum
acceleration value, and the third maximum acceleration
value are arranged in order of from larger to smaller mag-
nitude and time sequence numbers of sequential time order
according to which the time periods respectively corre-
sponding to the first maximum acceleration value, the sec-
ond maximum acceleration value, and the third maximum
acceleration value are arranged, and calculating a sum of
absolute values of the differences as the reliability score.
[0032] In the non-transitory computer readable recording
medium of another aspect of the disclosure, the process may
further include acquiring a gait cycle of the user in response
to the acceleration values, and acquiring the first time period
and the second time period in response to the gait cycle.
[0033] According to another aspect of the disclosure, there
is provided an exercise test evaluation method. The exercise
test evaluation method includes acquiring acceleration val-
ues of a foot of a user during an exercise test, acquiring a
heart rate of the user, acquiring a first maximum acceleration
value within a first time period and a second maximum
acceleration value within a second time period after the first
time period in response to the acceleration values, calculat-
ing a reliability score of the exercise test using the first
maximum acceleration value and the second maximum
acceleration value, acquiring a walking velocity and a heart
rate of the user during the exercise test and estimating a
maximum oxygen intake amount using the user’s walking
velocity and heart rate if the reliability score is equal to or
higher than a specific threshold value, acquiring the user’s
walking velocity and estimating the maximum oxygen
intake amount using the user’s walking velocity if the
reliability score is lower than the specific threshold value,
and outputting the maximum oxygen intake amount.
According to the aspect of the disclosure, an effect similar
to the effect of the exercise test evaluation system is pro-
vided.

[0034] According to another aspect of the disclosure, there
is provided an exercise test evaluation system. The exercise
test evaluation system includes an acceleration sensor that is
worn by a user during an exercise test and acquires accel-
eration values of a foot of the user, a processor, and an
outputter. The processor acquires a first maximum accelera-
tion value within a first time period and a second maximum
acceleration value within a second time period after the first
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time period in response to the acceleration values, calculates
a reliability score of the exercise test using the first maxi-
mum acceleration value and the second maximum accelera-
tion value. The outputter outputs the reliability score.
[0035] According to the above-described aspect, the reli-
ability score may be related to the relationship between the
first maximum acceleration value and the second maximum
acceleration value within the two time periods. For example,
the relationship between the first maximum acceleration
value and the second maximum acceleration value changes
from a higher-reliability exercise test in which a user may
make an exercise effort to a lower-reliability exercise test in
which a user may not bother to make a sufficient effort. The
reliability score thus changes accordingly. The reliability
score may numerically indicate the reliability of the exercise
test. For example, the user of the exercise test evaluation
system may determine the reliability of the results of the
exercise test, based on the reliability score. Alternatively, the
exercise test evaluation system may determine the reliabil-
ity, based the reliability score. More specifically, based on
the determination results, the exercise test evaluation system
may display an error message in the results of the exercise
test or recommend that the user perform the exercise test
again. The exercise test evaluation system may increase the
estimation accuracy of the exercise capacity of the user
using the information of the user using the user’s foot
acceleration during the exercise test.

[0036] In the exercise test evaluation system of another
aspect of the disclosure, the acceleration sensor acquires the
acceleration values during specific time periods. The spe-
cific time periods include a plurality of time-sequenced time
periods including the first time period, and the second time
period. From among the maximum acceleration values of
the time periods, one of the first maximum acceleration
value and the second maximum acceleration value is mini-
mum, and the other of the first maximum acceleration value
and the second maximum acceleration value is maximum.
The processor calculates as the reliability score a difference
between a time sequence number of the first time period
having the first maximum acceleration value and a time
sequence number of the second time period having the
second maximum acceleration value.

[0037] In accordance with the aspect described above, the
maximum acceleration values within the time periods
remain almost constant or are decreasing with time if the
user is making an exercise effort during the exercise test. If
the reliability score is zero or positive, it is recognized that
the user is making an exercise effort during the exercise test,
and that the results of the exercise test are reliable. On the
other hand, if the reliability score is negative, the user may
not bother to make an exercise effort during the exercise test
and the results of the exercise test may not be reliable. The
reliability score is used to indicate the reliability of the
exercise test in a simple way.

[0038] In the exercise test evaluation system of another
aspect of the disclosure, the acceleration sensor may acquire
the acceleration values during specific time periods. The
specific time periods may include the first time period, a
third time period, and the second time period in that time
order. The processor may acquire a third maximum accel-
eration value within the third time period, acquire each of
differences respectively between sequential order numbers
according to which the first maximum acceleration value,
the second maximum acceleration value, and the third
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maximum acceleration value are arranged in an order of
from larger to smaller magnitude and time sequence num-
bers of sequential time order according to which the time
periods respectively corresponding to the first maximum
acceleration value, the second maximum acceleration value,
and the third maximum acceleration value are arranged, and
calculate a sum of absolute values of the differences as the
reliability score.

[0039] According to the aspect of the disclosure, the
absolute values acquired during the time periods are the
absolute values of the differences respectively between the
sequential order numbers of the maximum acceleration
values within all the time periods and the time sequence
numbers of all the time periods. The maximum acceleration
values within the time periods remain almost constant or are
decreasing with time if the user is making an exercise effort
during the exercise test. The absolute value is thus lower. On
the other hand, if the user does not bother to make an
exercise effort during the exercise test, the absolute value is
higher. For this reason, as the sum of the absolute values is
larger, the reliability of the exercise test is decreased. The
reliability score serves as the reliability of the exercise test
in a simple way.

[0040] In the exercise test evaluation system of another
aspect of the disclosure, the processor may acquire a gait
cycle of the user in response to the acceleration values, and
acquire the first time period and the second time period in
response to the gait cycle. According to the aspect, the
maximum acceleration value within each time period
acquired in response to the gait cycle indicates the user’s
walking status and a change in the user’s walking status
more in detail and more accurately. The accuracy of the
reliability score is thus increased.

[0041] According to another aspect of the disclosure, there
is provided an exercise test evaluation apparatus. The exer-
cise test evaluation apparatus includes a processor. The
processor acquires acceleration values of a foot of a user
during an exercise test, acquires a first maximum accelera-
tion value within a first time period and a second maximum
acceleration value within a second time period after the first
time period in response to the acceleration values, calculates
a reliability score of the exercise test using the first maxi-
mum acceleration value and the second maximum accelera-
tion value, and outputs the reliability score. According to the
aspect of the disclosure, the exercise test evaluation appa-
ratus provides an effect similar to the effect of the exercise
test evaluation system of the aspect described above.
[0042] According another aspect of the disclosure, there is
provided a computer program that causes a computer to
perform a process. The process includes acquiring accelera-
tion values of a foot of a user during an exercise test,
acquiring a first maximum acceleration value within a first
time period and a second maximum acceleration value
within a second time period after the first time period in
response to the acceleration values, calculating a reliability
score of the exercise test using the first maximum accelera-
tion value and the second maximum acceleration value, and
outputs the reliability score. According to the aspect of the
disclosure, the exercise test evaluation apparatus provides an
effect similar to the effect of the exercise test evaluation
system of the aspect described above.

[0043] In the computer program of another aspect of the
disclosure, the process may further include acquiring the
acceleration values during specific time periods, the specific
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time periods including a plurality of time-sequenced time
periods including the first time period, and the second time
period, one of the first maximum acceleration value and the
second maximum acceleration value being minimum, and
the other of the first maximum acceleration value and the
second maximum acceleration value being maximum from
among the maximum acceleration values of the time peri-
ods, and calculating as the reliability score a difference
between a time sequence number of the first time period
having the first maximum acceleration value and a time
sequence number of the second time period having the
second maximum acceleration value.

[0044] In the computer program of another aspect of the
disclosure, the process may further include acquiring the
acceleration values during specific time periods, the specific
time periods including the first time period, a third time
period, and the second time period in that time order,
acquiring a third maximum acceleration value within the
third time period in response to the acceleration values,
acquiring each of differences respectively between sequen-
tial order numbers according to which the first maximum
acceleration value, the second maximum acceleration value,
and the third maximum acceleration value are arranged in
order of from larger to smaller magnitude and time sequence
numbers of sequential time order according to which the
time periods respectively corresponding to the first maxi-
mum acceleration value, the second maximum acceleration
value, and the third maximum acceleration value are
arranged, and calculating a sum of absolute values of the
differences as the reliability score.

[0045] In the computer program of another aspect of the
disclosure, the process may further include acquiring a gait
cycle of the user in response to the acceleration values, and
acquiring the first time period and the second time period in
response to the gait cycle.

[0046] According to another aspect of the disclosure, there
1s provided an exercise test evaluation method. The exercise
test evaluation method includes acquiring acceleration val-
ues of a foot of a user during an exercise test, acquiring a first
maximum acceleration value within a first time period and
a second maximum acceleration value within a second time
period after the first time period in response to the accel-
eration values, calculating a reliability score of the exercise
test using the first maximum acceleration value and the
second maximum acceleration value, and outputting the
reliability score. According to the aspect of the disclosure,
the exercise test evaluation method provides an effect simi-
lar to the effect of the exercise test evaluation system of the
aspect described above.

[0047] The general or specific embodiments may be
implemented as a system, a method, an integrated circuit, a
computer program, a non-transitory computer readable
recording medium, or any selective combination thereof.
The non-transitory computer readable recording medium
may include a non-volatile recording medium, such as a
compact disk read-only memory (CD-ROM).

[0048] The exercise test evaluation systems as embodi-
ments are described with reference to the drawings. Each of
the embodiments described below represents a general or
specific example of the disclosure. Numerical values,
shapes, materials, elements, layout locations of the elements,
an interconnection form, steps and the order of the steps in
the embodiments are described for exemplary purposes only,
and are not intended to limit the disclosure. Elements not

Mar. 1, 2018

described in independent claims indicative of a generic
concept, from among the elements of the embodiments, may
be any elements. In the discussion that follows, phrases
including the word “approximately”, such as approximately
parallel or approximately perpendicular, may be used. The
phrase “approximately parallel” is intended to mean not only
“completely parallel” but also “substantially parallel”. For
example, a “substantially parallel” state is still considered to
hold even if a deviation of several percent occurs from a
completely parallel state. The same is true of phrases that
include the word “approximately”.

First Embodiment

1.1 Configuration of Exercise Test Evaluation System of
First Embodiment

[0049] Referring to FIG. 1, an exercise test evaluation
system 100 of a first embodiment is described. FIG. 1 is a
block diagram illustrating the exercise test evaluation sys-
tem 100 of the first embodiment. The exercise test evalua-
tion system 100 estimates the status of the exercise capacity
of a subject from measurement results from the exercise test
of the subject. More specifically, the exercise test evaluation
system 100 of the first embodiment estimates a maximum
oxygen intake amount of the subject. In view of this, the
exercise test evaluation system 100 of the first embodiment
is also referred to as a maximum oxygen intake amount
estimating system. In the discussion that follows, the subject
also referred to as a user.

[0050] The exercise test of the first embodiment means
measurement that is performed to detect the status of the
user in the exercise capacity. An example of the user’s status
is a walking ability to move. An example of the exercise test
related to walking is a 6-minute walk test ((MWT). The
6-minute walk test is a load test of walking at a constant
velocity. More specifically, a subject walks as fast as he or
she can for a period of 6 minutes, and exercise tolerance of
the subject is evaluated in accordance with a travel distance
achieved in the test.

[0051] For the 6-minute walk test, reference is made to
American Thoracic Society (ATS) statement: guidelines for
the six-minute walk test, American Journal of Respiratory
and Critical Care Medicine (Am J Respir Crit Care Med),
166: 111-117, 2002.

[0052] Another example of the exercise test for walking is
a shuttle walking test In the shuttle waling test, the subject
walks along a 10 meter course in synchronization with a
signal sound and is evaluated in terms of a maximum
exercise capacity. The exercise test is not limited to walking.
For example, the exercise test may be a running test of the
subject who runs a specific distance.

[0053] Referring to FIG. 1, the exercise test evaluation
system 100 includes sensors 110, an exercise test evaluation
apparatus 300, and an outputter 170. The exercise test
evaluation apparatus 300 is also referred to as a maximum
oxygen intake amount estimating apparatus. The exercise
test evaluation apparatus 300 includes a processor 200 and
amemory 130. The exercise test evaluation system 100 may
include a single apparatus or multiple apparatuses. Part or
whole of the exercise test evaluation system 100 may be
built in another apparatus, and may thus form part of the
apparatus.
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Sensors

[0054] The sensors 110 include a heart rate sensor 111 and
an acceleration sensor 112. The heart rate sensor 111 mea-
sures a heart rate of the user. As illustrated in FIG. 2, the
heart rate sensor 111 is worn on a wrist, an ankle, or the chest
of the user, for example. FIG. 2 illustrates a wearing
example of the sensors 110 of FIG. 1 to the user. The heart
rate sensor 111 outputs measurement results to the processor
200.

[0055] The acceleration sensor 112 is mounted on part of
the user’s body serving as a measurement target, and mea-
sures an acceleration of the measurement target. The accel-
eration sensor 112 outputs the measurement results to the
processor 200. In accordance with the first embodiment, the
acceleration sensor 112 is a one-axis acceleration sensor that
measures acceleration in one axis. Alternatively, the accel-
eration sensor 112 may be a two-axis acceleration sensor
that measures acceleration in two mutually perpendicular
directions, or a three-axis acceleration sensor that measures
acceleration in three mutually perpendicular directions. The
acceleration sensor working in two or more axes may detect
acceleration in a desired direction regardless of the mount-
ing location of the acceleration sensor.

[0056] In accordance with the first embodiment, the
mounting location of the acceleration sensor 112 is not
limited to any particular part of the body of the user, but the
acceleration sensor 112 is typically worn around a leg of the
user to measure acceleration of the foot of the user in the
moving direction of the user. For example, the acceleration
sensor 112 measures acceleration of the foot of the user
during an exercise test. The exercise test may include
walking or running. The moving direction of the user is the
same direction in which the user is walking or running. The
acceleration sensor 112 is worn on a foot of the user during
the exercise test. More specifically, the acceleration sensor
112 is worn at a location on or close to an ankle of the user.
The location close to the ankle of the user may include the
ankle, the instep of the foot, and the sole of the foot. As
illustrated in FIG. 2, the acceleration sensor 112 may be
worn around at least one ankle of the user. For example, the
acceleration sensor 112 is mounted on a band 110a that is
wrapped around the ankle of the user. Altematively, the
acceleration sensor 112 may be mounted inside a shoe of the
user.

[0057] FIG. 3 is a graph that plots an example of mea-
surement results of the acceleration sensor 112 in a direction
of movement when the user is walking during an exercise.
FIG. 3 illustrates an example of the measurement results of
the acceleration sensor 112 when the user is walking in the
moving direction during the exercise test. More specifically,
FIG. 3 illustrates an example of the measurement results of
the acceleration sensor 112 during a time segment of a
6-minute walk test that serves as one of the exercise tests. In
other words, FIG. 3 illustrates measurement data of accel-
eration during a time period of 6 seconds. The vertical axis
of FIG. 3 represents acceleration (mG), and the horizontal
axis of FIG. 3 represents time (seconds). Note that 1
G=9.80665 m/s>. In the graph of FIG. 3, acceleration in the
moving direction of the user is a positive value.

Fxercise Test Evaluation Apparatus

[0058] The exercise test evaluation apparatus 300 includes
the processor 200 and the memory 130. The exercise test
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evaluation apparatus 300 may be hardware including these
elements. The exercise test evaluation apparatus 300 may be
a circuit, such as a computer, a micro processing unit
(MPU), a central processing unit (CPU), a processor, or a
large scale integration (LLSI), or an integrated circuit card (IC
card), or a unitary module. The exercise test evaluation
apparatus 300 may be mounted together with the sensors 110
on the band 110aq as illustrated in FIG. 2, and communicate
with the outputter 170 or a device including the outputter
170 through wireless or wired communication. Altermna-
tively, the exercise test evaluation apparatus 300 may be
mounted at a remote location spaced away from the sensors
110 and communicate with the sensors 110 through wireless
or wired communication. In this case, the exercise test
evaluation apparatus 300 alone may form a single module,
and may be built in another apparatus, such as a computer.
The wired communication may be any type of currently
available wired communication. The wireless communica-
tion may be any type of currently available wireless com-
munication. For example, the wireless communication may
be a wireless local area network (LAN), such as Wireless
Fidelity (Wi-Fi (registered trademark)), or short-range wire-
less communication, such as Bluetooth (registered trade-
mark), or ZigBee (registered trademark).

Processor

[0059] The processor 200 generally controls the exercise
test evaluation apparatus 300. The processor 200 receives
the measurement results from the sensors 110. The processor
200 stores on the memory 130 a variety of information
including the measurement results acquired from the sensors
110, or reads a variety of information stored on the memory
130. The processor 200 also outputs information to the
outputter 170. Based on an acceleration value from the
sensors 110, the processor 200 calculates a reliability score
of the exercise test.

[0060] The processor 200 includes a maximum accelera-
tion acquirer 120, a reliability score calculator 140, a deter-
miner 150, and a maximum oxygen intake amount estimator
160. The processor 200 and other elements may be imple-
mented as dedicated hardware, or may be implemented by
executing a software program that corresponds to each of the
elements. The processor 200 and the other elements may be
implemented by the CPU or the processor when the CPU or
the processor reads the software program stored on a record-
ing medium, such as a hard disk, a semiconductor memory,
or the like, and executes the read software program. The
software program may be stored, in advance, on a recording
medium as a product, such as a memory of the exercise test
evaluation apparatus 300. The software program may be
supplied in a recorded state on a recording medium as a
product, such as a compact disk read-only memory (CD-
ROM). The software program may be transmitted via a
telecommunication network, such as the Internet, and
acquired to be stored on a memory, or may be obtained via
the recording medium and then stored on the memory as a
computer memory.

[0061] The maximum acceleration acquirer 120 receives
an acceleration value as the measurement results of accel-
eration from the acceleration sensor 112 of the sensors 110,
and stores the acceleration value on the memory 130. The
maximum acceleration acquirer 120 calculates and acquires
a maximum acceleration value from among the acceleration
values within a specific time period received from the
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acceleration sensor 112. Referring to FIG. 3, the specific
time period is 6.0 seconds. The maximum acceleration
acquirer 120 acquires as the maximum acceleration value an
acceleration value of 25800 mG at a time point of 3.2
seconds from among the acceleration values detected within
the specific time period of 6.0 seconds. The maximum
acceleration acquirer 120 acquires the maximum accelera-
tion values respectively from multiple specific time periods,
thereby acquiring multiple maximum acceleration values.
The maximum acceleration acquirer 120 may output the
maximum acquired acceleration values to the reliability
score calculator 140.

[0062] The reliability score calculator 140 acquires the
multiple maximum acceleration values stored on the
memory 130, and calculates a reliability score representing
the reliability of the exercise test, based on the multiple
maximum acceleration values acquired. The reliability score
is an index as to whether the measurement results of the
exercise test accurately indicate the status of the exercise
capacity of the user. More specifically, the reliability score
is calculated from the measurement results of the heart rate
sensor 111 and the acceleration sensor 112. The reliability
score is described below more in detail. The reliability score
calculator 140 outputs the calculated reliability score to the
determiner 150. Based on the reliability score received from
the reliability score calculator 140, the determiner 150
determines the reliability of the measurement results of the
exercise test. The determiner 150 determines the reliability
score, using a specific threshold value. More specifically, the
determiner 150 determines whether the reliability score is
equal to or higher than the specific threshold value. The
determination process of the determiner 150 is described
below in detail. The determiner 150 outputs the determina-
tion results to the maximum oxygen intake amount estimator
160.

[0063] The maximum oxygen intake amount estimator
160 estimates a maximum oxygen intake amount of the user
during the exercise test, using the determination results from
the determiner 150 and the measurement results from the
heart rate sensor 111 and the acceleration sensor 112. The
estimation process of the maximum oxygen intake amount
estimator 160 is described below in detail. The maximum
oxygen intake amount estimator 160 outputs the estimation
results to the outputter 170.

Memory

[0064] The memory 130 is designed such that a variety of
information may be stored thereon and stored information is
retrieved therefrom. The memory 130 may a hard disk or a
semiconductor memory. The memory 130 stores the maxi-
mum acceleration value acquired by the maximum accel-
eration acquirer 120, and other data.

Outputter

[0065] The outputter 170 outputs visually and/or audibly a
variety of information input from the exercise test evaluation
apparatus 300. For example, the outputter 170 may be a
liquid-crystal panel, a display including an organic or inor-
ganic electroluminescence (EL) display panel, or a speaker,
or a combination thereof. The outputter 170 may be part of
the computer that includes the exercise test evaluation
apparatus 300, or part of the computer that does not include
the exercise test evaluation apparatus 300, or may be a
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standalone device. The outputter 170 may be part of the
user’s terminal, such as a smart phone, a smart watch, or a
tablet. The outputter 170 may be mounted together with the
sensors 110 on the band 1104 of FIG. 2. The outputter 170
outputs the reliability score calculated by the processor 200,
and information, such as the maximum oxygen intake
amount estimated by the maximum oxygen intake amount
estimator 160.

1.2 Process of Exercise Test Evaluation System of the First
Embodiment

[0066] The process of the exercise test evaluation system
100 of the first embodiment is described with reference to
FIG. 4. FIG. 4 is a flowchart illustrating a process of the
exercise test evaluation system 100 of the first embodiment.
In accordance with the first embodiment, the user performs
a 6-minute walk test ((MWT) as the exercise test.

Step S10

[0067] Before the user starts walking, the exercise test
evaluation system 100 measures the heart rate of the user at
rest by operating the heart rate sensor 111. For example, the
exercise test evaluation system 100 measures the heart rate
of the user at rest with the heart rate sensor 111 before the
user starts walking. For example, the exercise test evaluation
system 100 requests the user to be at rest using the outputter
170 and then measures the heart rate of the user with the
heart rate sensor 111. The heart rate sensor 111 outputs the
measurement results of heart rate to the maximum oxygen
intake amount estimator 160. Alternatively, the heart rate
sensor 111 may output the measurement results to the
memory 130 for storage. The heart rate sensor 111 may
output the measurement results to both the maximum oxy-
gen intake amount estimator 160 and the memory 130. The
heart rate sensor 111 may output the heart rate measurement
results together with measurement time. Alternatively, the
exercise test evaluation apparatus 300 may associate the
heart rate measurement results acquired from the heart rate
sensor 111 with the measurement time. In accordance with
the first embodiment, the exercise test evaluation system 100
causes the heart rate sensor 111 to stop operating after the
heart rate measurement prior to the start of the exercise test.
Alternatively, the exercise test evaluation system 100 may
cause the heart rate sensor 111 to continuously operate to
measure the heart rate until the exercise test is complete.

Step S20

[0068] Before the user starts walking, the exercise test
evaluation system 100 causes the acceleration sensor 112 to
operate to measure acceleration of the foot of the user.
During the 6 minute test, the acceleration sensor 112 con-
tinuously measures the acceleration of the foot of the user.
Although the acceleration sensor 112 outputs acceleration
values as the measurement results of acceleration to the
maximum acceleration acquirer 120, the acceleration sensor
112 may instead output the acceleration values to the
memory 130 for storage. The acceleration sensor 112 may
output the acceleration values to both the maximum accel-
eration acquirer 120 and the memory 130. The acceleration
sensor 112 may also output the acceleration values as the
measurement results of acceleration together with measure-
ment time. Alternatively, the exercise test evaluation appa-
ratus 300 may associate the acceleration values as the
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measurement results of acceleration acquired from the accel-
eration sensor 112 with the measurement time.

Step S30

[0069] During the exercise test of the user, in other words,
during walking, the maximum acceleration acquirer 120
acquires sequentially in time the acceleration values as the
measurement results of acceleration of the user’s foot from
the acceleration sensor 112. The maximum acceleration
acquirer 120 then segments the acceleration values as the
measurement results of acceleration of the user’s foot
according to a specific time period that is a constant time
period. The maximum acceleration acquirer 120 then
acquires a maximum acceleration value from among the
acceleration values of the user’s foot within each specific
time period. The specific time period may be referred to as
a first specific time period. Referring to FI1G. 3, for example,
the first time period is 6.0 seconds. The maximum accel-
eration value within the first time period of FIG. 3 is an
acceleration value of 25800 mG at a time point of 3.2
seconds.

[0070] The maximum acceleration acquirer 120 extracts
multiple acceleration values higher than the rest of the
acceleration values of acceleration of the user’s foot within
the first time period, and sets the mean value of the extracted
acceleration values to be a maximum acceleration value
within the first time period. For example, the multiple
acceleration values that are higher than the other accelera-
tion values may include the highest acceleration value, the
second highest acceleration value, and the third highest
acceleration value,

[0071] The maximum acceleration acquirer 120 may
detect a gait cycle of the user from the acquired acceleration,
calculate a maximum value of acceleration from accelera-
tion values within each gait cycle, calculate a mean value of
the maximum acceleration values of at least one gait cycle,
and use the calculated mean value as a maximum accelera-
tion value. For example, the maximum acceleration acquirer
120 extracts a maximum value of acceleration from each of
groups adjacent to each other with each group including
acceleration values equal to or higher than a specific value
in a waveform of the acquired acceleration, and acquires as
a gait cycle a time period between the two maximum
acceleration values of the adjacent groups. For example, the
gait cycle is a time period between two adjacent peaks or
two adjacent troughs in the waveform of acceleration illus-
trated in FIG. 3. In this way, the maximum acceleration
acquirer 120 may acquire a maximum value of acceleration
on each gait cycle.

Step S40

[0072] The maximum acceleration acquirer 120 associates
the acquired maximum acceleration value with the measure-
ment time at which the maximum acceleration value is
acquired, and then stores the maximum acceleration value
and the measurement time in association with each other on
the memory 130. The time measurement may be performed
with respect to time set up within the first time period that
is unit time. Alternatively, the time measurement may be
performed with respect to time set up regardless of the first
time period. For example, the time measurement is per-
formed, starting at time set up as a reference at the start time
of the exercise test. The time measurement based on time set
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up regardless of the first time period may be represented by
a time point when a maximum acceleration value is mea-
sured. For example, if the mean value of multiple higher
acceleration values is set up as a maximum acceleration
value, the mean value of time periods within which the
maximum acceleration values are measured is associated
with the maximum acceleration value.

[0073] The maximum acceleration acquirer 120 may
acquire from the sensors 110 data that associates a measure-
ment value of acceleration with measurement time. Alter-
natively, the maximum acceleration acquirer 120 may
sequentially acquire acceleration values in the order of
measurement from the acceleration sensor 112 and may
acquire time at which each acceleration value is measured,
by referencing information of a measurement period of the
acceleration sensor 112.

[0074] FIG. 5illustrates an example of data to be stored on
the memory 130. Each piece of the data is tagged with a time
sequence number in the order of storage. Each piece of the
data includes the time sequence number, a time segment
corresponding to the time sequence number, and a maximum
acceleration value extracted from acceleration values within
the time segment. The range of time of the time segment is
defined by time. The data of FIG. 5 lists a maximum
acceleration value within 1 minute when the first time period
serving a specific time period is 1 minute. In this way, the
maximum acceleration acquirer 120 acquires a maximum
acceleration value per specific time period, and stores the
maximum acceleration value onto the memory 130.

Step S50

[0075] By referencing elapsed time, the maximum accel-
eration acquirer 120 determines whether the exercise test,
namely, walking has been completed. If the acceleration
sensor 112 fails to detect an acceleration value equal to or
higher than a specific value within the specific time period,
the maximum acceleration acquirer 120 determines that the
exercise test has been completed. For example, the specific
value may be an acceleration value when the user does not
perform the exercise test. If the maximum acceleration
acquirer 120 acquires, from information input from an
external device, information indicating the end of the exer-
cise test, the maximum acceleration acquirer 120 may deter-
mine that the exercise test has been completed. If the
exercise test is in progress (no branch from step S50), the
maximum acceleration acquirer 120 returns to the operation
in step S20. If the exercise test has been completed (yes
branch from step S50), the maximum acceleration acquirer
120 proceeds to an operation in step S60.

Step S60

[0076] After the exercise test, the exercise test evaluation
system 100 causes the heart rate sensor 111 to operate to
measure the heart rate of the user who has completed the
exercise test. The processor 200 sends to the heart rate
sensor 111 end information including time at which the
exercise test is complete. In response to the end information,
the heart rate sensor 111 starts measuring the heart rate. For
example, the heart rate sensor 111 starts measuring the heart
rate within 30 seconds from the time when the exercise test
has been completed. If the heart rate sensor 111 continues to
measure the heart rate after the beginning of the exercise
test, the exercise test evaluation system 100 may cause the
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heart rate sensor 111 to continue to measure the heart rate
after the end of the exercise test.

Step S70

[0077] The reliability score calculator 140 calculates the
reliability score that corresponds to a change in the maxi-
mum acceleration value with time. The reliability score
calculator 140 acquires from the memory 130 a maximum
acceleration values associated with measurement time as
listed in FIG. 5. The maximum acceleration value acquired
is a maximum acceleration value that is calculated from the
acceleration values as the measurement results obtained
during the whole time period of the exercise test. Using the
maximum acceleration value acquired, the reliability score
calculator 140 calculates the reliability score corresponding
to a change in the maximum acceleration value with time.
For example, the reliability score calculator 140 calculates
the reliability score from the maximum acceleration value
and the time sequence number corresponding to the maxi-
mum acceleration value. More specifically, the reliability
score is calculated in accordance with the following for-
mula:

Reliability score=(Time sequence number having the
lowest maximum acceleration value)-(Time
sequence numbet having the highest maximum
acceleration value)

In the example of FIG. 5, the time sequence number having
the lowest maximum acceleration value is 5 (corresponding
to time segment of 4 to 5 minutes), and the time sequence
number having the highest maximum acceleration value is 2
(corresponding to time segment of 1 to 2 minutes). The
reliability score is thus 3.

[0078] The maximum acceleration value in the moving
direction represents a strength with which the user takes a
step forward, and becomes lower as the degree of fatigue of
the user increases. The reliability score calculated in accor-
dance with the above formula is an index that represents the
effort made by the user during the exercise test. For example,
if the user tries to walk as fast as he or she can from the start
of walking, the user may be gradually tired, and the reli-
ability score becomes larger in positive value. Conversely, if
the user tries to walk fast for some last moments, the
reliability score becomes a negative value. In the latter case,
the user has still enough energy left and the reliability of the
entire exercise test is considered to be low. In accordance
with the first embodiment, the reliability of the entire
exercise test is considered to be higher as the reliability score

is higher.
Step S80

[0079] The determiner 150 receives the reliability score
from the reliability score calculator 140, and determines
whether the acquired reliability score is equal to or higher
than a first specific threshold value. An example of the first
specific threshold value is 0. If the reliability score is 0, the
user seems to try to walk with a certain degree of effort to
keep his or her own pace throughout the exercise test. The
reliability of the whole exercise test is considered to be
higher. If the reliability score is higher than 0, the user seems
to make too much effort to raise the walking velocity during
the first half portion of the exercise test, and the reliability
of the whole exercise test is considered to be higher. If the
reliability score is lower than 0, the reliability of the whole
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exercise test is considered to be lower as described above. If
the reliability score is equal to or higher than the first specific
threshold value (yes branch from step S80), the determiner
150 proceeds to an operation in step S90. If the reliability
score is lower than the first specific threshold value (no
branch from step S80), the determiner 150 proceeds to an
operation in step S100. The first specific threshold value
related to the reliability score may be a value according to
which the reliability of the whole exercise test is determined
to be higher. In view of this, the specific threshold value
related to the reliability score may be a value higher than 0.

Step S90

[0080] Ifthe reliability score is equal to or higher than the
first specific threshold value, the maximum oxygen intake
amount estimator 160 acquires the measurement results of
the heart rate from the heart rate sensor 111, and the
measurement results of acceleration from the acceleration
sensor 112. The maximum oxygen intake amount estimator
160 calculates the mean walking velocity of the user from
the acceleration values as the measurement results of the
acquired acceleration values. The maximum oxygen intake
amount estimator 160 further estimates the maximum oxy-
gen intake amount in response to first criteria, the mean
walking velocity, and the heart rate of the user. The mean
walking velocity is the mean walking velocity of the user
during the exercise test. The first criteria may be indicated in
a formula or table that associates the mean walking velocity,
the heart rate, and the maximum oxygen intake amount. In
this way, the first criteria may serve as criteria that associate
the mean walking velocity and heart rate with the maximum
oxygen intake amount.

[0081] The maximum oxygen intake amount estimator
160 may integrate the acceleration value acquired from the
acceleration sensor 112 with time during the exercise test,
and calculate the mean walking velocity using the integra-
tion value. Also, the maximum oxygen intake amount esti-
mator 160 may calculate the mean walking velocity using a
travel distance of the user during the exercise test, and a time
period of the exercise test throughout which the exercise test
is performed. The maximum oxygen intake amount estima-
tor 160 may acquire the heart rate after the exercise test
measured in step S60, as information of the heart rate. The
maximum oxygen intake amount estimator 160 may acquire
a change between the heart rate before the exercise test
measured in step S10 and the heart rate after the exercise
test. The maximum oxygen intake amount estimator 160
may estimate the maximum oxygen intake amount in accor-
dance with the linear regression or logistic regression using
the mean walking velocity and the heart rate. In the case of
linear regression, let Y, X1, and X2 represent the maximum
oxygen intake amount, the mean walking velocity and the
heart rate, respectively, and the maximum oxygen intake
amount is predicted in accordance with formula Y=X0+
X1-W1+4X2-W2, Parameters X0, W1, and W2 used in this
prediction are calculated from learning data in advance. The
learning data may be measurement data that is obtained by
measuring a set of the maximum oxygen intake amount, the
mean walking velocity, and the heart rate on multiple
subjects.

Step S100

[0082] Ifthe reliability score is lower than the first specific
threshold value, the maximum oxygen intake amount esti-
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mator 160 acquires the mean walking velocity in a similar
way as in the operation in step S90. The maximum oxygen
intake amount estimator 160 estimates the maximum oxygen
intake amount in response to second criteria and the mean
walking velocity. The second criteria may be indicated in a
formula or table that associates the mean walking velocity
with the maximum oxygen intake amount. In this way, the
second criteria may serve as criteria that associate the mean
walking velocity with the maximum oxygen intake amount.
The maximum oxygen intake amount estimator 160 may
estimate the maximum oxygen intake amount in accordance
with the linear regression or logistic regression using the
mean walking velocity.

[0083] The mean walking velocity is separately calculated
in step S90 and S100. Alternatively, the mean walking
velocity may be calculated between step S70 and step S80,
and the calculated mean walking velocity may be referenced
in steps S90 and S100. The calculation method of the mean
walking velocity may be identical to the calculation method
described with reference to step S90.

Step S110

[0084] The outputter 170 receives the estimated maximum
oxygen intake amount from the maximum oxygen intake
amount estimator 160, and outputs the received maximum
oxygen intake amount. The processor 200 may output, to an
external device, information of the maximum oxygen intake
amount estimated by the maximum oxygen intake amount
estimator 160. If the determination results in step S80
indicate that the reliability score is lower than the first
specific threshold value, the processor 200 may provide to
the outputter 170 a recommendation for an exercise retest or
an error display indicating that no results are obtained from
the exercise test. For example, the results of the exercise test
having a low reliability score may possibly suggest the
erroneous status of the exercise capacity of the user. The
processor 200 may perform a determination as to whether
the outputter 170 is provided with the recommendation for
the exercise retest or the error display, using a threshold
value of another reliability score lower than the first specific
threshold value.

[0085] The reason why the operations in steps S90 and
S100 are performed described below. In accordance with the
first embodiment, an experiment was conducted on multiple
subjects to estimate the maximum oxygen intake amount
from the measurement results. During the experiment, the
maximum oxygen intake amount was estimated while the
combination of the reliability score and the estimation
method of the maximum oxygen intake amount was
changed. The subjects participated in the experiment were
24 aged persons. Each subject underwent the 6-minute walk
test and a cardio-pulmonary exercise test. The cardio-pul-
monary exercise test measures a maximum oxygen intake
amount that serves as an accurate index of endurance. FIG.
6A, FIG. 6B, FIG. 7A and FIG. 7B illustrate estimation
results of the maximum oxygen intake amount in each
combination of the reliability score and the estimation
method of the maximum oxygen intake amount. As
described below, FIG. 6A, FIG. 6B, FIG. 7A and FIG. 7B
indicate a difference in the estimation accuracy of the
maximum oxygen intake amount.

[0086] Experiment results of FIG. 6A and FIG. 6B indi-
cate the maximum oxygen intake amounts (VO, max/kg)
that are estimated using an index “mean walking velocity”
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(m/min) that is calculated in the 6-minute walk test. Experi-
ment results of FIG. 7A and FIG. 7B indicate the maximum
oxygen intake amounts (VO, max/kg) that are estimated
using an index of “mean walking velocity/heart rate” that is
calculated in the 6-minute walk test. Referring to FIG. 6A
and FIG. 6B, the vertical axis represents the maximum
oxygen intake amount and the horizontal axis represents the
mean walking velocity. Referring to FIG. 7A and FIG. 7B,
the vertical axis represents the maximum oxygen intake
amount and the horizontal axis represents the mean walking
velocity/heart rate.

[0087] FIG. 6A and FIG. 7A represent experiment results
of subjects who have a positive reliability score, and FIG. 6B
and FIG. 7B represent experiment results of subjects who
have a negative reliability score. A correlation between the
index calculated in the 6-minute walk test and the maximum
oxygen intake amount is calculated from the experiment
results of each of FIG. 6A and FIG. 7A, and FIG. 6B and
FIG. 7B.

[0088] More specifically, the experiment results in FIG.
6A and FIG. 7A indicate that the maximum oxygen intake
amount is estimated at a high degree of accuracy in the
experiments of the subjects having a positive reliability
score using the index of “mean walking velocity/heart rate”.
With respect to a linear relationship between the variable
“mean walking velocity” or “mean walking velocity/heart
rate” and the variable “maximum oxygen intake amount”, a
correlation coefficient R of 0.61 is obtained from FIG. 6A
and a correlation coefficient R of 0.91 is obtained from FIG.
7A. The correlation coeflicient refers to the gradient of the
line segment illustrated in FIG. 6 A and FIG. 7A. Therefore,
the correlation between the variable “mean walking veloc-
ity/heart rate” and the variable “maximum oxygen intake
amount” illustrated in FIG. 7A is higher than the correlation
between the variable “mean walking velocity” and the
variable “maximum oxygen intake amount™ illustrated in
FIG. 6A.

[0089] In the experiment results of the subjects having a
negative reliability score as illustrated in FIG. 6B and FIG.
7B, a correlation coefficient R of 0.65 is obtained from FIG.
6B and a correlation coefficient R of -0.16 is obtained from
FIG. 7B. The correlation coeficient refers to the gradient of
the line segment illustrated in FIG. 6B and FIG. 7B. The
correlation between the variable “mean walking velocity”
and the variable “maximum oxygen intake amount” illus-
trated in FIG. 6B is thus higher than the correlation between
the variable “mean walking velocity/heart rate” and the
variable “maximum oxygen intake amount” illustrated in
FIG. 7B.

[0090] The reliability score represents the degree of effort
the subject makes in walking, and is thus affected by the
reliability of the heart rate in terms of variation. The experi-
ment results indicate that in an effective estimation method
of the maximum oxygen intake amount, the heart rate is used
if the reliability score is positive and the heart rate is not used
if the reliability score is negative.

[0091] By comparing FIG. 7A and FIG. 7B corresponding
to maximum and minimum correlation coefficients, a rela-
tionship between the reliability score and the estimation
accuracy of the maximum oxygen intake amount is exam-
ined. From the experiment results, the correlation coefficient
is 0.91 in FIG. 7A where the reliability score of each subject
is positive, and the correlation coefficient is negative and as
low as -0.16 in FIG. 7B where the reliability score of each
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subject is negative. It is thus recognized in FIG. 7A that the
maximum oxygen intake amount is estimated at a high
degree of accuracy from the walking velocity and heart rate
measured in the 6-minute walk test. The experiment results
indicate that the reliability score is proved useful as an index
that quantitatively evaluates the reliability of the exercise
test.

[0092] As described above, the exercise test evaluation
system 100 of the first embodiment numerically evaluates
the reliability of the measurement results of the exercise test
using the reliability score, and estimates the maximum
oxygen intake amount of a subject at a high degree of
accuracy in the exercise test. The reliability score is acquired
in accordance with the maximum acceleration value of the
foot during each of the multiple time periods. A variation
pattern of the maximum acceleration value of the foot during
the exercise test may be displayed. If the reliability score is
equal to or higher than the first specific threshold value, the
maximum oxygen intake amount may be estimated using the
user’s walking velocity and heart rate during the exercise
test. If the reliability score is lower than the first specific
threshold value, the maximum oxygen intake amount may
be estimated using the user’s walking velocity during the
exercise test rather than using the user’s heart rate that
affects the reliability score. The maximum oxygen intake
amount of the subject is thus estimated at a high degree of
accuracy.

Second Embodiment

[0093] The exercise test evaluation system 100 of the first
embodiment estimates the maximum oxygen intake amount
of the subject, by evaluating the measurement results of the
exercise test using the reliability score. In contrast, an
exercise test evaluation system 100A of a second embodi-
ment outputs estimation results of the exercise capacity of a
subject, such as endurance of the subject, based on the
reliability score. The following discussion focuses on a
difference between the first embodiment and the second
embodiment. In the discussion of the second embodiment,
elements identical to those of the first embodiment are
designated with the same reference numerals.

[0094] FIG. 8 is a block diagram illustrating the configu-
ration of the exercise test evaluation system 100A of the
second embodiment. Referring to FIG. 8, the difference in
configuration between the exercise test evaluation system
100A of the second embodiment and the exercise test
evaluation system 100 of the first embodiment is that the
exercise test evaluation system 100A is without the deter-
miner 150 and the maximum oxygen intake amount estima-
tor 160. The exercise test evaluation system 100A further
includes an acceleration sensor 1104, an outputter 170A, and
an exercise test evaluation apparatus 300A. The acceleration
sensor 110a includes the acceleration sensor 112 but does
not include the heart rate sensor 111. In the exercise test
evaluation system 100A, the processor 200A includes the
maximum acceleration acquirer 120 and the reliability score
calculator 140. The processor 200A calculates the reliability
score of the exercise test, based on an acceleration value
detected by the acceleration sensor 110a. The exercise test
evaluation apparatus 300A further includes the processor
200A and the memory 130. The rest of the exercise test
evaluation system 100A is identical in configuration to the
exercise test evaluation system 100 of the first embodiment
and the discussion thereof is omitted herein.
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[0095] Referring to FIG. 9, the process of the exercise test
evaluation system 100A of the second embodiment is
described below. FIG. 9 is a flowchart illustrating the
process of the exercise test evaluation system 100A of the
second embodiment. In the second embodiment as well, the
6-minute walk test is used as an exercise test.

Steps S210 through S230

[0096] Operations in steps S210 through S230 to be per-
formed by the exercise test evaluation system 100A are
respectively identical to the operations in steps S20 through
S40 performed by the exercise test evaluation system 100 of
the first embodiment.

Step S240

[0097] The maximum acceleration acquirer 120 deter-
mines whether the exercise test. namely, walking has been
completed. If the exercise test still continues (no branch
from step S240), the maximum acceleration acquirer 120
returns to the operation in step S210. If the exercise test has
been completed (yes branch from step S240), the maximum
acceleration acquirer 120 proceeds to step S250.

Step S250

[0098] The reliability score calculator 140 calculates the
reliability score by retrieving from the memory 130 the
maximum acceleration value associated with the measure-
ment time as illustrated in FIG. 5. The maximum accelera-
tion value acquired is a maximum acceleration value that has
been calculated from the measurement results over the
whole period of the exercise test. For example, the reliability
score calculator 140 calculates the reliability score from the
measurement time and the maximum acceleration value
stored on the memory 130. The calculation method of the
reliability score is identical to the calculation method of the
first embodiment.

Step S260

[0099] The processor 200A causes the outputter 170 to
output the reliability score calculated in step S250. If the
reliability score is equal to or higher than a second specific
threshold value, the processor 200A may output an endur-
ance evaluation value by the exercise test to the outputter
170 or an external device. The endurance evaluation value
by the exercise test may be obtained through a method
adopted in the 6-minute walk test. If the reliability score is
lower the second specific threshold value, the processor
200A may cause the outputter 170 to output an indication
that the exercise test is repeated or that the endurance
evaluation value by the exercise test is not output. The
processor 200A may output the reliability score to the
external device. The processor 200A may further output
information as to the maximum oxygen intake amount of the
subject. The second specific threshold value of the reliability
score may or may not be equal to the first specific threshold
value of the reliability score of the first embodiment.
[0100] The reliability of the exercise test may be evaluated
through the operations in steps S210 through 3260. The
reliability of the exercise test may be quantitatively evalu-
ated using the reliability score. The endurance of the subject
is accurately estimated by repeating the exercise test if the
reliability score is lower.

[0101] As described above, the exercise test evaluation
system 100A of the second embodiment may numerically
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output the reliability of the measurement results of the
exercise test using the reliability score. The reliability score
may be acquired in accordance with the maximum accel-
eration value of the foot in each of the time periods, and may
indicate a variation pattern of the maximum acceleration
value of the foot during the exercise test. In this way, the user
of the exercise test evaluation system 100A may numerically
determine the reliability of the results of the exercise test,
such as the endurance of the user, in accordance with the
reliability score. The exercise test evaluation system 100A
may also determine the reliability. Based on the determina-
tion results, the exercise test evaluation system 100A may
display an error in the results of the exercise test or recom-
mend the repetition of the exercise test. In this way, the
exercise test evaluation system 100A increases the estima-
tion accuracy of the exercise capacity of the user, such as
endurance of the user.

Modifications of Reliability Score of the First and Second
Embodiments

[0102] In accordance with the first and second embodi-
ments, the reliability score is calculated in accordance with
formula “Reliability score=(Time sequence number having
the lowest maximum acceleration value)-(Time sequence
number having the highest maximum acceleration value)”
using multiple maximum acceleration values and the time
sequence numbers thereof. In accordance with a modifica-
tion of the embodiments, the reliability score calculator 140
re-arranges the multiple maximum acceleration values in the
order of larger to smaller magnitude. The reliability score
calculator 140 then determines the absolute value of a
difference between an order number of each maximum
acceleration value indicating the arrangement order of the
multiple maximum acceleration values arranged in the order
of larger to smaller magnitude and the time sequence num-
ber of the corresponding maximum acceleration value. The
reliability score calculator 140 sums the absolute values of
the differences of all the maximum acceleration values, and
thus sets the sum to be the reliability score.

[0103] As illustrated in FIG. 5, for example, the maximum
acceleration values of the time segments are arranged in the
order from larger to smaller magnitude. The order numbers
of the maximum acceleration values of the time sequence
numbers 1, 2, 3, 4, 5, and 6 are 2, 1, 3, 4, 6, and 5,
respectively. In this case, the reliability score is 4. If the
degree of effort made by the user during the exercise test is
higher, the time sequence number is closer to the order
number in each maximum acceleration value. In accordance
with the modification, it is recognized that the higher the
reliability score is, the lower the reliability is.

[0104] The calculation method of the reliability score in
the first and second embodiments pays attention to the two
maximum acceleration values when the maximum accelera-
tion value that is minimum and the maximum acceleration
value that is maximum are attained in time. The calculation
method of the reliability score in accordance with the
modification calculates the reliability score using all the
maximum acceleration values throughout the exercise test.
The reliability score is thus calculated, focusing on and
reflecting the walking pattern of the user throughout the
exercise test. The reliability score calculated in the modifi-
cation reflects the walking status of the user at a higher
degree of accuracy.
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Other Modifications

[0105] The exercise test evaluation systems of one or more
aspects have been described in accordance with the embodi-
ments and the modification thereof. The disclosure is not
limited to the embodiments and modification. A variety of
modifications apparent to those skilled in the art may be
applied to the embodiments and modification to form a new
embodiment or elements in the different embodiments may
be combined to form a new embodiment. Those new
embodiments may fall within the scope of the one or more
aspect of the disclosure as long as they do not depart from
the spirit of the disclosure.
[0106] In accordance with the embodiments and modifi-
cation, the exercise test evaluation system estimates the
exercise capacity of the walking of the user in response to
the value detected by the acceleration sensor 112 that is worn
by the foot of the user. The disclosure is not limited to this
arrangement. The acceleration sensor 112 may be attached to
any part of the user’s body, including an arm or another part.
The exercise test evaluation system may estimate the exer-
cise capacity related to a moving part of the body.
[0107] In accordance with the disclosure, all or some of
the units, apparatuses, members, and modules or some or all
of functional blocks described with reference to FIG. 1
through FIG. 8 are implemented by one or more electronic
circuits. The electronic circuit may include a semiconductor
device, a semiconductor integrated circuit (IC), or a large-
scale integrated circuit (LSI). The LSI or IC may be inte-
grated into a single chip or mounted on multiple chips. A
functional block, such as a storage unit other than a memory,
may be integrated into the single chip. The electronic circuit
may also be a system LSI, very large scale integrated circuit
(VLSI), or ultra large scale integrated circuit (ULSI),
depending, different from each other in the degree of inte-
gration.
[0108] A field programmable gate array (FPGA) or a
reconfigurable logic device (RLD) may be used for the same
purpose. The FPGA is programmable after the manufacture
of the LSI. The RLD is reconfigurable in terms of the
connection in the LSI or allows internal segments to be set
up in the LSI.
[0109] The function or operation of all or some of the
units, apparatuses, members, and modules may be imple-
mented using software. In such a case, the software may be
recorded on one of non-transitory recording media, includ-
ing one or more read-only memories (ROMs), optical disks,
and hard disk drives. The function implemented by the
software i3 executed by a processor or a peripheral device
thereof. The system or device may include one or more
non-transitory recording media, a processor, and a hardware
device, such as an interface.
[0110] The disclosure finds applications in techniques that
evaluate reliability of an exercise test for a subject.
What is claimed is:
1. An exercise test evaluation system, comprising:
an acceleration sensor that is worn by a user having an
exercise test and acquires acceleration values of a foot
of the user;
a heart rate sensor that is worn by the user having the
exercise test and measures a heart rate of the user;
a processor; and
an outputter,
wherein the processor acquires a first maximum accelera-
tion value within a first time period and a second



US 2018/0055446 Al

maximum acceleration value within a second time
period after the first time period in response to the
acceleration values,
calculates a reliability score of the exercise test using the
first maximum acceleration value and the second maxi-
mum acceleration value,
acquires a walking velocity and a heart rate of the user
during the exercise test, and estimates a maximum
oxygen intake amount using the user’s walking veloc-
ity and heart rate if the reliability score is equal to or
higher than a specific threshold value, and
acquires the user’s walking velocity, and estimates the
maximum oxygen intake amount using the users walk-
ing velocity if the reliability score is lower than the
specific threshold value, and
wherein the outputter outputs the maximum oxygen
intake amount.
2. The exercise test evaluation system according to claim
1, wherein the acceleration sensor acquires the acceleration
values during specific time periods,
wherein the specific time periods include a plurality of
time-sequenced time periods including the first time
period, and the second time period,
wherein, from among the maximum acceleration values
of the time periods, one of the first maximum accel-
eration value and the second maximum acceleration
value is minimum, and the other of the first maximum
acceleration value and the second maximum accelera-
tion value is maximum, and
wherein the processor calculates as the reliability score a
difference between a time sequence number of the first
time period having the first maximum acceleration
value and a time sequence number of the second time
period having the second maximum acceleration value.
3. The exercise test evaluation system according to claim
1, wherein the acceleration sensor acquires the acceleration
values during specific time periods,
wherein the specific time periods include the first time
period, a third time period, and the second time period
in time order,
wherein the processor acquires a third maximum accel-
eration value within the third time period,
acquires each of differences respectively between sequen-
tial order numbers according to which the first maxi-
mum acceleration value, the second maximum accel-
eration value, and the third maximum acceleration
value are arranged in an order of from larger to smaller
magnitude and time sequence numbers of sequential
time order according to which the time periods respec-
tively corresponding to the first maximum acceleration
value, the second maximum acceleration value, and the
third maximum acceleration value are arranged, and
calculates a sum of absolute values of the differences as
the reliability score.
4. The exercise test evaluation system according to claim
1, wherein the processor acquires a gait cycle of the user in
response to the acceleration values, and
acquires the first time period and the second time period
in response to the gait cycle.
5. An exercise test evaluation apparatus, comprising a
processor,
wherein the processor acquires acceleration values of a
foot of a user during an exercise test,
acquires a heart rate of the user,
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acquires a first maximum acceleration value within a first
time period and a second maximum acceleration value
within a second time period after the first time period
in response to the acceleration values,

calculates a reliability score of the exercise test using the

first maximum acceleration value and the second maxi-
mum acceleration value,

acquires a walking velocity and a heart rate of the user

during the exercise test, and estimates a maximum
oxygen intake amount using the users walking velocity
and heart rate if the reliability score is equal to or higher
than a specific threshold value,

acquires the user’s walking velocity, and estimates the

maximum oxygen intake amount using the user’s walk-
ing velocity if the reliability score is lower than the
specific threshold value, and

outputs the maximum oxygen intake amount.

6. A non-transitory computer readable recording medium
being non-volatile and storing a control program causing an
apparatus including a processor to perform a process, the
process comprising:

acquiring acceleration values of a foot of a user during an

exercise test;

acquiring a heart rate of the user;

acquiring a first maximum acceleration value within a first

time period, and a second maximum acceleration value
within a second time period after the first time period
in response to the acceleration values;

calculating a reliability score of the exercise test using the

first maximum acceleration value and the second maxi-
mum acceleration value;

acquiring a walking velocity and a heart rate of the user

during the exercise test and estimating a maximum
oxygen intake amount using the user’s walking veloc-
ity and heart rate if the reliability score is equal to or
higher than a specific threshold value;

acquiring the user’s walking velocity and estimating the

maximum oxygen intake amount using the user’s walk-
ing velocity if the reliability score is lower than the
specific threshold value; and

outputting the maximum oxygen intake amount.

7. The non-transitory computer readable recording
medium according to claim 6, wherein the process further
comprises:

acquiring the acceleration values during specific time
periods, the specific time periods including a plurality
of time-sequenced time periods including the first time
period, and the second time period, one of the first
maximum acceleration value and the second maximum
acceleration value being minimum, and the other of the
first maximum acceleration value and the second maxi-
mum acceleration value being maximum from among
the maximum acceleration values of the time periods;
and

calculating as the reliability score a difference between a
time sequence number of the first time period having
the first maximum acceleration value and a time
sequence number of the second time period having the
second maximum acceleration value.

8. The non-transitory computer readable recording

medium according to claim 6, wherein the process further
comprises:
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acquiring the acceleration values during specific time
periods, the specific time periods including the first
time period, a third time period, and the second time
period in time order;
acquiring a third maximum acceleration value within the
third time period in response to the acceleration values;

acquiring each of differences respectively between
sequential order numbers according to which the first
maximum acceleration value, the second maximum
acceleration value, and the third maximum acceleration
value are arranged in order of from larger to smaller
magnitude and time sequence numbers of sequential
time order according to which the time periods respec-
tively corresponding to the first maximum acceleration
value, the second maximum acceleration value, and the
third maximum acceleration value are arranged; and

calculating a sum of absolute values of the differences as
the reliability score.

9. The non-transitory computer readable recording
medium according to claim 6, wherein the process further
comprises:

acquiring a gait cycle of the user in response to the

acceleration values; and

acquiring the first time period and the second time period

in response to the gait cycle.

10. An exercise test evaluation method, comprising:

acquiring acceleration values of a foot of a user during an

exercise test;

acquiring a heart rate of the user;

acquiring a first maximum acceleration value within a first

time period and a second maximum acceleration value
within a second time period after the first time period
in response to the acceleration values;

calculating a reliability score of the exercise test using the

first maximum acceleration value and the second maxi-
mum acceleration value;

acquiring a walking velocity and a heart rate of the user

during the exercise test and estimating a maximum
oxygen intake amount using the users walking velocity
and heart rate if the reliability score is equal to or higher
than a specific threshold value;

acquiring the users walking velocity and estimating the

maximum oxygen intake amount using the users walk-
ing velocity if the reliability score is lower than the
specific threshold value; and

outputting the maximum oxygen intake amount.
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11. An apparatus, comprising;

an acceleration sensor that is worn around a leg of a user
and outputs acceleration values during periods of users
walking, the periods being a sum of first period through
an n-th period, n being a natural number equal to two
or more, an (i+1)th period being provided immediately
after the i-th period in a time axis, 1 being a natural
number and (i+1) being n or lower;

a heart rate sensor that is worn by the user and outputs
heart rates;

a Processor;

a non-transitory memory that stores in advance informa-
tion describing a relationship between a mean walking
velocity and a maximum oxygen intake amount; and

an outputter that outputs a first maximum oxygen intake
amount or a second maximum oxygen intake amount,

wherein the processor determines a maximum accelera-
tion value for each of the periods to obtain maximum
acceleration values corresponding to the periods,

wherein the processor selects a maximum value and a
minimum value from among the maximum accelera-
tion values,

wherein if the maximum value corresponds to a j-th
period and the minimum value corresponds to a k-th
period, the processor calculates (k—j) as a reliability
score, k being a natural number equal to or lower than
n, j being a natural number equal to or lower than n, and
k not being equal to j,

wherein the processor calculates a mean walking velocity
during the periods using the acceleration values,

wherein the processor calculates X0+X1-W1+X2-W2,
without referring to the information, as the first maxi-
mum oxygen intake amount when the reliability score
is zero or higher, X1 being the mean walking velocity,
X2 being a heart rate included in the heart rates, the
heart rate being measured after the periods, X0, W1,
and W2 being constant values, and

wherein the processor determines the second maximum
oxygen intake amount by referring to the information
without using the acceleration values and the heart rates
when the reliability score is lower than zero,
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