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(57) ABSTRACT

An exercise ability evaluation method includes: acquiring
measurement data of whole body endurance of auserata time
of an exercise; acquiring reference data of the whole body
endurance; comparing the measurement data to the reference
data; and evaluating a muscle ability of the user based on a
comparison result obtained by comparing the measurement
data and the reference data and generating exercise ability
evaluation information.
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FIG. 1
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EXERCISE ABILITY EVALUATION METHOD,
EXERCISE ABILITY EVALUATION
APPARATUS, EXERCISE ABILITY

CALCULATION METHOD, AND EXERCISE
ABILITY CALCULATION APPARATUS

BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to an exercise ability

evaluation method, an exercise ability evaluation apparatus,
an exercise ability calculation method, and an exercise ability
calculation apparatus.

[0003] 2. Related Art

[0004] In the related art, methods of estimating and show-
ing physical strengths or exercise abilities of users based on
results obtained by measuring biological information at the
time of exercise of the user have been introduced. For
example, JP-A-2011-161079 introduces a method of calcu-
lating the maximum value of a pulse measured by a pulsim-
eter within a predetermined measurement time and a relative
heart rate reserve based on a pulse rate at rest after a user starts
to walk, correcting a moved walking distance at a measure-
ment time by the relative heart rate reserve, and calculating a
physical strength age by coefficients set in correspondence to
the corrected walking distance and sex.

[0005] JP-A-2004-113821 discloses a method of calculat-
ing a running distance of the subject per unit time by multi-
plying a stride of a subject (user) and a pitch detected in an
immediately previous step, obtaining an exercise intensity
[W] by multiplying the running distance by the weight of the
subject stored in a RAM, converting the exercise intensity
into [kpm/minute], and calculating an exercise intensity per
unit time.

[0006] As elements improving an exercise ability (sports
ability), there are three elements, that is, a cardiorespiratory
ability, a muscle ability, and a technical skill. In recent years,
various methods of evaluating the cardiorespiratory ability
and the technical skill through exercise analysis technologies
have been introduced. However, in particular, there are no
methods of simply obtaining the muscle ability interesting
athletes or sports enthusiasts. In an exercise ability evaluation
method (exercise index measurement method) disclosed in
JP-A-2011-161079, content about calculation of physical
strength ages based on a heart rate and evaluation of muscle
abilities have not been described either.

[0007] Forexample, when an exercise amount of a running,
a walking race, or the like is measured, an exercise intensity
indicating the intensity of an exercise at a certain instant (unit
time) and an exercise output indicating the amount of an
exercise within a certain time can be considered. When an
exercise ability of a subject is calculated, it is effective to
calculate an exercise ability based on the exercise output. In
JP-A-2004-113821, however, a method of calculating an
exercise intensity has been described, but a method of obtain-
ing the exercise output based on sensing data by an inertial
sensor has not been disclosed.

SUMMARY

[0008] An advantage of some aspects of the invention is to
solve at least a part of the problems described above, and the
invention can be implemented as the following forms and
application examples.

Feb. 4,2016

Application Example 1

[0009] An exercise ability evaluation method according to
this application example includes: acquiring measurement
data of whole body endurance of a user; acquiring reference
data of the whole body endurance; comparing the measure-
ment data to the reference data; and evaluating a muscle
ability of the user based on a comparison result obtained by
comparing the measurement data and the reference data and
generating exercise ability evaluation information.

[0010] According to the exercise ability evaluation method
of this application example, the superiority or inferiority of
the muscle ability of the user or the degree of the muscle
ability of the user can be evaluated and generated as the
exercise ability evaluation information based on the compari-
son result between the reference data of the whole body
endurance and the measurement data of the whole body
endurance of the user. Thus, it is possible to obtain the evalu-
ation of the muscle ability relatively easily using the data of
the whole body endurance.

Application Example 2

[0011] This application example is directed to the exercise
ability evaluation method according to the application
example described above, wherein an index of the whole
body endurance includes at least one of a cardiorespiratory
ability, a lactic acid value, a degree of fatigue and an oxygen
intake amount of the user.

[0012] According to this application example, itis possible
to generate the exercise ability evaluation information using
at least one of a cardiorespiratory ability, a lactic acid value,
and a degree of fatigue, and an oxygen intake amount of the
user as the whole body endurance. Thus, it is possible to
obtain the evaluation of the muscle ability using the index of
the previous whole body endurance or a method of calculat-
ing the index.

Application Example 3

[0013] This application example is directed to the exercise
ability evaluation method according to the application
example described above, wherein the index is a running time
per predetermined distance of the user.

[0014] According to this application example, it is possible
to generate the exercise ability evaluation information using
the running time of the user per predetermined distance as the
index of the whole body endurance. Thus, for example, by
calculating the oxygen intake amount from the running time
per predetermined distance, it is possible to obtain the evalu-
ation of the muscle ability relatively easily.

Application Example 4

[0015] This application example is directed to the exercise
ability evaluation method according to the application
example described above, wherein the index is the oxygen
intake amount, and the oxygen intake amount is measured
through a running test within a predetermined time or a run-
ning test of reciprocation of a predetermined distance.

[0016] According to this application example, the oxygen
intake amount is measured by a running test within a prede-
termined time or a running test of reciprocation of a prede-
termined distance. Thus, for example, it is possible to obtain
the evaluation of the muscle ability from the oxygen intake
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amount measured in a general running test such as 12-minute
running, 15-minute running, or a shuttle run of reciprocation
of a predetermined distance.

Application Example 5

[0017] This application example is directed to the exercise
ability evaluation method according to the application
example described above, wherein the index is the oxygen
intake amount, and the oxygen intake amount is calculated
based on pulse data and body movement data of the user.

[0018] According to this application example, since the
oxygen intake amount can be calculated by pulse rate data and
body movement data of the user, it is possible to obtain the
exercise ability evaluation information (exercise ability
evaluation data) with higher accuracy.

Application Example 6

[0019] This application example is directed to the exercise
ability evaluation method according to the application
example described above, wherein the oxygen intake amount
serving as the reference data is acquired based on a heart rate
at a time of rest and a maximum heart rate (HR

[0020] According to this application example, since the
oxygen intake amount serving as the reference data can be
acquired from the heart rate at the time of rest and the maxi-
mum heart rate, it is possible to obtain the oxygen intake
amount relatively easily without causing the user to do unrea-
sonable work (exercise).

Application Example 7

[0021] This application example is directed to the exercise
ability evaluation method according to the application
example described above, wherein the muscle ability of the
user is evaluated based on a difference between the measure-
ment data and the reference data and the exercise ability
evaluation information is generated.

[0022] According to this application example, it is possible
to generate the exercise ability evaluation information of the
user relatively easily.

Application Example 8

[0023] An exercise ability evaluation apparatus according
to this application example includes: a storage unit that stores
reference data of whole body endurance; and an exercise
ability evaluation information generation unit that generates
exercise ability evaluation information by evaluating a
muscle ability of a user based on a comparison result obtained
by comparing measurement data of whole body endurance of
the user and the reference data.

[0024] According to the exercise ability evaluation appara-
tus of this application example, the exercise ability evaluation
information generation unit evaluates the superiority or infe-
riority of the muscle ability of the user or the degree of the
muscle ability of the user based on the comparison result
between the reference data of the whole body endurance
stored in the storage unit and the measurement data of the
whole body endurance of the user, and generates the exercise
ability evaluation information. Thus, it is possible to obtain
the evaluation of the muscle ability relatively easily using the
data of the whole body endurance.

Feb. 4,2016

Application Example 9

[0025] An exercise ability evaluation system according to
this application example includes a measurement device mea-
suring measurement data of a whole body endurance ofa user
and an exercise ability evaluation apparatus including a mea-
surement data acquisition unit that acquires the measurement
data measured by the measurement device, a storage unit that
stores reference data of the whole body endurance, and an
exercise ability evaluation information generation unit that
generates exercise ability evaluation information of the user
based on a comparison result between the measurement data
and the reference data.

[0026] According to this application example, itis possible
to provide the exercise ability evaluation system in which the
exercise ability evaluation apparatus can evaluate the superi-
ority or inferiority of the muscle ability of the user or the
degree of the muscle ability of the user with respect to the
reference data based on the comparison result between the
reference data of the whole body endurance stored in the
storage unit and the measurement data of the whole body
endurance of the user measured by the measurement device
such as a sensor or a pulsimeter, and can generate the exercise
ability evaluation information.

Application Example 10

[0027] A program according to this application example
causes a computer to obtain a comparison result obtained by
comparing the acquired measurement data of the whole body
endurance of the user and the reference data of the whole
body endurance, evaluate the muscle ability of the user based
on the comparison result, and generate the exercise ability
evaluation information.

[0028] According to this application example, it is possible
to the program that evaluate the superiority or inferiority of
the muscle ability of the user or the degree of the muscle
ability of the user based on the comparison result between the
reference data of the whole body endurance and the measure-
ment data of the whole body endurance of the user, and
generate the exercise ability evaluation information.

Application Example 11

[0029] An exercise ability calculation method according to
this application example includes acquiring information
regarding the acceleration and the velocity from an output of
an inertial sensor worn by a subject, acquiring information
regarding a weight of the subject, and calculating an exercise
output indicating an exercise amount within a predetermined
time from the information regarding the acceleration, the
velocity, and the weight.

[0030] According to the exercise ability calculation method
of this application example, it is possible to obtain the exer-
cise output indicating the exercise amount of the subject
within a predetermined time with high accuracy from the
information regarding the acceleration and the velocity
acquired by the inertial sensor worn by the subject and the
information regarding the weight of the subject, and to cal-
culate the exercise ability of the subject based on the obtained
exercise output.

Application Example 12

[0031] This application example is directed to the exercise
ability calculation method according to the application
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example described above, which further includes acquiring
information regarding a pulse rate of the subject and calcu-
lating a cardiac output based on the pulse rate and the exercise
output.

[0032] According to this application example, it is possible
to calculate the cardiac output based on the acquired pulse
rate of the subject and the exercise output. Therefore, it is
possible to obtain the exercise ability of the subject using the
cardiac output.

[0033] Inthe following application examples including this
application example, the “pulse rate” is assumed to include a
“heart rate.”

Application Example 13

[0034] This application example is directed to the exercise
ability calculation method according to the application
example described above, wherein information regarding the
pulse rate is a pulse rate measured by a pulsimeter worn by the
subject.

[0035] According to this application example, since infor-
mation regarding the pulse rate of the subject and the infor-
mation regarding the acceleration and the velocity can be
acquired in real time, the exercise ability of the subject can be
obtained with high accuracy.

Application Example 14

[0036] This application example is directed to the exercise
ability calculation method according to the application
example described above, wherein the cardiac output is esti-
mated and calculated based on a value obtained by dividing
the exercise output by the pulse rate.

[0037] According to this application example, it is possible
to relatively easily estimate and calculate the cardiac output,
for which a special equipment or mechanism for measure-
ment is normally necessary, from the exercise output calcu-
lated based on information or the like acquired by the inertial
sensor and the measured pulse rate. Further, it is possible to
calculate the exercise ability of the subject from the obtained
cardiac output.

Application Example 15

[0038] This application example is directed to the exercise
ability calculation method according to the application
example described above, wherein an exercise ability is cal-
culated based on a comparison result obtained by comparing
the calculated cardiac output to a reference cardiac output to
be compared to the cardiac output.

[0039] According to this application example, for example,
by comparing cardiac outputs of the subject and the same
generation or a past cardiac output of the subject to a cardiac
output calculated as a reference cardiac output, it is possible
to determine whether the exercise ability is improved or
degraded with respect to a reference value or calculate the
degree of exercise ability or the like.

Application Example 16

[0040] This application example is directed to the exercise
ability calculation method according to the application
example described above, wherein an exercise ability is cal-
culated based on a result obtained by comparing first data
indicating a relation between the pulse rate and the exercise
output to second data indicating a relation between a different
pulse rate from the first data and the exercise output.

Feb. 4,2016

[0041] According to this application example, the exercise
ability of the subject can be evaluated relatively since the first
data indicating the relation between the pulse rate of the
subject and the exercise output is compared to, for example,
the second data indicating the relation between the exercise
output and the past pulse rate of the same generation as the
user or the subject.

Application Example 17

[0042] This application example is directed to the exercise
ability calculation method according to the application
example described above, wherein the exercise outputs of the
first data and the second data are compared at a predetermined
pulse rate.

[0043] According to this application example, the exercise
ability can be determined to be higher as the exercise outputs
in the same pulse rate are high. Therefore, by comparing the
exercise outputs, it is possible to relatively comprehend the
exercise ability (the first data) of the subject to the exercise
ability of the second data.

Application Example 18

[0044] This application example is directed to the exercise
ability calculation method according to the application
example described above, wherein pulse rates of the first data
and the second data are compared for a predetermined exet-
cise output.

[0045] According to this application example, the exercise
ability can be determined to be higher as the pulse rates at the
same exercise output are low. Therefore, the subject can rela-
tively comprehend the exercise ability (the first data) of the
subject with respect to the exercise ability of the second data
by comparing the pulse rates.

Application Example 19

[0046] This application example is directed to the exercise
ability calculation method according to the application
example described above, wherein pulse rates at which the
exercise outputs of the first data and the second data are
saturated are compared.

[0047] According to this application example, the exercise
ability can be determined to be lower in that the exercise
output is not set to appropriate for the pulse rate as the pulse
rate at the time of the saturation of the exercise output is lower.
Accordingly, the subject can relatively comprehend the exer-
cise ability (the first data) of the subject with respect with
respect to the exercise ability of the second data by comparing
the pulse rates at which the exercise output is saturated.

Application Example 20

[0048] This application example is directed to the exercise
ability calculation method according to the application
example described above, wherein maximum pulse rates of
the first data and the second data are compared.

[0049] According to this application example, the exercise
ability can be determined to be higher as the maximum pulse
rate is higher. Therefore, the subject can relatively compre-
hend the exercise ability (the first data) of the subject with
respect to the exercise ability of the second data by comparing
the maximum pulse rates.
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Application Example 21

[0050] This application example is directed to the exercise
ability calculation method according to the application
example described above, wherein an inclination of a non-
measurement section is estimated from an inclination of an
actual measurement section of a graph indicating a relation
between the pulse rate and the exercise output, and the exer-
cise output at a predetermined pulse rate is estimated.

[0051] According to this application example, since the
relation between the exercise output and the pulse rate of the
non-measurement section can be estimated, the exercise out-
putat the predetermined pulse rate can be estimated including
the relation between the exercise output and the pulse rate of
the non-measurement section. Thus, it is possible to calculate
the exercise ability of the subject with high accuracy.

Application Example 22

[0052] This application example is directed to the exercise
ability calculation method according to Application Example
21, wherein a maximum oxygen intake amount is estimated
and calculated based on the estimated exercise output.
[0053] According to this application example, it is possible
to estimate and calculate the oxygen amount necessary for the
maximum value of the estimated exercise output as the maxi-
mum oxygen intake amount.

Application Example 23

[0054] This application example is directed to the exercise
ability calculation method according to Application Example
21, wherein the predetermined pulse rate is a maximum pulse
rate of the subject.

[0055] According to this application example, since the
predetermined pulse rate is the maximum pulse rate of the
subject, it is possible to estimate the oxygen amount neces-
sary for the maximum exercise output estimation value as the
maximum oxygen intake amount, which is an effective index
of the exercise ability evaluation, using the exercise output
corresponding to the maximum pulse rate as the maximum
exercise output estimation value.

Application Example 24

[0056] An exercise ability calculation apparatus according
to this application example includes a reception unit that
acquires information regarding acceleration and velocity
from an output of an inertial sensor worn by a subject and
information regarding a weight of the subject, and a calcula-
tion unit that calculates an exercise output indicating an exer-
cise amount within a predetermined time from the informa-
tion regarding the acceleration, the velocity, and the weight.
[0057] According to this application example, it is possible
to provide the exercise ability calculation apparatus capable
of obtaining the exercise output indicating the exercise
amount of the subject within the predetermined time with
high accuracy from the information regarding the accelera-
tion and the velocity acquired by the inertial sensor worn by
the subject and the information regarding the weight of the
subject, and calculating the exercise ability of the subject
based on the obtained exercise output.

Application Example 25

[0058] This application example is directed to the exercise
ability calculation apparatus according to the application
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example described above, wherein the reception unit includes
a function of acquiring information regarding a pulse rate of
the subject, and the calculation unit includes a function of
calculating a cardiac output based on the pulse rate and the
exercise output.

[0059] According to this application example, it is possible
to calculate the cardiac output based on the exercise ability
and the pulse rate of the subject and obtain the exercise ability
of the subject using the cardiac output.

Application Example 26

[0060] An exercise ability calculation system according to
this application example includes an inertial sensor worn by a
subject, and an exercise ability calculation apparatus includ-
ing: a reception unit that acquires information regarding
acceleration and velocity from an output of the inertial sensor
and information regarding a weight of the subject; and a
calculation unit that calculates an exercise output indicating
an exercise amount within a predetermined time from the
information regarding the acceleration, the velocity, and the
weight.

[0061] According to this application example, it is possible
to provide the exercise ability calculation system capable of
obtaining the exercise output indicating the exercise amount
of the subject within the predetermined time with high accu-
racy from the information regarding the acceleration and the
velocity acquired by the inertial sensor worn by the subject
and the information regarding the weight of the subject, and
calculating the exercise ability of the subject based on the
obtained exercise output.

Application Example 27

[0062] This application example is directed to the exercise
ability calculation system according to the application
example described above, wherein the exercise ability calcu-
lation system includes a pulsimeter that is worn by the subject
and measures a pulse rate of the subject, and the calculation
unit has a function of calculating a cardiac output based on the
pulse rate and the exercise output.

[0063] According to this application example, itis possible
to calculate the cardiac output based on the exercise ability
and the pulse rate of the subject and obtain the exercise ability
of the subject using the cardiac output.

Application Example 28

[0064] A program according to this application example
causes a computer to obtain information regarding accelera-
tion and velocity from an output of an inertial sensor worn by
asubject, obtain information regarding weight of the subject,
and calculate an exercise output indicating an exercise
amount within a predetermined time from the information
regarding the acceleration, the velocity, and the weight.

[0065] According to this application example, the com-
puter can be caused to perform control such that the informa-
tion regarding the acceleration and the velocity can be
acquired by the inertial sensor worn by the subject, the infor-
mation regarding the weight of the subject is acquired, the
exercise output indicating the exercise amount of the subject
within the predetermined time is obtained, and the exercise
ability of the subject is evaluated based on the obtained exer-
cise output.
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Application Example 29

[0066] This application example is directed to the program
according to the application example described above, which
further causes the computer to measure a pulse rate of the
subject by a pulsimeter worn by the subject and calculate a
cardiac output based on the pulse rate and the exercise output.
[0067] According to this application example, the com-
puter can be caused to perform control such that the cardiac
output is calculated based on the pulse rate and the exercise
ability of the subject and the exercise ability of the subject is
obtained using the cardiac output.

BRIEF DESCRIPTION OF THE DRAWINGS

[0068] Theinventionwill be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

[0069] FIG.11is adiagram for describing an overview of an
exercise ability evaluation system according to a first embodi-
ment.

[0070] FIG. 2 is a functional block diagram illustrating the
configuration of the exercise ability evaluation system
according to the first embodiment.

[0071] FIG. 3 is a flowchart illustrating an example of a
procedure of an exercise ability evaluation process.

[0072] FIG. 4 is a diagram for describing an example of an
exercise ability evaluation data generation process and is a
diagram for describing an overview of a comparison process
of comparing measurement data to reference data.

[0073] FIG. 5is a diagram for describing an overview of a
process of generating the exercise ability evaluation data
through the comparison process of FIG. 4.

[0074] FIG. 6is a diagram for describing an overview of an
exercise ability calculation system according to a fifth
embodiment.

[0075] FIG. 7 is a functional block diagram illustrating
examples of the configurations of an exercise ability calcula-
tion apparatus and a display apparatus according to the fifth
embodiment.

[0076] FIG. 8 is a flowchart illustrating an example of a
procedure of an exercise ability calculation process.

[0077] FIG. 9 is a diagram for describing an example of
evaluation of an exercise ability of a user in an exercise ability
calculation process.

[0078] FIG. 10 is a diagram for describing an example of
evaluation of an exercise ability of auser in an exercise ability
calculation process of a sixth embodiment.

[0079] FIG. 11 is a diagram for describing a method of
obtaining a relation between a pulse rate and an exercise
output of an estimation section from a relation between a
pulse rate and an exercise output of an actual measurement
section.

[0080] FIG. 12 is a diagram for describing a method of
calculating an exercise ability of a subject from an estimation
result illustrated in FIG. 11.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0081] Hereinafter, embodiment of the invention will be
described with reference to the drawings. In the following
descriptions, layers or members are illustrated at scales dif-
ferent from actual scales of layers or members so that the sizes
of the layers or members can be recognized.
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[0082] Allof the constituent to be described below may not
necessarily be essential constituent requisites of the inven-
tion.

First Embodiment

[0083] First, a schematic configuration of an exercise abil-
ity evaluation system according to a first embodiment will be
described with reference to the drawings.

1. Exercise Ability Evaluation System

1. Overview of System

[0084] FIG. 11sa diagram for describing an overview of an
exercise ability evaluation system 1 according to the embodi-
ment. As illustrated in FIG. 1, the exercise ability evaluation
system 1 according to the embodiment is configured to
include an exercise ability evaluation apparatus 2 and a dis-
play apparatus 3.

[0085] The exercise ability evaluation apparatus 2 accord-
ing to the embodiment is worn on a trunk part (for example, a
right waist, a left waist, or a middle part of the waist) of a user.
The exercise ability evaluation apparatus 2 includes an iner-
tial measurement unit (IMU) 10 as a measurement device,
comprehends a motion during running of the user (also
including walking), calculates a velocity, a position, posture
angles (a roll angle, a pitch angle, and a yaw angle), and the
like, further analyzes an exercise of the user, and measures a
physical amount of whole body endurance of the user.
[0086] Intheembodiment, when theuser stops, the exercise
ability evaluation apparatus 2 is worn by the user so that one
detection axis (hereinafter assumed to be the z axis) of the
inertial measurement unit (IMU) 10 substantially matches a
gravitational acceleration direction (vertical downward direc-
tion). The exercise ability evaluation apparatus 2 transmits at
least some of the exercise ability evaluation information gen-
erated based on measurement data of the measured physical
amounts of the whole body endurance of the user to the
display apparatus 3.

[0087] The display apparatus 3 is a wrist type (wristwatch
type) portable information apparatus and is worn on a wrist or
the like of the user. Here, the display apparatus 3 may be a
portable information apparatus such as a head mount display
(HMD) or a smartphone. The user can operate the display
apparatus 3 before start of running or during the running and
give an instruction to start measurement (an inertial naviga-
tion calculation process and an exercise ability evaluation
process to be described below) by the exercise ability evalu-
ation apparatus 2 (perform measurement start) or stops the
measurement (perform measurement stop).

[0088] The user can operate the display apparatus 3 after
end of the running and give an instruction to start or end
feedback information display (to be described below) or a
running analysis process (to be described below) based on
exercise ability evaluation information by the exercise ability
evaluation apparatus 2. The display apparatus 3 transmits a
command to give an instruction of the measurement start or
the measurement stop, a command to give an instruction to
start or end the feedback information display or the running
analysis process based on the exercise ability evaluation
information, and the like to the exercise ability evaluation
apparatus 2.

[0089] When the exercise ability evaluation apparatus 2
receives the command of the measurement start, the exercise
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ability evaluation apparatus 2 starts measurement by the iner-
tial measurement unit (IMU) 10, analyzes an exercise ability
(muscle ability) of the user based on a result of comparison
and evaluation between the measurement data and reference
data to be described below, and generates exercise ability
evaluation information. The exercise ability evaluation appa-
ratus 2 transmits at least some of the generated exercise
ability evaluation information to the display apparatus 3.
Then, the display apparatus 3 receives the exercise ability
evaluation information and presents the received exercise
ability evaluation information to the user in various forms
such as text, figures, sound, and vibration. The user can rec-
ognize the exercise ability evaluation information (feedback
information and an advise) via the display apparatus 3 during
the running.

[0090] When the exercise ability evaluation apparatus 2
receives the command to give the instruction to start a running
analysis process, the exercise ability evaluation apparatus 2
analyzes previous running using exercise analysis informa-
tion generated during previous running and transmits infor-
mation regarding an analysis result to the display apparatus 3.
Then, the display apparatus 3 receives the information regard-
ing the analysis result and presents the received exercise
analysis information to the user in various forms such as text,
figures, sound, and vibration. The user can recognize the
analysis result of the previous running via the display appa-
ratus 3. An information apparatus such as a personal com-
puter can also be used instead of the display apparatus 3.
[0091] Data communication between the exercise ability
evaluation apparatus 2 and the display apparatus 3 may be
wireless communication or may be wired communication.
[0092] Intheexercise ability evaluation system 1 according
to the embodiment, a case will be exemplified in detail in
which the exercise ability evaluation apparatus 2 generates
the exercise ability evaluation information based on data of
the whole body endurance at the time of a running exercise
(running) of the user, but the invention is not limited thereto.
The same can also apply even when the exercise ability evalu-
ation information is generated based on data of the whole
body endurance in an exercise other than the running exer-
cise.

2. Coordinate System

[0093] Coordinate systems necessary in the following
description are defined as follows:

[0094] aneframe (Earth Centered Earth Fixed Frame): a
3-dimensional rectangular coordinate system of a right-
handed type in which the center of the Earth is set to an
originand the zaxis is formed in parallel to the rotational
axis of the earth;

[0095] an n frame (Navigation Frame): a 3-dimensional
rectangular coordinate system in which a moving object
(user)is set to an origin and the X, y, and z axes are set as
the north, the east, and the direction of gravity, respec-
tively,

[0096] ab frame (Body Frame): a 3-dimensional rectan-
gular coordinate system in which a sensor (the inertial
measurement unit (IMU) 10) servers as a reference; and

[0097] an m frame (Moving Frame): a 3-dimensional
rectangular coordinate system of a right-handed type in
which a moving object (user) is set to an origin and a
travel direction of the moving object (user)is set to the x
direction.
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3. Configuration of System

[0098] FIG. 2 is a functional block diagram illustrating the
configuration of the exercise ability evaluation system 1
according to the embodiment. As illustrated in FIG. 2, the
exercise ability evaluation apparatus 2 of the exercise ability
evaluation system 1 is configured to include an inertial mea-
surement unit (IMU) 10, a processing unit 20, a storage unit
30, a communication unit 40, a Global Positioning System
(GPS) unit 50, and a geomagnetic sensor 60.

[0099] In the exercise ability evaluation apparatus 2
according to the embodiment, some of these constituent ele-
ments may be deleted or modified or other constituent ele-
ments may be added.

[0100] The inertial measurement unit 10 (which is an
example of an inertial sensor) is configured to include an
acceleration sensor 12, an angular velocity sensor 14, and a
signal processing unit 16.

[0101] Theacceleration sensor 12 detects an acceleration in
each of the three axes directions intersecting each other (ide-
ally crossing at right angles) and outputs a digital signal
(acceleration data) according to the magnitude and direction
of the detected three-axes acceleration.

[0102] The angular velocity sensor 14 detects an angular
velocity in each of the three axes directions intersecting each
other (ideally crossing at right angles) and outputs a digital
signal (angular velocity data) according to the magnitude and
direction of the detected three-axes angular velocity.

[0103] The signal processing unit 16 receives the accelera-
tion data and the angular velocity data from each of the
acceleration sensor 12 and the angular velocity sensor 14,
adds time information, and stores the acceleration data and
the angular velocity data in a storage unit (not illustrated). The
stored acceleration data and angular velocity data and the
time information are generated as sensing data in accordance
with a predetermined format and are output to the processing
unit 20.

[0104] The acceleration sensor 12 and the angular velocity
sensor 14 are mounted so that the three axes matches the three
axes of the sensor coordinate system (the b frame) using the
inertial measurement unit 10 as a reference. When a mounting
angle error occurs between the three axes and the three axes of
the sensor coordinate system (the b frame) at the time of the
mounting of the acceleration sensor 12 and the angular veloc-
ity sensor 14, a conversion process is performed by the signal
processing unit 16. Specifically, the signal processing unit 16
performs a process of converting the acceleration data and the
angular velocity data into data of the sensor coordinate sys-
tem (the b frame) using a correction parameter calculated in
advance according to the mounting angle error. Instead of the
signal processing unit 16, the processing unit 20 to be
described below may perform the conversion process.
[0105] The signal processing unit 16 may perform a tem-
perature correction process of the acceleration sensor 12 and
the angular velocity sensor 14. Instead of the signal process-
ing unit 16, the processing unit 20 to be described below may
perform the temperature correction process or a temperature
correction function may be embedded in the acceleration
sensor 12 and the angular velocity sensor 14.

[0106] The acceleration sensor 12 and the angular velocity
sensor 14 may output analog signals. In this case, the signal
processing unit 16 may perform A/D conversion on an output
signal of the acceleration sensor 12 and an output signal of the
angular velocity sensor 14 to generate sensing data.
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[0107] The GPS unit 50 receives a GPS satellite signal
transmitted from a GPS satellite which is a kind of positioning
satellite, performs positioning calculation using the GPS sat-
ellite signal to calculate the position and the velocity (a vector
including a magnitude and a direction) of the user in the n
frame, and outputs GPS data to which time information or
positioning accuracy information is granted to the processing
unit 20. Since a method of calculating the position or the
velocity using a GPS or a method of generating the time
information is known, the detailed description will be omit-
ted.

[0108] The geomagnetic sensor 60 detects a geomagnetism
in each of the three-axes directions intersecting each other
(ideally crossing at right angles) and outputs digital signal
(geomagnetic data) according to the magnitude and the direc-
tion of the detected geomagnetism in the three axes to the
processing unit 20.

[0109] Here, the geomagnetic sensor 60 may output an
analog signal. In this case, the processing unit 20 may per-
form A/D conversion on the output signal of the geomagnetic
sensor 60 to generate geomagnetic data.

[0110] The storage unit 30 is configured to include any of
various IC memories such as a read-only memory (ROM), a
flash ROM, and a random access memory (RAM) or a record-
ing medium such as a hard disk or a memory card.

[0111] The storage unit 30 stores an exercise ability evalu-
ation program 360 that is read by the processing unit 20 to
execute an exercise ability evaluation process (see FIG. 3) and
an exercise analysis program 300 that executes an exercise
analysis process.

[0112] The storage unit 30 further stores, for example, an
exercise ability reference data 380 serving as reference data,
a sensing data table 310, a GPS data table 320, a geomagnetic
data table 330, a calculation data table 340, and exercise
analysis information 350.

[0113] The exercise ability reference data 380 is reference
data of whole body endurance. The exercise ability reference
data 380 is compared to measurement data of the whole body
endurance of the user acquired by the measurement data
acquisitionunit 21 to be described below when the processing
unit 20 generates exercise ability evaluation information. In
the embodiment, a maximum oxygen intake amount is used
as anindex ofthe whole body endurance and areference value
of the maximum oxygen intake amount of every age is stored
as the exercise ability reference data 380 in the storage unit 30
according to the men and women.

[0114] The sensing data table 310 is a data table that chro-
nologically stores sensing data (detection results of the iner-
tial measurement unit 10) received from the inertial measure-
ment unit 10 by the processing unit 20.

[0115] The GPS data table 320 is a data table that chrono-
logically stores GPS data (detection results of the GPS unit
(GPS sensor) 50) received from the GPS unit 50 by the
processing unit 20.

[0116] The geomagnetic data table 330 is a data table that
chronologically stores geomagnetic data (detection results of
the geomagnetic sensor) received from the geomagnetic sen-
sor 60 by the processing unit 20.

[0117] The calculation data table 340 is a data table that
chronologically stores velocities, positions, and posture
angles calculated using the sensing data received from the
inertial measurement unit 10 by the processing unit 20.
[0118] The exercise analysis information 350 is various
kinds of information regarding an exercise of the user and
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includes various kinds of information such as analysis infor-
mation or running trajectory information of the exercise of the
user generated by the processing unit 20 and input informa-
tion regarding a weight or the like input in advance by the
user.

[0119] The processing unit 20 includes a measurement data
acquisition unit 21 and an exercise ability evaluation data
generation unit 250 serving as an exercise ability evaluation
information generation unit, is configured by, for example, a
central processing unit (CPU), a digital signal processor
(DSP), or an application specific integrated circuit (ASIC),
and performs various calculation processes or control pro-
cesses according to various programs stored in the storage
unit 30.

[0120] The measurement data acquisition unit 21 receives
the sensing data, the GPS data, and the geomagnetic data from
the inertial measurement unit 10, the GPS unit 50, and the
geomagnetic sensor 60, respectively, and calculates the
velocity, the position, the posture angle, and the like of the
user using the data to acquire the velocity, the position, the
posture angle, and the like of the user as measurement data of
the whole body endurance of the user.

[0121] The processing unit 20 includes the exercise ability
evaluation data generation unit 250 as an exercise ability
evaluation information generation unit. The exercise ability
evaluation data generation unit 250 compares the measure-
ment data of the measurement data acquisition unit 21 to the
exercise ability reference data 380 of the storage unit 30 and
generates exercise ability evaluation information in which a
muscle ability of the user is a main ability based on the
comparison result.

[0122] Then, the processing unit 20 transmits at least some
of the pieces of generated exercise ability evaluation infor-
mation to the display apparatus 3 via the communication unit
40. The display apparatus 3 outputs the received exercise
ability evaluation information in forms such as text, images,
sound, and vibration.

[0123] The communication unit 40 performs data commu-
nication with a communication unit 140 of the display appa-
ratus 3 and performs, for example, a process of receiving the
exercise ahility evaluation information generated by the pro-
cessing unit 20, output information during running, or output
information after running and transmitting the received infor-
mation to the display apparatus 3 or a process of receiving a
command (a command ofthe measurement start/the measure-
ment stop, a command to start/end the running analysis pro-
cess, or the like) transmitted from the display apparatus 3 and
transmitting the command to the processing unit 20.

[0124] The display apparatus 3 is configured to include a
processing unit 120, a storage unit 130, the communication
unit 140, an operation unit 150, a clocking unit 160, a display
unit 170, a sound output unit 180, and a vibration unit 190.
However, the display apparatus 3 according to the embodi-
ment may be configured such that some of these constituent
elements may be deleted or modified or other constituent
elements may be added.

[0125] The processing unit 120 performs various calcula-
tion processes or control processes according to programs
stored in the storage unit 130. Specifically, the processing unit
120 performs various processes (for example, a process of
transmitting the command of the measurement start/the mea-
surement stop or the command to start/end the running analy-
sis process to the communication unit 140, a display process
according to the operation data, and a sound output process)
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according to operation data received from the operation unit
150. The processing unit 120 performs a process of receiving
the output information during running or the output informa-
tion after running from the communication unit 140 and send-
ing text data or image data according to the output informa-
tion during running or the output information after running to
the displayunit 170. The processing unit 120 further performs
aprocess of transmitting sound data according to the output
information during running or the output information after
running to the sound output unit 180 or a process of transmit-
ting vibration data according to the output information during
running to the vibration unit 190. The processing unit 120
further performs, for example, a process of generating time
image data according to time information received from the
clocking unit 160 and transmitting the time image data to the
display unit 170.

[0126] For example, the storage unit 130 is configured by
any of various IC memories such as a ROM storing data or
programs used for the processing unit 120 to perform various
processes or a RAM serving as a work area of the processing
unit 120.

[0127] The communication unit 140 performs data com-
munication with the communication unit 40 of the exercise
ability evaluation apparatus 2. Specifically, the communica-
tion unit 140 performs a process of receiving a command (for
example, a command of the measurement start/the measure-
ment stop or a command to start/end the running analysis
process) according to operation data from the processing unit
120 and transmitting the command to the exercise ability
evaluation apparatus 2. The communication unit 140 further
performs a process of receiving the output information during
running, the output information after running, or the exercise
ability evaluation information transmitted from the exercise
ability evaluation apparatus 2 and transmitting the received
information to the processing unit 120.

[0128] Theoperationunit 150 performs a process of acquir-
ing operation data (operation data of the measurement start/
the measurement stop, selection of display content, or the
like) from the user and transmitting the operation data to the
processing unit 120. The operation unit 150 may be, for
example, a touch panel type display, a button, a key, or a
microphone.

[0129] The clocking unit 160 performs a process of gener-
ating time information of year, month, day, hour, minute,
second, or the like. For example, the clocking unit 160 is
realized by a real time clock (RTC) IC or the like.

[0130] Thedisplay unit170 displays image data or text data
transmitted from the processing unit 120 as text, a graph, a
table, animation, or another image. For example, the display
unit 170 may be realized by a display such as a liquid crystal
display (LCD), an organic electroluminescence (EL) display,
an electrophoretic display (EPD) and may be a touch panel
type display. The functions of the operation unit 150 and the
display unit 170 may be realized by one touch panel type
display.

[0131] The sound output unit 180 outputs the sound data
transmitted from the processing unit 120 as sound such as

voice or buzzer sound. For example, the sound output unit 180
is realized by a speaker, a buzzer, or the like.

[0132] The vibration unit 190 vibrates according to the
vibration data transmitted from the processing unit 120. The
vibration is delivered to the display apparatus 3 so that the
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user wearing the display apparatus 3 can feel the vibration.
For example, the vibration unit 190 is realized by a vibration
motor or the like.

Exercise Ability Evaluation Method (Procedure of Process)

[0133] Next, an exercise ability evaluation method for the
user will be described with reference to the drawings. F1G. 3
is a flowchart illustrating an example of a procedure of the
exercise ability evaluation process (which is an example of an
exercise ability evaluation method) performed by the pro-
cessing unit 20. The processing unit 20 performs the exercise
ability evaluation process in the procedure of the flowchart of
FIG. 3 by executing the exercise ability evaluation program
360 stored in the storage unit 30.

[0134] In the exercise ability evaluation method according
to the embodiment, the measurement data of the whole body
endurance at the time of exercise of the user is acquired, the
measurement data is compared to the reference data stored in
the exercise ability reference data 380 of the storage unit 30,
and the muscle ability of the user is evaluated based on the
comparison result, and the exercise ability evaluation infor-
mation is generated. In the embodiment, a maximum oxygen
intake amount VO, is used as an index for calculating the
whole body endurance of the user and a running distance in
which the user runs with the utmost effort per unit time is used
as the evaluation data for estimating the maximum oxygen
intake amount VO, , ... As the value of the maximum oxygen
intake amount VO,,, . is higher, the an energy generation
amount increases. Thus, since the user do an exercise ofa high
exercise intensity, the maximum oxygen intake amount
VO,,... can be used properly as an index of the whole body
endurance originated from the muscle ability. In the embodi-
ment, an example in which a male user performs the exercise
ability evaluation method will be described.

[0135] In FIG. 3, the processing unit 20 waits until the
command of the measurement start is received (N in step
S10). When the command of the measurement start is
received (Y in step S10), the processing unit 20 calculates an
initial posture, an initial position, and an initial bias using the
sensing data and the GPS data measured by the inertial mea-
surement unit 10 on the assumption that the user stops, gen-
erates data for requesting the user to start running with his or
her utmost effort, and transmits the data to the display appa-
ratus 3 (step S20).

[0136] Of the text data, the image data, the sound data, and
the vibration data above described, the data for requesting the
user to start the running is preferably the sound data or the
vibration data by which the user can recognize that the user is
requested to start the running even when the user does not
continuously watch the display unit 170. However, the text
data or the image data may be displayed by the display appa-
ratus 3.

[0137] The user starts the running with the utmost effort
when the user recognizes the data for requesting the user to
start the running through sound, vibration, or the like from the
display apparatus 3.

[0138] After a predetermined time has passed from the
running start of the user in step S20, the processing unit 20
acquires the sensing data from the inertial measurement unit
10 and adds the acquired sensing data to the sensing data table
310 (step S30). In the embodiment, as described above, the
running distance of the user per unit time is set as the evalu-
ation data for estimating the maximum oxygen intake amount
VO Therefore, in step S30, the running distance by the

2max®
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running of the user with the utmost effort per unit time is
calculated from the initial position of the user calculated in
step S20 and the position of the user after the elapse of a
predetermined time. The calculated running distance is
acquired as the measurement data by the measurement data
acquisition unit 21.

[0139] Next, the processing unit 20 acquires the reference
data used for comparison evaluation with the measurement
data from the exercise ability reference data 380 of the storage
unit 30 (step S40). An example of the reference data acquired
from the exercise ability reference data 380 will be described
below.

[0140] Next, the processing unit 20 compares the measure-
ment data acquired in step S30 by the measurement data
acquisition unit 21 to the reference data acquired in step S40
from the exercise ability reference data 380 and performs
control such that the exercise ability evaluation data genera-
tion unit 250 generates the exercise ability evaluation data for
which the muscle ability of the user is the main ability (step
S50). Hereinafter, an example of the exercise ability evalua-
tion data generation process will be described with reference
to the drawing. FIG. 4 is a diagram for describing an example
of the exercise ability evaluation data generation process and
is a diagram for describing an overview of a comparison
process of comparing the measurement data to the reference
data. FIG. 5 is a diagram for describing an overview of a
process of generating the exercise ability evaluation data
through the comparison process of FIG. 4.

[0141] InFIG. 4, the vertical axis represents the maximum
oxygen intake amount VO,,, . which is an index of the whole
body endurance according to the embodiment and the hori-
zontal axis represents an age. In a graph indicating a relation
of the two-axes index, reference data A, indicating refer-
ence values for men of every age of the maximum oxygen
intake amount VO,, _and reference data A, indicating

reference values for women of every age of the maximum
oxygen intake amount VO, are plotted.

[0142] InFIG. 4, an actual measurement value B, of the
maximum oxygen intake amount VO, . of the user esti-
mated from the actual measurement data (actually measured
values) of the running distance obtained in the running of the
user with the utmost effort per unit time is plotted. As a
method of estimating the maximum oxygen intake amount
from the running distance obtained in the running with the
utmost effort per unit time, a known method according to the
run unit time can be used. For example, on the assumption
that a distance by which the user runs as “12-minute running”
is X(m) when the run unit time is 12 minutes, the maximum
oxygen intake amount VO, . can be estimated by the fol-
lowing estimation expression.

[0143] On the assumption that a distance by which the user
runs as “15-minute running” is X(m) when the run unit time
is 15 minutes, the maximum oxygen intake amount VO,
can be estimated by the following estimation expression.

[0144] ThereferencedataA,,,, indicating reference values
of men of every age of the maximum oxygen intake amount
VO,,,.. and reference data A, indicating reference val-
ues of women of every age of the maximum oxygen intake
amount VO, __may be generated from the running distance
X(m) ofthe above-described 12-minute running or 15-minute
running using the estimation expression (Expression 1) or the
estimation expression (Expression 2), and may be stored in
the exercise ability reference data 380 of the storage unit 30.

2max
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[0145] 1In FIG. 4, the maximum oxygen intake amount
VO,,, . of the user which is a man is smaller by a than the
reference value of the maximum oxygen intake amount
VO,,,,. of a man of the same age. This difference indicates
the degree when the whole body endurance originated from
the muscle ability (muscle amount) is smaller than the refer-
ence value of the same age. An overview of an example of the
process of generating the exercise ability evaluation data
through the comparison process of comparing the actual mea-
surement value (the measurement data) to the reference data
is illustrated in the explanatory diagram of FIG. 5. In FIG. 5,
the horizontal axis represents the magnitude of a difference
between the actual measurement value of the maximum oxy-
gen intake amount VO, .. of the user and the reference value
of the same age and the horizontal axis represents a muscle
lack degree (a muscle lack degree with respect to the refer-
ence value) estimated from the magnitude of the difference.
In FIG. 5, a which is the magnitude of the difference from the
reference value of the maximum oxygen intake amount
VO,,,,, described in FIG. 4 is illustrated for description. As
illustrated in FIG. 5, of course, as the difference between the
actual measurement value of the maximum oxygen intake
amount VO, and the reference value of the same age is
larger, the muscle lack degree is larger. The exercise ability
evaluation data generation unit 250 generates the muscle lack
degree or the like as the exercise ability evaluation data.
[0146] The age is used on the horizontal axis of FIG. 4, but
another index may be used solely or compositely on the
horizontal axis or may be used as an element correcting the
index of the age or the like of FIG. 4. For example, an index
such as a weight, a body composition, a lactic acid value
associated with an exercise, a maximum heart rate, or a rela-
tive value of an everyday exercise level may be used solely or
compositely on the horizontal axis of FIG. 4 or may be used
as a coefficient. Thus, accuracy of the generated exercise
ability evaluation data can be improved.

[0147] Next, the processing unit 20 determines whether the
user is notified of the content of the exercise ability evaluation
data generated in step S50 (step S60). When the processing
unit 20 determines whether it is not necessary to notify the
user of the content of the generated exercise ability evaluation
data (N in step S60), the exercise ability evaluation data
generation process ends. Apart from this, when the process-
ing unit 20 determines that the user is notified of the generated
exercise ability evaluation data, for example, when the
muscle lack degree illustrated in FIG. 5 exceeds the threshold
value, (Y in step S60), the processing unit 20 generates noti-
fication data (advice data) from a kind of desired data of
which the user is notified, based on the content of the exercise
ability evaluation data (step S70) and transmits the notifica-
tion data to the display apparatus 3 via the communication
unit 40 (step S80). As the notification data, for example,
various kinds of notification are considered, such as messages
used to notify the user that the muscle lack degree is greater
than that of the same sex of the same age and that training for
the whole body endurance including a muscular strength is
necessary.

[0148] The user may be normally notified of the content of
the generated exercise ability evaluation data in real time.
[0149] After the user is notified of the notification data, a
series of exercise ability evaluation data generation processes
ends.

[0150] As described above, in the exercise ability evalua-
tion system 1 and the exercise ability evaluation method using
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the exercise ability evaluation system 1 according to the
embodiment, a relative evaluation result of the whole body
endurance originated from the muscle ability of the user can
be denoted for the user. Thus, for example, it is possible to
expect advantages of denoting superiority or inferiority of the
muscle ability of the user or the degree of the muscle ability
of the user with respect to the reference value of the muscle
ability of the same sex and the same age as the user and
causing the user to recognize the superiority or inferiority or
the degree, and thus giving a hint to the user who decides a
subsequent training method or achieving an improvement in
a motivation for the training of the user.

OTHER EMBODIMENTS

[0151] The invention is not limited to the above-described
first embodiment, but modifications, improvements, or the
like of the above-described embodiment can be made. Other
embodiments of the foregoing embodiment will be described
below.

Second Embodiment

[0152] As the exercise ability evaluation method according
to the first embodiment, the method of calculating the maxi-
mum oxygen intake amount VO, _as the actual measure-
ment value of the running distance such as 12-minute running
or 15-minute running using the maximum oxygen intake
amount VO, in the index of the whole body endurance of
the user and substituting the running distance to the estima-
tion expression has been described.

[0153] Theinventionisnotlimited thereto. The actual mea-
surement value of the maximum oxygen intake amount

V0,,, . of the user can be calculated through a “shuttle run
test”
[0154] Oftheshuttle run tests, in particular, in a general “20

m shuttle run” measurement method, a user performs a shuttle
run of distance 20 m (round-trip endurance run) for 2 minutes
ataspeed of 8 km perhour, and then gradually increase a pace
rhythm of every 0.5 km per hour for every 2 minutes. When
the user may not follow the pace rhythm, an individual maxi-
mum running speed is assumed to be X [km/h]. The maxi-
mum oxygen intake amount VO, when the maximum run-
ning speed is X [km/h] can be calculated with the following
estimation expression.

[0155] Inthe exercise ability evaluation method according
to the second embodiment, the running of the user is pet-
formed such that the user approaches the utmost effort step by
step by a gradually increasing load. Therefore, since a hard
time in which the utmost effort is exerted is a short time
compared to the first embodiment in which the user runs with
his or her utmost effort for the decided time such as 12
minutes or 15 minutes, there is an advantage in which the
work is relatively safe for the user.

Third Embodiment

[0156] Inthe exercise ability evaluation method according
to the first embodiment, the maximum oxygen intake amount
VO,,,.. has been used as the index of the whole body endur-
ance of the user, and the maximum oxygen intake amount
VO,,,.. has been obtained by substituting the running dis-
tance such as 12-minute running or 15-minute running in
which the user runs with the utmost effort per unit time as the
actual measurement value (measurement data) to the estima-
tion expression.
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[0157] The invention is not limited thereto. For example, a
necessary time from a start to a goal in which the user runs a
full-marathon or a half-marathon of a predetermined distance
with the utmost effort may be set as the measurement data
(actual measurement value).

[0158] Inthe exercise ability evaluation method according
to the third embodiment, it is possible to expect an advantage
of obtaining exercise ability evaluation data of close content
in sports for a marathon runner, a user continuously doing an
exercise with a relatively high exercise intensity, or users
doing the same sports or of improving a motivation.

Fourth Embodiment

[0159] Inthe firstembodiment,inthe exercise ability evalu-
ation method using the maximum oxygen intake amount
VO,,,.,,. as the index of the whole body endurance of the user,
the exercise ability evaluation data has been generated by
detecting positional information of the user in the measure-
ment data acquisition work (the running) to measure the
running distance by the acceleration sensor 12 and the angu-
lar velocity sensor 14 of the inertial measurement unit (IMU)
10, the GPS unit 50, and the like worn by the user and
estimating the maximum oxygen intake amount. The exercise
ability evaluation data of the user based on the comparison
result with the reference data has been generated by setting
the running distance in the running of the utmost effort of the
user per unit time as the actual measurement value (measure-
ment data).

[0160] The invention is not limited thereto, but a plurality
of sensors can be employed and the maximum oxygen intake
amount VO, _ can be obtained from measurement data
obtained by measuring an exercise output, biological infor-
mation, or the like as well as the positional information of the
user who is doing an exercise. Hereinafter, an embodiment of
this method will be described.

[0161] The acceleration sensor 12 and the angular velocity
sensor 14 of the inertial measurement unit (IMU) 10, the GPS
unit 50, and the like worn by the user can measure an exercise
output (body movement data) of the user who is moving as
well as the positional information of the user who is running.
[0162] In the embodiment, the user wears a pulse sensor
(not illustrated) that measures a pulse of the user who is
running in a running test. Then, an oxygen intake amount (the
maximum oxygen intake amount VO,,, . ) can be calculated
based on a pulse and an exercise output obtained from pulse
data of the user obtained by the pulse sensor during the
running test and an exercise output of the user measured by
the inertial measurement unit 10.

[0163] Here, for example, when the user wears a wrist-
watch type pulsimeter mounted on the display apparatus 3 in
FIG. 1 or winds a Hartley sensor around his or her chest with
abelt and runs, the pulsimeter worn by the user may calculate
a heart rate during the running of the user as a first item of
exercise analysis information using a measurement value of
the pulsimeter or the Hartley sensor.

[0164] A heart rate (HR,,,,) at the time of rest and a maxi-
mum heart rate (HR,,,.) can be obtained from the above-
described pulse data, and a relative value of the maximum
oxygen intake amount (VO,,,,,) can be further estimated
from the heart rate (HR,,,,) at the time of rest and the maxi-
mum heart rate (HR,,,,) by the following estimation expres-
sion.

[0165] In the method of estimating the maximum oxygen
intake amount according to the embodiment, the maximum
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oxygen intake amount can be obtained relatively easily with-
out causing the user to do an unreasonable work (exercise)
when the maximum heart rate and the heart rate at the time of
rest can be obtained.

[0166] The embodiment of the invention devised by the
inventors has been described specifically above, but the
invention is not limited to the foregoing embodiment and can
be modified in various ways within the scope of the invention
without departing from the gist of the invention.

[0167] For example, in the exercise ability evaluation sys-
tem 1 according to the foregoing embodiments, the inertial
measurement unit (IMU) 10 serving as a measurement device
is configured to be included in the exercise ability evaluation
apparatus 2 and the exercise ability evaluation apparatus 2 is
configured to be worn on a trunk part of the user. However, the
invention is not limited thereto. The inertial measurement unit
10 may be included as a unit distinguished from the exercise
ability evaluation apparatus 2 and may be configured to be
worn on a trunk part of the user by a different wearing mecha-
nism from the exercise ability evaluation apparatus 2. Thus,
since the inertial measurement unit (IMU) 10 which is a
measurement device can be miniaturized, it is possible to
further obtain advantages of improving the degree of freedom
of a worn position and preventing an exercise of the user from
being interrupted.

[0168] In the foregoing embodiments, the maximum oxy-
gen intake amount VO, has been configured to be used as
the index of the whole body endurance of the user, and the
maximum oxygen intake amount VO, . has been configured
to be estimated using the running distance such as 12-minute
running or 15-minute running in which the user runs with the
utmost effort per unit time as the actual measurement value
(measurement data).

[0169] The invention is not limited thereto. For example,
the whole body endurance of the user originated from the
muscle ability of the user can be relatively comprehended
using a necessary time from a start to a goal in which the user
runs a full-marathon or a half-marathon of a predetermined
distance with the utmost effort as the measurement data (ac-
tual measurement value), and then the exercise ability evalu-
ation data can also be generated.

[0170] In the foregoing embodiments, the example has
been described in which the reference data when the oxygen
intake amount is an evaluation axis of the whole body endur-
ance is estimated by the estimation expression. However, an
actual measurement value measured by an expiration gas
measurement instrument may, of course, be used.

[0171] In the foregoing embodiments, the example has
been described in which the maximum oxygen intake amount
is used as the index of the whole body endurance. However,
the exercise ability evaluation data can be generated using a
different index of the whole body endurance from the maxi-
mum oxygen intake amount.

[0172] Examples of the different index of the whole body
endurance from the maximum oxygen intake amount include
an oxygen intake amount (VO), a cardiorespiratory ability, a
lactic acid value, and a degree of fatigue. Measurement data
ofthe whole body endurance can be acquired as this index and
the exercise ability evaluation data can be generated.

[0173] In the foregoing embodiments, the estimation
expressions (Expression 1) to (Expression 4) obtaining the
maximum oxygen intake amount which is one of the indexes
of the whole body endurance have been described. However,
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coefficients in such expressions are representative examples
and the invention is not limited thereto.

Fifth Embodiment

[0174] First, a schematic configuration of an exercise abil-
ity calculation system according to a fifthembodiment will be
described with reference to the drawings.

1. Exercise Ability Calculation System

1. Overview of System

[0175] FIG. 6is a diagram for describing an overview of an
exercise ability calculation system 1A according to the
embodiment. As illustrated in FIG. 6, the exercise ability
calculation system 1A according to the embodiment is con-
figured to include an exercise ability calculation apparatus 2A
and a display apparatus 3A.

[0176] The exercise ability calculation apparatus 2A
according to the embodiment is worn on a trunk part (for
example, a right waist, a left waist, or a middle part of the
waist) of a subject. The exercise ability calculation apparatus
2A includes an inertial measurement unit (IMU) 10A includ-
ing an inertial sensor, comprehends a motion during running
of the subject (also including walking), calculates a velocity,
a position, posture angles (a roll angle, a pitch angle, and a
yaw angle), and the like, further analyzes an exercise of the
subject, and measures a physical amount of whole body
endurance of the subject. In the embodiment, when the sub-
ject stops, the exercise ability calculation apparatus 2A is
worn by the subject so that one detection axis (hereinafter
assumed to be the z axis) of the inertial measurement unit
(IMU) 10A substantially matches a gravitational acceleration
direction (vertical downward direction).

[0177] Thedisplay apparatus 3A is a wrist type (wristwatch
type) portable information apparatus and is worn on a wrist or
the like of the subject. Here, the display apparatus 3A may be
a portable information apparatus such as a head mount dis-
play (HMD) or a smart phone. The subject can operate the
display apparatus 3A before start of running or during the
running and give an instruction to start measurement (an
inertial navigation calculation process and an exercise ability
calculation process to be described below) by the exercise
ability calculation apparatus 2A (perform measurement start)
or stops the measurement (perform measurement stop). The
subject can operate the display apparatus 3A after end of the
running and give an instruction to start or end feedback infor-
mation display (to be described below) or a running analysis
process (to be described below) based on exercise ability
evaluation information by the exercise ability calculation
apparatus 2A. The display apparatus 3A transmits a com-
mand to give an instruction of the measurement start or the
measurement stop, a command to give an instruction to start
or end the feedback information display or the running analy-
sis process based on the exercise ability evaluation informa-
tion, and the like to the exercise ability calculation apparatus
2A.

[0178] A pulsimeter 70 (not illustrated) is mounted on the
display apparatus 3A according to the embodiment. Informa-
tion regarding the pulse rate measured on the wrist part of the
subject by the pulsimeter 70 included in the wrist type display
apparatus 3 A is transmitted to the exercise ability calculation
apparatus 2A via acommunication unit 140A. The pulsimeter
worn by the subject is not limited to, for example, the wrist
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type display apparatus 3A. The subject may wind a heart-rate
sensor around a chest with a belt and runs, and a heart rate
during running of the subject may be calculated as one item of
exercise analysis information using a measurement value of
the pulsimeter or the high rate sensor. In the following
embodiments including the embodiment or content of other
specifications, a “pulse rate” is assumed to include a “heart
rate.”

[0179] When the exercise ability calculation apparatus 2A
receives the command of the measurement start, the exercise
ability calculation apparatus 2A starts measurement by the
inertial measurement unit (IMU) 10A. Then, the exercise
ability calculation apparatus 2A calculates an exercise output
indicating an exercise amount of the subject within a prede-
termined time based on information regarding acceleration
and velocity obtained from the output of the inertial sensor of
the inertial measurement unit 10A, basic information regard-
ing the separately input weight or the like of the subject, or the
like and generates exercise ability data ofthe subject based on
the calculated exercise ability. The exercise ability calcula-
tion apparatus 2A transmits at least some of the generated
exercise ability data to the display apparatus 3A. Then, the
display apparatus 3A receives the exercise ability data and
presents the received exercise ability data to the subject in
various forms such as text, figures, sound, and vibration. The
subject can recognize the exercise ability data (feedback
information and advice) via the display apparatus 3A during
the running.

[0180] When the exercise ability calculation apparatus 2A
receives the command to give the instruction to start a running
analysis process, the exercise ability calculation apparatus 2A
analyzes previous running using exercise analysis informa-
tion generated during previous running and transmits infor-
mation regarding an analysis result to the display apparatus
3A or an information apparatus such as a personal computer
or a smartphone (not illustrated). Then, the display apparatus
3A or the information apparatus receives the information
regarding the analysis result and presents the received exer-
cise analysis information to the subject in various forms such
as text, figures, sound, and vibration. The subject can recog-
nize the analysis result of the previous running via the display
apparatus 3A or the information apparatus.

[0181] Data communication between the exercise ability
calculation apparatus 2A and the display apparatus 3A may
be wireless communication or may be wired communication.
[0182] In the embodiment, a case will be exemplified in
detail below in which the exercise ability calculation appara-
tus 2A generates the exercise ability data based on the exer-
cise output at the time of a running exercise (running) of the
subject. However, the same can also apply even when the
exercise ability calculation system 1A according to the
embodiment generates the exercise ability data based on the
exercise output in an exercise other than the running exercise.

2. Coordinate System

[0183] Coordinate systems necessary in the following
description are defined as follows:

[0184] aneframe (Earth Centered Earth Fixed Frame): a
3-dimensional rectangular coordinate system of a right-
handed type in which the center of the Earth is set to an
origin and the 7z axis is formed in parallel to the rotational
axis of the earth;

[0185] an n frame (Navigation Frame): a 3-dimensional
rectangular coordinate system in which a moving object
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(subject) is set to an origin and the X, y, and z axes are set
as the north, the east, and the direction of gravity, respec-
tively;

[0186] ab frame (Body Frame): a 3-dimensional rectan-
gular coordinate system in which a sensor (the inertial
measurement unit (IMU) 10A) servers as a reference;
and

[0187] an m frame (Moving Frame): a 3-dimensional
rectangular coordinate system of a right-handed type in
which a moving object (subject) is set to an origin and a
travel direction of the moving object (subject) is set to
the x direction.

3. Configuration of System

[0188] FIG. 7 is a functional block diagram illustrating
configuration examples of the exercise ability calculation
apparatus 2A and the display apparatus 3A. As illustrated in
FIG. 7, the exercise ability calculation apparatus 2A is con-
figured to include an inertial measurement unit (IMU) 10A, a
processing unit 20A, a storage unit 30A, a communication
unit40A, a Global Positioning System (GPS) unit 50A, and a
geomagpnetic sensor 60A.

[0189] The processing unit 20A includes a measurement
data acquisition unit 21A and an exercise ability data genera-
tion unit 260. Here, in the exercise ability calculation appa-
ratus 2A according to the embodiment, some of these con-
stituent elements may be deleted or modified or other
constituent elements may be added.

[0190] The inertial measurement unit 10A (which is an
example of an inertial sensor) is configured to include an
acceleration sensor 12 A, an angular velocity sensor 14A, and
a signal processing unit 16A.

[0191] The acceleration sensor 12A detects an acceleration
in each of the three axes directions intersecting each other
(ideally crossing at right angles) and outputs a digital signal
(acceleration data) according to the magnitude and direction
of the detected three-axes acceleration.

[0192] The angular velocity sensor 14A detects an angular
velocity in each of the three axes directions intersecting each
other (ideally crossing at right angles) and outputs a digital
signal (angular velocity data) according to the magnitude and
direction of the detected three-axes angular velocity.

[0193] The signal processing unit 16 A receives the accel-
eration data and the angular velocity data from each of the
acceleration sensor 12A and the angular velocity sensor 144,
adds time information, and stores the acceleration data and
the angular velocity data in a storage unit (not illustrated).
Then, the signal processing unit 16A generates sensing data
for which the stored acceleration data and angular velocity
data to which the time information is attached conform to a
predetermined format, and outputs the sensing data to the
processing unit 20A.

[0194] The acceleration sensor 12A and the angular veloc-
ity sensor 14A are mounted so that the three axes matches the
three axes of the sensor coordinate system (the b frame) using
the inertial measurement unit 10A as a reference. When a
mounting angle error occurs between the three axes and the
three axes of the sensor coordinate system (the b frame) at the
time of the mounting of the acceleration sensor 12A and the
angular velocity sensor 14A, a conversion process is pet-
formed by the signal processing unit 16A. Specifically, the
signal processing unit 16A performs a process of converting
the acceleration data and the angular velocity data into data of
the sensor coordinate system (the b frame) using a correction
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parameter calculated in advance according to the mounting
angle error. Instead of the signal processing unit 16A, the
processing unit 20A to be described below may perform the
conversion process.

[0195] The signal processing unit 16 A may perform a tem-
perature correction process of the acceleration sensor 12A
and the angular velocity sensor 14A. Instead of the signal
processing unit 16A, the processing unit 20A to be described
below may perform the temperature correction process or a
temperature correction function may be embedded in the
acceleration sensor 12A and the angular velocity sensor 14A.
[0196] The acceleration sensor 12A and the angular veloc-
ity sensor 14A may output analog signals. In this case, the
signal processing unit 16A may perform A/D conversion on
an output signal of the acceleration sensor 12A and an output
signal of the angular velocity sensor 14A to generate sensing
data.

[0197] The GPS unit 50A receives a GPS satellite signal
transmitted from a GPS satellite which is a kind of positioning
satellite, performs positioning calculation using the GPS sat-
ellite signal to calculate the position and the velocity (a vector
including a magnitude and a direction) of a user which is the
subject in the n frame, and outputs GPS data to which time
information or positioning accuracy information is granted to
the processing unit 20A. Since a method of calculating the
position or the velocity using a GPS or a method of generating
the time information is known, the detailed description will
be omitted.

[0198] The geomagnetic sensor 60A detects a geomag-
netism in each of the three-axes directions intersecting each
other (ideally crossing at right angles) and outputs digital
signal (geomagnetic data) according to the magnitude and the
direction of the detected geomagnetism in the three axes to
the processing unit 20A. Here, the geomagnetic sensor 60A
may output an analog signal. In this case, the processing unit
20A may perform A/D conversion on the output signal of the
geomagnetic sensor 60A to generate geomagnetic data.
[0199] The storage unit 30A is configured to include any of
various IC memories such as a read-only memory (ROM), a
flash ROM, and a random access memory (RAM) or a record-
ing medium such as a hard disk or a memory card.

[0200] The storage unit 30A stores an exercise ability cal-
culation program 370 that is read by the processing unit 20A
serving as a calculation unit to execute an exercise ability
evaluation process (see FIG. 8) and an exercise analysis pro-
gram 300A that executes an exercise analysis process.
[0201] The storage unit 30A further stores, for example, an
exercise ability reference data 380A serving as reference
data, a sensing data table 310A, a GPS data table 3204, a
geomagnetic data table 3304, a calculation data table 3404,
and exercise analysis information 350A.

[0202] The exercise ability reference data 380A is refer-
ence data of whole body endurance. The exercise ability
reference data 380A is compared to measurement data of the
whole body endurance of the user acquired by the measure-
ment data acquisition unit 21A to be described below when
the processing unit 20A generates exercise ability evaluation
information. In the embodiment, a maximum oxygen intake
amount is used as an index of the whole body endurance and
a reference value of the maximum oxygen intake amount of
every age is stored as the exercise ability reference data 380A
in the storage unit 30A according to men and women.
[0203] The sensing data table 310A is a data table that
chronologically stores sensing data (detection results of the
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inertial measurement unit 10A) received from the inertial
measurement unit 10A by the processing unit 20A.

[0204] The GPS data table 320A is a data table that chro-
nologically stores GPS data (detection results of the GPS unit
(GPS sensor) 50A) received from the GPS unit 50A by the
processing unit 20A.

[0205] The geomagnetic data table 330A is a data table that
chronologically stores geomagnetic data (detection results of
the geomagnetic sensor) received from the geomagnetic sen-
sor 60A by the processing unit 20A.

[0206] The calculation data table 340A is a data table that
chronologically stores velocities, positions, and posture
angles calculated using the sensing data by the processing
unit 20A.

[0207] The exercise analysis information 350A is various
kinds of information regarding an exercise of the user and
includes various kinds of information such as analysis infor-
mation or running trajectory information of the exercise of the
user generated by the processing unit 20A and input informa-
tion regarding a weight or the like input in advance by the
user.

[0208] The processing unit 20A serving as a calculation
unit includes a measurement data acquisition unit 21A and an
exercise ability data generation unit 260. The processing unit
20A is configured by, for example, a central processing umt
(CPU), a digital signal processor (DSP), or an application
specific integrated circuit (ASIC) and performs various cal-
culation processes or control processes according to various
programs stored in the storage unit 30A.

[0209] The measurement data acquisition unit 21A
receives, for example, the sensing data, the GPS data, and the
geomagnetic data from the inertial measurement unit 10A,
the GPS unit 50A, and the geomagnetic sensor 60A, respec-
tively, and calculates the velocity, the position, the posture
angle, and the like of the user using the data to acquire the
velocity, the position, the posture angle, and the like as mea-
surement data of the whole body endurance of the user.
[0210] The exercise ability data generation unit 260 com-
pares the measurement data of the measurement data acqui-
sition unit 21A to the exercise ability reference data 380A of
the storage unit 30A and generates exercise ability evaluation
information in which the muscle ability of the user is the main
based on the comparison result.

[0211] Then, the processing unit 20A transmits at least
some of the pieces of generated exercise ability evaluation
information generated by the exercise ability data generation
unit 260 to the display apparatus 3A via the communication
unit 40A.

[0212] Thedisplay apparatus 3A outputs the received exer-
cise ability evaluation information in forms such as text,
images, sound, and vibration.

[0213] The communication unit 40A performs data com-
munication with a communication unit 140A of the display
apparatus 3A. The communication unit 40A performs, for
example, a process of receiving the exercise ability evaluation
information generated by the processing unit 20A, output
information during running, or output information after run-
ning and transmitting the received information to the display
apparatus 3A or a process of receiving a command (a com-
mand of the measurement start/the measurement stop, a com-
mand to start/end the running analysis process, or the like)
transmitted from the display apparatus 3A and transmitting
the command to the processing unit 20A.
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[0214] The display apparatus 3A is configured to include a
processing unit 120A, a storage unit 130A, the communica-
tionunit 140A, an operation unit 150A, a clocking unit 160 A,
adisplay unit 170A, a sound output unit 180A, and a vibration
unit 190A. However, the display apparatus 3A according to
the embodiment may be configured such that some of these
constituent elements may be deleted or modified or other
constituent elements may be added.

[0215] The display apparatus 3A includes the pulsimeter
70.
[0216] The processing unit 120A performs various calcu-

lation processes or control processes according to programs
stored in the storage unit 130A. Specifically, the processing
unit 120A performs various processes (for example, a process
of transmitting the command of the measurement start/the
measurement stop or the command to start/end the running
analysis process to the communication unit 140A, a display
process according to the operation data, and a sound output
process) according to operation data received from the opera-
tion unit 150A. The processing unit 120A performs a process
of receiving the output information during running or the
output information after running from the communication
unit 140A and transmitting text data or image data according
to the output information during running or the output infor-
mation after running to the display unit 170A. The processing
unit 120A further performs a process of transmitting sound
data according to the output information during running or
the output information after running to the sound output unit
180A or a process of transmitting vibration data according to
the output information during running to the vibration unit
190A.

[0217] The processing unit 120A further performs, for
example, a process of generating time image data according
to time information received from the clocking unit 160A and
transmitting the time image data to the display unit 170A.

[0218] For example, the storage unit 130A is configured by
any of various IC memories such as a ROM storing data or
programs used for the processing unit 120A to perform vari-
ous processes or a RAM serving as a work area of the pro-
cessing unit 120A.

[0219] The communication unit 140A performs data com-
munication with the communication unit 40A of the exercise
ability calculation apparatus 2A. Specifically, the communi-
cation unit 140 A performs a process of receiving a command
(for example, a command of the measurement start/the mea-
surement stop or a command to start/end the running analysis
process) according to operation data from the processing unit
120A and transmitting the command to the exercise ability
calculation apparatus 2A. The communication unit 140A fur-
ther performs a process of receiving the output information
during running, the output information after running, or the
exercise ability evaluation information transmitted from the
exercise ability calculation apparatus 2A and transmitting the
received information to the processing unit 120A, or trans-
mits the measurement data of the pulse rate output from the
pulsimeter 70 to the exercise ability calculation apparatus 2A.

[0220] The operation unit 150A performs a process of
acquiring operation data (operation data of the measurement
start/the measurement stop, selection of display content, or
the like) from the user and transmitting the operation data to
the processing unit 120A. The operation unit 150A may be,
for example, a touch panel type display, a button, a key, or a
microphone.
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[0221] A process of acquiring basic data such as informa-
tion regarding the weight or the like of the user used for the
exercise ability calculation process according to the embodi-
ment may be acquired by the operation unit 150A and trans-
mitting the basic data to the processing unit 120A may be
performed. The basis data obtained by the operation unit
150A and transmitted to the processing unit 120A is trans-
mitted to the exercise ability calculation apparatus 2A viathe
communication unit 140A.

[0222] The clocking unit 160A performs a process of gen-
erating time information of year, month, day, hour, minute,
second, or the like. For example, the clocking unit 160A is
realized by a real time clock (RTC) IC or the like.

[0223] The display unit 170A displays image data or text
data transmitted from the processing unit 120A as text, a
graph, a table, animation, or another image. For example, the
display unit 170A may be realized by a display such as a
liquid crystal display (LCD), an organic electroluminescence
(EL) display, an electrophoretic display (EPD) and may be a
touch panel type display. The functions of the operation unit
150A and the display unit 170A may be realized by one touch
panel type display.

[0224] The sound output unit 180A outputs the sound data
transmitted from the processing unit 120A as sound such as
voice or buzzer sound. For example, the sound output unit
180A is realized by a speaker, a buzzer, or the like.

[0225] The vibration unit 190A vibrates according to the
vibration data transmitted from the processing unit 120A. The
vibration is delivered to the display apparatus 3A so that the
user wearing the display apparatus 3A can feel the vibration.
Forexample, the vibration unit 190A is realized by a vibration
motor or the like.

Exercise Ability Calculation Method (Procedure of Process)

[0226] Next, an exercise ability calculation method for the
user will be described with reference to the drawings. In the
embodiment, an exercise ability calculation method when the
user runs will be described. F1G. 8 is a flowchart illustrating
an example of a procedure of the exercise ability calculation
process (which is an example of an exercise ability calcula-
tion method) performed by the processing unit 20A. The
processing unit 20A performs the exercise ability calculation
process in the procedure of the flowchart of FIG. 8 by execut-
ing the exercise ability calculation program 370 stored in the
storage unit 30A.

[0227] In FIG. 8, the processing unit 20A waits until the
command of the measurement start is received (N in step
S110). When the command of the measurement start is
received (Y in step S110), the processing unit 20A first cal-
culates an initial posture, an initial position, and an initial bias
using the sensing data and the GPS data measured by the
inertial measurement unit 10A on the assumption that the user
stops, generates data for requesting the user to start running
with his or her utmost effort, and transmits the data to the
display apparatus 3A (step S120). Of the text data, the image
data, the sound data, and the vibration data above described,
the data for requesting the user to start the running is prefer-
ably the sound data or the vibration data by which the user can
recognize that the user is requested to start the running even
when the user does not continuously watch the display unit
170A. However, the text data or the image data may be dis-
played by the display apparatus 3A. The user starts the run-
ning for the exercise ability calculation process when the user
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recognizes the data for requesting the user to start the running
through sound, vibration, or the like from the display appa-
ratus 3A.

[0228] The processing unit 20A acquires the sensing data
from the inertial measurement unit 10A during the running of
the user started in step S120. The sensing data includes accel-
eration, an angular velocity, a velocity, a position, a posture
angle, a distance, a stride, and a running pitch calculated by
performing calculation using the outputs of the acceleration
sensor 12A and the angular velocity sensor 14A, the GPS data
obtained from the detection result of the GPS unit 50A, and
geomagnetism data obtained from the detection result of the
geomagnetic sensor 60A. The sensing data is acquired by the
measurement data acquisition unit 21A and is chronologi-
cally added to the sensing data table 310A of the storage unit
30A (step S130).

[0229] The processing unit 20A acquires information
regarding the weight of the user (step S140). As described
above, the information regarding the weight of the user is
input in advance by operating the operation unit 150A of the
display apparatus 34, is transmitted to the exercise ability
calculation apparatus 2A, and is stored in the storage unit
30A. A timing at which the information regarding the weight
of the user is acquired may not be a timing after the user starts
running in step S120.

[0230] The measurement data acquisition unit 21A of the
processing unit 20A acquires information regarding the pulse
rate measured by the pulsimeter 70 of the display apparatus
3A (step S150).

[0231] Next, the processing unit 20A causes the exercise
ability data generation unit 260 to generate exercise ability
data of the user. When the exercise ability data generation unit
260 generates the exercise ability data, an exercise output
indicating an exercise amount within a predetermined time is
first calculated from the sensing data including the accelera-
tion and the velocity acquired in step S130 and the informa-
tion regarding the weight of the user (step S160).

[0232] Next, the exercise ability data generation unit 260
calculates a cardiac output based on the pulse rate of the user
acquired in step S150 and the exercise output calculated in
step S160 (step S170). A relation among a cardiac output SV,
apulse rate HR, and an exercise output can be expressed in an
exercise output=a (SVxHR). Here, a is a coefficient which is
based on the information regarding the weight or the like
described above. Thus, the cardiac output can be estimated
based on a value obtained by dividing the exercise output SV
by the pulse rate HR.

[0233] Next, the processing unit 20A evaluates an exercise
ability of the user based on the exercise ability data generated
in step S170 (step S180). F1G. 9 is adiagram for describing an
example of evaluation of an exercise ability of a user in an
exercise ability calculation process.

[0234] In FIG. 9, the vertical axis represents the exercise
output and the horizontal axis represents the pulse rate. In the
graph indicating the relation between the indexes on the two
axes, data B indicating the exercise ability of the user at this
time and data A indicating the exercise ability of the user at a
previous time or a past exercise ability of the user are plotted.
[0235] When the values of the pulse rates at the same exer-
cise output of the exercise ability data B of the user generated
at this time and the exercise ability data A of the user at the
previous time or the previous exercise ability data A are
compared in FIG. 9, a result in which the pulse rate of the
exercise ability data B at this time is smaller than the pulse
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rate of the exercise ability data A at the previous time or the
previous exercise ability data A is obtained. This demon-
strates that the pulse rate when the user does an exercise of the
exercise output of the same intensity is lowered, and thus it
can be evaluated that the exercise ability is improved. The
same evaluation can be performed even when exercise out-
puts at the same pulse rate are compared.

[0236] Referring back to FIG. 8, next, the processing unit
20A determines whether theuser is notified of the result of the
exercise ability evaluation of step S180 (step S190). When 1t
is determined that it is not necessary to notify the user of the
result of the exercise ability evaluation (N in step S190), the
exercise ability calculation process ends. Unlike this deter-
mination, when the processing unit 20A determines that the
user is notified of the result of the exercise ability evaluation,
for example, when the exercise ability is improved over a
certain range or the exercise ability is degraded oppositely in
the result of the exercise ability evaluation illustrated in FIG.
9 (Y in step S190), the processing unit 20A generates notifi-
cation data (advice data) from akind of desired data of which
the user is notified, according to the result of the exercise
ability evaluation (step S200) and transmits the notification
data to the display apparatus 3A via the communication unit
40A (step S210). As the notification data, for example, vari-
ous kinds of notification are considered, such as messages
used to notify the user of exercise ability information indicat-
ing an improvement in the exercise ability at the time of
training at a previous time or necessity of training for improv-
ing a muscular strength, endurance, or the like.

[0237] Theuser may be notified of the result of the exercise
ability evaluation as the notification data in real time.

[0238] After the user is notified of the notification data, a
series of exercise ability calculation processes ends.

[0239] Inthe exercise ability calculation method according
to the fifth embodiment described above, presence or absence
or the magnitude (degree) of the change in the exercise ability
of the user has been comprehended by comparing the data
indicating the relation between the pulse rate and the exercise
output calculated at this time to the data indicating the relation
between the pulse rate and the past exercise output, but the
invention is not limited thereto. As another exercise ability
calculation method, for example, a cardiac output of the user
obtained in the exercise ability calculation process of the
foregoing fifth embodiment may be compared to a past car-
diac output of the user or a reference value of a cardiac output
of the same sex and the same age, and the exercise ability of
the user may be evaluated based on the comparison result.
Further, the maximum oxygen intake amount can also be
estimated from the cardiac output and the pulse rate obtained
in the exercise ability calculation method of the fifth embodi-
ment.

[0240] As described above, in the exercise ability calcula-
tion apparatus 2A, the exercise ability calculation system 1A,
and the exercise ability evaluation method using the apparatus
and the system according to the fifth embodiment, it is pos-
sible to obtain the following advantages.

[0241] (1) In the exercise ability calculation system 1A and
the exercise ability calculation process (the exercise ability
calculation method) using the system according to the fifth
embodiment, the relative evaluation result of the exercise
ability of the user can be presented to the user. Thus, it is
possible to expect advantages of denoting the change or the
degree of improvement or degradation of the exercise ability
of the user and causing the user to recognize the change or the
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degree, and thus giving a hint to the user who decides a
subsequent training method or achieving an improvement in
a motivation for the training of the user.

[0242] (2) The exercise ability calculation system 1A
according to the fifth embodiment includes the exercise abil-
ity calculation apparatus 2A including the inertial measure-
ment unit 10A that includes the inertial sensor worn by the
subject, the measurement data acquisition unit 21A that
serves as the reception unit acquiring the information regard-
ing the acceleration and the velocity from the output of the
inertial sensor, the information regarding the weight of the
subject, and the like, and the exercise ability data generation
unit 260 that serves as the calculation unit calculating the
exercise output of the subject within the predetermined time
from the information regarding the acceleration, the velocity,
and the weight.

[0243] Thus, the exercise output indicating an exercise
amount of the subject within the predetermined time can be
calculated with high accuracy from the information regarding
the acceleration and the velocity acquired by the inertial
sensor worn by the user and the information regarding the
weight of the subject, and thus it is possible to provide the
exercise ability calculation system 1A capable of evaluating
the exercise ability of the subject based on the calculated
exercise output.

[0244] (3) The exercise ability calculation system 1A
according to the fifth embodiment has been configured to
include the pulsimeter that measure a pulse rate of the subject
and to have a function of calculating a cardiac output based on
the pulse rate of the subject measured by the pulsimeter and
the above-described exercise output. The pulsimeter has been
configured to be mounted on the wrist type display apparatus
3A and measure a pulserate of the wrist portion of the subject.
[0245] In this configuration, it is possible to calculate the
cardiac output based on the pulse rate and the exercise ability
of the subject and relatively easily calculate the exercise
ability including the heart competence ofthe subject using the
cardiac output. By configuring the pulsimeter as a type of
pulsimeter mounted on the wrist type display apparatus 3A,
for example, it is possible to continuously obtain measure-
ment data of pulse values normally while reducing wearing
inconvenience of the subject in comparison to a heart rate
sensor or the like wound and worn around a chest.

[0246] (4) The exercise ability calculation method accord-
ing to the embodiment has been configured to include the
steps of acquiring the information regarding the acceleration
and the velocity from the output of the inertial measurement
unit 10A worn by the user, acquiring the information regard-
ing the weight of the user, and calculating the exercise output
indicating the exercise amount within the predetermined time
from the acquired information.

[0247] Thus, it is possible to calculate the exercise output
indicating the exercise amount of the user within the prede-
termined time relatively simply and with high accuracy, and
thus to evaluate the exercise ability of the user based on the
calculated exercise output.

[0248] (5) In the embodiment, the exercise ability calcula-
tion method has been configured to include the steps of
acquiring the information regarding the pulse rate by the
pulsimeter worn by the user and calculating the cardiac output
based on the pulse rate and the exercise output.

[0249] Thus, it is possible to calculate the cardiac output
based on the pulse rate and the exercise ability while acquir-
ing the pulse rate of the user in real time and with high
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accuracy, and to calculate the exercise ability including the
heart competence of the subject using the cardiac output.

[0250] (6) In the embodiment, the cardiac output has been
configured to be estimated based on the value obtained by
dividing the exercise output by the pulse rate.

[0251] Thus, it is possible to relatively easily estimate the
cardiac output, for which a special equipment or mechanism
is normally necessary, from the exercise output calculated
based on information or the like acquired by the inertial
sensor and the pulse rate measured by the pulsimeter 70, and
thus to calculate the exercise ability of the user based on the
obtained cardiac output.

[0252] The invention is not limited to the above-described
fifth embodiment, but modifications, improvements, or the
like of the above-described embodiment can be made. Other
embodiments of the foregoing embodiment will be described
below.

Other Embodiments

[0253] The invention is not limited to the above-described
fifth embodiment, but modifications, improvements, or the
like of the above-described embodiment can be made. Other
embodiments of the foregoing embodiment will be described
below. The same reference numerals are given to the same
constituent elements as the fifth embodiment, and the
repeated description will be omitted.

Sixth Embodiment

[0254] FIG. 10 is a diagram for describing an example of
evaluation of'an exercise ability of a user in an exercise ability
calculation process of a sixth embodiment.

[0255] In FIG. 10, the vertical axis represents the exercise
output and the horizontal axis represents the pulse rate. In the
graph indicating the relation between the indexes on the two
axes, first data S indicating the exercise ability of the user at
this time and second data T indicating the exercise ability of
the user at a previous time or a past exercise ability of the user
are plotted.

[0256] InFIG. 10, ina broad sense, there are four points for
comparison evaluation between the first data S which is exer-
cise ability data of the user generated at this time and the
second data T which is exercise ability data of the user at a
previous time or a past exercise ability data of the user. Four
comparison evaluation methods will be described below.

C Portion

[0257] First, in a portion indicated by an arrow C of FIG.
10, pulse rates of the first data S and the second data T are
compared at a predetermined exercise output. This is the same
as the evaluation method performed in the foregoing fifth
embodiment. That is, when the values of the pulse rates of the
first data S and the second data T at the predetermined same
exercise output are compared, the pulse rate of the first data S
is smaller than the pulse rate of the second data T. The fact that
the pulse rate obtained at the time of the exercise of the
exercise output of the same intensity is smaller can be said
that the exercise ability in the first data S is higher than in the
second data T. Thus, the exercise ability can be determined to
be higher as the pulse rate at the same exercise output is lower,
and thus the exercise ability of the subject can be compre-
hended relatively.
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D Portion

[0258] Next, in a portion indicated by an arrow D of FIG.
10, the exercise outputs of the first data S and the second data
T ata predetermined pulse rate are compared in contrast to the
above-described arrow C. When the values of the exercise
outputs of the first data S and the second data T at the prede-
termined same pulse rate are compared, the exercise output of
the first data S is larger than the exercise output of the second
data T, as in the C portion. Accordingly, the exercise ability in
the first data S in which a stronger exercise output is obtained
in a state of the smaller pulse rate can be determined to be
higher than in the second data T. Thus, it is possible to rela-
tively comprehend the exercise ability of the subject.

E Portion

[0259] Next, in portions (two portions) indicated by an
arrow E of FIG. 10, pulse rates at which the exercise outputs
of the first data S and the second data T are saturated are
compared. The fact that the exercise output is saturated refers
to a state in which the exercise output does not increase
despite an increase in the pulse rate when the pulse rate
increasing linearly in substantial proportion to the increase in
the exercise output reaches a certain value. When the exercise
output is saturated, the exercise output can decrease despite
the increase in the pulse rate. In FIG. 10, the exercise output
of the second data T is saturated at the smaller pulse rate than
the first data S. Thus, the exercise ability of the second data T
can be determined to be lower than that of the first data S in
that a point at which the exercise output is not set to be
appropriate for the pulse rate is low as the pulse rate at the
time of the saturation of the exercise output is lower.

F Portion

[0260] Next, portions indicated by an arrow F of FIG. 10
show the maximum pulse rates of the first data S and the
second data T. In the embodiment, the maximum pulse rate is
assumed to be the same as the maximum heart rate. In FIG.
10, the maximum pulse rate in the first data S is higher than in
the second data T. In the embodiment, the exercise ability can
be determined to be higher as the maximum pulse rate is
higher.

Seventh Embodiment

[0261] FIGS. 11 and 12 are diagrams for describing evalu-
ation examples of the exercise ability of the user in the exer-
cise ability calculation process according to a seventh
embodiment. FIG. 11 is a diagram for describing a method of
obtaining a relation between the pulse rate and the exercise
output of an estimation section from a relation between a
pulse rate and an exercise output of an actual measurement
section. FIG. 12 is a diagram for describing a method of
calculating an exercise ability of a subject from an estimation
result illustrated in FIG. 11.

[0262] In data (graph) indicating the relation between the
exercise output (represented by the vertical axis) and the
pulse rate (represented by the horizontal axis) illustrated in
FIG. 11, a graph line shown in the actual measurement section
is calculated and plotted based on the sensing data or the pulse
rate data actually measured in the exercise ability calculation
method (steps S110 to S160 (S170) of FIG. 8) described in the
foregoing fifth embodiment.
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[0263] 1Incontrast, graph lines of sections shown as estima-
tion sections in the drawing are estimated from the inclination
of the graph line in the actual measurement section.

[0264] Since the exercise output at a predetermined pulse
rate can be estimated from estimation values (the graph lines)
in the estimation sections, the exercise ability of the subject
can be calculated.

[0265] Here, the maximum pulse rate can be estimated as a
predetermined pulse rate. By assuming the maximum pulse
rate as the predetermined pulse rate, a maximum exercise
output estimation value Q can be estimated.

[0266] In FIG. 12, the vertical axis represents an oxygen
intake amount and the horizontal axis represents an exercise
output. An exercise ability calculation method of estimating a
maximum oxygen intake amount from the maximum exercise
output estimated in FIG. 11 is shown. Specifically, an oxygen
intake amount corresponding to the maximum exercise out-
put estimation value Q calculated in FIG. 11 is estimated as
the maximum oxygen intake amount. Thus, the maximum
oxygen intake amount which is an effective index of the
exercise ability evaluation can be calculated.

[0267] The embodiment of the invention devised by the
present inventors have been described in detail above. How-
ever, the invention is not limited to the foregoing embodi-
ments and may be modified in various ways within the scope
of the invention without departing from the gist of the inven-
tion.

[0268] Theentire disclosure of Japanese Patent Application
No. 2014-155939, filed Jul. 31, 2014 and No. 2014-156772,
filed Jul. 31, 2014 are expressly incorporated by reference
herein.

What is claimed is:

1. An exercise ability evaluation method comprising:

acquiring measurement data of whole body endurance ofa

user;

acquiring reference data of the whole body endurance;

comparing the measurement data to the reference data; and

evaluating a muscle ability of the user based on a compari-
son result obtained by comparing the measurement data
and the reference data and generating exercise ability
evaluation information.

2. The exercise ability evaluation method according to
claim 1, wherein an index of the whole body endurance
includes atleast one ofa cardiorespiratory ability, a lactic acid
value, a degree of fatigue and an oxygen intake amount of the
user.

3. The exercise ability evaluation method according to
claim 1, wherein the index is a running time per predeter-
mined distance of the user.

4. The exercise ability evaluation method according to
claim 2,

wherein the index is the oxygen intake amount, and

wherein the oxygen intake amount is measured through a

running test within a predetermined time or a running
test of reciprocation of a predetermined distance.

5. The exercise ability evaluation method according to
claim 2,

wherein the index is the oxygen intake amount, and

wherein the oxygen intake amount is calculated based on

pulse data and body movement data of the user.

6. The exercise ability evaluation method according to
claim 4, wherein the oxygen intake amount serving as the
reference data is acquired based on a heart rate at a time of rest
and a maximum heart rate (HR,

max)'
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7. The exercise ability evaluation method according to
claim 1, wherein the muscle ability of the user is evaluated
based on a difference between the measurement data and the
reference data and the exercise ability evaluation information
is generated.

8. An exercise ability evaluation apparatus comprising:

a storage unit that stores reference data of whole body

endurance; and

an exercise ability evaluation information generation unit

that generates exercise ability evaluation information by
evaluating a muscle ability of a user based on a compari-
son result obtained by comparing measurement data of
whole body endurance of the user and the reference data.

9. An exercise ability calculation method comprising:

acquiring information regarding acceleration and velocity

from an output of an inertial sensor worn by a subject;
acquiring information regarding a weight of the subject;
and

calculating an exercise output indicating an exercise

amount within a predetermined time from the informa-
tion regarding the acceleration, the velocity, and the
weight.

10. The exercise ability calculation method according to
claim 9, further comprising:

acquiring information regarding a pulse rate of the subject;

and

calculating a cardiac output based on the pulse rate and the

exercise output.

11. The exercise ability calculation method according to
claim 10, wherein information regarding the pulse rate is a
pulse rate measured by a pulsimeter worn by the subject.

12. The exercise ability calculation method according to
claim 10, wherein the cardiac output is estimated and calcu-
lated based on a value obtained by dividing the exercise
output by the pulse rate.

13. The exercise ability calculation method according to
claim 10, wherein an exercise ability is calculated based on a
comparison result obtained by comparing the calculated car-
diac output to a reference cardiac output to be compared to the
cardiac output.

14. The exercise ability calculation method according to
claim 10, wherein an exercise ability is calculated based on a
result obtained by comparing first data indicating a relation
between the pulse rate and the exercise output to second data
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indicating a relation between a different pulse rate from the
first data and the exercise output.

15. The exercise ability calculation method according to
claim 14, wherein the exercise outputs of the first data and the
second data are compared at a predetermined pulse rate.

16. The exercise ability calculation method according to
claim 14, wherein pulse rates of the first data and the second
data are compared for a predetermined exercise output.

17. The exercise ability calculation method according to
claim 14, wherein pulse rates at which the exercise outputs of
the first data and the second data are saturated are compared.

18. The exercise ability calculation method according to
claim 14, wherein maximum pulse rates of the first data and
the second data are compared.

19. The exercise ability calculation method according to
claim 9, wherein an inclination of a non-measurement section
is estimated from an inclination of an actual measurement
section of a graph indicating a relation between the pulse rate
and the exercise output, and the exercise output at a predeter-
mined pulse rate is estimated.

20. The exercise ability calculation method according to
claim 19, wherein a maximum oxygen intake amount is esti-
mated and calculated based on the estimated exercise output.

21. The exercise ability calculation method according to
claim 19, wherein the predetermined pulse rate is a maximum
pulse rate of the subject.

22. An exercise ability calculation apparatus comprising;

a reception unit that acquires information regarding accel-

eration and velocity from an output of an inertial sensor
worn by a subject and information regarding a weight of
the subject; and

a calculation unit that calculates an exercise output indi-

cating an exercise amount within a predetermined time
from the information regarding the acceleration, the
velocity, and the weight.
23. The exercise ability calculation apparatus according to
claim 22,
wherein the reception unit includes a function of acquiring
information regarding a pulse rate of the subject, and

wherein the calculation unit includes a function of calcu-
lating a cardiac output based on the pulse rate and the
exercise output.
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