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7) ABSTRACT

A biological information analysis apparatus, a biological
information analysis system, and a biological information
analysis program, capable of easily calculating an estimated
value of the maximum oxygen intake. A biological infor-
mation analysis apparatus includes an information acquisi-
tion portion that acquires biological information of a user,
body motion information indicating body motion of the user,
and user information regarding the user, a storage unit that
stores the acquired biological information, body motion
information, and user information, a level determination
portion that determines an exercise habit level of the user on
the basis of the biological information and the body motion
information in a predetermined period, and an estimation
unit (estimated value calculation portion) that estimates the
maximum oxygen intake of the user on the basis of the
exercise habit level and the user information.
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BIOLOGICAL INFORMATION ANALYSIS
APPARATUS, BIOLOGICAL INFORMATION
ANALYSIS SYSTEM, BEATING
INFORMATION MEASUREMENT SYSTEM,
AND BIOLOGICAL INFORMATION
ANALYSIS PROGRAM

TECHNICAL FIELD

[0001] The present invention relates to a biological infor-
mation analysis apparatus, a biological information analysis
system, a beating information measurement system, and a
biological information analysis program.

BACKGROUND ART

[0002] In the related art, a gas phase respiratory function
examination system has been proposed which detects expi-
ration data (for example, an oxygen concentration and a
carbonic acid gas concentration) of a subject, and performs
health management corresponding to numerical values
based on the expiration data (refer to PTL 1, for example).
[0003] The gas phase respiratory function examination
system disclosed in PTL 1 includes a treadmill, a mouth-
piece (mask), a sampling tube, a flow sensor, an infrared
CO, sensor, a zirconia type O, sensor, and a microcomputer.
In a case where the maximum oxygen intake (VO,max) is
measured by using such a system, a subject runs on the
treadmill in a state of mounting the mask on the mouth. The
expired air of the subject is distributed to the flow sensor and
the infrared CO, sensor via the sampling tube connected to
the mask. The flow sensor measures a flow rate of the
expired air, and the infrared CO, sensor detects a carbonic
acid gas concentration. The expired air having passed
through the infrared CO, sensor is guided to the zirconia
type O, sensor, and an oxygen concentration is detected by
the O, sensor so as to be transmitted to the microcomputer.
The microcomputer calculates and measures the maximum
oxygen intake on the basis of the flow rate, the carbonic acid
gas concentration, and the oxygen concentration of the
expired air, transmitted from the flow sensor, the infrared
CO, sensor, and the zirconia type O, sensor.

CITATION LIST

Patent Literature

[0004] PTL 1: JP-A-2000-316834
SUMMARY OF INVENTION
Technical Problem
[0005] However, since the gas phase respiratory function

examination system disclosed in PTL 1 includes the tread-
mill, the mask, and various sensors and is thus large-sized
and expensive, the system is not easily introduced. Since a
user has to perform exercise putting a burden on the body of
their own, such as a gradual increase of a load, in a state of
mounting the mask, in order to measure the maximum
oxygen intake, there is a problem in that it is hard to measure
the maximum oxygen intake of a feeble user or a user whose
physical condition is not good.

[0006] The invention has been made in order to solve at
least some of the above-described problems, and an object
of their own is to provide a biological information analysis
apparatus, a biological information analysis system, and a
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biological information analysis program, capable of easily
calculating an estimated value of the maximum oxygen
intake.

Solution to Problem

[0007] A Dbiological information analysis apparatus
according to a first aspect of the invention includes an
information acquisition unit that acquires biological infor-
mation of a user, body motion information indicating body
motion of the user, and user information regarding the user;
a storage unit that stores the biological information, the body
motion information, and the user information which have
been acquired; a level determination unit that determines an
exercise habit level of the user on the basis of the biological
information and the body motion information in a predeter-
mined period; and an estimation unit that estimates the
maximum oxygen intake of the user on the basis of the
exercise habit level and the user information.

[0008] Examples of the biological information may
include pulse wave information (for example, a pulse rate
and a pulse wave interval) derived from a pulse wave signal,
and examples of the body motion information may include
an acceleration value acting due to body motion of the user.
Examples of the user information may include the age, the
sex, and a body mass index (BMI) of the user, and the
predetermined period may be a week as an example.

[0009] The exercise habit level may be, for example, a
level indicated by numerical values which are set stepwise
for an exercise habit of the user corresponding to the
frequency of exercise or the intensity of performed exercise
based on biological information and body motion informa-
tion in the predetermined period.

[0010] As a method of estimating the maximum oxygen
intake in the estimation unit, for example, a method using a
so-called Jackson’s formula (refer to Jackson A S, Blair SN,
Mahar M T, Wier L T, Ross R M, Stuteville J E: Prediction
of functional aerobic capacity exercise testing. Med Sci
Sports Exerc 1990, 22: 863 to 870) may be used. In a case
of employing a calculation method using the Jackson’s
formula, if the age, the sex, a height, and a weight of the user
are acquired as the user information, and the exercise habit
level (the numerical values “0” to “10”) is acquired, the
maximum oxygen intake of the user can be estimated by
assigning these values to the Jackson’s formula. The esti-
mated maximum oxygen intake will be referred to as the
estimated value of the maximum oxygen intake in some
cases.

[0011] According to the first aspect, it is possible to
determine an exercise habit level of a user on the basis of
biological information and body motion information of the
user in a predetermined period, and also to estimate the
maximum oxygen intake by employing a method of calcu-
lating an estimated value of the maximum oxygen intake
using, for example, the above Jackson’s formula on the basis
of the determined exercise habit level and user information.
Therefore, it is possible to easily estimate an estimated value
of the maximum oxygen intake of a user without performing
exercise applying a load to the user in a state of mounting a
mask as in the gas phase respiratory function examination
system disclosed in PTL 1. Since the maximum oxygen
intake can be estimated even without using a treadmill, it is
possible to estimate the maximum oxygen intake of the user
with a relatively simple configuration.
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[0012] In the gas phase respiratory function examination
system disclosed in PTL 1, a user is required to perform
exercise after wearing a mask in order to measure the
maximum oxygen intake, and thus sanitary problems may
occur. In contrast, in the first aspect, it is not necessary to
wear a mask, and thus it is possible to estimate the maximum
oxygen intake sanitarily.

[0013] In the first aspect, it is preferable that the biological
information analysis apparatus further includes a presenta-
tion unit that presents a distribution of values of the maxi-
mum oxygen intake in a group which is classified on the
basis of the user information.

[0014] The group may be, for example, not only a group
having the same sex and age as those of a user, but also a
group in which a period is the same after daily exercise is
started, and a group of users using the same appliance or
sensor (biological information analysis apparatus).

[0015] According to the first aspect, since a distribution of
values of the maximum oxygen intake in the group is
presented, it is possible to easily recognize the distribution
in the group. If distributions of values of the maximum
oxygen intake in a plurality of groups are presented, a user
can compare the distributions of values of the maximum
oxygen intake in the respective groups with each other.

[0016] In the first aspect, it is preferable that the presen-
tation unit presents a position corresponding to an estimated
value of the maximum oxygen intake of the user in the
distribution.

[0017] According to the first aspect, the user can recognize
a position of the estimated value of the maximum oxygen
intake of the user in a distribution of values of the maximum
oxygen intake in the group. Consequently, the user can
objectively recognize the standing position of their own, that
is, the estimated value of the maximum oxygen intake of
their own in contrast to the others in the group. Therefore,
it is possible to increase an exercise motivation of the user.

[0018] Inthe first aspect, it is preferable that the biological
information analysis apparatus further includes an index
calculation unit that calculates an exercise ability index
indicating exercise ability of the user on the basis of the user
information and the estimated value of the maximum oxy-
gen intake; and an index presentation unit that presents the
calculated exercise ability index.

[0019] The exercise ability index may include, for
example, an expected time for long distance running (for
example, a full marathon) of a user.

[0020] According to the first aspect, since an exercise
ability index of a user can be presented, even a user not
having the detailed knowledge about the maximum oxygen
intake can easily recognize the exercise ability of their own.
Consequently, it is possible to further increase an exercise
motivation of the user.

[0021] In the first aspect, it is preferable that the biological
information analysis apparatus further includes an index
calculation unit that calculates an exercise ability index
indicating exercise ability of the user on the basis of at least
one of the biological information, the body motion infor-
mation, and the exercise habit level; and an index presen-
tation unit that presents the calculated exercise ability index.

[0022] According to the first aspect, since an exercise
ability index of a user can be presented, even a user not
having the detailed knowledge about the maximum oxygen
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intake can easily recognize the exercise ability of their own.
Consequently, it is possible to further increase an exercise
motivation of the user.

[0023] In the first aspect, it is preferable that the biological
information analysis apparatus further includes a change
information presentation unit that presents a change in the
estimated value of the maximum oxygen intake of the user
in correlation with the date and time on which the maximum
oxygen intake is estimated.

[0024] According to the first aspect, since a change in an
estimated value of the maximum oxygen intake of a user can
be presented, the user can easily recognize an objective
change in the maximum oxygen intake of their own. There-
fore, it is possible to increase an exercise motivation of the
user.

[0025] In the first aspect, it is preferable that the biological
information analysis apparatus further includes a change
information presentation unit that presents a change in the
exercise ability index along with a change in the estimated
value of the maximum oxygen intake of the user in corre-
lation with the date and time on which the maximum oxygen
intake is estimated.

[0026] According to the first aspect, since a change in an
estimated value of the maximum oxygen intake and an
exercise ability index can be presented together, even a user
not having the detailed knowledge about the maximum
oxygen intake can easily recognize a relationship between
the exercise ability and the estimated value of the maximum
oxygen intake of their own. Consequently, it is possible to
further increase an exercise motivation of the user.

[0027] In the first aspect, it is preferable that the user
information includes the age, the sex, a height, and a weight
of the user.

[0028] In the first aspect, since the height and the weight
of the user can be acquired, a BMI can be calculated.
Consequently, even if a value of the BMI cannot be acquired
as user information, it is possible to reliably calculate an
estimated value of the maximum oxygen intake by using the
above Jackson’s formula. Therefore, it is possible to
improve a user’s convenience.

[0029] Abiological information analysis system according
to a second aspect of the invention includes the biological
information analysis apparatus; and a detection apparatus
that is mounted on the user, in which the detection apparatus
includes a biological information detection unit that detects
biological information of the user, a body motion informa-
tion detection unit that detects body motion information of
the user, and a detection apparatus side transmission unit that
transmits the biological information and the body motion
information to the biological information analysis apparatus.
[0030] According to the second aspect, it is possible to
achieve the same effects as in the biological information
analysis apparatus related to the first aspect. Regarding the
biological information analysis apparatus, since biological
information and body motion information of a user are
detected by the detection apparatus, and are transmitted to
the biological information analysis apparatus, the biological
information analysis apparatus is not required to include a
detection unit detecting the biological information and the
body motion information. Therefore, since a user wears the
detection apparatus, and can acquire biological information
and body motion information for calculating an exercise
habit level of the user, it is possible to more easily calculate
an estimated value of the maximum oxygen intake than in a
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case where the biological information and the body motion
information are acquired through an input operation pet-
formed by the user.

[0031] A biological information analysis program accord-
ing to a third aspect of the invention is a biological infor-
mation analysis program which is read to be executed by a
computer, and causes the computer to function as the bio-
logical information analysis apparatus.

[0032] According to the third aspect, the program is
executed by the computer, and thus the computer can
achieve the same effects as in the biological information
analysis apparatus related to the first aspect.

[0033] A beating information measurement system
according to this application example includes a pulse wave
detection unit that detects pulse wave information indicating
a pulse wave; a heartbeat detection unit that detects heart-
beat information indicating a heartbeat; an activity amount
calculation unit that calculates an activity amount of the
body; and a beating information determination unit that
selects one of the pulse wave information and the heartbeat
information on the basis of the activity amount, and deter-
mines beating information on the basis of the selected
information, in which the beating information determination
unit determines the beating information on the basis of the
heartbeat information in a case where the activity amount
exceeds a predetermined reference.

[0034] According to this configuration, beating informa-
tion is determined on the basis of one of pulse wave
information and heartbeat information, and the beating
information is determined on the basis of the heartbeat
information in a case where an activity amount of the body
exceeds a predetermined reference. Therefore, in a case
where an activity amount is large due to a vigorous motion,
the beating information is determined on the basis of the
heartbeat information regardless of the pulse wave informa-
tion, and thus it is possible to prevent deterioration in
reliability of beating information measurement.

[0035] In the beating information measurement system
according to the application example, it is preferable that the
beating information determination unit determines the beat-
ing information on the basis of the pulse wave information
in a case where the activity amount does not exceed the
predetermined reference.

[0036] According to this configuration, in a stable case in
which an activity amount does not exceed the predetermined
reference, the beating information is determined on the basis
of the pulse wave information, and thus a mechanism for
detecting the heartbeat information is not necessary, and it is
possible to measure the beating information with a simple
configuration.

[0037] In the beating information measurement system
according to the application example, the beating informa-
tion may be a heart rate or a pulse rate.

[0038] In the beating information measurement system
according to the application example, it is preferable that the
beating information determination unit includes a determi-
nation section that determines whether or not the heartbeat
detection unit detects the heartbeat information.

[0039] According to this configuration, it is possible to
determine whether or not the heartbeat detection unit detects
the heartbeat information.

[0040] In the beating information measurement system
according to the application example, it is preferable that the
beating information determination unit determines the beat-
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ing information on the basis of the heartbeat information in
a case where the determination section determines that the
heartbeat detection unit detects the heartbeat information,
and the activity amount exceeds the predetermined refer-
ence.

[0041] According to this configuration, since the heartbeat
detection unit detects heartbeat information, and determines
beating information on the basis of the heartbeat information
in a case where an activity amount exceeds a predetermined
reference, it is possible to determine beating information
based on the heartbeat information with high efficiency.
[0042] In the beating information measurement system
according to the application example, it is preferable that the
activity amount calculation unit calculates the activity
amount on the basis of position information based on a
location position and exercise information indicating exer-
cise intensity based on body motion.

[0043] According to this configuration, it is possible to
calculate an activity amount with high accuracy on the basis
of position information and exercise information.

[0044] It is preferable that the beating information mea-
surement system according to the application example fur-
ther includes a display unit that displays the beating infor-
mation, and the beating information determination unit
displays information indicating whether the beating infor-
mation is calculated on the basis of the heartbeat information
or is calculated on the basis of the pulse wave information,
on the display unit.

[0045] According to this configuration, it is possible to
perform a notification of whether beating information is
calculated on the basis of heartbeat information or the
beating information is calculated on the basis of pulse wave
information.

[0046] It is preferable that the beating information mea-
surement system according to the application example fur-
ther includes a calorie amount calculation unit that calcu-
lates a calorie consumption amount on the basis of the
calculated beating information.

[0047] According to this configuration, it is possible to
perform a notification of information regarding a calorie
consumption amount in addition to beating information.
[0048] In the beating information measurement system,
the pulse wave detection unit may detect the pulse wave at
a limb part of a subject, and the heartbeat detection unit may
detect the heartbeat at a trunk part of the subject.

[0049] The beating information measurement system may
further include a pulse wave measurement apparatus and a
heartbeat measurement apparatus which are communicably
connected to each other, the pulse wave measurement appa-
ratus may include the pulse wave detection unit, the activity
amount calculation unit, and the beating information deter-
mination unit, and the heartbeat measurement apparatus may
include the heartbeat detection unit.

[0050] The beating information measurement system may
further include a pulse wave measurement apparatus, a
heartbeat measurement apparatus, an information terminal
apparatus which are communicably connected to each other,
the pulse wave measurement apparatus may include the
pulse wave detection unit and the activity amount calcula-
tion unit, the heartbeat measurement apparatus may include
the heartbeat detection unit, and the information terminal
apparatus may include the beating information determina-
tion unit.
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[0051] A beating information measurement method
includes a pulse wave detection step of detecting pulse wave
information indicating a pulse wave; a heartbeat detection
step of detecting heartbeat information indicating a heart-
beat; an activity amount calculation step of calculating an
activity amount of the body; a selection step of selecting one
of the pulse wave information and the heartbeat information
on the basis of the activity amount; and a beating informa-
tion determination step of determining beating information
on the basis of the selected information, in which, in the
selection step, the beating information is determined on the
basis of the heartbeat information in a case where the
activity amount exceeds a predetermined reference.

[0052] According to this method, beating information is
determined on the basis of one of pulse wave information
and heartbeat information, and the beating information is
determined on the basis of the heartbeat information in a
case where an activity amount of the body exceeds a
predetermined reference. Therefore, in a case where an
activity amount is large due to a vigorous motion, the
beating information is determined on the basis of the heart-
beat information regardless of the pulse wave information,
and thus it is possible to prevent deterioration in reliability
of beating information measurement.

[0053] A beating information measurement apparatus
includes a pulse wave detection unit that detects pulse wave
information indicating a pulse wave; a communication unit
that receives heartbeat information indicating a heartbeat; an
activity amount calculation unit that calculates an activity
amount of the body; and a beating information determina-
tion unit that selects one of the pulse wave information and
the heartbeat information on the basis of the activity amount,
and determines beating information on the basis of the
selected information, in which the beating information
determination unit determines the beating information on the
basis of the heartbeat information in a case where the
activity amount exceeds a predetermined reference.

[0054] According to this configuration, beating informa-
tion is determined on the basis of one of pulse wave
information and heartbeat information, and the beating
information is determined on the basis of the heartbeat
information in a case where an activity amount of the body
exceeds a predetermined reference. Therefore, in a case
where an activity amount is large due to a vigorous motion,
the beating information is determined on the basis of the
heartbeat information regardless of the pulse wave informa-
tion, and thus it is possible to prevent deterioration in
reliability of beating information measurement.

BRIEF DESCRIPTION OF DRAWINGS

[0055] FIG. 1 is a schematic diagram illustrating a bio-
logical information analysis system according to a first
embodiment of the invention.

[0056] FIG. 2 is a block diagram illustrating a configura-
tion of a biological information detection apparatus in the
first embodiment.

[0057] FIG. 3 is a block diagram illustrating a configura-
tion of a control unit of the biological information detection
apparatus in the first embodiment.

[0058] FIG. 4 is a block diagram illustrating a configura-
tion of an information processing apparatus in the first
embodiment.
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[0059] FIG. 5 is a diagram illustrating zone setting infor-
mation stored in a storage unit of the information processing
apparatus in the first embodiment.

[0060] FIG. 6 is a diagram illustrating computation infor-
mation stored in the storage unit of the information process-
ing apparatus in the first embodiment.

[0061] FIG. 7 is a block diagram illustrating a configura-
tion of a control unit of the information processing apparatus
in the first embodiment.

[0062] FIG. 8 is a diagram illustrating an example of a
user information registration screen in the first embodiment.
[0063] FIG. 9 is a diagram illustrating an example of an
analysis result screen in the first embodiment.

[0064] FIG. 10 is a diagram illustrating an example of a
change result screen in the first embodiment.

[0065] FIG. 11 is a diagram illustrating an example of a
message display screen displayed on a display unit of the
biological information detection apparatus in the first
embodiment.

[0066] FIG. 12 is a schematic diagram illustrating a bio-
logical information analysis system according to a second
embodiment of the invention.

[0067] FIG. 13 is a diagram illustrating an example of an
analysis result screen in the second embodiment.

[0068] FIG. 14 is a block diagram illustrating a schematic
configuration of a beating information measurement system
according to a third embodiment of the invention.

[0069] FIG. 15 is a diagram illustrating a hardware con-
figuration of a pulse wave measurement apparatus.

[0070] FIG. 16 is a diagram illustrating a detailed func-
tional configuration of a measurement control unit.

[0071] FIG. 17 is a flowchart illustrating a flow of a
beating information measurement process.

[0072] FIG. 18 is a block diagram illustrating a schematic
configuration of a beating information measurement system
according to a fourth embodiment of the invention.

DESCRIPTION OF EMBODIMENTS

First Embodiment

[0073] Hereinafter, a first embodiment of the invention
will be described with reference to the drawings.

[0074] [Schematic Configuration of Biological Informa-
tion Analysis System]

[0075] FIG. 1 is a schematic diagram illustrating a bio-
logical information analysis system 1 according to the
present embodiment.

[0076] As illustrated in FIG. 1, the biological information
analysis system 1 according to the present embodiment
includes a biological information detection apparatus (here-
inafter, referred to as a detection apparatus in some cases) 2
and an information processing apparatus 3.

[0077] In the biological information analysis system 1, the
detection apparatus 2 detects biological information and
body motion information and transmits the information to
the information processing apparatus 3. The information
processing apparatus 3 calculates an estimated value of the
maximum oxygen intake and an exercise ability index on the
basis of not only the received biological information and
body motion information but also user information which is
input by a user, and presents the calculation results to the
user. If presentation information (for example, message
information based on the maximum oxygen intake of the
user which will be described later) is received from the
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information processing apparatus 3, the detection apparatus
2 notifies the user of the presentation information.

[0078] Hereinafter, each configuration of the biological
information analysis system 1 will be described.

[Configuration of Detection Apparatus]

[0079] FIG. 2 is a block diagram illustrating a configura-
tion of the biological information detection apparatus 2.
[0080] The biological information detection apparatus 2
corresponds to a detection apparatus of the invention, and is
a wearable apparatus which is mounted on the wrist of the
user, and detects and stores the biological information and
the body motion information. The detection apparatus 2 not
only transmits the detected and stored biological information
and body motion information to the information processing
apparatus 3 but also notifies the user of the presentation
information received from the information processing appa-
ratus 3, as described above.

[0081] As illustrated in FIG. 2, the detection apparatus 2
includes an operation unit 21, a detection unit 22, a reception
unit 23, a notification unit 24, a communication unit 25, a
storage unit 26, and a control unit 27, and the respective
units 21 to 27 are electrically connected to each other via a
bus line 28.

[Configuration of Operation Unit]

[0082] The operation unit 21 receives an input operation
performed by the user, and outputs an operation signal
corresponding to the input operation to the control unit 27.
The operation unit 21 outputs, to the control unit 27, an
operation signal corresponding to an input operation on
buttons 211 and 212 (refer to FIG. 1) provided to be exposed
to an outer surface of a casing of the detection apparatus 2.
The operation unit 21 may be configured to recognize a
voice of the user (a sound of the user) and to output an
operation signal corresponding to the voice to the control
unit 27. The operation unit 21 may be configured to detect
a tapping operation of the user and to output an operation
signal corresponding to the tapping operation to the control
unit 27.

[Configuration of Detection Unit]

[0083] The detection unit 22 includes a biological infor-
mation detection section 221 and a body motion information
detection section 222 which respectively detect biological
information and body motion information of the user.
[0084] The biological information detection section 221
detects biological information of the user wearing the detec-
tion apparatus 2. In the present embodiment, the biological
information detection section 221 includes a pulse wave
sensor which detects a pulse wave as biological information
and outputs a pulse wave signal indicating the pulse wave.
The biological information detection section 221 may be
configured to detect a heartbeat instead of a pulse wave as
biological information, and may be configured to detect
blood pressure, body temperature, a blood sugar level, and
the like, in addition thereto.

[0085] Thebody motion information detection section 222
detects an acceleration which changes according to body
motion of the user as body motion information of the user.
In the present embodiment, the body motion information
detection section 222 includes an acceleration sensor which
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detects an acceleration value (acceleration data) acting
according to body motion of the user as body motion
information.

[Configuration of Reception Unit]

[0086] The reception unit 23 acquires position information
indicating the present position of the detection apparatus 2
(that is, position information indicating the present position
of the user). For example, the reception unit 23 is compatible
with a satellite positioning system such as a global position-
ing system (GPS), and acquires the position information
indicating the present position on the basis of a radio wave
transmitted from a satellite. The reception unit 23 outputs
the acquired position information to the control unit 27. The
position information is used for an analysis portion 366
which will be described later to calculate a running distance,
a running speed, and the like of the user.

[Configuration of Notification Unit]

[0087] The notification unit 24 performs a notification of
various pieces of information under the control of the
control unit 27. For example, the notification unit 24 per-
forms a notification of an operation state of the detection
apparatus 2, or detected information and message informa-
tion received from the information processing apparatus 3.
The notification unit 24 includes a display section 241, a
sound output section 242, and a vibration section 243.
[0088] The display section 241 has an information display
function by using liquid crystal or the like, and displays the
various pieces of information. The display section 241
displays, for example, a menu screen or a message display
screen (refer to FIG. 11) under the control of the control unit
27 which will be described later.

[0089] The sound output section 242 is configured to
include a speaker, and outputs a sound corresponding to
sound information which is input from the control unit 27.
For example, the sound output section 242 outputs a mes-
sage display sound when the display section 241 displays a
message display screen.

[0090] The vibration section 243 includes a motor whose
driving is controlled by the control unit 27 which will be
described later, and performs a notification of a state of the
biological information detection apparatus 2 through vibra-
tion caused by driving of the motor.

[Configuration of Communication Unit]

[0091] The communication unit 25 corresponds to a detec-
tion apparatus side transmission unit of the invention, and
includes a communication module which can perform com-
munication with the information processing apparatus 3 or
the like. The communication unit 25 transmits detected and
acquired biological information, body motion information,
and position information to the information processing appa-
ratus 3. In the present embodiment, the communication unit
25 performs communication with the information process-
ing apparatus 3 in a wireless manner according to a short-
range radio communication method, but may perform com-
munication with the information processing apparatus 3 via
a relay device such as a cradle, or may be perform commu-
nication with the information processing apparatus 3 via a
cable. The communication unit 25 may perform communi-
cation with an external apparatus such as the information
processing apparatus 3 via a network.
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[Configuration of Storage Unit]

[0092] The storage unit 26 is formed of a storage device
including a flash memory or the like, and stores programs
and data required for an operation of the detection apparatus
2.

[0093] For example, the storage unit 26 stores in advance
connection information for performing communication con-
nection to the information processing apparatus 3 via the
communication unit 25 as the data.

[0094] The storage unit 26 stores biological information
and body motion information detected by the detection unit
22 and position information acquired by the reception unit
23 under the control of the control unit 27. The storage umt
26 stores presentation information (message information)
which is acquired from the information processing apparatus
3 via the communication unit 25.

[Configuration of Control Unit]

[0095] FIG. 3 is a block diagram illustrating a configura-
tion of the control unit 27.

[0096] The control unit 27 is configured to include a
processing circuit such as a central processing unit (CPU),
and controls an operation of the detection apparatus 2
autonomously or in response to an operation signal which is
input from the operation unit 21 according to an operation of
the user. The control unit 27 acquires, for example, biologi-
cal information and body motion information detected by
the detection unit 22 or position information acquired by the
reception unit 23, and transmits the information to the
information processing apparatus 3.

[0097] The control unit 27 includes a detection control
section 271, a notification control section 272, a communi-
cation control section 273, a clocking section 274, and an
information acquisition section 275 as functional sections
which are realized by the processing circuit executing the
program stored in the storage unit 26 as illustrated in FIG.
3.

[0098] The detection control section 271 controls an
operation of the detection unit 22, and stores a detection
result in the detection unit 22 in the storage unit 26. The
detection control section 271 causes the detection unit 22 to
detect each piece of information if the detection unit 22 is in
a state of being capable of detecting biological information
and body motion information. On the other hand, the detec-
tion control section 271 stops an operation of the detection
unit 22 and can thus reduce power consumption if the
detection unit 22 is in a state of not being capable of
detecting each piece of information.

[0099] The notification control section 272 controls an
operation of the notification unit 24. For example, the
notification control section 272 controls an operation of the
display section 241 of the notification unit 24, and displays
biological information and body motion information
detected by the detection unit 22.

[0100] If message information is received from the infor-
mation processing apparatus 3, the notification control sec-
tion 272 causes the notification unit 24 to perform a notifi-
cation of the message information. For example, the
notification control section 272 displays a message display
screen including a message corresponding to the message
information on the display section 241. For example, the
notification control section 272 causes the sound output
section 242 to output a message display sound and causes
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the vibration section 243 to vibrate. Consequently, the user
can recognize that there is a high probability that heart
disease may occur in the user.

[0101] The communication control section 273 controls
the communication unit 25 to perform communication with
the information processing apparatus 3 on the basis of the
connection information stored in the storage unit 26.

[0102] The clocking section 274 measures the present date
and time.
[0103] The information acquisition section 275 acquires

biological information and body motion information
detected by the detection unit 22, and position information
acquired by the reception unit 23, and stores the information
in the storage unit 26. At this time, the information acqui-
sition section 275 stores the detection date and time and the
acquisition date and time of the information by referring to
the present date and time measured by the clocking section
274 along with the biological information, the body motion
information, and the position information.

[0104] The biological information, the body motion infor-
mation, the position information acquired and stored in the
above-described way are transmitted to the information
processing apparatus 3 by the communication unit 25 under
the control of the communication control section 273.

[Configuration of Information Processing Apparatus)]

[0105] FIG. 4 is a block diagram illustrating a configura-
tion of the information processing apparatus 3.

[0106] The information processing apparatus 3 corre-
sponds to a biological information analysis apparatus of the
invention, and is formed of, for example, a smart phone
(multifunction mobile phone), a tablet PC, a personal com-
puter (PC), or the like. As mentioned above, the information
processing apparatus 3 calculates (determines) exercise
intensity of the user based on the biological information and
the body motion information received from the detection
apparatus 2, and an exercise habit level of the user based on
the exercise intensity and exercise time. The information
processing apparatus 3 estimates the maximum oxygen
intake on the basis of user information which is input to a
displayed registration screen and the exercise habit level.
The information processing apparatus 3 transmits message
information including a message corresponding to the esti-
mated maximum oxygen intake, and also displays the mes-
sage information. The information processing apparatus 3
displays an exercise ability index based on the maximum
oxygen intake in response to the user’s operation.

[0107] As illustrated in FIG. 4, the information processing
apparatus 3 includes an operation unit 31, a communication
unit 32, a display unit 33, a sound output unit 34, a storage
unit 35, and a control unit 36, and the respective units are
connected to each other via a bus line 37.

[Configuration of Operation Unit]

[0108] The operation unit 31 receives an input operation
performed by the user, and outputs operation information
corresponding to the input operation to the control unit 36.
The operation unit 31 is formed of, for example, a physical
key or a touch panel provided in a casing of the information
processing apparatus 3, and may be formed of a keyboard,
a pointing device, and the like connected to the information
processing apparatus 3 in a wired or wireless manner.
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[Configuration of Communication Unit]

[0109] The communication unit 32 includes a first com-
munication module which can perform communication with
an external apparatus such as the detection apparatus 2 and
a second communication module which can perform com-
munication with a server (not illustrated) on a network such
as the Internet, and performs communication with the exter-
nal apparatus and the server under the control of the control
unit 36. In a case where the communication unit 32 can
perform communication with each of the external apparatus
and the server in the same communication method, the
communication unit 32 may include one of the first com-
munication module and the second communication module,
and the second communication module may not be provided
if communication with the server is not necessary.

[Configuration of Display Unit and Sound Output Unit]

[0110] The display unit 33 corresponds to a range presen-
tation unit, an index presentation unit, and a change infor-
mation presentation unit. The display unit 33 may be formed
of, for example, various display panels such as a liquid
crystal display panel, an organic electroluminescence (EL)
panel, and an electrophoretic panel, and displays an image
generated by a presentation information generation portion
370 which will be described later. Specifically, the display
unit 33 displays execution screens (for example, an execu-
tion screen ES which will be described later) of an operating
system (OS) and various applications executed by the con-
trol unit 36.

[0111] The sound output unit 34 is configured to include a
speaker, and outputs a sound corresponding to sound infor-
mation which is input from the control unit 36. For example,
in a case where the control unit 36 executes an information
management application which will be described later, the
sound output unit 34 outputs a sound corresponding to
information presented to the user.

[Configuration of Storage Unit]

[0112] The storage unit 35 is formed of storage devices
such as a solid state drive (SSD), a hard disk drive (HDD),
and a flash memory, and stores programs and data required
for an operation of the information processing apparatus 3.
As the programs, the storage unit 35 stores the operating
system (OS) controlling the information processing appara-
tus 3 and also stores a biological information analysis
application (hereinafter, referred to as an analysis applica-
tion in some cases) which will be described later.

[0113] The storage unit 35 stores not only various pieces
of information received from the detection apparatus 2, the
input content on a registration screen which will be
described later, but also zone setting information and com-
putation information used by the analysis portion 366 and a
level determination portion 367 which will be described
later.

[Zone Setting Information]

[0114] FIG. 5is a diagram illustrating an example of zone
setting information stored in the storage unit 35.

[0115] The storage unit 35 stores the following zone
setting information. The zone setting information is a table
in which exercise intensity of exercise performed by the user
is distributed to a plurality of divisions called zones.
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[0116] Specifically, in the zone setting information, as
illustrated in FIG. 5, the zone is divided into a zone (Z1) in
which % HRR (heart rate reserved) indicating exercise
intensity is 50 or more and below 60, a zone (Z2) in which
% HRR is 60 or more and below 70, a zone (Z3) in which
% HRR is 70 or more and below 80, a zone (Z4) in which
% HRR is 80 or more and below 90, and a zone (Z5) in
which % HRR is 90 or more and 100 or less, and the exercise
content and the zone names are set.

[0117] Specifically, in the zone in which % HRR is 50 or
more and below 60, “warm-up” is set as the exercise content,
and “Z1” is set as the zone name. In the zone in which %
HRR is 60 or more and below 70, “low intensity exercise”
is set as the exercise content, and “Z2” is set as the zone
name. In the zone in which % HRR is 70 or more and below
80, “intermediate intensity exercise” is set as the exercise
content, and “Z3” is set as the zone name. In the zone in
which % HRR is 80 or more and below 90, “high-intensity
exercise” is set as the exercise content, and “Z4” is set as the
zone name. In the zone in which % HRR is 90 or more and
100 or less, “maximum intensity exercise” is set as the
exercise content, and “Z5” is set as the zone name.

[0118] In the present embodiment, regarding the exercise
intensity, the zone is set on the basis of % HRR indicating
exercise intensity based on the Karvonen method, but, this
is only an example, and, the zone may be set on the basis of
% MHR (maximum heart rate).

[Computation Information]

[0119] FIG. 6 is a diagram illustrating an example of
computation information stored in the storage unit 35.
[0120] The storage unit 35 stores the following computa-
tion information.

[0121] The computation information is information for
calculating an exercise habit level expressed as an index
value when the maximum oxygen intake of the user is
estimated by the control unit 36 which will be described
later.

[0122] Here, the exercise habit level will be described.
The exercise habit level is a level indicated by numerical
values which are set stepwise for an exercise habit calcu-
lated on the basis of the frequency of exercise of the user or
the intensity of performed exercise based on biological
information and body motion information in a predeter-
mined period (for example, for one week). In the present
embodiment, the exercise habit level is set in eleven stages,
and numerical values indicating the level are set to “0” to
“107.

[0123] A classification of the level based on the exercise
(behavior) content, a running distance, and a walking dis-
tance corresponding to each exercise habit level described
below is set in advance on the basis of a physical activity
level (PAL) and a physical activity rating (PAR).

[0124] In the computation information for calculating
such an exercise habit level, for example, as illustrated in
FIG. 6, for each of exercise habit levels of “0 to 107,
conditions for the behavior content, a running distance, and
a walking distance corresponding to an exercise habit level,
and a condition for a total value of exercise time in the zone
for a week are set.

[0125] Specifically, as a behavior of the user correspond-
ing to the exercise habit level “10”, “running of 40 km or
more for a week or the same extent of physical activity of 8
hours or more as the running for a week” is set. Specific



US 2018/0249917 Al

examples of the physical activity may include “jogging,
swimming, cycling, boat rowing, rope skipping, tennis,
basketball, and handball”.

[0126] ““40 km or more” is set in a running distance in the
exercise habit level. As a condition for the total time, the
content that “a total value of exercise time of the zone 75
and exercise time of the zone 74 is 8 hours or more” is set.
[0127] As a behavior of the user corresponding to the
exercise habit level “9”, “running of 32 km or more and
below 40 km for a week or the same extent of physical
activity of 7 hours or more and below 8 hours as the running
for a week” is set. “32 km or more and below 40 km” is set
in a running distance in the exercise habit level. As a
condition for the total time, the content that “a total value of
exercise time of the zone 75 and exercise time of the zone
74 is 7 hours or more” is set.

[0128] As a behavior of the user corresponding to the
exercise habit level “8”, “running of 24 km or more and
below 32 km for a week or the same extent of physical
activity of 6 hours or more and below 7 hours as the running
for a week” is set. “24 km or more and below 32 km” is set
in a running distance in the exercise habit level. As a
condition for the total time, the content that “a total value of
exercise time of the zone 75 and exercise time of the zone
74 is 6 hours or more” is set.

[0129] As a behavior of the user corresponding to the
exercise habit level “7”, “running of 16 km or more and
below 24 km for a week or the same extent of physical
activity of 3 hours or more and below 6 hours as the running
for a week” is set. “16 km or more and below 24 km” is set
in a running distance in the exercise habit level. As a
condition for the total time, the content that “a total value of
exercise time of the zone 75 and exercise time of the zone
74 is 3 hours or more” is set.

[0130] As a behavior of the user corresponding to the
exercise habit level “6”, “running of 8 km or more and below
16 km for a week or the same extent of physical activity of
1 hour or more and below 3 hours as the running for a week™
is set. “18 km or more and below 16 km” is set in a running
distance in the exercise habit level. As a condition for the
total time, the content that “a total value of exercise time of
the zone 75 and exercise time of the zone 74 is 1 hour or
motre” is set.

[0131] As a behavior of the user corresponding to the
exercise habit level “5”, “running of 1.6 km or more and
below 8 km for a week or the same extent of physical
activity of 30 minutes or more and below 60 minutes as the
running for a week” is set. “1.6 km or more and below 8 km”
is set in a running distance in the exercise habit level. As a
condition for the total time, the content that “a total value of
exercise time of the zone 75 and exercise time of the zone
74 is 0.5 hours or more” is set.

[0132] As a behavior of the user corresponding to the
exercise habit level “4”, “running of below 1.6 km for a
week or the same extent of physical activity of below 30
minutes as the running for a week” is set. “Below 1.6 km”
is set in a running distance of the user, and “4 km or more”
is set in a walking distance. As a condition for the total time,
the content that “a total value of exercise time of the zone
75, exercise time of the zone 74, and exercise time of the
zone 73 is 1 hour or more” is set.

[0133] As a behavior of the user corresponding to the
exercise habit level “3”, “appropriate exercise of 1 hour or
more for a week” is set. Examples of the appropriate
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exercise may include golf, riding, gymnastics, table tennis,
bowling, weight lifting, and gardening.

[0134] “Below 1.6 km” is set in a running distance in the
exercise habit level, and “2 km or more and below 4 km” is
set in a walking distance. As a condition for the total time,
the content that “a total value of exercise time of the zone
75, exercise time of the zone 74, exercise time of the zone
73, and exercise time of the zone Z2 is 1 hour or more” is
set.

[0135] As a behavior of the user corresponding to the
exercise habit level “2”, “appropriate exercise of 10 minutes
or more and below 60 minutes for a week” is set. “Below 1.6
km” is set in a running distance in the exercise habit level,
and “1 km or more and below 2 km” is set in a walking
distance. As a condition for the total time, the content that “a
total value of exercise time of the zone 75, exercise time of
the zone 74, exercise time of the zone 73, and exercise time
of the zone 72 is 0.16 hours or more” is set.

[0136] As a behavior of the user corresponding to the
exercise habit level “17, “a behavior of actively using stairs,
a behavior of occasionally breathing hard, or sweating
exercise” is set. “Below 1.6 km” is set in a running distance
in the exercise habit level, and “0.5 km or more and below
1 km” is set in a walking distance. As a condition for the
total time, the content that “a total value of exercise time of
all of the zones 71 to Z5 is 1 hour or more” is set.

[0137] As a behavior of the user corresponding to the
exercise habit level “0”, “a behavior of avoiding walking or
exercise, a behavior of using an elevator, or a behavior of
riding a car even within walking distance” is set. “Below 1.6
km” is set in a running distance in the exercise habit level,
and “below 0.5 km” is set in a walking distance. As a
condition for the total time, the content that “a total value of
exercise time of all of the zones Z1 to 75 is below 1 hour”
is set.

[0138] An exercise habit level is determined by the control
unit 36 (specifically, the level determination portion 367)
which will be described later on the basis of the computation
information and at least one of a behavior, a running
distance, and a walking distance of the user for a week, and
a total value of exercise time of the zone.

[0139] The behavior, the running distance, and the walk-
ing distance allocated to each exercise habit level, and the
total value of exercise time of each zone are only examples,
and may be changed as appropriate in accordance with user
information, a state of the user, and an estimation formula
for estimating the maximum oxygen intake.

[Configuration of Control Unit]

[0140] FIG. 7 is a block diagram illustrating a configura-
tion of the control unit 36.

[0141] The control unit 36 is configured to include a
central processing unit (CPU), and controls an operation of
the information processing apparatus 3 by executing the
program stored in the storage unit 35. The control unit 36
includes an OS execution section 36A and an application
execution section 36B.

[0142] The OS execution section 36A is a functional
section executing the OS stored in the storage unit 35, and
includes a communication control portion 361, a display
control portion 362, a sound output control portion 363, and
a clocking portion 364.
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[0143] The communication control portion 361 controls
the communication unit 32 so as to perform communication
with the external apparatus or the server.

[0144] The display control portion 362 displays the execu-
tion screen or execution screens (execution screens gener-
ated by other constituent elements) of other applications or
the OS on the display unit 33.

[0145] The sound output control portion 363 outputs
sound information regarding a sound which is output when
the OS or the application is executed, to the sound output
unit 34.

[0146] The clocking portion 364 measures the present date
and time.
[0147] The application execution section 36B executes an

application indicated by the OS execution section 36A
according to operation information which is input from the
operation unit 31, among the applications stored in the
storage unit 35.

[0148] The application execution section 36B executes the
analysis application stored in the storage unit 35 so as to
function as and include an information acquisition portion
365, the analysis portion 366, the level determination por-
tion 367, an estimated value calculation portion 368, an
index calculation portion 369, and the presentation infor-
mation generation portion 370.

[Configuration of Information Acquisition Portion]

[0149] The information acquisition portion 365 acquires
information which is input on an analysis application execu-
tion screen (user information registration screen) which will
be described later by the user. The information acquisition
portion 365 acquires various pieces of information (biologi-
cal information, body motion information, position infor-
mation, and date-and-time information) from the detection
apparatus 2 via the communication unit 32, and stores and
registers the information in the storage unit 35.

[User Information Registration Screen]

[0150] FIG. 8 is a diagram illustrating an example of a
user information registration screen ESI.

[0151] The user information registration screen ES1 is one
of the execution screens ES displayed when the analysis
application is executed, and is a screen for inputting and
registering the user information. As illustrated in FIG. 8, in
the user information registration screen ES1, fixed display
regions F1 and F2 are respectively set on a screen upper part
and a screen lower part, and a variable display region V1 is
set therebetween.

[0152] A time display region F11 in which the present time
measured by the clocking portion 364 is set is disposed at an
upper end of the fixed display region F1 on the screen upper
part. A button F12 which transitions to a menu screen (not
illustrated) if pressed (input) is disposed on the left at the
lower end of the fixed display region F1, and a button F13
which transitions to a help screen (not illustrated) if pressed
is disposed on the right. A title F14 indicating the content of
the screen is disposed in a region interposed between the
buttons F12 and F13.

[0153] Buttons F21 and F22 are disposed on the left and
right of the fixed display region F2 on the screen lower part.
The buttons F21 and F22 are buttons for causing a screen to
transition.
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[0154] Each input column for user information (the user’s
name) and the initial setting information is provided in the
variable display region V1.

[0155] Specifically, the variable display region V1 is pro-
vided with surname input columns V101 and V103 for
inputting the surname of the user in Chinese letters and
hiragana letters, and first name input columns V102 and
V104 for inputting the first name of the user in Chinese
letters and hiragana letters, among the pieces of user infor-
mation.

[0156] Input columns V105 to V109 for inputting the sex,
the age, a weight, and a BMI of the user among the pieces
of initial setting information, a registration button V110, and
a cancel button V111 are disposed in the variable display
region V1. Among the columns, radio buttons for selecting
“male” and “female” are provided in the sex input column
V105 for inputting the sex of the user.

[0157] If the registration button V110 is pressed, the
content which is input to each of the input columns V101 to
V109 is acquired by the information acquisition portion 365
so as to be stored in the storage unit 35.

[0158] The BMI can be calculated on the basis of a height
and a weight as described above. Thus, if a height and a
weight are respectively input to the height input column
V107 and the weight input column V108, a BMI based on
the input height and weight is set in the BMI input column
V109.

[0159] When the input content is registered, a body type
included in the initial setting information is determined on
the basis of the set BMI and is registered.

[0160] On the other hand, if the cancel button V111 is
pressed, return to a screen (for example, a menu screen)
which is displayed right before the user information regis-
tration screen ES1 occurs.

[0161] The user information which is input to the user
information registration screen ES1 is acquired by the
information acquisition portion 365 as described above.

[Configuration of Analysis Portion]

[0162] Referring to FIG. 7 again, the analysis portion 366
analyzes the biological information, the body motion infor-
mation, the position information, and the date-and-time
information received from the detection apparatus 2, and
generates analysis results such as calorie consumption, a
running distance, a walking distance, the number of steps,
the exercise intensity (zones Z1 to Z5), and exercise time.
[0163] In the present embodiment, the analysis process in
the analysis portion 366 is performed every week after the
user starts to use the detection apparatus 2, but the period
may be changed as appropriate.

[0164] The level determination portion 367 determines an
exercise habit level of the user on the basis of biological
information, body motion information, and position infor-
mation, and the computation information in a predetermined
period (for example, for a week).

[0165] Specifically, the level determination portion 367
detects in which zone of the zones 71 to Z5 exercise is
included by using biological information, body motion
information, exercise intensity, and exercise time of the user
on the basis of the zone setting information and the com-
putation information stored in the storage unit 35, and
determines an exercise habit level (any one of “0” to “10™)
by using a total value of exercise times of the respective
zones 71 to 75.
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[0166] For example, in a case where the user has per-
formed, within a week, the exercise of the zone Z5 for 1
hour, the exercise of the zone 74 for 5 hours, the exercise of
the zone 73 for 2 hours, the exercise of the zone Z2 for 1
hour, and the exercise of the zone Z1 for 0.5 hours, an
exercise habit level of the user is determined as being “8” on
the basis of the exercise time of each zone in the computa-
tion information.

[0167] In a case where the analysis portion 366 calculates
a running distance and a walking distance of the user on the
basis of a movement distance and a movement speed based
on a change in position information in the predetermined
period, the level determination portion 367 may determine
an exercise habit level on the basis of the running distance
and the walking distance.

[0168] The display control portion may display an exer-
cise content input screen for the user inputting the exercise
content performed in a predetermined period on the display
unit, and the level determination portion 367 may determine
an exercise habit level of the user on the basis of the exercise
content which is input by the user and the behavior content
corresponding to each exercise habit level included in the
computation information.

[0169] The estimated value calculation portion 368 corre-
sponds to an estimation unit of the invention, and estimates
the maximum oxygen intake of the user on the basis of the
exercise habit level determined by the level determination
portion 367 and the user information which is input by the
user. The user information is the age, the sex, and the BMI
of the user, and is stored in the storage unit 35 through an
input operation of the user. The estimated value calculation
portion 368 calculates an estimated value of the maximum
oxygen intake by assigning the exercise habit level (for
example, “8”), and the age, the sex, and the BMI of the user
to the above Jackson’s formula.

[0170] The age, the sex, and the BMI of the user are input
on a user information registration screen which is generated
by the presentation information generation portion 370 and
is displayed on the display unit 33, through an operation
performed by the user.

[0171] The index calculation portion 369 calculates an
exercise ability index indicating the exercise ability of the
user on the basis of the biological information, the body
motion information, the exercise habit level, the user infor-
mation, and the estimated value of the maximum oxygen
intake.

[0172] In the present embodiment, the index calculation
portion 369 calculates a full marathon expected time of the
user as the exercise ability index. For example, the index
calculation portion 369 calculates the full marathon
expected time of the user on the basis of a running speed and
an estimated value of the maximum oxygen intake which are
calculated by using a height or a weight of the user, and a
running distance and exercise time (running time) of the
user.

[0173] The presentation information generation portion
370 generates the execution screen ES of the analysis
application. For example, the presentation information gen-
eration portion 370 generates not only the user information
registration screen ES1 (refer to FIG. 8) but also an analysis
result screen ES2 (refer to FIG. 9) obtained by analyzing an
estimated value of the maximum oxygen intake of the user.
The presentation information generation portion 370 also
generates a change result screen ES3 (refer to FIG. 10)
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including a change in the estimated value of the maximum
oxygen intake and a change in a full marathon expected
time. These various screens are displayed on the display unit
33 under the control of the display control portion 362.

[Analysis Result Screen]

[0174] FIG. 9 is a diagram illustrating an example of the
analysis result screen ES2.

[0175] The analysis result screen ES2 is a screen included
in the execution screens ES, and is a screen indicating a
position corresponding to an estimated value of the maxi-
mum oxygen intake of the user in a distribution of values of
the maximum oxygen intake of people corresponding to
predetermined conditions which are set on the basis of the
user information. Specifically, the analysis result screen ES2
indicates a position of an estimated value of the maximum
oxygen intake of the user in a distribution of values of the
maximum oxygen intake of people having the same age and
sex as those of the user, that is, a position corresponding to
an estimated value of the maximum oxygen intake of the
user. As illustrated in FIG. 9, in the analysis result screen
ES2, fixed display regions F1 and F2 are respectively set on
a screen upper part and a screen lower part, and a variable
display region V2 is set therebetween.

[0176] Information regarding a distribution of values of
the maximum oxygen intake in the age and the sex of the
user may be acquired by the information acquisition portion
365 from a server (not illustrated) or the like via the
communication unit 32, and may be stored in the storage
unit 35 in advance.

[0177] A graph V21 representing a distribution of values
of the maximum oxygen intake of a group having the same
age and sex as those of the user is displayed in the variable
display region V2. As illustrated in FIG. 9, the number of
people of the group is set on a longitudinal axis of the graph
V21, and this indicates that the number of people increases
toward the upper part of the graph V21. A value of the
maximum oxygen intake is set on a transverse axis of the
graph V21, and this indicates that the value of the maximum
oxygen intake increases toward the right of the graph V21.
In other words, in the graph V21, the number of people for
each value of the maximum oxygen intake within a prede-
termined range is expressed by a bar graph.

[0178] Inthe variable display region V2, a mark V22 is set
on the lower part of the graph V21. The mark V22 has a
function of indicating a position corresponding to an esti-
mated value of the maximum oxygen intake of the user. In
other words, a position corresponding to an estimated value
of the maximum oxygen intake of the user is indicated by the
mark V22. In the variable display region V2, an estimated
value (V23) of the maximum oxygen intake of the user is
displayed on the lower part of the mark V22. Consequently,
the user can recognize the estimated value of the maximum
oxygen intake of their own, and the position of the estimated
value of the maximum oxygen intake of their own in the
group having the same age and sex as those of the user.

[Change Result Screen]

[0179] FIG. 10 is a diagram illustrating an example of the
change result screen ES3.

[0180] The change result screen ES3 is a screen included
in the execution screens ES, and is a screen indicating a
change in an estimated value of the maximum oxygen intake
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in a predetermined period (for example, for four months)
and a change in a full marathon expected time. Specifically,
the presentation information generation portion 370 gener-
ates change information regarding an estimated value of the
maximum oxygen intake on the basis of an estimated value
of the maximum oxygen intake on the date and time des-
ignated by the user or on a week including the date and time.
The presentation information generation portion 370 genet-
ates change information regarding a full marathon expected
time of the user calculated by the index calculation portion
369. In other words, the change information regarding an
estimated value of the maximum oxygen intake and the
change information of a full marathon expected time gen-
erated in the above-described way are displayed on the
change result screen ES3 in correlation with the date and
time (the date and time on which the maximum oxygen
intake is estimated) on which the estimated value of the
maximum oxygen intake is calculated. As illustrated in FIG.
10, in the change result screen ES3, fixed display regions F1
and F2 are respectively set on a screen upper part and a
screen lower part, and a variable display region V3 is set
therebetween.

[0181] A graph V31 representing the change information
regarding an estimated value of the maximum oxygen intake
of the user and the change information regarding a full
marathon expected time is displayed in the variable display
region V3. As illustrated in FIG. 10, a full marathon
expected time is set on a left longitudinal axis of the group
V31, and this indicates that the expected time is reduced
toward the lower part of the graph V31. A value of the
maximum oxygen intake is set on a right longitudinal axis of
the graph V31, and this indicates that the value of the
maximum oxygen intake increases toward the upper part of
the graph V31. The date and time to which an estimated
value of the maximum oxygen intake and a full marathon
expected time of the user belong is set on a transverse axis
of the graph V31.

[0182] Specifically, the graph V31 displays estimated val-
ues of the maximum oxygen intake and full marathon
expected times of the user on Sep. 5, 2014, Oct. 5, 2014,
Nov. 5, 2014, and Dec. 5, 2014. Specifically, an estimated
value V311 of the maximum oxygen intake of the user on
Sep. 5, 2014 is 30 ml/kg/min, and a full marathon expected
time V315 is 4.5 hours. An estimated value V312 of the
maximum oxygen intake of the user on Oct. 5, 2014 is 40
ml/kg/min, and a full marathon expected time V316 is 4.25
hours.

[0183] An estimated value V313 of the maximum oxygen
intake of the user on Nov. 5, 2014 is 40 ml/kg/min, and a full
marathon expected time V317 is 4.25 hours. Finally, an
estimated value V314 of the maximum oxygen intake of the
user on Dec. 5, 2014 is 50 ml/kg/min, and a full marathon
expected time V318 is 3.9 hours.

[0184] An approximate straight line V319 for the full
marathon expected times V315 to V318 is displayed in the
variable display region V3. Consequently, the user can
easily recognize changes in the estimated values V311 to
V314 of the maximum oxygen intake of the user, changes in
the full marathon expected times V315 to V318 of their own,
and the approximate straight line V319 for four months.
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[Message Display Process in Detection Apparatus]

[0185] FIG. 11 is a diagram illustrating an example a
message display screen SC1 displayed on the display section
241 of the detection apparatus 2.

[0186] If an estimated value of the maximum oxygen
intake which has been estimated and message information
including a message corresponding to the estimated value
are received from the information processing apparatus 3,
the detection apparatus 2 displays the message information
on the display section 241 as illustrated in FIG. 11. Specifi-
cally, the message display screen SC1 is set on the display
section 241, and the estimated value of the maximum
oxygen intake of the user and the text that “there is concern
that heart disease may occur; let’s perform exercise!” are
displayed on the message display screen SC1. The sound
output section 242 of the detection apparatus 2 outputs a
sound indicating that the message is displayed, and the
vibration section 243 vibrates.

[0187] There may be a configuration in which a user is
notified of such a message, for example, in a case where the
user having no exercise habit, that is, the user whose
exercise ability is not high suddenly continues to perform
vigorous exercise. For example, this corresponds to a situ-
ation in which a user performs exercise (exercise of two
ranks or three ranks higher) corresponding to an index value
(exercise habit level) higher than a corresponding index
value (exercise habit level) by a predetermined value or
greater. In this case, for example, an estimated value of the
maximum oxygen intake of the user and the text that “reduce
the exercise intensity! you are in danger!” may be displayed
on the message display screen SC1. Consequently, the user
can be aware of performing exercise corresponding to
exercise ability of their own or more, and can recognize that
there is concern that the exercise may cause heart disease.
[0188] The message display screen SC1 may be displayed
on the display unit 33 of the information processing appa-
ratus 3.

[Effects of First Embodiment]

[0189] As mentioned above, the biological information
analysis system 1 according to the first embodiment
achieves the following effects.

[0190] According to the biological information analysis
system 1 of the present embodiment, it is possible to
determine an exercise habit level of a user on the basis of
biological information and body motion information of the
user, and it is possible to calculate an estimated value of the
maximum oxygen intake by employing a method of calcu-
lating an estimated value of the maximum oxygen intake
using the above Jackson’s formula on the basis of the
determined exercise habit level and user information. There-
fore, it is possible to easily calculate an estimated value of
the maximum oxygen intake of a user without performing
exercise applying a load to the user in a state of mounting a
mask as in the gas phase respiratory function examination
system disclosed in PTL 1. Since the estimated value can be
calculated even without using a treadmill, it is possible to
calculate the estimated value of the maximum oxygen intake
of the user with a relative simple configuration.

[0191] In the gas phase respiratory function examination
system disclosed in PTL 1, a user is required to perform
exercise after wearing a mask in order to measure the
maximum oxygen intake, and thus sanitary problems may



US 2018/0249917 Al

occur. In contrast, in the present embodiment, it is not
necessary to wear a mask, and thus it is possible to calculate
an estimated value of the maximum oxygen intake sanitarily.
[0192] Since a distribution of values of the maximum
oxygen intake in a group having the same age and sex as
those of a user is presented, it is possible to easily recognize
the distribution in the group. If distributions of values of the
maximum oxygen intake in a plurality of groups are pre-
sented, a user can compare the distributions of values of the
maximum oxygen intake in the respective groups with each
other.

[0193] Since the change result screen ES3 including an
estimated value of the maximum oxygen intake of a user is
displayed on the display unit 33, the user has only to check
the display unit 33, and can thus recognize the estimated
value of the maximum oxygen intake of their own and a
change in the estimated value of the maximum oxygen
intake.

[0194] The user can recognize a position corresponding to
the estimated value of the maximum oxygen intake of the
user in a distribution of values of the maximum oxygen
intake in a group having the same age and sex as those of the
user. Consequently, the user can objectively recognize the
standing position of their own, that is, the estimated value of
the maximum oxygen intake of their own in the group.
Therefore, it is possible to increase an exercise motivation of
the user.

[0195] According to the present embodiment, since a full
marathon expected time which is an exercise ability index of
a user and change information regarding the expected time
can be presented on the change result screen ES3, even a
user not having the detailed knowledge about the maximum
oxygen intake can easily recognize the exercise ability of
their own. Consequently, it is possible to further increase an
exercise motivation of the user.

[0196] According to the present embodiment, a height and
a weight of a user which are input by operating the user
information registration screen ES1 can be acquired, and
thus a BMI can be calculated. Consequently, even if a value
of the BMI cannot be acquired as user information, it is
possible to reliably calculate an estimated value of the
maximum oxygen intake by using the above Jackson’s
formula. Therefore, it is possible to improve a user’s con-
venience.

[0197] According to the present embodiment, regarding
the information processing apparatus 3, biological informa-
tion and body motion information of a user are detected by
the detection apparatus 2 and are then transmitted to the
information processing apparatus 3, and thus the informa-
tion processing apparatus 3 is not required to be provided
with the detection unit 22 detecting the biological informa-
tion and the body motion information. Therefore, since a
user wears the detection apparatus 2, and can acquire
biological information and body motion information for
calculating an exercise habit level of the user, it is possible
to more easily calculate an estimated value of the maximum
oxygen intake than in a case where the biological informa-
tion and the body motion information are acquired through
an input operation performed by the user.

Second Embodiment

[0198] Next, a description will be made of a second
embodiment of the invention.
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[0199] Ahbiological information analysis system according
to the present embodiment has the same configuration as that
of the biological information analysis system 1, but is
different from the biological information analysis system 1
in that the same detection apparatus and information pro-
cessing apparatus as the detection apparatus 2 and the
information processing apparatus 3 forming the biological
information analysis system are provided in plurality, and
the plurality of image processing apparatuses are connected
to a server via a network. In the following description, the
same portions or the substantially same portions as portions
having already been described are given the same reference
numerals, and description thereof will be omitted.

[0200] FIG. 12 is a schematic diagram illustrating a bio-
logical information analysis system 1A according to the
present embodiment.

[0201] The biological information analysis system 1A
according to the present embodiment includes a detection
apparatus 2 (2A) and an information processing apparatus 3
(3A) used by a user U1, a detection apparatus 2 (2B) and an
information processing apparatus 3 (3B) used by a user U2,
a detection apparatus 2 (2C) and an information processing
apparatus 3 (3C) used by a user U3, and a server 4.
[0202] Each of the plurality of detection apparatuses 2A to
2C has the same configuration as that of the detection
apparatus 2. Each of the plurality of information processing
apparatuses 3A to 3C has the same configuration as that of
the information processing apparatus 3. The plurality of
detection apparatuses 2A to 2C are respectively connected to
the information processing apparatuses 3A to 3C through
wireless communication in the same manner as in the
detection apparatus 2 and the information processing appa-
ratus 3. The plurality of information processing apparatuses
3A to 3C are connected to the server 4 via a network.
[0203] The server 4 is connected to the information pro-
cessing apparatuses 3A to 3C, and has a function of acquir-
ing not only user information of the users U1 to U3 but also
estimated values of the maximum oxygen intake estimated
(calculated) by the information processing apparatuses 3A to
3C, from the information processing apparatuses 3A to 3C.
The server 4 generates a graph representing positions cor-
responding to estimated values of the maximum oxygen
intake of the users Ul to U3 and all users (hereinafter,
referred to as other users Un) using information processing
apparatuses other than the information processing appara-
tuses 3A to 3C on the basis of user information and the
estimated values of the maximum oxygen intake acquired
from the respective information processing apparatuses 3A
to 3C. In other words, in the present embodiment, the server
4 functions as the presentation information generation por-
tion 370, and generates an analysis result screen ES4.
[0204] FIG. 13 is a diagram illustrating an example of the
analysis result screen ES4. The analysis result screen ES4
includes estimated values of the maximum oxygen intake of
the other users Un in addition to estimated values of the
maximum oxygen intake of the respective users Ul to U3.
[0205] The analysis result screen ES4 is a screen included
in the execution screens ES, and is a screen indicating a
position corresponding to an estimated value of the maxi-
mum oxygen intake of a user (for example, the user Ul)
estimated by the estimated value calculation portion 368 in
a distribution of estimated values of the maximum oxygen
intake of the users U1 to U3 and the other users Un. In other
words, in the present embodiment, the analysis result screen
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ES4 indicates a position corresponding to an estimated value
of the maximum oxygen intake of a user in the distribution
in the group of users using the same kind of apparatuses (the
detection apparatuses 2 and the information processing
apparatuses 3) in a period after starting of daily exercise.
Specifically, the analysis result screen ES4 indicates a posi-
tion corresponding to an estimated value of the maximum
oxygen intake of the user in a distribution of estimated
values of the maximum oxygen intake of the users U1 to U3
and the other users Un.

[0206] As illustrated in FIG. 13, in the analysis result
screen ES4, fixed display regions F1 and F2 are respectively
set on a screen upper part and a screen lower part, and a
variable display region V2 is set therebetween.

[0207] A graph V41 representing a distribution of esti-
mated values of the maximum oxygen intake of the users Ul
to U3 and the other users Un is displayed in the variable
display region V4. As illustrated in FIG. 13, the number of
people of the group is set on a longitudinal axis of the graph
V41, and this indicates that the number of people increases
toward the upper part of the graph V41. An estimated value
of the maximum oxygen intake is set on a transverse axis of
the graph V41, and this indicates that the estimated value of
the maximum oxygen intake increases toward the right of
the graph V41. In other words, in the graph V41, the number
of people for each estimated value of the maximum oxygen
intake within a predetermined range is expressed by a bar
graph.

[0208] In the variable display region V4, a mark V42 is set
on the lower part of the graph V41. The mark V42 has a
function of indicating a position corresponding to an esti-
mated value of the maximum oxygen intake of a user.
[0209] In other words, a position corresponding to an
estimated value of the maximum oxygen intake of a user is
indicated by the mark V42. In the variable display region
V4, an estimated value (V43) of the maximum oxygen
intake of a user is displayed on the lower part of the mark
V42. Consequently, a user (for example, the user Ul) can
recognize an estimated value (V43) of the maximum oxygen
intake of their own, and a position of the estimated value of
the maximum oxygen intake of their own in the users Ul to
U3 and the other users Un.

[Effects of Second Embodiment]

[0210] According to the present embodiment, the same
effects as in the first embodiment are achieved, and the
following effects are also achieved.

[0211] In the present embodiment, a position correspond-
ing to an estimated value of the maximum oxygen intake of
a user in a distribution of estimated values of the maximum
oxygen intake of the users U1 to U3 and the other users Un
is indicated by the mark V42 on the analysis result screen
ES4. Consequently, the user can objectively recognize the
position corresponding to the estimated value of the maxi-
mum oxygen intake of the user (user U1) in the users U2 and
U3 and the other users Un. Therefore, it is possible to further
increase an exercise motivation of the user.

Third Embodiment

[0212] FIG. 14 is a block diagram illustrating a schematic
configuration of a beating information measurement system
410. The beating information measurement system 410 has
a function of measuring and displaying beating information
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indicating a pulse rate or a heart rate of a user as a subject,
and is configured to include a pulse wave measurement
apparatus 500 and a heartbeat measurement apparatus 600
which are communicably connected to each other. The pulse
wave measurement apparatus 500 corresponds to a beating
information measurement apparatus.

[0213] In the third embodiment, the pulse wave measure-
ment apparatus 500 has an aspect of a wristwatch, and has
a function of detecting a pulse signal corresponding to a
pulse of a user if the user wears the pulse wave measurement
apparatus on the wrist as a limb part. The heartbeat mea-
surement apparatus 600 is a so-called heart rate monitor and
is fixed to a chest belt, and has a function of outputting
heartbeat information according to a heartbeat of the user if
the user wears the chest belt on the chest which is a trunk
part.

[0214] In measurement of a pulse, it is known that, in a
case where a user performs vigorous exercise, an error easily
occurs in pulse measurement in the arm due to noise, and, on
the other hand, heartbeat measurement at a location close to
the heart can be stably performed. The beating information
measurement system 410 has a function of switching
between measurement based on a pulse and measurement
based on a heartbeat according to a user’s exercise amount.

[Configuration of Pulse Wave Measurement Apparatus]

[0215] First, the pulse wave measurement apparatus 500
will be described.

[0216] The pulse wave measurement apparatus 500
includes a pulse wave detection unit 502, a position detec-
tion unit 504, an exercise detection unit 506, a heartbeat
information acquisition detection unit 508, a communication
unit 510, a display unit 512, and a measurement control unit
520.

[0217] The pulse wave detection unit 502 acquires a pulse
wave signal indicating a pulse wave of a user wearing the
pulse wave measurement apparatus 500, generates pulse
information (pulse wave information) based on the acquired
pulse wave signal, and sends the generated pulse informa-
tion to the measurement control unit 520.

[0218] The position detection unit 504 detects position
information indicating a position where the pulse wave
measurement apparatus 500 is located, and sends the
detected position information to the measurement control
unit 520.

[0219] The exercise detection unit 506 detects exercise
information regarding motion (exercise) of the user wearing
the pulse wave measurement apparatus 500, and sends the
detected exercise information to the measurement control
unit 520.

[0220] The communication unit 510 transmits and
receives information to and from an external apparatus
through wireless communication.

[0221] The heartbeat information acquisition detection
unit 508 sends detection information to the measurement
control unit 520 in a case where heartbeat information is
acquired from the heartbeat measurement apparatus 600.
[0222] The measurement control unit 520 selects one of
the pulse information sent from the pulse wave detection
unit 502 and the heartbeat information sent from the heart-
beat measurement apparatus 600 on the basis of the position
information sent from the position detection unit 504 and the
exercise information sent from the position detection unit
504, determines beating information on the basis of the
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selected one information, and sends the determined beating
information to the display unit 512 so as to display the
beating information.

[0223] FIG. 15 is a diagram illustrating a hardware con-
figuration of the pulse wave measurement apparatus 500.
The pulse wave measurement apparatus 500 includes, as
hardware, an A/D circuit 450, a GPS circuit 452, a CPU 454,
a read only memory (ROM) 456, a communication circuit
458, a signal input detection circuit 460, a liquid crystal
display circuit 462, a random access memory (RAM) 464,
and a flash memory 466. This kind of hardware is connected
to each other via bus 468. The A/D circuit 450 which
converts an analog signal into a digital signal is connected
to a pulse wave sensor 470 and a body motion sensor 475.
The liquid crystal display circuit 462 is connected to a liquid
crystal panel 480.

[0224] The pulse wave sensor 470 forms the pulse wave
detection unit 502. The pulse wave sensor 470 includes a
light source such as a light emitting diode (LED), and a light
receiving element such as a phototransistor although not
illustrated. The pulse wave sensor 470 applies light toward
a skin surface of the user’s wrist or the like from the light
source, and receives reflected light in which the light is
reflected at a blood vessel under the skin and is returned,
with the light receiving element.

[0225] The reflected light from the blood vessel reflects a
change in a blood flow due to a light absorption action of
hemoglobin in blood, and thus intensity of their own
changes. The pulse wave sensor 470 causes the light source
to blink in a predetermined cycle shorter than a cycle of
beating, and the light receiving element outputs a pulse wave
signal (pulse information) corresponding to light reception
intensity through photoelectric conversion whenever the
light source is lit.

[0226] The body motion sensor 475 forms the exercise
detection unit 506. The body motion sensor 475 includes at
least acceleration sensors which output acceleration signals
(exercise information) based on acceleration changes in
multi-axis (for example, three axes) directions orthogonal to
each other.

[0227] The A/D circuit 450 converts the pulse wave signal
output from the pulse wave sensor 470 and the acceleration
signals output from the body motion sensor 475 into digital
signals.

[0228] The GPS circuit 452 forms the position detection
unit 504. The GPS circuit 452 receives a radio wave signal
from a geodetic satellite such as a GPS satellite rotating
around the earth, and outputs a position signal (position
information) regarding a location position on the basis of the
received radio wave signal.

[0229] The communication circuit 458 forms the commu-
nication unit 510, and performs communication in a wireless
manner according to a protocol of a short-range radio
communication standard such as WiFi (registered trade-
mark) or Bluetooth (registered trademark).

[0230] The signal input detection circuit 460 forms the
heartbeat information acquisition detection unit 508, and
detects that the communication circuit 458 receives heart-
beat information transmitted from the heartbeat measure-
ment apparatus 600.

[0231] The liquid crystal display circuit 462 and the liquid
crystal panel 480 form the display unit 512. The liquid
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crystal display circuit 462 performs signal processes in order
to display an input image signal as an image on the liquid
crystal panel 480.

[0232] FIG. 16 is a diagram illustrating a detailed func-
tional configuration of the measurement control unit 520.
The measurement control unit 520 includes an activity
amount calculation section 522, an activity amount deter-
mination section 524, an information selection section 526,
and a pulse rate calculation section 528. The activity amount
determination section 524 and the information selection
section 526 correspond to a beating information determina-
tion unit.

[0233] The activity amount calculation section 522 calcu-
lates an activity amount regarding a user’s body on the basis
of the position information sent from the position detection
unit 504 and the exercise information sent from the exercise
detection unit 506.

[0234] In the third embodiment, examples of the calcu-
lated activity amount may include a movement amount, a
movement speed, and exercise intensity of a user.

[0235] The activity amount calculation section 522 calcu-
lates a movement amount or a movement speed of a user by
using a change in position information or the required time
for movement. The activity amount calculation section 522
performs frequency analysis on acceleration signals as exer-
cise information so as to calculate exercise intensity. As a
method of calculating exercise intensity on the basis of
acceleration signals, a method disclosed in, for example,
JP-A-2012-232010 may be employed. The activity amount
calculation section 522 calculates information regarding the
movement amount, movement speed, and exercise intensity
and the information is sent to the activity amount determi-
nation section 524.

[0236] The activity amount determination section 524
determines whether or not an activity amount of the user
exceeds a predetermined reference value on the basis of the
information sent from the activity amount calculation sec-
tion 522.

[0237] In the third embodiment, it is determined whether
or not at least one of a movement amount, a movement
speed, and exercise intensity sent from the activity amount
calculation section 522 exceeds a predetermined reference
value, but this aspect is only an example. For example, it
may be determined whether or not at least two of a move-
ment amount, a movement speed, and exercise intensity
exceed predetermined reference values, and a three-dimen-
sional table including a movement amount, a movement
speed, and exercise intensity may be created, and it may be
determined whether or not the table is included in a refer-
ence three-dimensional region.

[0238] The predetermined reference value may be a fixed
value which is set in advance, and may be a value which
changes depending on the sex, the age, or the like of a user.

[0239] Information regarding the determination result in
the activity amount determination section 524 is sent to the
information selection section 526.

[0240] The information selection section 526 selects one
of a pulse rate and a heart rate as beating information. In
other words, the information selection section 526 selects
one of calculating beating information on the basis of the
pulse information output from the pulse wave detection unit
502 and using a heart rate detected by a heartbeat detection
unit 604 as beating information.
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[0241] In the third embodiment, in a case where the
activity amount determination section 524 determines that
the activity amount of the user does not exceed the prede-
termined reference value, the information selection section
526 selects calculation of beating information based on
pulse information. In a case where the activity amount
determination section 524 determines that the activity
amount of the user exceeds the predetermined reference
value, and the detection information sent from the heartbeat
information acquisition detection unit 508 indicates acqui-
sition of heartbeat information, the information selection
section 526 selects a heart rate as beating information.
[0242] On the other hand, in a case where the activity
amount determination section 524 determines that the activ-
ity amount of the user is higher than a predetermined level,
and the detection information sent from the heartbeat infor-
mation acquisition detection unit 508 indicates non-acqui-
sition of heartbeat information, the information selection
section 526 selects calculation of beating information based
on pulse information.

[0243] In a case where calculation of beating information
based on pulse information is selected, the information
selection section 526 sends the pulse information to the
pulse rate calculation section 528. On the other hand, in a
case where a heart rate is selected as beating information, the
information selection section 526 sends heartbeat informa-
tion to the display unit 512 as measurement information so
as to display the heartbeat information.

[0244] Generally, a pulse rate is the same as a heart rate as
long as a pulse loss such as arrhythmia does not occur.
Therefore, in the third embodiment, a heart rate calculated
on the basis of a heartbeat signal may be treated as a pulse
rate.

[0245] The pulse rate calculation section 528 calculates a
pulse rate per reference time (for example, one minute) on
the basis of an interval of pulse waves included in the pulse
information.

[0246] The pulse rate calculation section 528 sends the
calculated beating information to the display unit 512 as
measurement information so as to display the beating infor-
mation. Information indicating whether a pulse rate is cal-
culated on the basis of a pulse wave signal or a heart rate is
used may be included in measurement information so as to
be displayed on the display unit 512.

[0247] The measurement control unit 520 may include a
calorie amount calculation portion which calculates a calorie
amount of a user in addition to beating information, and may
display a calculated calorie amount as a calorie consumption
amount of the user. A method of computing an oxygen intake
on the basis of a pulse rate or a heart rate and converting the
oxygen intake into a calculation consumption amount may
employ a method disclosed in, for example, JP-A-2014-
195711.

[Configuration of Heartbeat Measurement Apparatus]

[0248] Referring to FIG. 14 again, a configuration of the
heartbeat measurement apparatus 600 will be described.
[0249] The heartbeat measurement apparatus 600 includes
an apparatus control unit 602, a communication unit 606,
and the heartbeat detection unit 604.

[0250] The apparatus control unit 602 controls functions
of the communication unit 606 and the heartbeat detection
unit 604. The apparatus control unit 602 includes a heartbeat
calculation section 603, calculates a heart rate on the basis
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of an interval of heartbeats, and sends heartbeat information
including the calculated heart rate to the communication unit
606.

[0251] The heartbeat detection unit 604 detects a heartbeat
on the basis of a change in an electrocardiographic signal
which is input to electrodes in a state in which a plurality of
electrodes are in contact with or electrostatically coupled to
the chest.

[0252] A method in which a plurality of electrodes are in
contact with or electrostatically coupled to the chest, and
thus an electrocardiographic signal is acquired is disclosed
in, for example, JP-A-2010-14169.

[0253] The communication unit 606 transmits heartbeat
information to the communication unit 510 through wireless
communication. In the third embodiment, in a case where
the heartbeat detection unit 604 can calculate a heart rate, the
apparatus control unit 602 starts to transmit heartbeat infor-
mation.

[Process in Information Terminal Apparatus]

[0254] In the third embodiment, there may be an aspect in
which measurement information obtained through measure-
ment in the heartbeat measurement apparatus 600 is trans-
mitted to an information terminal apparatus 800.

[0255] The information terminal apparatus 800 may be a
highly functional mobile phone such as a smart phone or a
multi-function portable terminal such as a tablet PC, includ-
ing a communication unit 802, an apparatus control unit §04,
a storage unit 805, and a display unit 806.

[0256] Software for processing measurement information
is incorporated into the information terminal apparatus §00.
Therefore, the information terminal apparatus 800 stores
measurement information transmitted from the heartbeat
measurement apparatus 600 in the storage unit 805, reads the
stored measurement information so as to perform a statisti-
cal process thereon as necessary, and displays a statistical
result on the display unit 806. There may be an aspect in
which the information terminal apparatus 800 further trans-
mits the received measurement information or the like to an
external server or the like via, for example, a public line.

[Process in Pulse Wave Measurement Apparatus]

[0257] Next, FIG. 17 is a flowchart illustrating a flow of a
beating information measurement process in the pulse wave
measurement apparatus 500.

[0258] If the process is started, the CPU 454 calculates an
activity amount on the basis of position information and
exercise information of a user (step S301) <activity amount
calculation step>.

[0259] Next, the CPU 454 determines whether or not the
activity amount exceeds a predetermined reference (step
S302) <selection step>.

[0260] Here, in a case where it is determined that the
activity amount exceeds the predetermined reference (Yes in
step S302), the CPU 454 determines whether or not heart-
beat information can be acquired from the heartbeat mea-
surement apparatus 600 (step S310).

[0261] Here, in a case where it is determined that the
heartbeat information can be acquired from the heartbeat
measurement apparatus 600 (Yes in step S310), the CPU 454
acquires the heartbeat information, and extracts a heart rate
from the acquired heartbeat information (step $312) <heart-
beat detection step>.
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[0262] Next, the CPU 454 displays the heart rate as
beating information, and proceeds to step S316.

[0263] In a case where it is determined that the activity
amount does not exceed the predetermined reference (No in
step S302), or it is determined that the heartbeat information
cannot be acquired from the heartbeat measurement appa-
ratus 600 (No in step S310), the CPU 454 acquires pulse
information output from the pulse wave detection unit 502
(step S304) <pulse wave detection step>.

[0264] Next, the CPU 454 calculates a pulse rate on the
basis of the acquired pulse information (step S306).
[0265] Next, the CPU 454 displays the calculated pulse
rate as beating information (step S308), and proceeds to step
S316.

[0266] In step S316, it is determined whether or not the
CPU 454 receives a finish instruction (step S316), and the
measurement process is finished in a case where it is
determined that the finish instruction is received (Yes in step
S316).

[0267] On the other hand, in a case where it is determined
that the finish instruction is not received (No in step S316),
the CPU returns to step S301 so as to repeatedly perform the
process.

[0268] As a modification example of the measurement
process in F1G. 17, in a case where the activity amount does
not exceed the predetermined reference (No in step S302),
the CPU 454 may be controlled to acquire both of the pulse
information detected by the pulse wave detection unit 502
and the heartbeat information detected by the heartbeat
measurement apparatus 600.

[0269] Inthis case, the pulse wave measurement apparatus
500 includes a first timing unit which generates a timing
signal used as a reference of an operation timing for each
constituent element of the pulse wave measurement appa-
ratus 500, and performs a synchronization process for syn-
chronization between the timing signal from the first timing
unit with a second timing unit included in the heartbeat
measurement apparatus 600, and thus the pulse wave mea-
surement apparatus 500 is synchronized with the heartbeat
measurement apparatus 600.

[0270] Beating information calculated on the basis of the
pulse information and the heartbeat information may be
displayed on the display unit 512. With this configuration, a
user can understand a difference between a heartbeat and a
pulse.

[0271] There may be a configuration in which the hardness
of the artery of a user is estimated on the basis of pulse wave
interval information calculated on the basis of a pulse wave
signal detected by the pulse wave measurement apparatus
500 and a pulse wave interval information calculated on the
basis of an electrocardiographic signal detected by the
heartbeat measurement apparatus 600, and information indi-
cating an estimation result is displayed on the display unit
512.

[0272] According to the above-described third embodi-
ment, the following effects are achieved.

[0273] (1) The pulse wave measurement apparatus 500
mounted on a user’s arm detects a pulse wave from the arm,
and calculates a pulse rate on the basis of the detected pulse
wave so as to display the pulse rate as beating information.
The pulse wave measurement apparatus 500 calculates a
user’s activity amount, and, in a case of an activity situation
in which the activity amount exceeds a predetermined
reference, and in a case where the heartbeat measurement

Sep. 6,2018

apparatus 600 is mounted on the chest of the user and thus
a heartbeat is detected, the pulse wave measurement appa-
ratus 500 displays a heart rate measured by the heartbeat
measurement apparatus 600 as beating information. There-
fore, the beating information measurement system 410 can
measure accurate beating information even in a case where
a user performs vigorous exercise.

[0274] (2) The activity amount calculation section 522
calculates an activity amount on the basis of not only a body
motion but also position information, a movement amount
and a movement speed which have been detected, and can
thus calculate an accurate activity amount of a user.

Fourth Embodiment

[0275] Next, with reference to FIG. 18, a fourth embodi-
ment of the invention will be described.

[0276] In the third embodiment, the beating information
measurement system 410 employs a configuration in which
the pulse wave measurement apparatus 500 and the heart-
beat measurement apparatus 600 are communicably con-
nected to each other, but, in the fourth embodiment, the
beating information measurement system 410 employs a
configuration in which the pulse wave measurement appa-
ratus 500, the heartbeat measurement apparatus 600, and the
information terminal apparatus 800 are communicably con-
nected to each other.

[0277] In other words, the heartbeat information acquisi-
tion detection unit 508, the position detection unit 504, and
the measurement control unit 520 are provided in the pulse
wave measurement apparatus 500 in the third embodiment,
but are provided in the information terminal apparatus 800
in the fourth embodiment.

[0278] Therefore, the pulse wave measurement apparatus
500 transmits pulse information and exercise information to
the information terminal apparatus 800 in response to an
instruction from an apparatus control unit 530 which con-
trols the functions.

[0279] In a case where a heart rate can be calculated, the
heartbeat measurement apparatus 600 transmits heartbeat
information to the information terminal apparatus 800.
[0280] An apparatus control unit 820 of the information
terminal apparatus 800 acquires position information from
the built-in position detection unit 504, selects one of pulse
information and heartbeat information on the basis of the
position information and exercise information, determines
beating information on the basis of the selected information,
and displays the determined beating information on the
display unit 806.

[0281] There may be an aspect in which the apparatus
control unit 820 holds the determined beating information,
performs a statistical process for each user, and a process
result is displayed on the display unit 806.

[0282] According to the above-described fourth embodi-
ment, the same effects as in the third embodiment are
achieved.

[Modifications of Embodiments]

[0283] The invention is not limited to the embodiments,
and modifications, alterations, and the like are included in
the invention within the scope of being capable of achieving
the object of the invention.

[0284] In the first embodiment, the change result screen
ES3 is displayed on the display unit 33, and thus an
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estimated value of the maximum oxygen intake of a user and
change information regarding the estimated value are dis-
played. However, the invention is not limited thereto. For
example, change information regarding an estimated value
of the maximum oxygen intake of a user may not be
displayed on the display unit 33. The estimated value of the
maximum oxygen intake may be transmitted to the detection
apparatuses 2 and 2A to 2C, and may be displayed on the
display sections 241 of the detection apparatuses 2 and 2A
to 2C.

[0285] In the respective embodiments, the analysis result
screen ES2 or ES4 is displayed on the display unit 33, and
thus a position corresponding to a value of the maximum
oxygen intake of a person satisfying a predetermined con-
dition or an estimated value of the maximum oxygen intake
of the user in a distribution of estimated values of the
maximum oxygen intake is presented.

[0286] However, the invention is not limited thereto. For
example, the analysis result screens ES2 and ES4 may not
be displayed on the display unit 33. Only an estimated value
of the maximum oxygen intake of a user may be displayed
on the display unit 33 instead of the analysis result screens
ES2 and ES4.

[0287] In the first embodiment, the analysis result screen
ES2 is displayed on the display unit 33, and thus a position
corresponding to an estimated value of the maximum oxy-
gen intake of a user in a distribution of values of the
maximum oxygen intake of a group having the same age and
sex as those of the user is presented. However, the invention
is not limited thereto. For example, a position corresponding
to an estimated value of the maximum oxygen intake of a
user in a distribution of values of the maximum oxygen
intake of a group having the same sex as that of the user may
be presented, and a position corresponding to an estimated
value of the maximum oxygen intake of a user in a distri-
bution of values of the maximum oxygen intake of a group
having the same age as that of the user may be presented.
[0288] In the above-described respective embodiments,
the graphs V21 and V41 and the marks V22 and V42 are
presented on the analysis result screens ES2 and ES4, and
thus a position corresponding to an estimated value of the
maximum oxygen intake of a user in a distribution of values
of the maximum oxygen intake of various groups is pre-
sented. However, the invention is not limited thereto. For
example, the graphs V21 and V41 and the marks V22 and
V42 may not be displayed. In this case, ranking (for
example, 18-th ranking) of an estimated value of the maxi-
mum oxygen intake of a user in various groups may be
displayed. Consequently, a user can more objectively rec-
ognize a position corresponding to an estimated value of the
maximum oxygen intake of the user in a group.

[0289] In the first embodiment, the change result screen
ES3 is displayed on the display unit 33, and thus the full
marathon expected times V315 to V318 and the approximate
straight line V319 are presented as exercise ability indexes
of a user. However, the invention is not limited thereto. For
example, the full marathon expected times V315 to V318
may not be presented. On the change result screen ES3, only
the approximate straight line V319 may be displayed with-
out displaying the full marathon expected times V315 to
V318 for the respective dates. The full marathon expected
times V315 to V318 for the respective dates may be dis-
played, and the approximate straight line V319 may not be
displayed.
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[0290] 1In the above-described respective embodiments,
the index calculation portion 369 calculates a full marathon
expected time as an exercise ability index indicating the
exercise ability of a user on the basis of biological infor-
mation, body motion information, an exercise habit level,
user information, and an estimated value of the maximum
oxygen intake. However, the invention is not limited thereto.
For example, the index calculation portion 369 may calcu-
late a full marathon expected time on the basis of only user
information and an estimated value of the maximum oxygen
intake of a user. A full marathon expected time may be
calculated on the basis of at least any of biological infor-
mation, body motion information, and an exercise habit
level.

[0291] An exercise ability index of a user is not limited to
the full marathon expected time. For example, the index
calculation portion 369 may calculate an expected time for
a half marathon or an expected time for 3,000 m running as
an exercise ability index.

[0292] An exercise ability index is not limited to a time for
the long distance running, and other indexes (for example, a
level or a rank indicating exercise ability) may be used.
[0293] In the above-described respective embodiments,
when a height and a weight are input on the user information
registration screen ES1, a BMI is automatically calculated
and registered. However, the invention is not limited thereto.
For example, a user may input a BMI by himself/herself. In
a case where a BMI is input earlier than a height and a
weight, the height and the weight of a user may not be input.
[0294] In the above-described respective embodiments,
the level determination portion 367 determines an exercise
habit level on the basis of biological information and body
motion information of a user for a week which is a prede-
termined period. However, the invention is not limited
thereto. For example, the predetermined period may be two
weeks, and may be four weeks. To summarize, the prede-
termined period may be any period as long as the period is
one or more weeks.

[0295] Inthe above-described respective embodiments, an
exercise habit level is determined on the basis of an exercise
time of each zone. However, the invention is not limited
thereto. For example, the analysis portion 366 may detect a
running distance and a walking distance of a user, and the
level determination portion 367 may determine an exercise
habit level on the basis of the running distance and the
walking distance.

[0296] In the above-described respective embodiments,
the estimated value calculation portion 368 calculates an
estimated value of the maximum oxygen intake by assigning
an exercise habit level, and the age, the sex, and the BMI of
a user to the so-called Jackson’s formula. However, the
invention is not limited thereto. For example, the estimated
value calculation portion 368 is not limited to the Jackson’s
formula, and may calculate the maximum oxygen intake on
the basis of the maximum heart rate and a heart rate in a
stable state.

[0297] In the above-described respective embodiments, a
pulse wave is detected as biological information. However,
the invention is not limited thereto. For example, as bio-
logical information, a heart rate, a blood sugar level, and the
like of a user may be detected in addition to the pulse wave,
or may be detected instead of the pulse wave.

[0298] In the above-described respective embodiments,
the detection apparatuses 2 and 2A to 2C are mounted on a
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user’s wrist. However, the invention is not limited thereto.
For example, the detection apparatuses 2 and 2A to 2C may
be mounted on the ankle, the chest, or the like of a user.
[0299] In the above-described respective embodiments,
the detection apparatus 2 includes the biological information
detection section 221 detecting biological information.
However, the invention is not limited thereto, and the
biological information detection section 221 may not be
provided. In this case, the body motion information detec-
tion section 222 may detect the number of steps as body
motion information. With this configuration, the level deter-
mination portion 367 can determine an exercise habit level
of a user on the basis of running and walking distances of the
user.

[0300] The detection apparatus 2 may include an activity
amount meter, calculate calorie consumption, and calculate
an exercise habit level on the basis of the calorie consump-
tion.

[0301] In the second embodiment, a position correspond-
ing to an estimated value of the maximum oxygen intake of
a user in a group including all users using the detection
apparatuses 2A to 2C is displayed on the analysis result
screen ES4. However, the invention is not limited thereto.
For example, in a case where information sharing is set
among the users Ul to U3 of the group, a position of each
of the users Ul to U3 sharing information in the group,
ranking of each user in all users, ranking of each user among
the users Ul to U3, or the like may be displayed on the
analysis result screen.

[0302] Each functional unit of the pulse wave measure-
ment apparatus 500 illustrated in FIGS. 14, 16 and 18
indicates a functional configuration realized in cooperation
between hardware and software, and a specific mounting
aspect is not particularly limited. Therefore, there may be a
configuration in which individually corresponding hardware
is not necessarily mounted in each functional unit, and a
single processor executes a program so as to realize func-
tions of a plurality of functional units. In the above-de-
scribed embodiments, some functions realized by software
may be realized by hardware, or some functions realized by
hardware may be realized by software. Specific detailed
configurations of other respective units of the beating infor-
mation measurement system 410 may also be arbitrarily
changed within the scope without departing from the spirit
of the invention.

REFERENCE SIGNS LIST

[0303] 1 AND 1A BIOLOGICAL INFORMATION
ANALYSIS SYSTEM 2 AND 2A TO 2C BIOLOGICAL
INFORMATION DETECTION APPARATUS (DETEC-
TION APPARATUS), 3 AND 3A TO 3C INFORMATION
PROCESSING APPARATUS (BIOLOGICAL INFORMA-
TION ANALYSIS APPARATUS), 4 SERVER, 23 RECEP-
TION UNIT, 25 COMMUNICATION UNIT, 26 STORAGE
UNIT, 27 CONTROL UNIT, 32 COMMUNICATION
UNIT, 33 DISPLAY UNIT (RANGE PRESENTATION
UNIT AND INDEX PRESENTATION UNIT), 35 STOR-
AGE UNIT, 36 CONTROL UNIT, 221 BIOLOGICAL
INFORMATION DETECTION SECTION, 222 BODY
MOTION INFORMATION DETECTION SECTION, 275
INFORMATION ACQUISITION SECTION, 365 INFOR-
MATION ACQUISITION PORTION, 366 ANALYSIS
PORTION, 367 LEVEL DETERMINATION PORTION,
368 ESTIMATED VALUE CALCULATION PORTION
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(ESTIMATION UNIT), 369 INDEX CALCULATION
PORTION, 370 PRESENTATION INFORMATION GEN-
ERATION PORTION, 410 BEATING INFORMATION
MEASUREMENT SYSTEM, 450 A/D CIRCUIT, 452 GPS
CIRCUIT, 454 CPU, 456 ROM, 458 COMMUNICATION
CIRCUIT, 460 SIGNAL INPUT DETECTION CIRCUIT,
462 LIQUID CRYSTAL DISPLAY CIRCUIT, 464 RAM,
466 FLASH MEMORY, 468 BUS, 470 PULSE WAVE
SENSOR, 475 BODY MOTION SENSOR, 480 LIQUID
CRYSTAL PANEL, 500 PULSE WAVE MEASUREMENT
APPARATUS, 502 PULSE WAVE DETECTION UNIT,
504 POSITION DETECTION UNIT, 506 EXERCISE
DETECTION UNIT, 508 HEARTBEAT INFORMATION
ACQUISITION DETECTION UNIT, 5§10 COMMUNICA-
TION UNIT, 512 DISPLAY UNIT, 520 MEASUREMENT
CONTROL UNIT, 522 ACTIVITY AMOUNT CALCULA-
TION SECTION, 524 ACTIVITY AMOUNT DETERMI-
NATION SECTION, 526 INFORMATION SELECTION
SECTION, 528 PULSE RATE CALCULATION SECTION,
530 APPARATUS CONTROL UNIT, 600 HEARTBEAT
MEASUREMENT APPARATUS, 602 APPARATUS CON-
TROL UNIT, 603 HEARTBEAT CALCULATION SEC-
TION, 604 HEARTBEAT DETECTION UNIT, 606 COM-
MUNICATION UNIT, 800 INFORMATION TERMINAL
APPARATUS, 802 COMMUNICATION UNIT, 804 APPA-
RATUS CONTROL UNIT, 805 STORAGE UNIT, 806
DISPLAY UNIT, 820 APPARATUS CONTROL UNIT, ES
EXECUTION SCREEN, ES1 USER INFORMATION
REGISTRATION SCREEN, ES2 AND ES4 ANALYSIS
RESULT SCREEN, ES3 CHANGE RESULT SCREEN

1. A biological information analysis apparatus compris-

ing:

an information acquisition unit that acquires biological
information of a user, body motion information indi-
cating body motion of the user, and user information
regarding the user;

a storage unit that stores the biological information, the
body motion information, and the user information
which have been acquired,

a level determination unit that determines an exercise
habit level of the user on the basis of the biological
information and the body motion information in a
predetermined period; and

an estimation unit that estimates the maximum oxygen
intake of the user on the basis of the exercise habit level
and the user information.

2. The biological information analysis apparatus accord-

ing to claim 1, further comprising:

a presentation unit that presents a distribution of values of
the maximum oxygen intake in a group which is
classified on the basis of the user information.

3. The biological information analysis apparatus accord-

ing to claim 2,

wherein the presentation unit presents a position corre-
sponding to an estimated value of the maximum oxy-
gen intake of the user in the distribution.

4. The biological information analysis apparatus accord-

ing to claim 1, further comprising:

an index calculation unit that calculates an exercise ability
index indicating exercise ability of the user on the basis
of the user information and the estimated value of the
maximum oxygen intake; and

an index presentation unit that presents the calculated
exercise ability index.
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5. The biological information analysis apparatus accord-
ing to claim 1, further comprising:

an index calculation unit that calculates an exercise ability
index indicating exercise ability of the user on the basis
of at least one of the biological information, the body
motion information, and the exercise habit level; and

an index presentation unit that presents the calculated
exercise ability index.

6. The biological information analysis apparatus accord-

ing to claim 1 further comprising:

a change information presentation unit that presents a
change in the estimated value of the maximum oxygen
intake of the user in correlation with the date and time
on which the maximum oxygen intake is estimated.

7. The biological information analysis apparatus accord-
ing to claim 4, further comprising:

a change information presentation unit that presents a
change in the exercise ability index along with a change
in the estimated value of the maximum oxygen intake
of the user in correlation with the date and time on
which the maximum oxygen intake is estimated.

8. The biological information analysis apparatus accord-

ing to claim 1,
wherein the user information includes the age, the sex, a
height, and a weight of the user.
9. A biological information analysis system comprising:
the biological information analysis apparatus according to
claim 1; and
a detection apparatus that is mounted on the user,
wherein the detection apparatus includes
a biological information detection unit that detects
biological information of the user,

a body motion information detection unit that detects
body motion information of the user, and

a detection apparatus side transmission unit that trans-
mits the biological information and the body motion
information to the biological information analysis
apparatus.

10. A biological information analysis program which is
read to be executed by a computer, the program causing the
computer to function as:

the biological information analysis apparatus according to
claim 1.

11. A beating information measurement system compris-

ing:

a pulse wave detection unit that detects pulse wave
information indicating a pulse wave;

a heartbeat detection unit that detects heartbeat informa-
tion indicating a heartbeat;

an activity amount calculation unit that calculates an
activity amount of the body; and

a beating information determination unit that selects one
of the pulse wave information and the heartbeat infor-
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mation on the basis of the activity amount, and deter-
mines beating information on the basis of the selected
information,
wherein the beating information determination unit deter-
mines the beating information on the basis of the
heartbeat information in a case where the activity
amount exceeds a predetermined reference.
12. The beating information measurement system accord-
ing to claim 11,
wherein the beating information determination unit deter-
mines the beating information on the basis of the pulse
wave information in a case where the activity amount
does not exceed the predetermined reference.
13. The beating information measurement system accord-
ing to claim 11,
wherein the beating information is a heart rate or a pulse
rate.
14. The beating information measurement system accord-
ing to claim 11,
wherein the beating information determination unit
includes a determination section that determines
whether or not the heartbeat detection unit detects the
heartbeat information.
15. The beating information measurement system accord-
ing to claim 14,
wherein the beating information determination unit deter-
mines the beating information on the basis of the
heartbeat information in a case where the determination
section determines that the heartbeat detection unit
detects the heartbeat information, and the activity
amount exceeds the predetermined reference.
16. The beating information measurement system accord-
ing to claim 11,
wherein the activity amount calculation unit calculates the
activity amount on the basis of position information
based on a location position and exercise information
indicating exercise intensity based on body motion.
17. The beating information measurement system accord-
ing to claim 11, further comprising:
a display unit that displays the beating information,
wherein the beating information determination unit dis-
plays information indicating whether the beating infor-
mation is calculated on the basis of the heartbeat
information or is calculated on the basis of the pulse
wave information, on the display unit.
18. The beating information measurement system accord-
ing to claim 11, further comprising:
a calorie amount calculation unit that calculates a calorie
consumption amount on the basis of the calculated
beating information.
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