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(57) ABSTRACT

The biological information processing system includes a
basal heart rate information acquisition section that acquires
basal heart rate information that represents the heart rate in a
deep sleep state, a heart rate information acquisition section
that acquires heart rate information, and a health condition
information calculation section that calculates health condi-
tion information that represents a health condition based on
relative information about the basal heart rate information
and the heart rate information.
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BIOLOGICAL INFORMATION PROCESSING
SYSTEM, WEARABLE DEVICE, SERVER
SYSTEM, METHOD FOR CONTROLLING

BIOLOGICAL INFORMATION PROCESSING
SYSTEM, AND INFORMATION STORAGE

MEDIUM

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of International
Patent Application No. PCT/JP2013/073809, having an intet-
national filing date of Sep. 4, 2013, which designated the
United States, the entirety of which is incorporated herein by
reference. Japanese Patent Application No. 2012-195035
filed on Sep. 5, 2012 is also incorporated herein by reference
in its entirety.

BACKGROUND

[0002] The present invention relates to a biological infor-
mation processing system, a wearable device, a server sys-
tem, a method for controlling a biological information pro-
cessing system, an information storage medium, and the like.
[0003] A device and a system have been used that acquire
heart rate information about the user using a given device, and
provide information about the health condition and the like of
the user based on the acquired information. The heart rate
information may be acquired based on sensor information
acquired from a pulse sensor or a heart rate sensor, for
example.

[0004] The heart rate information (e.g., heart rate) can be
used directly as an index value that represents the health
condition of the user, and information about the daily lifestyle
of the user can be calculated by performing given calculations
using the heart rate information. For example, JP-A-2009-
285498 discloses a method that calculates the caloric expen-
diture of the user based on the heart rate information, and
presents the calculated caloric expenditure to the user. The
method disclosed in JP-A-2009-285498 is particularly char-
acterized in that the caloric expenditure calculation process is
changed corresponding to whether the user is resting or exet-
cising.

[0005] In JP-A-2009-285498, the oxygen consumption
VO, per minute of the user is estimated based on the heart rate
information acquired from a heart rate sensor or the like, and
the caloric expenditure is calculated from the estimated oxy-
gen consumption VO,. The maximum oxygen consumption
VO,,, per minute, the maximum heartrate HR, , and the heart
rate HR, at rest are used as parameters when estimating the
oxygen consumption VO, per minute.

SUMMARY

[0006] According to one aspect of the invention, there is
provided a biological information processing system com-
prising:

[0007] a basal heart rate information acquisition section
that acquires basal heart rate information that represents a
heart rate in a deep sleep state;

[0008] a heart rate information acquisition section that
acquires heart rate information; and

[0009] a health condition information calculation section
that calculates relative information about the basal heart rate
information and the heart rate information, and calculates
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health condition information that represents a health condi-
tion based on the relative information.

[0010] According to another aspect of the invention, there
is provided a biological information processing system com-
prising:

[0011] a heart rate information acquisition section that
acquires heart rate information;

[0012] a body motion information acquisition section that
acquires body motion information;

[0013] a health condition information calculation section
that calculates deep sleep time information, caloric expendi-
ture information, and stress information based on the heart
rate information and the body motion information; and
[0014] a display control section that displays information
that represents a temporal distribution or a frequency distri-
bution of the calculated deep sleep time information, the
calculated caloric expenditure information, and the calcu-
lated stress information on a display section.

[0015] According to another aspect of the invention, there
is provided a wearable device comprising the above biologi-
cal information processing system.

[0016] According to another aspect of the invention, there
is provided a server system comprising the above biological
information processing system.

[0017] According to another aspect of the invention, there
is provided a method for controlling a biological information
processing system comprising:

[0018] performing a basal heart rate information acquisi-
tion process that acquires basal heart rate information that
represents a heart rate in a deep sleep state;

[0019] performing a heart rate information acquisition pro-
cess that acquires heart rate information; and

[0020] performing a health condition information calcula-
tion process that calculates relative information about the
basal heart rate information and the heart rate information,
and calculates health condition information that represents a
health condition based on the relative information.

[0021] According to another aspect of the invention, there
is provided a method for controlling a biological information
processing system comprising:

[0022] performing a heart rate information acquisition pro-
cess that acquires heart rate information;

[0023] performing a body motion information acquisition
process that acquires body motion information;

[0024] performing a health condition information calcula-
tion process that calculates deep sleep time information,
caloric expenditure information, and stress information based
on the heart rate information and the body motion informa-
tion; and

[0025] displaying information that represents a temporal
distribution or a frequency distribution of the calculated deep
sleep time information, the calculated caloric expenditure
information, and the calculated stress information on a dis-
play section.

[0026] According to another aspect of the invention, there
is provided an information storage medium storing a program
that causes a computer to function as:

[0027] a basal heart rate information acquisition section
that acquires basal heart rate information that represents a
heart rate in a deep sleep state;

[0028] a heart rate information acquisition section that
acquires heart rate information; and

[0029] a health condition information calculation section
that calculates relative information about the basal heart rate
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information and the heart rate information, and calculates
health condition information that represents a health condi-
tion based on the relative information.

[0030] According to another aspect of the invention, there
is provided an information storage medium storing a program
that causes a computer to function as:

[0031] a heart rate information acquisition section that
acquires heart rate information;

[0032] a body motion information acquisition section that
acquires body motion information;

[0033] a health condition information calculation section
that calculates deep sleep time information, caloric expendi-
ture information, and stress information based on the heart
rate information and the body motion information; and
[0034] a display control section that displays information
that represents a temporal distribution or a frequency distri-
bution of the calculated deep sleep time information, the
calculated caloric expenditure information, and the calcu-
lated stress information on a display section.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] FIG.1illustrates a system configuration example of
a biological information processing system.

[0036] FIG. 2 illustrates an example of a system that
includes a biological information processing system.

[0037] FIG. 3 illustrates an example of a basal heart rate
information calculation method based on the distribution of
heart rate information during sleep.

[0038] FIGS. 4A and 4B are views illustrating a coefficient
corresponding to a period with body motion or a period with-
out body motion.

[0039] FIG. 5 illustrates the correlation between basal
metabolism calculated by a related-art method and basal
metabolism calculated by a method according to one embodi-
ment of the invention.

[0040] FIG. 6 illustrates an example of a home screen dis-
played on a display section.

[0041] FIG. 7illustrates an example of a coefficient setting
screen displayed on a display section.

[0042] FIG. 8 illustrates an example of a heart rate trend
screen displayed on a display section.

[0043] FIGS.9A and 9B illustrate examples of ascreen that
presents health condition information in an intuitive way.
[0044] FIG. 10 illustrates an example of an analysis screen
displayed on a display section.

DESCRIPTION OF THE INVENTION

[0045] Several embodiments of the invention may provide
a biological information processing system, a wearable
device, a server system, a method for controlling a biological
information processing system, an information storage
medium, and the like that make it possible to accurately
calculate the health condition information by utilizing basal
heart rate information.

[0046] According to one embodiment of the invention,
there is provided a biological information processing system
comprising:

[0047] a basal heart rate information acquisition section
that acquires basal heart rate information that represents a
heart rate in a deep sleep state;

[0048] a heart rate information acquisition section that
acquires heart rate information; and
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[0049] a health condition information calculation section
that calculates relative information about the basal heart rate
information and the heart rate information, and calculates
health condition information that represents a health condi-
tion based on the relative information.

[0050] According to one embodiment of the invention, the
health condition information is calculated based on the rela-
tive information about the basal heart rate information and the
heart rate information. Since the basal heart rate information
can be calculated with high reproducibility, differing from the
heart rate information at rest or the like that changes depend-
ing on the mental condition, it is possible to accurately cal-
culate the health condition information, for example.

[0051] In the biological information processing systern,
[0052] the health condition information calculation section
may calculate caloric expenditure information as the health
condition information based on the relative information about
the basal heart rate information and the heart rate information.
[0053] This makes it possible to calculate the caloric expen-
diture as the health condition information.

[0054] The biological information processing system may
further comprise:

[0055] a body motion information acquisition section that
acquires body motion information,

[0056] the health condition information calculation section
may calculate the caloric expenditure information based on a
first coefficient and the relative information, when it has been
determined based on the body motion information that a body
motion state has occurred, and may calculate the caloric
expenditure information based on a second coefficient that
differs from the first coefficient, and the relative information,
when it has been determined based on the body motion infor-
mation that a resting state has occurred.

[0057] According to this configuration, since the coeffi-
cient can be appropriately switched corresponding to the
difference in caloric expenditure with respect to the heart rate
between the body motion state or the resting state, it is pos-
sible to accurately calculate the caloric expenditure, for
example.

[0058] In the biological information processing systemn,
[0059] the health condition information calculation section
may calculate difference information about the basal heart
rate information and the heart rate information as the relative
information, may calculate a product of the first coefficient or
the second coefficient, the difference information, and refer-
ence caloric expenditure per beat, and may calculate a sum of
the calculated product and caloric expenditure corresponding
to basal metabolism as the caloric expenditure information.
[0060] This makes it possible to specifically and easily
calculate the caloric expenditure using the difference infor-
mation or the like.

[0061] In the biological information processing systern,
[0062] the heart rate information acquisition section may
acquire the heart rate information in a given body motion
state, and

[0063] the health condition information calculation section
may calculate the first coefficient based on the heart rate
information in the given body motion state, the basal heart
rate information, the relative information, and caloric expen-
diture corresponding to basal metabolism.

[0064] This makes it possible to calculate the first coeffi-
cient from the measured value utilizing the given body motion
state, for example.

[0065] In the biological information processing systemn,
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[0066] the health condition information calculation section
may calculate deep sleep time information as the health con-
dition information based on the relative information about the
basal heart rate information and the heart rate information.
[0067] This makes it possible to calculate the deep sleep
time information as the health condition information.

[0068] In the biological information processing system,
[0069] the health condition information calculation section
may calculate the deep sleep time information based on the
relative information about the heart rate information and a
value obtained by multiplying the basal heart rate information
by a sleep coefficient.

[0070] This makes it possible to appropriately calculate the
deep sleep time information using the sleep coefficient, for
example.

[0071] In the biological information processing system,
[0072] the health condition information calculation section
may calculate the deep sleep time information by calculating
a cumulative time in which a value represented by the heart
rate information is equal to or smaller than the value obtained
by multiplying the basal heart rate information by the sleep
coefficient.

[0073] This makes it possible to use the cumulative time in
which the user was determined to be in the deep sleep state as
the deep sleep time information, for example.

[0074] In the biological information processing systemn,
[0075] the health condition information calculation section
may calculate stress information as the health condition infor-
mation based on the relative information about the basal heart
rate information and the heart rate information.

[0076] This makes it possible to calculate the stress infor-
mation as the health condition information.

[0077] The biological information processing system may
further comprise:

[0078] a body motion information acquisition section that
acquires body motion information,

[0079] the health condition information calculation section
may calculate physical stress information as the stress infor-
mation based on the relative information about the heart rate
information and a value obtained by multiplying the basal
heart rate information by a stress coefficient, when it has been
determined based on the body motion information that a body
motion state has occurred, and may calculate mental stress
information as the stress information based on the relative
information about the heart rate information and the value
obtained by multiplying the basal heart rate information by
the stress coefficient, when it has been determined based on
the body motion information that a resting state has occurred.
[0080] This makes it possible to calculate the physical
stress information or the mental stress information as the
stress information corresponding to the body motion infor-
mation.

[0081] In the biological information processing system,
[0082] the health condition information calculation section
may calculate the physical stress information by calculating a
cumulative time in which a value represented by the heart rate
information is equal to or larger than the value obtained by
multiplying the basal heart rate information by the stress
coefficient, when it has been determined based on the body
motion information that the body motion state has occurred.
[0083] This makes it possible to use the cumulative time in
which physical stress was suffered by the user as the physical
stress information, for example.

[0084] In the biological information processing system,
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[0085] the health condition information calculation section
may calculate the mental stress information by calculating a
cumulative time in which a value represented by the heart rate
information is equal to or larger than the value obtained by
multiplying the basal heart rate information by the stress
coefficient, when it has been determined based on the body
motion information that the resting state has occurred.
[0086] This makes it possible to use the cumulative time in
which mental stress was suffered by the user as the mental
stress information, for example.

[0087] In the biological information processing systemn,
[0088] the basal heart rate information acquisition section
may acquire the basal heart rate information based on infor-
mation measured by a heart rate sensor or a pulse sensor.
[0089] This makes it possible to calculate the basal heart
rate information using the heart rate sensor or the pulse sen-
SOf.

[0090] According to another embodiment of the invention,
there is provided a biological information processing system
comprising:

[0091] a heart rate information acquisition section that
acquires heart rate information;

[0092] a body motion information acquisition section that
acquires body motion information;

[0093] a health condition information calculation section
that calculates deep sleep time information, caloric expendi-
ture information, and stress information based on the heart
rate information and the body motion information; and
[0094] a display control section that displays information
that represents a temporal distribution or a frequency distri-
bution of the calculated deep sleep time information, the
calculated caloric expenditure information, and the calcu-
lated stress information on a display section.

[0095] According to another embodiment of the invention,
there is provided a wearable device comprising the above
biological information processing system.

[0096] According to another embodiment of the invention,
there is provided a server system comprising the above bio-
logical information processing system.

[0097] According to another embodiment of the invention,
there is provided a method for controlling a biological infor-
mation processing system comprising:

[0098] performing a basal heart rate information acquisi-
tion process that acquires basal heart rate information that
represents a heart rate in a deep sleep state;

[0099] performing a heart rate information acquisition pro-
cess that acquires heart rate information; and

[0100] performing a health condition information calcula-
tion process that calculates relative information about the
basal heart rate information and the heart rate information,
and calculates health condition information that represents a
health condition based on the relative information.

[0101] According to another embodiment of the invention,
there is provided a method for controlling a biological infor-
mation processing system comprising:

[0102] performing a heart rate information acquisition pro-
cess that acquires heart rate information;

[0103] performing a body motion information acquisition
process that acquires body motion information,

[0104] performing a health condition information calcula-
tion process that calculates deep sleep time information,
caloric expenditure information, and stress information based
on the heart rate information and the body motion informa-
tion; and



US 2015/0150516 Al

[0105] displaying information that represents a temporal
distribution or a frequency distribution of the calculated deep
sleep time information, the calculated caloric expenditure
information, and the calculated stress information on a dis-
play section.

[0106] According to another embodiment of the invention,
there is provided an information storage medium storing a
program that causes a computer to function as:

[0107] a basal heart rate information acquisition section
that acquires basal heart rate information that represents a
heart rate in a deep sleep state;

[0108] a heart rate information acquisition section that
acquires heart rate information; and

[0109] a health condition information calculation section
that calculates relative information about the basal heart rate
information and the heart rate information, and calculates
health condition information that represents a health condi-
tion based on the relative information.

[0110] According to another embodiment of the invention,
there is provided an information storage medium storing a
program that causes a computer to function as:

[0111] a heart rate information acquisition section that
acquires heart rate information;

[0112] a body motion information acquisition section that
acquires body motion information;

[0113] a health condition information calculation section
that calculates deep sleep time information, caloric expendi-
ture information, and stress information based on the heart
rate information and the body motion information; and
[0114] a display control section that displays information
that represents a teniporal distribution or a frequency distri-
bution of the calculated deep sleep time information, the
calculated caloric expenditure information, and the calcu-
lated stress information on a display section.

[0115] Exemplary embodiments of the invention are
described below. Note that the following exemplary embodi-
ments do not in any way limit the scope of the invention laid
out in the claims. Note also that all of the elements described
below in connection with the following exemplary embodi-
ments should not necessarily be taken as essential elements of
the invention.

1. Method

[0116] A method used in connection with several exem-
plary embodiments of the invention is described below. A
method has been known that measures the heart rate (heart
rate information) (HR) using a heart rate sensor or the like,
and calculates the caloric expenditure from the oxygen con-
sumption (VO,) per minute estimated based on the heart rate
information (see JP-A-2009-285498). When the caloric
intake exceeds the caloric expenditure, it can be determined
that the user may show exacerbation of metabolic syndrome,
for example. Therefore, the caloric expenditure can be used as
health condition information that represents the health con-
dition of the user.

[0117] InJP-A-2009-285498, the following expression (1)
is used when estimating the oxygen consumption per minute
from the heart rate information, for example.

VO, -V0,)

(HR- HR,) (1)
(VO = V0y)

x 100(%)

x 100(%) = R, —HR)
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where, VO,,, is the maximum oxygen consumption per
minute, VO,, is the oxygen consumption per minute at rest,
HR,, is the maximum heart rate (heart rate information), and
HR, is the heart rate (heart rate information) at rest. In JP-A-
2009-285498, the maximum oxygen consumption VO, per
minute, the oxygen consumption VO,, per minute at rest, the
maximum heart rate HR,, and the heart rate HR, at rest are
calculated, and the oxygen consumption VO, per minute is
calculated from the calculated values and the measured heart
rate (heart rate information) HR. Since the oxygen consump-
tion VO, per minute and the caloric expenditure have a given
relationship, it is possible to calculate the caloric expenditure
from the estimated oxygen consumption VO, per minute.

[0118] However, it is not realistic to allow the subject to
perform high-load exercise that causes the oxygen consump-
tion per minute to almost reach the oxygen consumption
VO,,, per minute. Therefore, the maximum oxygen con-
sumption VO,,, per minute cannot be calculated from the
measured value, and a given statistical value (virtual value) is
used as the maximum oxygen consumption VO,,,, per minute.
Likewise, the maximum heart rate HR , cannot be calculated
from the measured value, and a given statistical value is used
as the maximum heart rate HR . Therefore, the maximum
oxygen consumption VO,,, per minute and the maximum
heart rate HR , do not take account of an individual variation
between users. Specifically, the expression (1) is effective for
calculating the tendency of the caloric expenditure and the
like of a group consisting of a certain number of people, but is
not necessarily effective for calculating the caloric expendi-
ture of each user.

[0119] The heart rate (heart rate information) HR at rest is
used when estimating the oxygen consumption VO, per
minute based on the expression (1). However, a problem may
occur when using the heart rate (heart rate information) HR .
Human activity with energy expenditure may be classified
into physical activity (exercise) and mental activity. An
increase in the heart rate (heart rate information) and the
caloric expenditure is also observed during mental activity.
Specifically, even ifthe useris in a physically resting state, the
heart rate (heart rate information) HR, differs between the
case where mental activity is absent (e.g., sleep state) and the
case where mental activity is present (e.g., complex thinking
state (e.g., during calculations) or tension state).

[0120] JP-A-2009-285498 does not take account of a
change in heart rate (heart rate information) HR, from the
viewpoint of mental activity. Therefore, the expression (1) is
effective when the user performs exercise under relatively
high load, for example, but the caloric expenditure cannot be
accurately calculated using the expression (1) when the user
does not perform exercise, for example. The expression (1)
does not pose a serious problem when the caloric expenditure
during exercise is calculated. For example, related-art meth-
ods aim to inform the user of the caloric expenditure during
exercise (e.g., running), and do not attach importance to the
measurement of the caloric expenditure at rest. However, the
caloric expenditure at rest serves as an important index when
determining the health condition of the user during daily
activity. For example, when determining the degree of exac-
erbation of metabolic syndrome, it is necessary to compare
the caloric intake and the caloric expenditure on a basis of a
given period (e.g., successive 24 hours) including a resting
state. It is also necessary to accurately calculate the caloric
expenditure during mental activity and the like at rest when
using various other types of health condition information. In
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such a case, it is not appropriate to use the method that utilizes
the expression (1) that may result in low accuracy at rest.
[0121] In order to solve the above problems, several
embodiments of the invention propose a method that calcu-
lates the caloric expenditure without using the maximum
oxygen consumption VO, per minute, the oxygen consump-
tion VO,, per minute at rest, the maximum heart rate (heart
rate information) HR ,, the heart rate (heart rate information)
HR, at rest, and the like. Specifically, basal heart rate infor-
mation (HR,)) that is the heart rate information when the user
is in a deep sleep state is calculated, and the caloric expendi-
ture and the like are calculated using the basal heart rate
information. The basal heart rate information is calculated
using the method described later. Since the basal heart rate
information is the heart rate information in a deep sleep state,
the basal heart rate information does not change due to mental
activity, differing from the heart rate (heart rate information)
HR, atrest. Therefore, it is possible to accurately calculate the
caloric expenditure during exercise (during a period with
body motion (body motion state)) and during rest (during a
period without body motion (resting state)). The details of the
caloric expenditure calculation method are described later.
[0122] Ttis also possible to calculate other types of health
condition information by utilizing the basal heart rate infor-
mation. Specifically, whether or not the user is (was) in a deep
sleep state may be determined using the heart rate informa-
tion and the basal heart rate information, and deep sleep time
information that represents the time in which the user was in
a deep sleep state may be calculated from the determination
results. Alternatively, whether or not stress is (was) suffered
by the user may be determined using the heart rate informa-
tion and the basal heart rate information, and stress informa-
tion that represents the time in which stress was suffered by
the user may be calculated from the determination results, for
example.

[0123] A configuration exaniple of a biological information
processing system will be described first, and the basal heart
rate information calculation method will be described there-
after. Caloric expenditure information, deep sleep time infor-
mation, and stress information will then be described as spe-
cific examples of the health condition information calculated
from the basal heart rate information, and an example that
presents the calculated health condition information to the
user (i.e., displays the calculated health condition informa-
tion on a display section) will be described thereafter.

2. System Configuration Example

[0124] FIG. 1illustrates a system configuration example of
a biological information processing system according to one
embodiment of the invention. The biological information pro-
cessing system includes a heart rate sensor (or pulse sensor)
10, a body motion sensor 20, a heart rate information acqui-
sition section 110, a basal heart rate information acquisition
section 120, a health condition information calculation sec-
tion 130, a body motion information acquisition section 140,
a display control section 150, and a display section 30. Note
that the biological information processing system is not lim-
ited to the configuration illustrated in FIG. 1. Various modi-
fications may be made, such as omitting some of the elements
illustrated in FIG. 1, or adding other elements.

[0125] The heart rate sensor (pulse sensor) 10 is connected
to the heart rate information acquisition section 110, and the
body motion sensor 20 is connected to the body motion infor-
mation acquisition section 140. The heart rate information
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acquisition section 110 is connected to the basal heart rate
information acquisition section 120 and the health condition
information calculation section 130. The basal heart rate
information acquisition section 120 and the body motion
information acquisition section 140 are connected to the
health condition information calculation section 130. The
health condition information calculation section 130 is con-
nected to the display control section 150, and the display
control section 150 is connected to the display section 30.
[0126] A photoelectric sensor is used as the heart rate sen-
sor (pulse sensor) 10, for example. In this case, light that has
been applied to a living body, and reflected by the living body
(or transmitted through the living body) may be detected
using the photoelectric sensor, for example. Since the amount
of absorption and the amount of reflection when light is
applied to a living body differ corresponding to the blood flow
within the vessels, sensor information detected by the photo-
electric sensor include signals that correspond to the blood
flow and the like, and information about pulsation can be
acquired by analyzing the signals. Note that the heart rate
sensor 10 is not limited to a photoelectric sensor. An electro-
cardiograph, an ultrasonic sensor, or the like may also be used
as the heart rate sensor 10.

[0127] The body motion sensor 20 is a sensor that detects
the body motion of the user. An acceleration sensor, an angu-
lar velocity sensor, or the like may be used as the body motion
sensor 20. Note that another sensor may also be used as the
body motion sensor 20.

[0128] Thedisplay section 30 displays a display screen that
presents the calculated health condition information and the
like. The display section 30 may be implemented by a liquid
crystal display, an organic EL display, or the like.

[0129] The heart rate information acquisition section 110
acquires heart rate information based on the sensor informa-
tion output from the heart rate sensor (pulse sensor) 10. The
heart rate information acquisition section 110 acquires the
heart rate information at a rate corresponding to the operation
rate of the heart rate sensor 10, the calculation rate of the heart
rate information acquisition section 110, and the like.
[0130] The basal heart rate information acquisition section
120 acquires basal heart rate information that represents the
heart rate during deep sleep. The basal heart rate information
acquisition method is described later. The basal heart rate
information may be acquired based on the heart rate informa-
tion output from the heart rate information acquisition section
110, or may be acquired based on the sensor information
output from the heart rate sensor 10.

[0131] The health condition information calculation sec-
tion 130 calculates health condition information that repre-
sents the health condition of the user. The health condition
information is calculated based on the heart rate information,
the basal heart rate information, body motion information,
and the like. The details thereof are described later.

[0132] The body motion information acquisition section
140 acquires the body motion information based on the sen-
sor information output from the body motion sensor. Since
noise may occur due to the body motion of the user when the
heart rate sensor 10 detects the sensor information, the body
motion information may also be used when calculating the
heart rate information in order to reduce noise in addition to
the case of calculating the health condition information.
[0133] The display control section 150 displays the calcu-
lated health condition information on the display section 30.
Ifthe heart rate information and the like are presented directly
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to the user, it is difficult for the user (average user) who does
not have medical knowledge and the like to determine his/her
health condition. Therefore, it is desirable that the display
control section 150 present the health condition of the user
represented by the health condition information so that the
user can easily determine his/her health condition. An
example of the display screen is described later.

[0134] A typical usage example of the biological informa-
tion processing system according to one embodiment of the
invention is described below with reference to FIG. 2. The
biological information processing system according to one
embodiment of the invention does not necessarily acquire the
biological information only during exercise. The biological
information processing system according to one embodiment
of the invention is designed to monitor the user as much as
possible (i.e., monitor the user during exercise, at rest, during
sleep, and the like). Therefore, since the heart rate sensor 10
and the body motion sensor 20 are worn by the user, it is
necessary to use a low-invasive device that can be easily
always worn by the user. For example, the watch-type wear-
able device (see “Health Watcher”) illustrated in FIG. 2 may
be used.

[0135] The watch-type wearable device normally includes
the display section 30, and may include the heart rate infor-
mation acquisition section 110, the basal heart rate informa-
tion acquisition section 120, the health condition information
calculation section 130, the body motion information acqui-
sition section 140, and the display control section 150 in
addition to the heart rate sensor 10 and the body motion
sensor 20 (see FIG. 1). In this case, the biological information
processing system is implemented by the watch-type wear-
able device.

[0136] However, since the display section of the watch-
type wearable device has a small display area, it is difficult to
display a number of pieces of health condition information at
the same time. Therefore, the watch-type wearable device
may be configured to display information that has been
selected by the user from a plurality of pieces of information
included in the health condition information. For example,
when the user has selected the desired health condition infor-
mation (i.e., health condition information that the user desires
to check every day) (e.g., stress information) on the watch-
type wearable device, the selected health condition informa-
tion may be displayed on the display section 30 of the watch-
type wearable device. This makes it possible for the user to
easily to check the desired health condition information.
[0137] When displaying a display screen that presents a
number of pieces of information at the same time (see FIGS.
610 10, for example), the visibility of the information and the
like may be insufficient when the information is displayed on
the display section of the watch-type wearable device having
asmall display area. Therefore, the display section of a tablet
terminal or the like may be used as the display section 30
instead of the display section of the watch-type wearable
device. In this case, the watch-type wearable device may
implement the processes performed by the heart rate infor-
mation acquisition section 110, the basal heart rate informa-
tion acquisition section 120, the health condition information
calculation section 130, the body motion information acqui-
sition section 140, and the display control section 150, and the
tablet terminal or the like may merely display the informa-
tion. Alternatively, the watch-type wearable device may store
and transmit the sensor information output from the heart rate
sensor 10 and the body motion sensor 20, and the tablet
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terminal or the like may include the heart rate information
acquisition section 110, the basal heart rate information
acquisition section 120, the health condition information cal-
culation section 130, the body motion information acquisi-
tion section 140, the display control section 150, and the
display section 30.

[0138] Thehealth condition information need not necessar-
ily merely be observed by the user. For example, the health
condition information may be transmitted to a health condi-
tion information analysis center (see FIG. 2) by utilizing the
communication function ofthe tablet terminal or the like. The
health condition information is transmitted to a server system
provided in the analysis center, and stored therein. For
example, when the physician in charge of the user, the user’s
family, or the like is allowed to observe the health condition
information (e.g., access the server system), the physician can
diagnose the health condition of the user, or the user’s family
can determine the health condition of the user, even if the user
does not visit the physician or his/her family. When an orga-
nization that supports the user with respect to medical care,
food and shelter is allowed to observe the health condition
information, the organization can support the life of the user,
for example.

[0139] When utilizing the server system, the server system
may acquire the health condition information calculated by
the health condition information calculation section 130
included in the watch-type wearable device, the tablet termi-
nal, or the like. Alternatively, the server system may acquire
the sensor information output from the heart rate sensor 10
and the body motion sensor 20, and calculate the health
condition information through the heart rate information
acquisition section 110, the basal heart rate information
acquisition section 120, the health condition information cal-
culation section 130, the body motion information acquisi-
tion section 140, and the like included in the server system.
When the server system calculates the health condition infor-
mation, it suffices that each user use a device that can merely
transmit the sensor information, and receive the health con-
dition information obtained by processing the sensor infor-
mation (i.e., the device possessed by the user need not have
high processing capacity).

3. Basal Heart Rate Information

[0140] Thebasal heart rate information acquisition method
is described below. The term “basal heart rate information”
used herein refers to the heart rate information in a basal state.
Specifically, the basal heart rate information is the heart rate
information during deep sleep. The heart rate increases
through physical activity and mental activity, and may change
even at rest, as described above in connection with the heart
rate HR, at rest. However, the heart rate information during
deep sleep represents a minimum value (characteristic value)
that changes to only a small extent as compared with a shal-
low sleep state and a waking state (with or without body
motion), and the heart rate information about a single user
during deep sleep shows a small day-to-day variation. Spe-
cifically, when the basal heart rate (basal heart rate informa-
tion) is calculated from the heart rate information during deep
sleep, the basal heart rate is based on the measured heart rate
(heart rate information), and reflects an individual variation
between the users. Moreover, the basal heart rate (basal heart
rate information) that has been acquired (e.g., based on a
single sleep period) can be continuously used for a long time.
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[0141] The basal heart rate information can be calculated
using various methods. For example, the basal heart rate
information may be calculated as illustrated in FIG. 3. FIG. 3
illustrates a graph of the heart rate (heart rate information)
during sleep, wherein the horizontal axis indicates the heart
rate (heart rate information), and the vertical axis indicates
the number of times (frequency) each value appeared. It has
been known that the heart rate (heart rate information) during
sleep has a distribution (distribution having a zero point)
similar to a gamma distribution. For example, the 1% lower-
limit value in the heart rate frequency distribution in a period
without body motion is determined to be the basal heart rate.

[0142] Specifically, the distribution is divided into a left
region and a right region using a boundary line (i.e., a line
parallel to the vertical axis), and the area of each region is
calculated (see FIG. 3). A boundary point at which ratio of the
area (S;) of the left region to the area (S;) of the right region
is 1:99 (i.e., the area (S; ) of the left region accounts for 1% of
the entire area) is determined. The heart rate (heart rate infor-
mation) corresponding to the boundary point is determined to
be the basal heart rate information HR,,.

[0143] The minimum heart rate (heart rate information) is
not used as the basal heart rate information taking account of
the effects of noise and the like. For example, when noise is
superimposed on the sensor information or the like, the heart
rate (heart rate information) may be very small. However,
since it is not considered that the heart rate of a human
becomes as low as 20 to 30 bpm taking account of the bio-
logical properties, a problem occurs if such a value is deter-
mined to be the basal heart rate. Therefore, the value calcu-
lated using the above method is used as the basal heart rate
information instead of the minimum heart rate (heart rate
information) in order to reduce the effects of noise and the
like.

4. Calculation of Caloric Expenditure

4.1 Caloric Expenditure Calculation Method

[0144] As described above, the method disclosed in JP-A-
2009-285498 estimates the oxygen consumption VO, from
the heart rate (HR), the maximum oxygen consumption VO,
(VO,,,), the maximum heart rate HR (HR ), the oxygen
consumption VO, (VO,,) at rest, and the heart rate HR (HR,)
at rest based on the expression (1), and calculates the energy
(caloric) expenditure EE per minute (EE=VO,x5/1000 kcal).
However, the maximum oxygen consumption VO,,, the
maximum heart rate HR,,, the oxygen consumption VO,, at
rest, and the heart rate HR, at rest do not sufficiently take
account of an individual variation. Moreover, since the maxi-
mum oxygen consumption VO,,, and the maximum heart rate
HR,, cannot be actually measured, and do not take account of
the effects of action (ACT), the maximum oxygen consump-
tion VO,,, and the maximum heart rate HR, have low reli-
ability. In particular, the method that utilizes the expression
(1) poses a serious problem when monitoring the health con-
dition of the user for a long time (e.g., whole day) irrespective
of the presence or absence of body motion.

[0145] In order to solve this problem, the caloric expendi-
ture is calculated based on the basal heart rate information
HR,, described above. Specifically, the expression (1)is trans-
formed using the energy expenditure EE, per minute that
corresponds to the basal heart rate information HR, to yield
the following expression (2). In the expression (2), EE is the
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caloric expenditure per minute, EE, is the caloric expenditure
EE in a basal state, and FE , is the maximum caloric expen-
diture EE.

(EE-EEy) _ (HR-HRo) @
(EEn - EEy) ~ (HRn — HRo)

[0146] Solving theexpression (2) withrespect to the caloric
expenditure EE yields the following expression (3).

(EE,[EE - 1) EE, @

EE=EFy+ — " =07 2 o =0 w (HR — HR,)
(HR,/HR;-1) HR,
(EE,/EEy-1)
If ———————— =x, HR— HRy = AHR, thi
(HRn/HRo =1 0 SHen

EE,

EE =FFEy+xX —— X AHR
HRy

If EE - EEy = AEE then

EEy
AFE = xX —— XAHR
HR,

[0147] The caloric expenditure EE, is a value that corre-
sponds to the basal metabolism of the user per minute. Since
the basal metabolism BM per day can be calculated using
various methods, it is possible to calculate the caloric expen-
diture EE, in advance. The basal heart rate information HR,,
can be determined from the measured value (see above). The
measured heart rate (heart rate information) may be used as
the heart rate HR. Therefore, the caloric expenditure (caloric
expenditure EE per minute) can be calculated by determining
x in the expression (3).

[0148] FIGS. 4A and 4B illustrate a graph in which the
values are plotted wherein the vertical axis indicates the value
AEE in the expression (3), and the horizontal axis indicates
the value (AHR/HR,)XEE,, in the expression (3). FIG. 4A
corresponds to a drawing in which the values when the user
performed an action (during exercise or during a period with
body motion) are plotted, and FIG. 4B corresponds to a draw-
ing in which the values when the user did not perform an
action (at rest or during a period without body motion (e.g., a
recumbent position, a sitting position, or a standing position
at rest)) are plotted.

[0149] When the plotted points are approximated to a
straight line, the slope of the straight line represents the coef-
ficient x (see the plotted values and the expression (3)). As is
clear from the comparison between FIG. 4A and FIG. 4B, the
slope of the straight line illustrated in FIG. 4A that corre-
sponds to the coeflicient during a period with body motion is
larger than the slope of the straight line illustrated in FIG. 4B
that corresponds to the coefficient during a period without
body motion. Specifically, the coeflicient x during activity is
larger than the coefficient x during non-activity, and it is
necessary to change the coefficient corresponding to whether
or not the user performed an action when calculating the
energy expenditure (caloric expenditure).

[0150] In the expression (3), the value “HR-HR,” is used
as the index value AHR that represents the degree of change
with respect to the reference value of the heart rate informa-
tion. Specifically, the reference value is the basal heart rate
information HR,,. However, it is likely that the user is in a
standing position or a sitting position in a waking state regard-



US 2015/0150516 Al

less of whether or not the user makes a body motion. In this
case, the heart rate is higher than the basal heart rate infor-
mation HR,, due to baroreceptor sensitivity even if both the
physical activity and the mental activity are very weak. There-
fore, it is desirable to use a value that takes account of an
increase in heart rate as the reference value of the heart rate
information instead of the basal heart rate information HR,,
when determining the value AHR. In one embodiment of the
invention, coefficients a and f that are equal to or larger than
1 are set, “AHR=HR-cHR,” is used during a period with
body motion, and “AHR=HR-BHR,” is used during a period
without body motion.

[0151] The embodiments of the invention utilize the fol-
lowing expressions (4) and (5) as the caloric expenditure
calculation expression taking account of the fact that it is
necessary to set the coefficient x to differ between a period
with body motion and a period without body motion, and use
the coefficients o and f (i.e., an increase in reference value)
for the value AHR instead of the value “HR-HR,”. The
expression (4) is an expression for calculating the caloric
expenditure during a period with body motion, and the
expression (5) is an expression for calculating the caloric
expenditure during a period without body motion.

EE,
EE = EFy +x X (HR — ¢HRy) X —
HR,

EE, (3)
EE = EEy + y X (HR - PHR)) x —
HRo

[0152] As described above with reference to FIGS. 4A and
4B, the coefficient x is used for a period with body motion,
and the coefficienty is used fora period without body motion.
The coefficient x is a correction coefficient for an increase in
stroke volume (SV) (i.e., the volume of blood pumped out per
beat) during a period with body motion (i.e., an increase in
stroke volume (SV) mainly due to muscular motion), and the
coefficient y is a correction coefficient for an increase in
stroke volume (SV) during a period without body motion
(i.e., an increase in stroke volume (SV) due to mental activity
or a change in position). Specifically, since the caloric expen-
diture (EE) per minute is proportional to the cardiac output
(CO) (EExCO=8SVxHR), but an increase in stroke volume
(SV) with respect to an increase in the heart rate HR differs
between a period with body motion and a period without body
motion, the coefficients x and y are respectively used for a
period with body motion and a period without body motion.
[0153] The coefficient . corrects the heart rate at rest in a
waking state with body motion. It was experimentally con-
firmed that the heart rate at rest is higher than the basal heart
rate (basal heart rate information) HR ; by a factor of about 1.2
when the user is in a standing position in a waking state.
Therefore, the coefficient o is normally set to 1.2. The coef-
ficient § corrects the initial value prior to mental activity or a
change in position during a period without body motion.
Since it is considered that such a state is close to the resting
state, the coefficient {3 is normally set to 1.0.

4.2 Caloric Expenditure EE, Per Minute Corresponding to
Basal Heart Rate Information HR,,

[0154] In order to calculate the caloric expenditure using
the expression (4) or (5), it is necessary to determine the
caloric expenditure EE, per minute that corresponds to the
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basal heart rate information HR,. The basal metabolism BM
per minute calculated from the basal metabolism BM per day
corresponds to the caloric expenditure EE, per minute. The
basal metabolism BM may be calculated using the widely-
known Harris-Benedict equation.

[0155] Note that the caloric expenditure EE, per minute
may be calculated based on the cardiac output (CO) per
minute (i.e., a product of the heart rate HR and the stroke
volume (SV)). Oxygen is bonded to hemoglobin in the lungs,
transported by the heart, and released and utilized in tissue
(brainand muscle) (the remainder is excreted from the lungs).
The oxygen consumption VO, per minute and the cardiac
output (CO) per minute have a proportional relationship
(VO,xCO=HRxSV«EE).

[0156] It was found that the heart rate becomes the basal
heart rate HR,, during slow-wave sleep (during deep sleep),
and the cardiac index (CI) (CI=CO/BSA (BSA: body surface
area)) during slow-wave sleep shows a small individual varia-
tion. The following expression (6) for calculating the cardiac
output (CO,) during sleep as a value that shows small indi-
vidual variation was created by applying the above principle.

CO=6.9xAge ®>xBSA (6)

[0157] Theoxygen consumption can be estimated from the
expression (6), a typical blood hemoglobin concentration
(male: 15 g/dl, female: 13.5 g/dl), the difference between the
arterial oxygen saturation (97.5%) and the venous oxygen
saturation (75%), and the amount (1.34 ml) of oxygen that is
bonded to 1 g of hemoglobin. The basal metabolism BM can
be estimated from the oxygen consumption corresponding to
the cardiac output (CO,) in the same manner as in the case of
estimating the caloric expenditure EE from the oxygen con-
sumption VO, per minute.

[0158] Specifically, the estimated basal metabolism BM is
calculated by the following expression (7) (Hb: blood hemo-
globin concentration) using the above values and a value for
unit conversion. The estimated male basal metabolism BM,,
and the estimated female basal metabolism BM, are calcu-
lated by the following expression (8) using a specific value as
the blood hemoglobin concentration Hb.

BM=COgxHbx1.34x(0.975-0.75)x 10x60x24x5/1000 o)
BM,,=325.6xCO,

BM,293.0xC0, )

[0159] FIG. 5 illustrates a graph of the basal metabolism
and the estimated basal metabolism of subjects who differ in
age and sex, wherein the vertical axis indicates the basal
metabolism calculated using the Harris-Benedict equation,
and the horizontal axis indicates the estimated basal metabo-
lism calculated using the expressions (6) and (8). In this case,
the correlation coefficient r was 0.96 (i.e., a very high corre-
lation was observed). Specifically, it is possible to accurately
calculate the basal metabolism (and the caloric expenditure
EE, per minute) using the method that utilizes the expressions
(6) and (8).

4.3 Method for Determining Coefficients x and y

[0160] The coefficient x in the expression (4) and the coef-
ficient y in the expression (5) are determined using the fol-
lowing method. The coefficients x and y may be determined
using a given standard value, or may be calculated from a
value measured after exercise under a given load.
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[0161] The method that utilizes the standard value is
described below. The coefficient x is close to the value “(EE,,/
EE,-1)Y(HR, /HR,-1)" (see the expression (3)). It has been
statistically (age: 20 to 70) known that the male maximum
caloric expenditure EE,, is 49-0.29xage, the female maxi-
mum caloric expenditure EE is 49-0.29xage, and the maxi-
mum heart rate HR,, is 220-age. The caloric expenditure EE,
canbe calculated from the male basal metabolism BM,, or the
female basal metabolism BM,, and the heart rate HR can be
acquired using the measured value output from the heart rate
sensor or the like.

[0162] The coeflicient x calculated using these values had
an average value (about 5) close to 4.8+1.5 (standard devia-
tion (SD)). Therefore, “S” is used as the standard value of the
coefficient x when the coefficient x is unknown. Note that a
value statistically calculated by measuring the heart rate HR
and the oxygen consumption VO, per minute during mental
activity is used as the coefficient y. In one embodiment of the
invention, “1.5”is used as the standard value of the coefficient

y.
[0163] Note that the above method that determines the
coefficient x calculates a rough estimate value of the coeffi-
cient X using statistical values as the maximum caloric expen-
diture EE,, and the maximum heart rate HRm that cannot be
easily measured. Therefore, it is difficult to deal with an
individual variation between the users in the same manner as
the method disclosed in JP-A-2009-285498 (see the expres-
sion (1)).

[0164] The above problem can be solved by calculating the
coefficient x from the measured value. Specifically, the
expression (4) is transformed to yield the following expres-
sion (9).

1 (&)
EE
HRo

x = (EE - EEy) X
(HR — aHRo) %

[0165] Thebasal heart rate information HR and the caloric
expenditure EE,, per minute can be calculated using the above
methods, and it was experimentally found that “1.2” may
preferably be used as the coefficient a. The heart rate infor-
mation HR can be calculated from the information output
from the heart rate sensor or the like. Therefore, the coeffi-
cient x can be determined from the measured value provided
that the caloric expenditure EE can be calculated. Since the
method according to one embodiment ofthe invention aims to
calculate the caloric expenditure EE, it is impossible to deter-
mine the caloric expenditure EE in advance if the target state
is an arbitrary activity state (with or without body motion).
However, when the target state is limited to a state in which
the user performs exercise under given exercise load, it is
possible to calculate the caloric expenditure EE during the
exercise in advance. For example, when the user has per-
formed 3-minute stepping exercise (2 steps per second))
(about 3 Mets), the caloric expenditure EE per minute during
the exercise satisfies the following expression (10).

EE=3x1.05xbody weight/60 (10)

[0166] Specifically, since all of the values HR,, EE,, o, HR,
and EE can be determined and acquired when it was possible
to instruct the user to perform given exercise, the coefficient x
can be calculated from the measured value using the expres-
sion (9).
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5. Calculation of Deep Sleep Time Information

[0167] Lack of sleep (e.g., when the deep sleep time is 4
hours or less) significantly affects the autonomic nerves on
the next day, and adversely affects health. Therefore, the sleep
time is an important index value when evaluating lifestyle. In
particular, the time of deep sleep (slow-wave sleep) is impor-
tant as an index value that represents the sleep state. For
example, health is adversely affected when the sleep time is
long, but the deep sleep time is short, and a subjective symp-
tom such as fatigue occurs.

[0168] Therefore, information about whether or not the
user is in a deep sleep state (i.e., information about the deep
sleep time within 24 hours in which the user is in a deep sleep
state in a narrow sense) is also calculated as the health con-
dition information.

[0169] Theheart rate (heart rate information) HR is close to
the basal heart rate (basal heart rate information) HR, in a
deep sleep state (see above). Therefore, whether or not the
user is in a deep sleep state may be determined by comparing
the heart rate HR with the basal heart rate HR,,. However,
since the heart rate HR varies even in a deep sleep state, the
heart rate HR may become higher than the basal heart rate
HR,. Therefore, the heart rate HR is compared with the value
“HRx(sleep coeflicient)” instead of the basal heart rate HR,,
(i.e., some margin is provided). Specifically, it is determined
that the user is in a deep sleep state when the following
expression (11) s satisfied, and the cumulative time within 24
hours in which the expression (11) is satisfied is determined to
be the deep sleep time. The sleep coefficient in the expression
(11) differs corresponding to each user. For example, a sta-
tistically calculated value (e.g., 1.12) may be used.

HRsHRx(sleep coefficient) (11

6. Calculation of Stress Information

[0170] Stress information that represents the stress suffered
by the user may also be used as an index value that represents
the health condition of the user. The stress information may
include information about physical stress that occurs due to
physical activity during a period with body motion, and infor-
mation about mental stress that occurs due to mental activity
during a period without body motion.

[0171] The degree of physical stress and mental stress is
considerably reflected in the heart rate (heart rate informa-
tion) HR. Since it has been known that an increase in heart
rate occurs during a period without body motion mainly due
to brain activity, the mental stress can be evaluated by calcu-
lating the cumulative time in which an increase in heart rate
equal to or larger than a given value was observed during a
period without body motion. A stress coefficient is provided
as a standard. It is determined that considerable mental stress
is suffered by the user when the heart rate HR satisfies the
following expression (12), and the cumulative time in which
the expression (12) is satisfied is used as a mental stress index
value (mental stress information).

HR=HROx(stress coefficient) (12)

[0172] Since the stress coefficient differs corresponding to
each user, the stress coefficient may be input externally. When
the stress coefficient is unknown, or when it is desired to
reduce the burden imposed on the user due to operation, for
example, a statistically calculated value (e.g., 1.8) may be
used as the stress coefficient.
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[0173] The physical stress represents the stress suffered by
the user during a period with body motion. The physical stress
can be calculated by mainly taking account of an increase in
heart rate due to muscular activity. Specifically, the physical
stress is determined using the expression (12) in the same
manner as the mental stress. Note that the physical stress
determination process differs from the mental stress determi-
nation process in that the stress suffered by the user during a
period with body motion is determined.

[0174] The presence or absence of body motion may be
determined using various methods. For example, the presence
or absence of body motion may be determined based on the
sensor information output from the body motion sensor.
When the body motion sensor is an acceleration sensor, it may
be determined that the user makes a body motion when the
acceleration detection value (sensor information) output from
the acceleration sensor is large, and it may be determined that
the user does not make a body motion when the acceleration
detection value is small. Alternatively, the frequency charac-
teristics of the acceleration detection value (corresponding to
the pitch during walking or running, for example) may be
calculated, and the presence or absence of body motion may
be determined based on the calculated frequency character-
istics of the acceleration detection value instead of the mag-
nitude of the acceleration detection value. Specifically, it
suffices that the body motion sensor merely allow determina-
tion of the presence or absence of body motion when calcu-
lating the stress information. An acceleration sensor or
another sensor may be used as the body motion sensor. The
presence or absence of body motion may be determined based
on the sensor information using an arbitrary method.

[0175] The stress information thus calculated can be used
as an index value based on which it is determined that the
mental stress suffered by the user is low when the above
cumulative time is short, and the physical stress suffered by
the user is appropriate when the above cumulative time is
moderate (i.e., when the above cumulative time is long to
such an extent that exercise is insufficient, and is short to such
an extent that overload does not occur).

7. Display Control

[0176] Thecaloric expenditure, the deep sleep time, and the
stress information can be acquired as the health condition
information using the method according to the embodiments
of the invention (see above). If the acquired health condition
information (value) is merely displayed, it may be difficult for
the user to determine his/her health condition. Therefore, the
acquired health condition information is presented to the user
using a graph or the like so that the user (or the physician in
charge of the user, a health adviser, or the like) can easily
determine the health condition of the user.

[0177] Specific examples of the display screen are
described below with reference to FIGS. 6 to 10. Note that the
configuration of the display screen is not limited thereto.
Although an example is described below in which the screen
illustrated in FIG. 6 and the like is displayed on the tablet
terminal or the like illustrated in FIG. 2 in order to display a
certain amount of information at the same time, the informa-
tion presentation display screen may be displayed on the
display section of the watch-type wearable device by modi-
fying the display section of the watch-type wearable device,
or simplifying the display screen, for example.

[0178] FIG. 6 illustrates an example of a home screen that
is displayed when the watch-type wearable device is con-
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nected to the tablet terminal or the like. Cover information
(e.g., personal information input mode (e.g., age, sex, height,
weight, and ID), data file management, communication
input-output management, basal heart rate information (HR )
setting, and initial coefficient setting) is displayed within the
home screen. The details thereof are described below.
[0179] The area Al illustrated in FIG. 6 is used to perform
a setting process and the like on the watch-type wearable
device. Specifically, when the import button A11 is pressed in
a state in which the watch-type wearable device is connected
to the tablet terminal, the information acquired by the watch-
type wearable device is imported into the tablet terminal. The
information that is imported into the tablet terminal may
include only the information obtained by the calculation pro-
cess performed based on the heart rate HR and the basal heart
rate HR, (e.g., caloric expenditure, deep sleep time, and stress
information), or may further include the sensor information
acquired by the heart rate sensor 10 and the body motion
sensor 20. Note that various modifications may be made of the
information that is imported into the tablet terminal.

[0180] The area A12 is used to register the user informa-
tion, and set the clock, for example. Note that detailed
description of the functions included in the area A12 is omit-
ted.

[0181] The area A2 displays the file name under which the
information imported by pressing the import button A1l is
stored. Specifically, the area A21 may display the latest data
file, and the area A22 may display the data files that have been
imported.

[0182] The area A3 includes buttons used to display a tem-
poral change in heart rate information (HR trend) included in
the acquired information (e.g., when all of the heart rates HR
have been acquired), the results of analysis based on the HR
trend, and the like. An example of the display screen dis-
played when these buttons are pressed is described later.

[0183] The area A4 include buttons used to save and delete
the data file.
[0184] The area AS is used to perform preparations for

calculations of the health condition information. Specifically,
the button AS1 is used to display a screen for setting the
coefficients used to calculate the health condition informa-
tion, and the screen illustrated in FIG. 7 is displayed when the
button A51 is pressed. The basal heart rate HR,, the coeffi-
cients X, y, &, and 3 used to calculate the caloric expenditure,
the sleep coefficient used to calculate the deep sleep time, the
stress coefficient used to calculate the stress information, and
the like can be set using the screen illustrated in FIG. 7. The
coefficient x may be set based on the measured value (see
above). In this case, the user presses the x calculation button
B1, and starts a given exercise. It is possible to set the load
during exercise (e.g., 3-minute stepping exercise (2 steps per
second)) performed when setting the coefficient x based on
the measured value (see “CORRECTED CALORIC
EXPENDITURE (Mets)” (B2)). The acceleration coefficient
is a threshold value relating to the acceleration detection
value used when determining the presence or absence of body
motion when an acceleration sensor is used as the body
motion sensor. Note that the acceleration coefficient illus-
trated in FIG. 7 differs corresponding to the range of the
acceleration sensor and the like. The unit for the acceleration
coefficient is not necessarily “g” or “m/s*>” based on the
standard gravitational acceleration.

[0185] The button AS52 is used to set the basal heart rate
HR,. Since the basal heart rate HR, of a single user shows a
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small day-to-day variation (see above), the measured value
can be continuously used. However, when the basal heart rate
HR, has not been set based on the measured value, or when
the user has instructed to reset the basal heart rate HR, for
example, the basal heart rate HR,, is set when the button A52
is pressed. Note that the basal heart rate HR, is set as
described above with reference to FIG. 3.

[0186] FIG. 8illustrates an example of the screen displayed
when the HR trend button A31 illustrated in FIG. 6 is pressed.
FIG. 8 is a view illustrating a temporal change in heart rate
(heart rate information) HR within a successive 24 hours, and
atemporal change in caloric expenditure calculated based on
the heart rate HR and the basal heart rate HR,,. The graph C1
illustrated in FIG. 8 shows a temporal change in heart rate
HR, and the graph C2 illustrated in FIG. 8 shows a temporal
change in caloric expenditure. The biological information
(lifestyle information) about the user (e.g., the user was in a
sleep state from about 0:00 a.m. to about 6:30 a.m.) can be
obtained from FIG. 8.

[0187] Since it is desirable to collectively present the health
condition information so that the user can easily understand
the health condition information, the display screen illus-
trated in FIG. 9A or 9B may be displayed in the area A6
illustrated in FIG. 6, for example. FIG. 6 illustrates an
example in which the screen illustrated in FIG. 9B is dis-
played.

[0188] FIG. 9B illustrates a graph that collectively shows
the caloric expenditure, the deep sleep time, and the stress
information during a day. In FIG. 9B, the deep sleep time
refers to the time in which the user is in a deep sleep state, and
ACT(-) refers to the time in which the user does not make a
body motion, and mental stress is not suffered by the user.
Mental S refers to the time in which the user does not make a
body motion, and mental stress is suffered by the user. Physi-
cal S refers to the time in which the user makes a body motion,
and physical stress is suffered by the user, and ACT(+) refers
to the time in which the user makes a body motion, and
physical stress is not suffered by the user. The 24-hour caloric
expenditure is displayed at the center area in the circle graph.
[0189] It is possible to allow the user to intuitively deter-
mine the deep sleep time within 24 hours, the ratio of the time
in which mental stress was suffered by the user, theratio of the
time in which physical stress was suffered by the user, and the
like by displaying the graph illustrated in FIG. 9B. Specifi-
cally, since it is considered that healthy lifestyle satisfies
conditions whereby rest (sleep) is sufficient, physical activity
(physical stress) is moderate, mental stress is low, and calorie
intake and caloric expenditure are well-balanced, it is pos-
sible to easily determine the health condition of the user by
observing the graph illustrated in FIG. 9B from such a view-
point.

[0190] Note that the user may not continuously wear the
watch-type wearable device or the like for 24 hours taking
account of charging the device and the like. In such a case,
data acquired for a period of less than 24 hours is converted to
24-hour data in order to present the data (times) so that the
user can easily determine the relative relationship between
the data (times) (see FIG. 9B). For example, when the user
wore the watch-type wearable device for 12 hours, each time
is doubled. In this case, however, it may be difficult for the
user to determine the actual time.

[0191] In order to avoid such a situation, the actual time
may be displayed as illustrated in F1IG. 9 A without converting
data to 24-hour data. In FIG. 9A, the vertical axis and the
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horizontal axis indicate time (unit: hours). D1 indicates the
actual time in which mental stress was suffered by the user,
D2 indicates the actual time in which the user did not make a
body motion, and mental stress was suffered by the user, D3
indicates the actual time in which the user made a body
motion, and physical stress was not suffered by the user, and
D4 indicates the actual time in which physical stress was
suffered by the user.

[0192] In FIG. 9A, the triangular area represents the deep
sleep time. In this case, the deep sleep time may be repre-
sented by the color of the triangular area or the like instead of
the size of the triangular area. For example, the triangular area
may be displayed in green when the deep sleep time is suffi-
cient (e.g., 7 hours or more), may be displayed in yellow when
the deep sleep time is short to some extent (e.g., 4 to 7 hours),
and may be displayed in red when the deep sleep time is
insufficient (e.g., 4 hours or less).

[0193] Thegraphical representation illustrated in FIGS. 9A
and 9B and the like allows the user to intuitively determine
his/her health condition, but makes it difficult for the user to
know the accurate values. In order to deal with this problem,
the analysis screen illustrated in FIG. 10 may be displayed
when the analysis button A32 illustrated in FIG. 6 is pressed.
The personal information about the user, the parameters used
to calculate the health condition information, and the mea-
sured values (health condition information) are displayed
within the analysis screen illustrated in FIG. 10, for example.
The graph illustrated in FIG. 9B or the like may be displayed
together with the analysis screen illustrated in FIG. 10. It is
possible to allow the user to know the accurate values by
displaying the analysis screen illustrated in FIG. 10, for
example.

[0194] According to the embodiments of the invention, the
biological information processing system includes the basal
heart rate information acquisition section 120 that acquires
the basal heart rate information that represents the heart rate
in a deep sleep state, the heart rate information acquisition
section 110 that acquires the heart rate information, and the
health condition information calculation section 130 that cal-
culates the relative information about the basal heart rate
information and the heart rate information, and calculates the
health condition information that represents the health con-
dition based on the relative information (see F1G. 1).

[0195] The term “deep sleep state” used herein refers to a
state in which the user is deep asleep (also referred to as
“slow-wave sleep”). Specifically, when sleep is classified into
rapid eye movement sleep (REM sleep) and non-rapid eye
movement sleep (NREM sleep), and NREM sleep is classi-
fied into sleeping stages 1 to 4 in order from electroencepha-
lographically shallow sleep (five sleeping stages in total), the
deep sleep state corresponds to the sleeping stages 3 and 4.
[0196] The term “basal heart rate information” used herein
refers to information that corresponds to the heart rate infor-
mation in the deep sleep state. As described above with ref-
erence to FIG. 3, it was confirmed that the basal heart rate
information represents a small value having high reproduc-
ibility (i.e., the minimum value or a value close to the mini-
mum value when noise and the like are not taken into account)
among the heart rate information acquired for a successive 24
hours.

[0197] The term “health condition information” used
herein refers to information that is an index value that repre-
sents the health condition (degree of physical fitness) of the
user for whom the heart rate information and the like are
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measured. The health condition information includes the
caloric expenditure, the deep sleep time information, and the
stress information.

[0198] The term “relative information about the basal heart
rate information and the heart rate information” used herein
refers to information that is determined by the relative rela-
tionship between the basal heart rate information and the
heart rate information. Specifically, the relative information
about the basal heart rate information and the heart rate infor-
mation may be difference information including the differ-
ence between the basal heart rate information (or the value
represented by the basal heart rate information) and the heart
rate information (or the value represented by the heart rate
information), or may be ratio information including the ratio
of the heart rate information (or the value represented by the
heart rate information) to the basal heart rate information (or
the value represented by the basal heart rate information). The
difference information and the ratio information are not lim-
ited to information that directly uses the basal heart rate
information HR, and the heart rate information HR (i.e.,
HR-HR, and HR/HR,). The difference information and the
ratio information may be information determined by the dif-
ference or the ratio, such as information obtained by multi-
plying the difference or the ratio by a given coefficient, or
information obtained by multiplying at least one of the heart
rate information HR and the basal heart rate information HR,
by a given coefficient, and calculating the difference between
the heart rate information HR and the basal heart rate infor-
mation HR,,.

[0199] The above configuration makes it possible to calcu-
late the health condition information relating to lifestyle
using the basal heart rate information. Since the basal heart
rate information represents a value in a state in which mental
activity is considered to be almost absent, it is unnecessary to
take account of a change in the value represented by the basal
heart rate information, differing from the heart rate informa-
tion (HR)) at rest that is used in the expression (1) and the like
as the reference value for the heart rate information. More-
over, the basal heart rate information about a single user
shows a small day-to-day variation. Therefore, itis possible to
accurately calculate the health condition information by uti-
lizing the basal heart rate information.

[0200] The health condition information calculation sec-
tion 130 may calculate the caloric expenditure information as
the health condition information based on the relative infor-
mation about the basal heart rate information and the heart
rate information.

[0201] Thismakesitpossibleto calculate the caloric expen-
diture information (i.e., caloric expenditure) as the health
condition information. The caloric expenditure may be the
caloric expenditure (EE) per unit time (e.g., during exercise),
or may be the caloric expenditure per day. When calculating
the caloric expenditure per day, it is useful to compare the
caloric expenditure with the basal metabolism (BM) of the
user in order to evaluate obesity, metabolic syndrome, and the
like.

[0202] The biological information processing system may
include the body motion information acquisition section 140
that acquires the body motion information (see FIG. 1). The
health condition information calculation section 130 may
calculate the caloric expenditure information based on a first
coefficient and the relative information, when it has been
determined based on the body motion information that a body
motion state has occurred. The health condition information
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calculation section 130 may calculate the caloric expenditure
information based on a second coefficient that differs from
the first coefficient, and the relative information, when it has
been determined based on the body motion information that a
resting state has occurred.

[0203] This makes it possible to appropriately switch the
coefficient used when calculating the caloric expenditure
betweena period with body motion and a period without body
motion. This configuration is based on that fact that, when the
plotted points are approximated to a straight line, the slope of
the straight line (corresponding to the coefficient) differs to a
large extent between a period with body motion and a period
without body motion, as described above with reference to
FIGS. 4A and 4B. When the stroke volume (SV) (i.e., the
volume of blood pumped out per beat) is represented by
SV=0xSV, (where, SV, is the stroke volume (SV) in a basal
state), an increase in the value 0 (that relates to xxEE/HR )
is larger during physical activity than during mental activity.
It may be considered that the above fact is due to this phe-
nomenon.

[0204] The health condition information calculation sec-
tion 130 may calculate the difference information about the
basal heart rate information and the heart rate information as
the relative information, calculate a product of the first coef-
ficient (x) or the second coefficient (y), the difference infor-
mation (AHR), and the reference caloric expenditure (EE,/
HR,) per beat, and calculate the sum of the calculated product
and the caloric expenditure (EE,) corresponding to basal
metabolism as the caloric expenditure information.

[0205] This makes it possible to calculate the caloric expen-
diture using the expression (4) or (5). Note that the expres-
sions (4) and (5) improve accuracy by utilizing the coefficient
a or f for the value AHR instead of using the value “HR-
HR,”.

[0206] The heart rate information acquisition section 110
may acquire the heart rate information in a given body motion
state, and the health condition information calculation section
130 may calculate the first coefficient based on the heart rate
information in the given body motion state, the basal heart
rate information, the relative information, and the caloric
expenditure corresponding to basal metabolism.

[0207] This makes it possible to calculate the first coeffi-
cient x from the measured value based on the expression (9).
The expression (3) calculates the caloric expenditure EE per
minute provided that the first coefficient x is known. When the
caloric expenditure EE per minute is known, the first coeffi-
cient x can be calculated by the expression (9) obtained by
transforming the expression (3). In this case, it is necessary to
prompt the user to perform a given exercise that allows esti-
mation of the caloric expenditure EE per minute instead of
arbitrary exercise.

[0208] The health condition information calculation sec-
tion 130 may calculate the deep sleep time information as the
health condition information based on the relative informa-
tion about the basal heart rate information and the heart rate
information.

[0209] Note that the deep sleep time information is not
limited to the cumulative time (e.g., within 24 hours) in which
the user was determined to be in the deep sleep state. For
example, a daily change in time information that represents
the time at which the user entered the deep sleep state may be
used to determine the health condition. Time information that
represents the time from the start of the resting state to the
start of the deep sleep state, time information that represents
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the time from the start of sleep to the start of the deep sleep
state, and the like are also useful for determining the health
condition. The deep sleep time information may include such
information.

[0210] This makes it possible to calculate the deep sleep
time information as the health condition information. Since
the basal heart rate information that is the heart rate informa-
tion in the deep sleep state is used for the calculation process,
it is possible 1o easily determine whether or not the user is in
the deep sleep state by comparing the basal heart rate infor-
mation and the heart rate information.

[0211] The health condition information calculation sec-
tion 130 may calculate the deep sleep time information based
on the relative information about the heart rate information
and a value obtained by multiplying the basal heart rate infor-
mation by the sleep coefficient.

[0212] This makes it possible to implement the determina-
tion process based on the relative information about the heart
rate information and a value obtained by multiplying the basal
heart rate information by the sleep coefficient. Since it was
confirmed that the value represented by the heart rate infor-
mation may change even in the deep sleep state, it is possible
to implement an appropriate determination process by setting
a moderate value that absorbs the change in the value repre-
sented by the heart rate information as the sleep coefficient.

[0213] The health condition information calculation sec-
tion 130 may calculate the deep sleep time information by
calculating the cumulative time in which the value repre-
sented by the heart rate information is equal to or smaller than
a value obtained by multiplying the basal heart rate informa-
tion by the sleep coefficient.

[0214] This makes it possible to calculate the cumulative
time in which the user was in the deep sleep state as the deep
sleep time information. For example, it is possible to deter-
mine whether or not the sleep time of the user is sufficient by
calculating the cumulative time per day.

[0215] The health condition information calculation sec-
tion 130 may calculate the stress information as the health
condition information based on the relative information about
the basal heart rate information and the heart rate information.
[0216] The term “stress information” used herein refers to
information that represents whether or not stress (physical
stress or mental stress) that can be distinguished from a nor-
mal state is suffered by the user. Since anincrease in the value
represented by the heart rate information is observed when
physical stress or mental stress is suffered by the user,
whether or not stress is suffered by the user can be determined
based on a change in heart rate information. In particular,
since the basal heart rate information that represents a small
value having high reproducibility (i.e., the minimum value or
a value close to the minimum value when noise and the like
are not taken into account) is calculated, the relative informa-
tion about the basal heart rate information and the heart rate
information may be used.

[0217] This makes it possible to calculate the stress infor-
mation as the health condition information. Itis desirable that
moderate physical stress be suffered by the user since exer-
cise is insufficient when the physical stress suffered by the
user is too low, and fatigue accumulates when the physical
stress suffered by the user is too high. On the other hand, it is
desirable that the mental stress suffered by the user be as low
as possible.

[0218] The biological information processing system may
include the body motion information acquisition section 140
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that acquires the body motion information, and the health
condition information calculation section 130 may calculate
physical stress information as the stress information based on
the relative information about the heart rate information and
a value obtained by multiplying the basal heart rate informa-
tion by the stress coefficient, when it has been determined
based on the body motion information that the body motion
state has occurred. The health condition information calcula-
tion section 130 may calculate mental stress information as
the stress information based on the relative information about
the heart rate information and a value obtained by multiplying
the basal heart rate information by the stress coefficient, when
it has been determined based on the body motion information
that the resting state has occurred.

[0219] This makes it possible to determine whether the
body motion state or the resting state has occurred based on
the body motion information, and calculate the physical stress
information (when the body motion state has occurred) or the
mental stress information (when the resting state has
occurred) using the expression (12).

[0220] The health condition information calculation sec-
tion 130 may calculate the physical stress information by
calculating the cumulative time in which the value repre-
sented by the heart rate information is equal to or larger than
a value obtained by multiplying the basal heart rate informa-
tion by the stress coefficient, when it has been determined
based on the body motion information that the body motion
state has occurred. The health condition information calcula-
tion section 130 may calculate the mental stress information
by calculating the cumulative time in which the value repre-
sented by the heart rate information is equal to or larger than
a value obtained by multiplying the basal heart rate informa-
tion by the stress coefficient, when it has been determined
based on the body motion information that the resting state
has occurred.

[0221] This makes it possible to use the cumulative time in
which it is determined that stress is suffered by the user, asthe
physical stress information and the mental stress information.
It is desirable that the cumulative time used as the mental
stress information be as short as possible. For example, when
the cumulative period is set to a fixed value (e.g., 1 day), it is
possibleto set the upper limit or the like that is allowed taking
account of health, and appropriately determine the health
condition of the user. It is desirable that the cumulative time
used as the physical stress information be a moderate (intet-
mediate) value from the viewpoint of avoiding lack of exer-
cise and an overloaded state. When the accumulation period is
set to a fixed value (e.g., 1 day), it is possible to set the value
range that is allowed taking account of health.

[0222] Thebasal heart rate information acquisition section
120 may acquire the basal heart rate information based on
information measured by a heart rate sensor or a pulse sensor.
[0223] This makes it possible to calculate the basal heart
rate information based on the information measured by the
heart rate sensor (pulse sensor) 10. A specific basal heart rate
information calculation method has been described above
with reference to FIG. 3 and the like. Note that the basal heart
rate information acquisition section 120 may acquire the sen-
sor information directly from the heart rate sensor 10 or the
like. However, when noise due to body motion is superim-
posed on the information measured by the heart rate sensor
10, a noise reduction process may be performed using the
sensor information output from the heart rate sensor 10 and
the sensor information output from the body motion sensor
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20. In such a case, it is inefficient to cause the heart rate
information acquisition section 110 and the basal heart rate
information acquisition section 120 to independently per-
form the noise reduction process. Therefore, the basal heart
rate information acquisition section 120 may calculate the
basal heart rate information based on the output (heart rate
information) from the heart rate information acquisition sec-
tion 110 that has been subjected to the noise reduction pro-
cess.

[0224] The biological information processing system may
include the heart rate information acquisition section 110 that
acquires the heart rate information, the body motion informa-
tion acquisition section 140 that acquires the body motion
information, the health condition information calculation
section 130 that calculates the deep sleep time information,
the caloric expenditure information, and the stress informa-
tion based on the heart rate information and the body motion
information, and the display control section 150 that displays
information that represents the temporal distribution or the
frequency distribution of the calculated deep sleep time infor-
mation, the calculated caloric expenditure information, and
the calculated stress information on the display section 30
(see FIG. 1).

[0225] This makes it possible to calculate the stress infor-
mation that is not taken into account in the related-art method,
and present the calculated health condition information to the
user so that the user can intuitively and easily understand the
health condition information (see FIGS. 9A and 9B).

[0226] The embodiments of the invention may also be
applied to a wearable device that includes the biological
information processing system, or a server system that
includes the biological information processing system.
[0227] This makes it possible to implement the method
according to the embodiments of the invention in various
ways. The wearable device may be the watch-type wearable
device illustrated in FIG. 2, for example. In this case, the
biological information acquisition section (e.g., the heart rate
sensor 10 and the body motion sensor 20 illustrated in FIG. 1)
and the processing section (e.g., the health condition infor-
mation calculation section 130) can be incorporated in a
single device, and the wearable device can complete the pro-
cess. The server system may be the server system that is
provided in the analysis center illustrated in FIG. 2, for
example. In this case, the biological information acquisition
section is included in the wearable device, and the processing
section is included in the server system. This makes it pos-
sible to distribute the processing load, and implement simpli-
fication in configuration and a reduction in cost of the wear-
able device, for example.

[0228] Note that part or most of the process performed by
the biological information processing system and the like
according to the embodiments of the invention may be imple-
mented by a program. In this case, the biological information
processing system and the like according to the embodiments
of the invention are implemented by causing a processor (e.g.,
CPU) to execute a program. Specifically, a program stored in
an information storage medium is read from the information
storage medium, and a processor (e.g.. CPU) executes the
program read from the information storage medium. The
information storage medium (computer-readable medium)
stores a program, data, and the like. The function of the
information storage medium may be implemented by an opti-
cal disk (e.g., DVD or CD), a hard disk drive (HDD), a
memory (e.g., memory card or ROM), or the like. The pro-
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cessor (e.g., CPU) performs various processes according to
the embodiments of the invention based on the program (data)
stored in the information storage medium. Specifically, a
program that causes a computer (i.e., adevice that includes an
operation section, a processing section, a storage section, and
an output section) to function as each section according to the
embodiments of the invention (i.e., a program that causes a
computer to execute the process implemented by each section
according to the embodiments of the invention) is stored in
the information storage medium.
[0229] Although only some embodiments of the invention
have been described in detail above, those skilled in the art
will readily appreciate that many modifications are possible
in the embodiments without materially departing from the
novel teachings and advantages of the invention. Accord-
ingly, all such modifications are intended to be included
within scope of the invention. Any term cited with a different
term having a broader meaning or the same meaning at least
once in the specification and the drawings can be replaced by
the different term in any place in the specification and the
drawings. The configuration and the operation of the biologi-
cal information processing system and the like are not limited
to those described in connection with the above embodi-
ments. Various modifications and variations may be made of
the above embodiments as to the configuration and the opera-
tion of the biological information processing system and the
like.
What is claimed is:
1. A biological information processing system comprising:
a basal heart rate information acquisition section that
acquires basal heart rate information that represents a
heart rate in a deep sleep state;
a heart rate information acquisition section that acquires
heart rate information; and
a health condition information calculation section that cal-
culates relative information about the basal heart rate
information and the heart rate information, and calcu-
lates health condition information that represents a
health condition based on the relative information.
2. The biological information processing system as defined
in ¢laim 1,
the health condition information calculation section calcu-
lating caloric expenditure information as the health con-
dition information based on the relative information
about the basal heart rate information and the heart rate
information.
3. The biological information processing system as defined
in claim 2, further comprising:
a body motion information acquisition section that
acquires body motion information,
the health condition information calculation section calcu-
lating the caloric expenditure information based on a
first coefficient and the relative information, when it has
been determined based on the body motion information
that a body motion state has occurred, and calculating
the caloric expenditure information based on a second
coefficient that differs from the first coefficient, and the
relative information, when it has been determined based
on the body motion information that a resting state has
occurred.
4. The biological information processing system as defined
in claim 3,
the health condition information calculation section calcu-
lating difference information about the basal heart rate
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information and the heart rate information as the relative
information, calculating a product of the first coefficient
or the second coefficient, the difference information, and
reference caloric expenditure per beat, and calculating a
sum of the calculated product and caloric expenditure
corresponding to basal metabolism as the caloric expen-
diture information.
5. The biological information processing system as defined
in claim 3,
the heart rate information acquisition section acquiring the
heart rate information in a given body motion state, and
the health condition information calculation section calcu-
lating the first coefficient based on the heart rate infor-
mation in the given body motion state, the basal heart
rate information, the relative information, and caloric
expenditure corresponding to basal metabolism.
6. The biological information processing system as defined
in claim 1,
the health condition information calculation section calcu-
lating deep sleep time information as the health condi-
tion information based on the relative information about
the basal heart rate information and the heart rate infor-
mation.
7. The biological information processing system as defined
in claim 6,
the health condition information calculation section calcu-
lating the deep sleep time information based on the
relative information about the heart rate information and
a value obtained by multiplying the basal heart rate
information by a sleep coefficient.
8. The biological information processing system as defined
in claim 7,
the health condition information calculation section calcu-
lating the deep sleep time information by calculating a
cumulative time in which a value represented by the
heart rate information is equal to or smaller than the
value obtained by multiplying the basal heart rate infor-
mation by the sleep coefficient.
9. The biological information processing system as defined
in claim 1,
the health condition information calculation section calcu-
lating stress information as the health condition infor-
mation based on the relative information about the basal
heart rate information and the heart rate information.
10. The biological information processing system as
defined in claim 9, further comprising:
a body motion information acquisition section that
acquires body motion information,
the health condition information calculation section calcu-
lating physical stress information as the stress informa-
tion based on the relative information about the heart
rate information and a value obtained by multiplying the
basal heart rate information by a stress coefficient, when
it has been determined based on the body motion infor-
mation that a body motion state has occurred, and cal-
culating mental stress information as the stress informa-
tion based on the relative information about the heart
rate information and the value obtained by multiplying
the basal heart rate information by the stress coefficient,
when it has been determined based on the body motion
information that a resting state has occurred.
11. The biological information processing system as
defined in claim 10,
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the health condition information calculation section calcu-
lating the physical stress information by calculating a
cumulative time in which a value represented by the
heart rate information is equal to or larger than the value
obtained by multiplying the basal heart rate information
by the stress coefficient, when it has been determined
based on the body motion information that the body
motion state has occurred.
12. The biological information processing system as
defined in claim 10,
the health condition information calculation section calcu-
lating the mental stress information by calculating a
cumulative time in which a value represented by the
heart rate information is equal to or larger than the value
obtained by multiplying the basal heart rate information
by the stress coefficient, when it has been determined
based on the body motion information that the resting
state has occurred.
13. The biological information processing system as
defined in claim 1,
the basal heart rate information acquisition section acquir-
ing the basal heart rate information based on information
measured by a heart rate sensor or a pulse sensor.
14. A biological information processing system compris-
ing:
a heart rate information acquisition section that acquires
heart rate information;
a body motion information acquisition section that
acquires body motion information;
ahealth condition information calculation section that cal-
culates deep sleep time information, caloric expenditure
information, and stress information based on the heart
rate information and the body motion information; and
a display control section that displays information that
represents a temporal distribution or a frequency distri-
bution of the calculated deep sleep time information, the
calculated caloric expenditure information, and the cal-
culated stress information on a display section.
15. A wearable device comprising the biological informa-
tion processing system as defined in claim 1.
16. A server system comprising the biological information
processing system as defined in claim 1.
17. A method for controlling a biological information pro-
cessing system comprising:
performing a basal heart rate information acquisition pro-
cess that acquires basal heart rate information that rep-
resents a heart rate in a deep sleep state;
performing a heart rate information acquisition process
that acquires heart rate information; and
performing a health condition information calculation pro-
cess that calculates relative information about the basal
heart rate information and the heart rate information, and
calculates health condition information that represents a
health condition based on the relative information.
18. A method for controlling a biological information pro-
cessing system comprising:
performing a heart rate information acquisition process
that acquires heart rate information;
performing a body motion information acquisition process
that acquires body motion information;
performing a health condition information calculation pro-
cess that calculates deep sleep time information, caloric
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expenditure information, and stress information based
on the heart rate information and the body motion infor-
mation; and

displaying information that represents a temporal distribu-
tion or a frequency distribution of the calculated deep
sleep time information, the calculated caloric expendi-
ture information, and the calculated stress information
on a display section.

19. An information storage medium storing a program that

causes a computer to function as:

a basal heart rate information acquisition section that
acquires basal heart rate information that represents a
heart rate in a deep sleep state;

a heart rate information acquisition section that acquires
heart rate information; and

a health condition information calculation section that cal-
culates relative information about the basal heart rate
information and the heart rate information, and calcu-
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lates health condition information that represents a
health condition based on the relative information.

20. An information storage medium storing a program that

causes a computer to function as:

a heart rate information acquisition section that acquires
heart rate information;

a body motion information acquisition section that
acquires body motion information;

ahealth condition information calculation section that cal-
culates deep sleep time information, caloric expenditure
information, and stress information based on the heart
rate information and the body motion information; and

a display control section that displays information that
represents a temporal distribution or a frequency distri-
bution of the calculated deep sleep time information, the
calculated caloric expenditure information, and the cal-
culated stress information on a display section.
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