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A method includes: acquiring body motion data related to
body motions of a target person; generating, based on the
body motion data, sleep state data related to a sleep state of
the target person; storing the sleep state data into a sleep
state database; predicting a future change in a physical
condition of the target person from the sleep state data by
referencing a physical condition prediction information
database; and when the physical condition data indicating
the physical condition of the target person is acquired,
reading past sleep state data over a past period from the sleep
state database, collating the physical condition data with the
past sleep state data to generate physical condition predic-
tion information for predicting a particular change in the
physical condition from particular sleep state data, and
registering the physical condition prediction information
into the physical condition prediction information database.
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METHOD FOR PREDICTING FUTURE
CHANGE IN PHYSICAL CONDITION OF
PERSON FROM SLEEP-STATE HISTORY

BACKGROUND

1. Technical Field

[0001] The present disclosure relates to a method, an
apparatus, and a program for predicting the physical condi-
tion of a target person.

2. Description of the Related Art

[0002] Appropriate physical condition management has
been applied to a subject by monitoring daily sleep states
obtained by a physical condition management system
including a sleep sensor attached to the subject and an
information terminal for analyzing measured data acquired
by the sleep sensor (refer to, for example, Japanese Unex-
amined Patent Application Publication No. 2013-150660).

[0003] The sleep sensor described in Japanese Unexam-
ined Patent Application Publication No. 2013-150660 ana-
lyzes the sleep state of a subject from the data measured by
the sleep sensor and drives a display unit or a loudspeaker.
In addition, according to Japanese Unexamined Patent
Application Publication No. 2013-150660, an electric cur-
tain, an audio device, a lighting device, a television set, an
air conditioner, bedding (e.g., an electric bed or an air mat)
are controlled in accordance with the sleep state of the
subject determined by using the sleep sensor.

SUMMARY

[0004] Inone general aspect, the techniques disclosed here
feature a method including (A) continvously or intermit-
tently acquiring body motion data related to body motions of
a target person, (B) generating, based on the body motion
data, sleep state data related to a sleep state of the target
person, (C) storing the sleep state data into a sleep state
database, (D) predicting a future change in a physical
condition of the target person from the sleep state data by
referencing a physical condition prediction information
database, and (E) when the physical condition data indicat-
ing the physical condition of the target person is acquired,
(el) reading past sleep state data over a past period from the
sleep state database, (e2) collating the physical condition
data with the past sleep state data to generate physical
condition prediction information for predicting a particular
change in the physical condition from particular sleep state
data, and (e3) registering the physical condition prediction
information into the physical condition prediction informa-
tion database.

[0005] It should be noted that general or specific embodi-
ments may be implemented as a system, a method, an
integrated circuit, a computer program, a storage medium, or
any selective combination thereof.

[0006] Additional benefits and advantages of the disclosed
embodiments will become apparent from the specification
and drawings. The benefits and/or advantages may be indi-
vidually obtained by the various embodiments and features
of the specification and drawings, which need not all be
provided in order to obtain one or more of such benefits
and/or advantages.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1is a block diagram illustrating an example of
the configuration of a physical condition prediction system
according to an embodiment of the present disclosure;
[0008] FIG. 2is a block diagram illustrating an example of
the configuration of a server illustrated in FIG. 1;

[0009] FIG. 3 illustrates the configuration of a sleep deter-
mination unit illustrated in FIG. 2;

[0010] FIG. 4 illustrates the configuration of a body tem-
perature determination unit illustrated in FIG. 2;

[0011] FIG. 5 illustrates an example of a sleep state for one
day output from the sleep determination unit;

[0012] FIG. 6 illustrates an example of a sleep state for a
predetermined time period output from the sleep determi-
nation unit;

[0013] FIG. 7 illustrates an example of physical condition
data for a predetermined period,

[0014] FIG. 8 is a flowchart of the operation performed by
the server according to an embodiment;

[0015] FIG. 9 illustrates an example of a history of the
standard deviation and average value of body motion data;
and

[0016] FIG. 10 illustrates a correlation between the onset
of the behavioral and psychological symptoms of dementia
(BPSD) and a sleep state.

DETAILED DESCRIPTION

Underlying Knowledge Forming Basis of the
Present Disclosure

[0017] In existing technology, drive control of a display
unit or a loudspeaker incorporated into a sleep sensor is
performed in accordance with the sleep state of a subject,
and home electric appliances disposed outside the sleep
sensor are remotely controlled.

[0018] For example, an existing home electric appliance
control system can open an electric curtain, play music from
audio device as an alarm, turn on a lighting device, tune a
news channel on TV, set the bedroom temperature to an
appropriate one by an air conditioner, and adjust the bedding
so that the subject can easily wake up (e.g., make reclining
adjustment of an electric bed or pressure adjustment of an air
mat). As described above, according to the existing tech-
nique, cooperation between a sleep sensor and a variety of
home electric appliances provides the subject a comfortable
awakening.

[0019] However, although the existing technique
describes that the devices are controlled in accordance with
the sleep state of the subject analyzed by the sleep sensor,
prediction of a change in the physical condition of the
subject is not described.

[0020] According to an aspect of the present disclosure, a
physical condition prediction method includes acquiring the
biometric data of a target person, constantly determining the
sleep state of the target person on the basis of the acquired
biometric data, and predicting a change in the physical
condition of the target person on the basis of the determined
sleep state.

[0021] According to the configuration, the biometric data
of the target person is acquired. The sleep state of the target
person is constantly determined on the basis of the acquired
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biometric data. A change in the physical condition of the
target person is predicted on the basis of the determined
sleep state.

[0022] In this manner, a change in the physical condition
of the target person can be predicted on the basis of the sleep
state that is determined constantly. In addition, since a
change in the physical condition of the target person is
predicted, the care plan for the target person who is an
elderly or a dementia patient, for example, can be readjusted
and, thus, the target person can be assisted more efliciently.
[0023] In addition, in the above-described physical con-
dition prediction method, the biometric data may include
body motion data indicating the body motion of the target
person and, in the determining, the sleep state may be
constantly determined on the basis of the body motion data.
[0024] According to the configuration, the biometric data
includes body motion data indicating the body motion of the
target person. In the determining, the sleep state is constantly
determined on the basis of the body motion data. Therefore,
since the sleep state is always determined on the basis of the
body motion data indicating the body motion of the target
person, the sleep state of the target person can be accurately
determined.

[0025] According to the above-described physical condi-
tion prediction method, if the body motion data falls below
a predetermined value within a predetermined period of
time, a decline in physical condition of the target person may
be predicted in the predicting.

[0026] According to the configuration, in the predicting, if
the body motion data falls below a predetermined value
within a predetermined period, a decline in physical condi-
tion of the target person is predicted. Thus, a decline in
physical condition of the target person can be reliably
predicted from the body motion data.

[0027] In addition, according to the above-described
physical condition prediction method, physical condition
data indicating whether the physical condition of the target
person is good or not may be further acquired, and a change
in the physical condition may be predicted on the basis of a
correlation between the history of the determined sleep state
and the history of the acquired physical condition data.
[0028] According to the configuration, the physical con-
dition data indicating whether the physical condition of the
target person is good is acquired. In the predicting, a change
in the physical condition is predicted from the correlation
between the history of the determined sleep state and the
history of the acquired physical condition data.

[0029] Therefore, if there is a correlation between the
history of the sleep state and the history of the physical
condition data, a change in the physical condition of the
target person can be easily predicted by using the correla-
tion.

[0030] In addition, according to the above-described
physical condition prediction method, the body temperature
of the target person may be further detected, and it may be
further determined whether the body temperature of the
target person is higher than a predetermined temperature. If
it is determined that the body temperature is higher than the
predetermined temperature, a decline in physical condition
of the target person may be predicted.

[0031] According to the configuration, the body tempera-
ture of the target person is detected. It is determined whether
the body temperature of the target person is higher than a
predetermined temperature. If it is determined that the body
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temperature is higher than the predetermined temperature, a
decline in physical condition of the target person is pre-
dicted.

[0032] Therefore, if it is determined that the body tem-
perature of the target person is higher than the predetermined
temperature, a decline in physical condition of the target
person is predicted. As a result, a change in the physical
condition of the target person can be easily predicted by
using the body temperature of the target person.

[0033] According to the above-described physical condi-
tion prediction method, in the predicting, a decline in the
physical condition of the target person may be predicted on
the basis of the frequency of nocturnal awakening of the
target person.

[0034] According to the configuration, in the predicting, a
decline in the physical condition of the target person is
predicted on the basis of the frequency of nocturnal awak-
ening of the target person. If the frequency of nocturnal
awakening of the target person is high, the sleep rhythm of
the target person may be deranged. Accordingly, a decline in
physical condition of the target person can be reliably
predicted on the basis of the frequency of nocturnal awak-
ening of the target person.

[0035] According to the above-described physical condi-
tion prediction method, in the predicting, if the frequency of
nocturnal awakening of the target person is a predetermined
number or more, a decline in physical condition of the target
person may be predicted.

[0036] According to the configuration, since a decline in
physical condition of the target person is predicted if the
frequency of nocturnal awakening of the target person is a
predetermined number or more in the predicting, a decline
in physical condition of the target person can be reliably
predicted.

[0037] In addition, according to the above-described
physical condition prediction method, the decline in physi-
cal condition of the target person may include the onset of
the behavioral and psychological symptoms of dementia. In
the predicting, the onset of the behavioral and psychological
symptoms of dementia of the target person may be predicted
on the basis of at least one of the frequency of nocturnal
awakening of the target person and the frequency of a nap
of the target person during the daytime or in the evening.
[0038] According to the configuration, a decline in physi-
cal condition of the target person includes the onset of the
behavioral and psychological symptoms of dementia. In the
predicting, the onset of the behavioral and psychological
symptoms of dementia of the target person is predicted on
the basis of at least one of the frequency of nocturnal
awakening of the target person and the frequency of a nap
of the target person during the daytime or in the evening.
[0039] Accordingly, the onset of the behavioral and psy-
chological symptoms of dementia of the target person can be
reliably predicted on the basis of at least one of the fre-
quency of nocturnal awakening of the target person and the
frequency of a nap of the target person during the daytime
or in the evening.

[0040] According to the above-described physical condi-
tion prediction method, in the predicting, a decline in
physical condition of the target person may be predicted on
the basis of the amount of time the target person is awake at
night.

[0041] According to the configuration, a decline in the
physical condition of the target person is predicted on the
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basis of the amount of time the target person is awake at
night. If the amount of time the target person is awake at
night is large, the sleep rhythm of the target person may be
deranged. Thus, a decline in the physical condition of the
target person can be reliably predicted on the basis of the
amount of time the target person is awake at night.

[0042] According to the above-described physical condi-
tion prediction method, in the predicting, if the amount of
time the target person is awake at night is greater than a
predetermined amount of time, a decline in the physical
condition of the target person may be predicted.

[0043] According to the configuration, in the predicting,
since a decline in the physical condition of the target person
is predicted if the amount of time the target person is awake
at night is a predetermined amount of time or more, a decline
in physical condition of the target person can be reliably
predicted.

[0044] In addition, according to the above physical con-
dition prediction method, a prediction result predicting a
change in the physical condition of the target person may be
transmitted to the terminal device.

[0045] According to the configuration, since the prediction
result predicting the change in the physical condition of the
target person is transmitted to the terminal device, a manager
can be notified of the prediction result through the terminal
device.

[0046] According to another aspect of the present disclo-
sure, a physical condition prediction apparatus includes a
communication unit and a processor. The communication
unit acquires the biometric data of a target person, and the
processor constantly determines the sleep state of the target
person on the basis of the acquired biometric data of the
target person and predicts a change in the physical condition
of the target person on the basis of the determined sleep
state.

[0047] According to the configuration, the biometric data
of the target person is acquired. The sleep state of the target
person is constantly determined on the basis of the acquired
biometric data. A change in the physical condition of the
target person is predicted on the basis of the determined
sleep state.

[0048] In this manner, a change in the physical condition
of the target person can be predicted on the basis of the sleep
state that is determined constantly. In addition, since a
change in the physical condition of the target person is
predicted, the care plan for the target person who is an
elderly or a dementia patient, for example, can be readjusted
and, thus, the target person can be assisted more efficiently.
[0049] According to still another aspect of the present
disclosure, a physical condition prediction program causes a
processor to constantly determine the sleep state of a target
person on the basis of the biometric data of the target person
and to perform a process to predict a change in the physical
condition of the target person on the basis of the determined
sleep state.

[0050] According to the configuration, the sleep state of
the target person is constantly determined on the basis of the
biometric data of the target person. A change in the physical
condition of the target person is predicted on the basis of the
determined sleep state.

[0051] In this manner, a change in the physical condition
of the target person can be predicted on the basis of the sleep
state that is determined constantly. In addition, since a
change in the physical condition of the target person is
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predicted, the care plan for the target person who is an
elderly or a dementia patient, for example, can be readjusted
so that the target person can be assisted more efficiently.

[0052] Embodiments according to the present disclosure
are described below with reference to the accompanying
drawings. It should be noted that the following embodiments
are merely specific examples of the present disclosure and
do not limit the technical scope of the present disclosure.

Embodiment

[0053] FIG. 1is a block diagram illustrating an example of
the configuration of a physical condition prediction system
according to an embodiment of the present disclosure. As
illustrated in FIG. 1, the physical condition prediction sys-
tem includes a server 1, a motion sensor 2, a temperature
sensor 3, and a terminal device 4.

[0054] The server 1 is connected to the motion sensor 2,
the temperature sensor 3, and the terminal device 4 via a
network 5 for communication. The network 5 is, for
example, the Internet.

[0055] The motion sensor 2 is, for example, a Doppler
sensor. The motion sensor 2 is installed on the ceiling or the
wall of the room of the target person. The target person is,
for example, a resident of an elderly residential home and is
an elderly person or a care receiver. The motion sensor 2
emits radio waves and compares the frequency of the radio
wave reflected by the target person with the frequency of the
emitted radio waves. In this manner, the motion sensor 2
detects the motion of the target person. The motion sensor 2
constantly detects the body motion of the target person and
constantly transmits, to the server 1, body motion data
indicating the detected body motion of the target person. It
is desirable that the motion sensor 2 continuously detect the
body motion of the target person at 1-second intervals, for
example. However, the motion sensor 2 may continuously
detect the body motion of the target person at, for example,
1-minute intervals. The detection interval is not limited to a
specific value. Body motion data is an example of biometric
data. The motion sensor 2 can detect not only the body
motion of the target person but also the pulse and respiration
of the target person.

[0056] Note that the motion sensor 2 may be, for example,
an acceleration sensor. In this case, the motion sensor 2 is
worn on the body of the target person and detects the body
motion of the target person.

[0057] Furthermore, the motion sensor 2 may be incorpo-
rated into a home electrical appliance, such as a lighting
device disposed in a room.

[0058] The temperature sensor 3 is, for example, an infra-
red camera and is installed on the ceiling or the wall of the
room of the target person. The temperature sensor 3 con-
stantly captures the infrared image in the room and con-
stantly transmits the captured infrared image to the server 1.
[0059] Note that the temperature sensor 3 may be incor-
porated into a home electric appliance, such as an air
conditioner installed in a room.

[0060] The terminal device 4 is, for example, a personal
computer or a tablet computer. The terminal device 4 is
operated by an administrator who manages the physical
condition of the target person. The terminal device 4
receives an input from the administrator of physical condi-
tion data indicating whether the physical condition of the
target person is good or not. For example, the terminal
device 4 receives an input of physical condition data indi-
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cating whether the physical condition of the target person is
good or not on a daily basis. Note that the terminal device
4 may receive an input of physical condition data indicating
whether the physical condition of the target person is good
or not at predetermined time intervals or for every prede-
termined time zone. The terminal device 4 transmits the
input physical condition data to the server 1.

[0061] Furthermore, in addition to receiving information
as to whether the physical condition of the target person is
good or not, the terminal device 4 may receive an input of
other information. For example, the terminal device 4 may
receive input of information about nursing care records, such
as the type of medication administered to the target person
and the administration time.

[0062] The motion sensor 2 and the temperature sensor 3
may directly transmit the sensing data to the server 1 or may
transmit the sensing data to the server 1 via the terminal
device 4.

[0063] FIG. 2 is ablock diagram illustrating an example of
the configuration of the server 1 illustrated in FIG. 1. As
illustrated in FIG. 2, the server 1 includes a communication
unit 11, a control unit 12, and a storage unit 13.

[0064] The communication unit 11 includes a body motion
data acquisition unit 111, a physical condition data acquisi-
tion unit 112, an infrared image acquisition unit 113, and a
prediction result transmission unit 114.

[0065] The body motion data acquisition unit 111 acquires
body motion data indicating the motion of the body of the
target person. The body motion data acquisition unit 111
receives the body motion data transmitted from the motion
sensor 2.

[0066] The body motion data acquisition unit 111 may
acquire the body motion data transmitted from a body
motion sensor. For example, the body motion data acquisi-
tion unit 111 may acquire a body motion value at 1-minute
intervals.

[0067] The physical condition data acquisition unit 112
acquires physical condition data indicating whether the
physical condition of the target person is good or not. The
physical condition data acquisition unit 112 receives the
physical condition data transmitted from the terminal device
4

[0068] The physical condition data acquisition unit 112
may acquire information recorded by, for example, a care
giver (e.g., the nursing care records). The physical condition
information data includes, for example, vital signs, such as
body temperature or blood pressure, observation records
based on the subjective observation of the care giver, the
presence or absence of a fall, and BPSD (e.g., wandering and
delusions).

[0069] The infrared image acquisition unit 113 acquires an
infrared image. The infrared image acquisition unit 113
receives the infrared image transmitted from the temperature
sensor 3.

[0070] The control unit 12 is, for example, a central
processing unit (CPU) and performs overall control of the
server 1. The control unit 12 includes a sleep determination
unit 121, a physical condition analysis unit 122, a body
temperature determination unit 123, and a physical condi-
tion prediction unit 124.

[0071] The storage unit 13 is, for example, a semiconduc-
tor memory or a hard disk drive. The storage unit 13 includes
a sleep state accumulation unit 131, a physical condition
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data accumulation unit 132, and a physical condition pre-
diction information accumulation unit 133.
[0072] The sleep determination unit 121 constantly deter-
mines the sleep state of the target person on the basis of the
body motion data acquired by the body motion data acqui-
sition unit 111.
[0073] The sleep determination unit 121 may determine
sleep/wakefulness on the basis of the body motion measured
and acquired for 7 minutes by the body motion data acqui-
sition unit 111. Note that sleep/wakefulness is determined on
the basis of the Cole equation that is also used in medical
devices (e.g., Actigraph). In addition, absolute time infor-
mation is attached to the body motion data to be acquired.
[0074] The sleep state accumulation unit 131 accumulates
the history of the sleep state of the target person determined
by the sleep determination unit 121. The sleep state accu-
mulation unit 131 accumulates information as to whether the
target person is asleep or awake in units of a predetermined
time period. The unit of predetermined time period is, for
example, 1 minute or 1 second.
[0075] The sleep state accumulation unit 131 may accu-
mulate information about sleep/wakefulness determined by
the sleep determination unit 121 together with time infor-
mation.
[0076] FIG. 3 is a diagram illustrating the configuration of
the sleep determination unit illustrated in FIG. 2. As illus-
trated in FIG. 3, the sleep determination unit 121 includes a
sleep awake determination unit 1211, a sleep onset detection
unit 1212, a wakeup detection unit 1213, and a nocturnal
awakening detection unit 1214. The body motion data
includes the activity amount (the magnitude of motion)
ZCM for each 1-minute time period. The body motion data
is input from the body motion data acquisition unit 111 to the
sleep awake determination unit 1211.
[0077] The sleep awake determination unit 1211 calcu-
lates a determination value S by using the following equa-
tion (1):

5=0.0033(1.06ZCM_,,, +0.54ZCM.

i 0.58ZCM
2mint0.T6ZCM it 2 3ZCM, +0.7T4ZCM,

1mint0.6TZCM i) M,

where ZCM
ago, ZCM_

2 TEDPresents the activity amount 4 minutes
represents the activity amount three minutes
ago, ZCM represents the activity amount two minutes
ago, ZCM_, ,.;,, represents the amount of activity one minute
ago, ZCM,,_, represents the activity amount at the time of
determination, ZCM,,,,,, represents the activity amount
after one minute, and ZCM represents the activity
amount after two minutes.

[0078] If the determination value S is 1 or greater, the
sleep wake determination unit 1211 determines that the
target person is awake. However, if the determination value
S is less than 1, the sleep wake determination unit 1211
determines that the target person is asleep.

[0079] The sleep onset detection unit 1212 detects, as a
sleep onset time at which the target person fell asleep, the
start time of a period that was determined as a period in
which the target person was continuously sleeping for a
predetermined time or longer. The sleep onset detection unit
1212 outputs the detected sleep onset time to the sleep state
accumulation unit 131 and the physical condition prediction
unit 124.

[0080] The wakeup detection unit 1213 detects, as the
wakeup time at which the target person woke up, the start
time of a period that was determined as a period for which

3min

+2min

+2min
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the target person was continuously awake for a predeter-
mined period of time or longer. The wakeup detection unit
1213 outputs the detected wakeup time to the sleep state
accumulation unit 131 and the physical condition prediction
unit 124.

[0081] The nocturnal awakening detection unit 1214
detects the amount of time determined to be an amount of
time the target person continuously stayed awake within the
period from the sleep onset time to the wakeup time as the
length of nocturnal awakening time. The nocturnal awak-
ening detection unit 1214 outputs the detected length of
nocturnal awakening time to the sleep state accumulation
unit 131 and the physical condition prediction unit 124.
[0082] In addition to the sleep onset time, the wakeup
time, and the length of nocturnal awakening time, the sleep
determination unit 121 may output, to the sleep state accu-
mulation unit 131, the result of the determination of sleep/
wakefulness made by the sleep awake determination unit
1211 as a sleep state. In addition to the sleep onset time, the
wakeup time, and the length of nocturnal awakening time,
the sleep state accumulation unit 131 may accumulate, as the
sleep state, a time change of sleep/wakefulness of the target
person.

[0083] According to the present embodiment. the sleep
awake determination unit 1211 calculates the determination
value S by using the above-described equation (1). However,
the present disclosure is not limited thereto. The determi-
nation value S may be calculated by using another equation,
such as the following equation (2):

§=0.00001 (404ZCM_y,, +598ZCM._,, +326 CM.
omintA41 ZCM_ . +1408ZCM,,  +S08ZCM,
Lmint350ZCM ) Q.

[0084] The above-described equation (2) is known as Cole
equation, which is a widely used equation for sleep deter-
mination (Roger J. Cole, Daniel F. Kripke, William Gruen,
Daniel J. Mullaney, J. Christian Gillin, “Automatic Sleep/
Wake Identification From Wrist Activity”, 15 (5), 461-469,
1992). In the above-described equation (2), ZCM_,,,,, rep-
resents the activity amount 4 minutes ago, ZCM_;,,,,, rep-
resents the activity amount three minutes ago, and ZCM_,
min represents the activity amount two minutes ago, ZCM, |
represents the activity amount at the time of determination,
7ZCM_, .. represents the amount of activity after one
minute, and ZCM, represents the amount of activity
after two minutes.

[0085] The physical condition data accumulation unit 132
accumulates the physical condition data acquired by the
physical condition data acquisition unit 112. Like the sleep
state accumulation unit 131, the physical condition data
accumulation unit 132 may accumulate the physical condi-
tion data together with the information about the time at
which the physical condition was recorded.

[0086] The physical condition analysis unit 122 analyzes
the trends in the sleep state of the target person before a
decline in physical condition of the target person occurs on
the basis of a correlation between the physical condition data
indicating whether the physical condition of the target
person for the predetermined period is good or not and the
sleep state of the target person for the predetermined period.
[0087] For example, the physical condition analysis unit
122 reads the physical condition data for the predetermined
period from the physical condition data storage unit 132 and
reads the sleep state for the predetermined period from the
sleep state accumulation unit 131. The predetermined period

+2 min
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is, for example, one month. The physical condition analysis
unit 122 analyzes the physical condition data and the sleep
state of the predetermined period. If sleep deprivation that
lasts for two days results in a decline in physical condition,
the physical condition analysis unit 122 generates physical
condition predict information indicating that sleep depriva-
tion that lasts for two days results in a decline in physical
condition. Note that if the sleep duration measured between
7:00 p.m. and 7:00 a.m. is less than a predetermined time
period, it is determined that sleep deprivation occurs. The
physical condition analysis unit 122 accumulates the gen-
erated physical condition prediction information in the
physical condition prediction information accumulation unit
133.

[0088] In addition, for example, the physical condition
analysis unit 122 analyzes the physical condition data and
the sleep state of one month. If the frequency of nocturnal
awakening that occurs during sleep between the sleep onset
time and the wakeup time is greater than or equal to a
predetermined value on the day before the physical condi-
tion deteriorates, the physical condition analysis unit 122
generates the following physical condition prediction infor-
mation: if the frequency of nocturnal awakening that occurs
during sleep is greater than or equal to the predetermined
value, the physical condition deteriorates on the following
day.

[0089] Furthermore, for example, the physical condition
analysis unit 122 analyzes the physical condition data and
the sleep state of one month. If the total duration of nocturnal
awakening that occurs during sleep between the sleep onset
time and the wakeup time is greater than or equal to a
predetermined value on the day before the physical condi-
tion deteriorates, the physical condition analysis unit 122
generates the following physical condition prediction infor-
mation: if the total duration of nocturnal awakening that
occurs during sleep is greater than or equal to the predeter-
mined value, the physical condition deteriorates on the
following day.

[0090] The physical condition analysis unit 122 may train
a prediction model that predicts a decline in physical con-
dition of the target person by using, as the teacher data, the
physical condition data indicating whether the physical
condition of the target person for the predetermined period
is good or not and the sleep state of the target person for the
predetermined period and inputting the teacher data to the
prediction model. Thereafter, the physical condition analysis
unit 122 may store the prediction model in the physical
condition prediction information accumulation unit 133 as
the physical condition prediction information.

[0091] The physical condition analysis unit 122 performs
cross analysis between the sleep state obtained from the
sleep state accumulation unit 131 and the physical condition
data obtained from the physical condition data accumulation
unit 132. The physical condition analysis unit 122 may
extract incident information about the physical condition
accumulated in the physical condition data accumulation
unit 132. The incident information includes, for example, a
fall and the time of the fall, fever and the time of the fever,
and the onset of BPSD and the time of the onset of BPSD.
In addition, when an incident occurs, the physical condition
analysis unit 122 may extract the sleep state immediately
before the time of the occurrence of incident. In this way, the
physical condition analysis unit 122 may accumulate, in the
physical condition prediction information accumulation unit
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133, the sleep state or a body temperature change state
immediately before the occurrence of incident for each of
the types of the incident information to be extracted in
accordance with the state of an elderly person.

[0092] The physical condition prediction information
accumulation unit 133 accumulates the physical condition
prediction information used to predict a change in the
physical condition of the target person. Note that the corre-
lation between the physical condition data and the sleep state
varies person to person. Accordingly, the physical condition
prediction information is information unique to the target
person. The physical condition prediction information is
stored in the physical condition prediction information accu-
mulation unit 133 in association with the target person.
[0093] The body temperature determination unit 123
determines whether the body temperature of the target
person is higher than a predetermined temperature on the
basis of the infrared image acquired by the infrared image
acquisition unit 113.

[0094] FIG. 4 illustrates the configuration of the body
temperature determination unit 123 illustrated in FIG. 2. As
illustrated in FIG. 4, the body temperature determination
unit 123 includes a face position detection unit 1231, a
surface temperature measurement unit 1232, an average
body temperature calculation unit 1233, and an abnormal
body temperature determination unit 1234. The storage unit
13 includes a surface temperature accumulation unit 134.
[0095] The face position detection unit 1231 detects the
position of the face of the target person in the infrared image
acquired by the infrared image acquisition unit 113. The face
position detection unit 1231 detects the position of the face
of the target person from the infrared image by, for example,
pattern matching.

[0096] The surface temperature measuring unit 1232 mea-
sures the surface temperatures at the position of the face
detected by the face position detection unit 1231.

[0097] The surface temperature accumulation unit 134
accumulates the surface temperature measured by the sur-
face temperature measurement unit 1232 at the position of
the face.

[0098] The average body temperature calculation unit
1233 calculates the average value of the surface tempera-
tures at the position of the face accumulated in the surface
temperature accumulation unit 134 as the average body
temperature.

[0099] The abnormal body temperature determination unit
1234 determines whether the surface temperature at the
position of the face measured by the surface temperature
measurement unit 1232 is higher than the average body
temperature calculated by the average body temperature
calculation unit 1233. If the abnormal body temperature
determination unit 1234 determines that the measured sut-
face temperature at the position of the face is higher than the
average body temperature, the abnormal body temperature
determination unit 1234 determines that the body tempera-
ture of the target person is abnormal. However, if the
abnormal body temperature determination unit 1234 deter-
mines that the measured surface temperature at the position
of the face is lower than or equal to the average body
temperature, the abnormal body temperature determination
unit 1234 determines that the body temperature of the target
person is normal.

[0100] The physical condition prediction unit 124 predicts
a change in the physical condition of the target person on the
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basis of the sleep state determined by the sleep determina-
tion unit 121. The physical condition prediction unit 124
predicts a change in the physical condition from the corre-
lation between the history of the sleep state determined by
the sleep determination unit 121 and the history of the
physical condition data acquired by the physical condition
data acquisition unit 112.

[0101] The physical condition prediction unit 124 refers to
the physical condition prediction information generated
from the correlation between the sleep state obtained for a
predetermined period of time and the physical condition data
obtained for the predetermined period of time and accumu-
lated in the physical condition prediction information accu-
mulation unit 133. If the sleep state determined by the sleep
determination unit 121 meets a condition defined by the
physical condition prediction information, the physical con-
dition prediction unit 124 predicts that the physical condi-
tion deteriorates. For example, the physical condition pre-
diction unit 124 predicts that if the target person has total
sleep duration less than a predetermined value per night for
2 straight days, the physical condition of the target person
deteriorates on the following day.

[0102] Alternatively, the physical condition prediction
unit 124 may predict a decline in physical condition of the
target person on the basis of the frequency at which the
target person awakens at night. That is, the physical condi-
tion prediction unit 124 may predict a decline in physical
condition of the target person if the frequency at which the
target person awakens at night is a predetermined value or
more. For example, the physical condition prediction unit
124 may predict that the physical condition of the target
person deteriorates on the following day if the frequency of
nocturnal awakening at night is equal to or more than the
predetermined value.

[0103] Still alternatively, the physical condition prediction
unit 124 may predict a decline in physical condition of the
target person on the basis of an amount of time the target
person is awake at night. That is, if the amount of time the
target person is awake at night is greater than or equal to a
predetermined value, the physical condition prediction unit
124 may predict a decline in physical condition of the target
person. For example, the physical condition prediction unit
124 may predict that the physical condition of the target
person deteriorates on the following day if the total length of
nocturnal awakening time during sleep at night is greater
than or equal to a predetermined value.

[0104] In addition, if the body temperature determination
unit 123 determines that the body temperature of the target
person is higher than a predetermined temperature, the
physical condition prediction unit 124 may predict a decline
in physical condition of the target person.

[0105] In addition, the physical condition prediction unit
124 may perform the likelihood analysis (pattern matching)
on the sleep state input from the sleep determination unit 121
in real time and the sleep states that are obtained at the time
of incidents and that are accumulated in the physical con-
dition prediction information accumulation unit 133. As a
result of the likelihood analysis, the physical condition
prediction unit 124 can obtain the likelihood between the
input sleep pattern and the sleep pattern at the time of an
incident and, thus, can predict a decline in physical condi-
tion by comparing the likelihood with a threshold value.
[0106] Inthis manner, the present system learns the typical
sleep patterns or the typical body temperature change pat-
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terns that lead to a decline in physical condition as teacher
data by using the physical condition data acquisition unit
112. As a result, the system can alert the occurrence of an
incident that involves an elderly person and that cannot be
predicted by the care giver.

[0107] Inaddition, while the present embodiment has been
described with reference to the physical condition data
acquisition unit 112 that acquires the past physical condition
data of a person whose decline in physical condition is to be
predicted, the physical condition data acquisition unit 112 is
not limited thereto. For example, the physical condition data
acquisition unit 112 may acquire the physical condition data
of another person who has a similar past heath history or
who has received care in a similar manner. In this case, the
physical condition prediction unit 124 can predict the physi-
cal condition of a person on the basis of the physical
condition data of another person.

[0108] Furthermore, while the present embodiment has
been described with reference to the physical condition
prediction unit 124 that performs likelihood analysis, the
analysis performed by the physical condition prediction unit
124 is not limited thereto. For example, to detect abnormal-
ity in vital signs, the same effect can be obtained from
probability analysis using a hidden Markov model or the
like. Even when there is no observation record of a care
giver (e.g., the nursing care record), probability analysis
enables calculation of the probability of the occurrence of a
similar incident (prediction) from the sleep state by obtain-
ing an abnormal value of the vital signs and setting the
occurrence of the abnormal value as an incident.

[0109] Furthermore, while the present embodiment has
been described with reference to a physical condition pre-
dicted from the sleep state or the body temperature, a
technique for prediction is not limited thereto. Basically, the
sleep information used by the present system is calculated
from the body motion of an elderly person, that is, the
activity state of the elderly person. Therefore, the physical
condition can be predicted by pattern analysis of the activity
state of the elderly person and incidents. For example, it can
be predicted that the activity amount has reduced due to a
decline in physical condition or dehydration.

[0110] Note that even when the blood pressure, for
example, is used as the vital sign instead of the body
temperature, the same effects as described above can be
obtained. In particular, in terms of the blood pressure, a
wristwatch type sphygmomanometer has been put into com-
mercial use recently. By using a sphygmomanometer of a
wristwatch type, continuous blood pressure data can be
obtained, and pattern analysis of a change in the blood
pressure and incidents can be performed.

[0111] Furthermore, in the likelihood analysis performed
by the physical condition prediction unit 124, correlation
analysis based on deep learning or machine learning is
available. In particular, in the case of elderly people, the
incident information about the physical condition accumu-
lated in the physical condition data accumulation unit 132 is
complex information, in many cases. To detect a correlation
between such complex information and the life rhythms,
such as sleep, analysis for multiple correlations is needed. In
addition, if, in addition to the data of the person, the data of
other persons are taken into consideration, correlation analy-
sis is more complicated. In this case, correlation analysis can
be performed by using deep learning or machine learning.
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[0112] The prediction result transmission unit 114 trans-
mits, to the terminal device 4, the physical condition pre-
diction result indicating a change in the physical condition
of the target person. Upon predicting a decline in physical
condition of the target person, the prediction result trans-
mission unit 114 transmits the physical condition prediction
result to the terminal device 4.

[0113] The terminal device 4 receives the physical condi-
tion prediction result transmitted from the server 1 and
notifies a manager of the received physical condition pre-
diction result. The terminal device 4 displays, for example,
the received physical condition prediction result. In addition,
for example, the terminal device 4 may output the received
physical condition prediction result by voice. Note that the
terminal device 4 for notifying the manager of the physical
condition prediction result may be the same as or different
from the terminal device that receives the input of the
physical condition data.

[0114] FIG. 5 illustrates an example of the sleep state
output from the sleep determination unit for one day. FIG. 5
illustrates the sleep state of the target person for one day,
from 7 am in the morning to 6:59 the next morning.
According to the present embodiment, the motion sensor 2
is disposed in a living room of the target person, and sleep
is determined on the basis of the body motion data detected
by the motion sensor 2. Therefore, the sleep determination
unit 121 can determine not only whether the target person is
asleep or awake but also whether the target person is in the
room. However, when the target person is not in the room,
the sleep determination unit 121 cannot determine whether
the target person is asleep or awake.

[0115] In FIG. 5, the abscissa represents the time, and the
ordinate represents whether the target person is sleeping
(“asleep”), the target person who is awake is in the room (“in
room (awake)”), or the target person is out of the room (“out
of room”). The state “asleep”, “in room (awake)”, or “out of
room” of the target person is indicated by each of a bar of
the bar graph. If the target person is out of the room, the level
of the bar is 0 (the lowermost level in FIG. 5). If the target
person who is awake is in the room, the level of the bar is
1 (the mid-level in FIG. 5). If the target person who is
sleeping is in the room, the level of the bar is 2 (the
uppermost level in FIG. 5). Each bar of the bar graph is
based on one minute, for example.

[0116] FIG. 6 illustrates an example of the sleep state
output from the sleep determination unit over a predeter-
mined period of time. In FIG. 6, the sleep state of the target
person from September 7 to October 2 of a certain year is
illustrated. As can be seen from FIG. 6, at night on Sep-
tember 11, 12, 14, 17, 18, 20, 22, 23, 25, 26, 27, 29, and 30
and October 2, the target person has not enough sleep.
[0117] FIG. 7 illustrates an example of the physical con-
dition data over a predetermined period of time. FIG. 7
illustrates the physical condition of the target person from
September 7 to October 2 of the certain year. In FIG. 7, the
circle indicates that the physical condition of the target
person is good, and the cross mark indicates that the physical
condition of the target person is bad. The sleep state illus-
trated in FIG. 6 and the physical condition illustrated in FIG.
7 are based on the data of the same target person. There is
a correlation between the sleep state illustrated in FIG. 6 and
the physical condition illustrated in FIG. 7, that is, a corre-
lation that the sleep deprivation continues for two days
before the physical condition deteriorates. For example, the
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target person has not enough sleep for 2 straight days
(September 11 and 12), and the physical condition on
September 13 (the following day) deteriorates.

[0118] As described above, the physical condition analysis
unit 122 analyzes the physical condition data and the sleep
state over a predetermined period of time. If sleep depriva-
tion continues for two days before the physical condition
deteriorates, the physical condition analysis unit 122 gen-
erates physical condition prediction information indicating
that if sleep deprivation continues for two straight days, the
physical condition of the following day deteriorates.
[0119] FIG. 8is a flowchart of the operation performed by
the server according to the present embodiment.

[0120] In step S1, the physical condition data acquisition
unit 112 determines whether the physical condition data
indicating whether the physical condition of the target
person is good has been acquired first. The physical condi-
tion data acquisition unit 112 receives the physical condition
data transmitted from the terminal device 4. The physical
condition data indicates, for example, whether the physical
condition of the target person on the previous day is good.
If it is determined that the physical condition data has not
been acquired (NO in step S1), the processing proceeds to
step S6.

[0121] However, if it is determined that the physical
condition data has been acquired (YES in step S1), the
physical condition data acquisition unit 112 accumulates the
acquired physical condition data in the physical condition
data accumulation unit 132 in step S2. Note that the physical
condition data acquisition unit 112 may acquire physical
condition data indicating the physical condition over one
day or may acquire physical condition data indicating of
physical condition over multiple days.

[0122] Subsequently, in step S3, the physical condition
analysis unit 122 determines whether a predetermined
period has elapsed since start of acquisition of the physical
condition data of the target person. For example, the physi-
cal condition analysis unit 122 determines whether one
month has elapsed since start of acquisition of the physical
condition data of the target person. Note that the predeter-
mined period is not limited to one month.

[0123] If it is determined that the predetermined period
has not elapsed since start of acquisition of the physical
condition data of the target person (NO in step S3), the
processing proceeds to step S6.

[0124] However, if it is determined that a predetermined
period has elapsed since start of acquisition of the physical
condition data of the target person (YES in step S3), the
physical condition analysis unit 122 analyzes a correlation
between the physical condition of the target person and the
sleep state of the target person over a predetermined time
period in step S4. The physical condition analysis unit 122
generates the physical condition prediction information used
to predict a change in the physical condition of the target
person on the basis of the analysis result.

[0125] Subsequently, in step S5, the physical condition
analysis unit 122 accumulates the generated physical con-
dition prediction information in the physical condition pre-
diction information accumulation unit 133.

[0126] If there is a correlation between the physical con-
dition and the sleep state, a change in the physical condition
can be predicted by using only the sleep state. Therefore,
when the physical condition prediction information is accu-
mulated in the physical condition prediction information
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accumulation unit 133, the physical condition data acquisi-
tion unit 112 may stop acquiring the physical condition data.
In addition, if there is no correlation between the physical
condition and the sleep state and, thus, the physical condi-
tion prediction information is not accumulated in the physi-
cal condition prediction information accumulation unit 133,
the physical condition data acquisition unit 112 may stop
acquiring the physical condition data.

[0127] Alternatively, if there is no correlation between the
physical condition and the sleep state and the physical
condition prediction information and, thus, the physical
condition prediction information is not accumulated in the
physical condition prediction information accumulation unit
133, the physical condition data acquisition unit 112 may
resume acquiring the physical condition data, and the physi-
cal condition analysis unit 122 may increase the predeter-
mined period of time. By increasing the predetermined
period of time, the probability of finding a correlation
between the physical condition and the sleep state can be
increased.

[0128] Subsequently. in step S6, the body motion data
acquisition unit 111 acquires the body motion data indicating
the motion of the body of the target person.

[0129] Subsequently. in step S7, the sleep determination
unit 121 determines the sleep state indicating whether the
target person is asleep or awake on the basis of the body
motion data acquired by the body motion data obtaining unit
111.

[0130] Subsequently. in step S8, the sleep determination
unit 121 accumulates the determined sleep state of the target
person in the sleep state accumulation unit 131.

[0131] Subsequently, in step S9, the physical condition
prediction unit 124 predicts a change in the physical con-
dition of the target person on the basis of the sleep state
determined by the sleep determination unit 121 and the
physical condition prediction information accumulated in
the physical condition prediction information accumulation
unit 133.

[0132] Subsequently. in step S10, the physical condition
prediction unit 124 determines whether a decline in physical
condition of the target person is predicted or not. If it is
determined that a decline in physical condition of the target
person is not predicted (NO in step S10), the processing
returns to step S1.

[0133] However, if, in step S11, it is determined that a
decline in physical condition of the target person is predicted
(YES in step S10), the prediction result transmission unit
114 transmits, to the terminal device 4, the physical condi-
tion prediction result predicting a decline in physical con-
dition of the target person. Thereafter, the processing returns
to step S1.

[0134] As described above, the physical condition predic-
tion system according to the present embodiment is capable
of predicting a change in the physical condition of the target
person on the basis of the constantly determined sleep state.
In addition, since a change in the physical condition of the
target person is predicted, the care plan for the target person
who is an elderly or a dementia patient, for example, can be
readjusted and, thus, the target person can be assisted more
efficiently.

[0135] While the present embodiment has been described
with reference to the physical condition prediction unit 124
that predicts a change in the physical condition of the target
person when the sleep state is determined, the physical
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condition prediction unit 124 is not limited thereto. The
physical condition prediction unit 124 may predict a change
in the physical condition of the target person at a predeter-
mined point in time. The predetermined point in time may
be, for example, a point in time at 7 a.m. every day or may
be predetermined intervals, such as 1-hour intervals. In this
case, after the process of step S8, the physical condition
prediction unit 124 determines whether the predetermined
point in time is reached. If the physical condition prediction
unit 124 determines that the predetermined point in time is
reached, the processing may proceed to step S9. However, if
the physical condition prediction unit 124 determines that
the predetermined point in time is not reached, the process-
ing may return to step S1.

[0136] According to the present embodiment, the physical
condition prediction unit 124 may predict a decline in
physical condition of the target person if the value of the
body motion data falls below a predetermined value within
a predetermined period of time.

[0137] FIG. 9 illustrates an example of the history of
standard deviation and average value of the body motion
data. In FIG. 9, the standard deviation and the average value
of the body motion data of one day at 5-day intervals are
illustrated. As indicated by an arrow Y1 in FIG. 9, when the
standard deviation of the body motion data abruptly
decreases within a predetermined period of time, the daily
life activity (ADL) of the target person is reduced and, thus,
the physical condition of the target person may deteriorate.
Accordingly, the physical condition prediction unit 124 may
predict a decline in physical condition of the target person if
the value of the body motion data falls below a predeter-
mined value within a predetermined period of time.

[0138] FIG. 10 illustrates the correlation between the
onset of Behavioral and Psychological Symptoms of
Dementia (BPSD) and the sleep state. In FIG. 10, the
number of naps of the target person, the number of nocturnal
awakening at night, the time of the occurrence of nocturnal
awakening at night, and the night-time behavior are illus-
trated on a daily basis.

[0139] The sleep state is gathered in the sleep state accu-
mulation unit 131 via the sleep determination unit 121. In
addition, the physical condition data acquisition unit 112
extracts data corresponding to the symptoms of BPSD, such
as wandering or delusions, from the nursing care record data
and accumulates the extracted data in the physical condition
data accumulation unit 132. The nursing care record data is
input by, for example, a care giver of the target person.
[0140] As can be seen from FIG. 10, wandering, which is
BPSD, occurs on May 21, and delusion, which is BPSD,
occurs on May 22 and May 27. The physical condition
analysis unit 122 analyzes the cause of the onset of BPSD on
the basis of the onset of BPSD and the data accumulated in
the sleep state accumulation unit 131. In this example, the
following correlations are found: (1) On the day of the onset
of BPSD, the number of nocturnal awakening is large; (2)
On the day on which the number of nocturnal awakening is
large, the number of naps during daytime or the number of
naps in the evening is large. Accordingly. the following
prediction can be derived: A nap during the daytime or a nap
in the evening that cannot be controlled by a care giver leads
to the onset of BPSD at night.

[0141] Therefore, the physical condition analysis unit 122
analyzes the correlation among the frequency of nocturnal
awakening of the target person at night, the frequency of a
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nap of the target person during the daytime or the frequency
of a nap in the evening, and the onset of behavioral and
psychological symptoms of dementia of the target person.
Subsequently, the physical condition analysis unit 122 gen-
erates the physical condition prediction information for
predicting the onset of behavioral and psychological symp-
toms of dementia of the target person on the basis of the
frequency of nocturnal awakening of the target person at
night and one of the frequency of a nap of the target person
during the daytime and the frequency of a nap in the
evening. The physical condition prediction unit 124 predicts
the onset of behavioral and psychological symptoms of
dementia of the target person on the basis of the frequency
of nocturnal awakening of the target person and the fre-
quency of a nap of the target person during the daytime or
in the evening.

[0142] Note that the physical condition prediction unit 124
may predict the occurrence of the behavioral and psycho-
logical symptoms of dementia of the target person on the
basis of the frequency of nocturnal awakening of the target
person at night. Alternatively, the physical condition predic-
tion unit 124 may predict the occurrence of the behavioral
and psychological symptoms of dementia of the target
person on the basis of the frequency of a nap of a target
person during daytime or in the evening. Still alternatively,
the physical condition prediction unit 124 may predict the
occurrence of the behavioral and psychological symptoms of
dementia of the target person on the basis of at least one of
the frequency of nocturnal awakening of the target person at
night and the frequency of a nap of the target person during
daytime or in the evening.

[0143] In this way, if the BPSD symptom and the sleep
state are accumulated and analyzed by the physical condi-
tion analysis unit 122, the physical condition prediction unit
124 can predict whether the nighttime BPSD occurs in
accordance with the state of a nap during daytime or in the
evening. If the onset of BPSD can be predicted, the care
giver can prepare for giving care to the target person, which
may lead to reduction of work load imposed on the care
giver. In addition, the care giver may eliminate events that
cause the onset of BPSD of the target person.

[0144] While the above description has been given with
reference to the case in which the onset of BPSD is predicted
on the basis of only the sleep state, the present disclosure is
not limited to the case. The activity amount of an elderly
person can be determined on the basis of the body motion
data, which are used to analyze the sleep state, and, there-
after, the correlation between the activity amount and BPSD
can be analyzed. In addition, it is effective to combine
various widely used vital sensors. The physical condition
prediction unit 124 can predict the onset of BPSD on the
basis of the correlation between a change in body tempera-
ture acquired by the infrared sensor or the temperature
sensor and BPSD. In addition, the physical condition pre-
diction unit 124 can predict the onset of BPSD on the basis
of the correlation between the heart rate or respiration rate
and BPSD by detecting the heart rate or respiratory rate from
the body motion data.

[0145] In particular, in terms of heartbeat, a technique for
evaluating the balance of autonomic nerves from heart rate
variability is widely used. It is generally known that exces-
sive stress conditions cause BPSD. Thus, if the degree of
stress is detected from heartbeat and is applied, the accuracy
of prediction of BPSD can be improved more.
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[0146] In addition, for example, by combining living
environment data (e.g., the indoor temperature, indoor
humidity, illuminance, noise, and carbon dioxide concentra-
tion), a living environment which is a factor that causes a
physical condition change or the onset of BPSD can be
identified. In general, it is well known that the room tem-
perature and the room humidity have an impact on a change
in deep body temperature responsible for sleeping. There-
fore, a factor that impairs sleep can be identified from the
room temperature and the room humidity. The physical
condition prediction unit 124 can predict a change in physi-
cal condition or the onset of BPSD on the basis of a
correlation between a pair consisting of room temperature
and the room humidity and one of a change in physical
condition and BPSD. Similarly, a factor that impairs sleep
can be further identified from noise or carbon dioxide
concentration. The physical condition prediction unit 124
can predict a change in physical condition or the onset of
BPSD on the basis of the correlation between one of noise
and carbon dioxide concentration and one of a change in
physical condition and BPSD.

[0147] While the apparatus according to the present dis-
closure has been described with reference to the embodi-
ment above, the present disclosure is not limited to the
embodiment. A variety of modifications of the present
embodiment that are conceivable by those skilled in the art
and an embodiment configured by combining constituent
elements of different embodiments may be encompassed in
the scope of one or a plurality of aspects of the present
disclosure without departing from the spirit and scope of the
present disclosure.

[0148] According to the above-described exemplary
embodiment and each of the modifications, each of the
constituent elements may be configured by using dedicated
hardware or execution of a software program suitable for the
constituent element. Each of the constituent elements may
be realized by a program execution unit, such as a central
processing unit (CPU) or a processor, reading out and
executing a software program recorded on a recording
medium, such as a hard disk or a semiconductor memory.
[0149] It should be noted that some or all of the fanctions
of a device according to the embodiments of the present
disclosure are typically implemented in the form of an LSI
(Large Scale Integration), which is an integrated circuit. The
functions may be formed as individual chips, or some or all
of the functions may be integrated into a single chip. In
addition, the circuit integration is not limited to LSI and may
be achieved by dedicated circuitry or a general-purpose
processor other than an LSI. A field programmable gate
array (FPGA), which is programmable after fabrication of
the LSI, or a reconfigurable processor which allows recon-
figuration of connections and settings of circuit cells in LSI
may be used.

[0150] In addition, some or all of the functions of the
apparatus according to the embodiments of the present
disclosure may be provided by a processor, such as a CPU,
executing a program.

[0151] In addition, the numerical values used above are
only illustrative examples for describing the technique of the
present disclosure in detail, and the present disclosure is not
limited to the examples of numeral values.

[0152] In addition, the order in which steps are executed
described in the above-described flowchart are only illus-
trative example for describing the present disclosure, and the
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order may differ from that described above if the same effect
can be obtained. Furthermore, some of the steps may be
executed concurrently with other steps (in parallel).
[0153] Furthermore, a variety of modifications of each of
the embodiments of the present disclosure that are conceiv-
able by those skilled in the art without departing from the
spirit and scope of the present disclosure are encompassed in
the scope of the present disclosure.
What is claimed is:
1. A method comprising:
(A) continuously or intermittently acquiring body motion
data related to body motions of a target person;
(B) generating, based on the acquired body motion data,
sleep state data related to a sleep state of the target
person;
(C) storing the generated sleep state data into a sleep state
database;
(D) predicting a future change in a physical condition of
the target person from the generated sleep state data by
referencing a physical condition prediction information
database; and
(E) when the physical condition data indicating the physi-
cal condition of the target person is acquired,
(el) reading past sleep state data over a past period from
the sleep state database,
(e2) collating the acquired physical condition data with
the read past sleep state data to generate physical
condition prediction information for predicting a par-
ticular change in the physical condition from particular
sleep state data, and
(e3) registering the generated physical condition predic-
tion information into the physical condition prediction
information database.
2. The method according to claim 1, wherein:
the body motion data indicate a number of the body
motions of the target person per unit time detected by
a body motion sensor;
the sleep state data indicate whether the target person is
asleep or awake in each periods; and
the (B) includes
(b1) determining that the target person is asleep if an
evaluation value calculated from the body motion
data over consecutive unit times is less than a
predetermined value, and

(b2) determining that the target person is awake if the
evaluation value is greater than or equal to the
predetermined value.
3. The method according to claim 1, wherein the physical
condition data are input by an observer who observes the
target person.
4. The method according to claim 1, wherein
the (e2) includes
(e21) determining whether there is a correlation
between the physical condition data and the past
sleep state data, and

(e22) generating, if there is the correlation, information
that associates the physical condition data with the
past sleep state data as the physical condition pre-
diction information.

5. The method according to claim 1, wherein in the (D),
the future change is predicted by pattern-matching the
generated sleep state data with the past sleep state data in the
physical condition prediction information database.
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6. The method according to claim 1, further comprising:

(A) continuously or intermittently acquiring body tem-
perature data indicating a body temperature of the
target person, wherein

in the (D), the future change is predicted from the sleep

state data and the body temperature data.

7. The method according to claim 1, wherein in the (D),
the future change is predicted from a frequency of nocturnal
awakening of the target person.

8. The method according to claim 1, wherein in the (D),
the future change is predicted from an amount of time the
target person is awake at night.

9. The method according to claim 3, wherein the physical
condition data includes information about behavioral and
psychological symptoms of dementia of the target person.

10. The method according to claim 1, further comprising:

transmitting a result predicted in the (D) to a terminal.

11. A computer coniprising:

a processor; and

a memory that stores a program for causing the processor

to execute the method according to claim 1.

12. A non-transitory storage medium storing a program
that cases a processor to execute the method according to
claim 1.

11
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