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Description

Technical Field

[0001] An embodiment of the present invention relates to a sleep quality estimation device, and in particular, to a sleep
quality estimation device which estimate the sleep quality of a subject from a physiological index of the subject.

Background Art

[0002] A method which simply estimates the sleep quality during sleep has been suggested in, for example, Patent
Literature 1 or the like. In the method of Patent Literature 1, a sleep state is estimated from a physiological index. In the
method of Patent Literature 1, the rhythm of sleep of a subject is estimated from the appearance probability of a specific
sleep stage per unit time. In the method of Patent Literature 1, the sleep quality, such as "sleep rhythm", "head relaxation",
and "quick falling asleep", is estimated using the rhythm of sleep of the subject. A sleep stage II and subsequent stages
become SWS (deep sleep), and the sleep quality is estimated from the appearance probability of SWS. In the method
of Patent Literature 1, for example, when an evaluation element is "head relaxation", a period during which the appearance
ratio of SWS increases from 0% after going to bed, the appearance ratio of SWS exceeds a predetermined threshold
level S1, such as 40%, and becomes 0% again, and then, the appearance ratio of SWS increases becomes one cycle.
In the method of Patent Literature 1, an evaluation point is calculated according to the total of the appearance ratio of
SWS within one cycle for every cycle, and the sum of the evaluation points of the respective cycles becomes the
evaluation of "head relaxation".
[0003] A document by Bsoul et al., entitled "Real-Time Sleep Quality Assessment Using Single-Lead ECG and Multi-
Stage SVM Classifier", published 31 August 2010, 32nd Annual International Conference of the IEEE EMBS, relates to
a home-based, automated and non-intrusive system that is based on Electrocardiogram (ECG) measurements and uses
a multi-stage Support Vector Machines (SVM) classifier to measure three indices for sleep quality assessment per 30
s epoch segment: Sleep Efficiency Index, Delta-Sleep Efficiency Index and Sleep Onset Latency.
[0004] A documents by Dorfman Furman et al., entitled "Electrocardiogram Derived Respiration during Sleep", pub-
lished 25 September 2005, relates to quantification of the ECG Derived Respiration (EDR) in order to extend the capa-
bilities of ECG-based sleep analysis.

Citation List

Patent Literature

[0005] [Patent Literature 1] Japanese Unexamined Patent Application Publication No. 2004-358235

Summary of Invention

Technical Problem

[0006] The technique of Patent Literature 1 evaluates the sleep quality based on the appearance ratio of deep sleep
during sleep and the accumulated appearance time. However, if the sleep quality of the subject is evaluated by this
method, there may be a large error from the actual quality of sleep of the subject. For this reason, various improvements
are required.
[0007] An embodiment of the invention has been accomplished in consideration of the above-described problem, and
an object of the invention is to provide a sleep quality estimation device for sleep quality estimation capable of estimating
the sleep quality of a subject with higher precision.

Solution to Problem

[0008] A sleep quality estimation device according to an embodiment of the invention includes a physiological index
detection unit which detects a physiological index of a subject, a sleep depth estimation unit which estimates the depth
of sleep of the subject during sleep based on the index detected by the physiological index detection unit, and a sleep
quality estimation unit which estimates the appearance time of δ-wave of the subject during sleep from the depth of
sleep of the subject during sleep estimated by the sleep depth estimation unit and estimates the sleep quality of the
subject based on the appearance time of δ-wave.
[0009] With this configuration, in the sleep quality estimation device, the physiological index detection unit detects the
physiological index of the subject. The sleep depth estimation unit estimates the depth of sleep of the subject during
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sleep based on the index detected by the physiological index detection unit. The sleep quality estimation unit estimates
the appearance time of δ-wave of the subject during sleep from the depth of sleep of the subject during sleep estimated
by the sleep depth estimation unit and estimates the sleep quality of the subject based on the appearance time of δ-
wave. For this reason, it is possible to estimate the sleep quality of the subject with higher precision based on the
appearance time of δ-wave more closely related to the sleep quality compared to a method which simply accumulates
a deep sleep time zone to estimate the sleep quality.
[0010] In this case, the physiological index detection unit may detect the respiration of the subject as the physiological
index of the subject.
[0011] With this configuration, the physiological index detection unit detects the respiration of the subject as the
physiological index of the subject. Since the respiration can be detected in a noncontact state with the skin of the subject,
unlike brain wave or heartbeat, it becomes possible to improve the convenience of the subject or to simplify the config-
uration of the device.
[0012] A sleep quality estimation device according to another embodiment not part of the invention includes a sleep
depth information acquisition unit which acquires time series information relating to the depth of sleep of a subject during
sleep, and a sleep quality estimation unit which estimates the appearance time of δ-wave of the subject during sleep
from the depth of sleep of the subject during sleep according to the time series information acquired by the sleep depth
information acquisition unit and estimates the sleep quality of the subject based on the appearance time of δ-wave.
[0013] With this configuration, the sleep depth information acquisition unit acquires the time series information relating
to the depth of sleep of the subject during sleep, and the sleep quality estimation unit estimates the appearance time of
δ-wave of the subject during sleep from the depth of sleep of the subject during sleep according to the time series
information acquired by the sleep depth information acquisition unit and estimates the sleep quality of the subject based
on the appearance time of δ-wave. For this reason, even if the physiological index of the subject is not necessarily
measured by the device itself or the depth of sleep of the subject is not necessarily estimated, it is possible to estimate
the sleep quality of the subject.
[0014] The sleep quality estimation device may further include a database in which models associated with the ap-
pearance probability of δ-wave for the depth of sleep during sleep are recorded, and the sleep quality estimation unit
may estimate the appearance time of δ-wave of the subject during sleep based on the depth of sleep of the subject
during sleep and the models associated with the appearance probability of δ-wave for the depth of sleep during sleep
recorded in the database and may estimate the sleep quality of the subject based on the appearance time of δ-wave.
[0015] With this configuration, the sleep quality estimation unit estimates the appearance time of δ-wave of the subject
during sleep based on the depth of sleep of the subject during sleep and the models associated with the appearance
probability of δ-wave for the depth of sleep during sleep recorded in the database and estimates the sleep quality of the
subject based on the appearance time of δ-wave. For this reason, it is possible to estimate the appearance time of δ-
wave with higher precision using the models and to estimate the sleep quality of the subject with higher precision.
[0016] In this case, the models recorded in the database may be associated with the appearance probability of δ-wave
for a stay time when the depth of sleep of each sleep cycle from non-REM sleep to REM sleep stays with a value deeper
than a predetermined value, and the sleep quality estimation unit may estimate the stay time of each sleep cycle from
the depth of sleep of the subject during sleep and may estimate the appearance time of δ-wave of the subject during
sleep based on the stay time and the models associated with the appearance probability of δ-wave for the stay time of
each sleep cycle.
[0017] With this configuration, the models recorded in the database are associated with the appearance probability
of δ-wave for a stay time when the depth of sleep of each sleep cycle from non-REM sleep to REM sleep stays with a
value deeper than a predetermined value, and the sleep quality estimation unit estimates the stay time of each sleep
cycle from the depth of sleep of the subject during sleep and estimates the appearance time of δ-wave of the subject
during sleep based on the stay time and the models associated with the appearance probability of δ-wave for the stay
time of each sleep cycle. There is the stay time when the depth of sleep stays with a deep value for each sleep cycle
from non-REM sleep to REM sleep, and the appearance probability of δ-wave for the stay time differs for each sleep
cycle. For this reason, the appearance time of δ-wave is estimated based on the models associated with the appearance
probability of δ-wave for the stay time of each sleep cycle, whereby it is possible to estimate the appearance time of δ-
wave and to estimate the sleep quality of the subject with higher precision.
[0018] In this case, in the models recorded in the database, the longer the elapsed time during sleep is, the lower the
appearance probability of δ-wave for the stay time may be set.
[0019] In human sleep, as the elapsed time during sleep is long, the appearance probability of δ-wave for the stay
time decreases. For this reason, a model in which, the longer the elapsed time during sleep is, the lower the appearance
probability of δ-wave for the stay time is set is used, whereby it is possible to estimate the sleep quality with higher
precision by a model more conforming to reality.
[0020] A sleep quality estimation method according to still another embodiment not part of the invention includes a
physiological index detection step of detecting a physiological index of a subject, a sleep depth estimation step of
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estimating the depth of sleep of the subject during sleep based on the index detected in the physiological index detection
step, and a sleep quality estimation step of estimating the appearance time of δ-wave of the subject during sleep from
the depth of sleep of the subject during sleep estimated in the sleep depth estimation step and estimating the sleep
quality of the subject based on the appearance time of δ-wave.
[0021] In this case, in the physiological index detection step, the respiration of the subject may be detected as the
physiological index of the subject.
[0022] A sleep quality estimation method according to still another embodiment not part of the invention includes a
sleep depth information acquisition step of acquiring time series information relating to the depth of sleep of a subject
during sleep, and a sleep quality estimation step of estimating the appearance time of δ-wave of the subject during sleep
from the depth of sleep of the subject during sleep according to the time series information acquired in the sleep depth
information acquisition step and estimating the sleep quality of the subject based on the appearance time of δ-wave.
[0023] In the sleep quality estimation step, the appearance time of δ-wave of the subject during sleep may be estimated
based on the depth of sleep of the subject during sleep and the models associated with the appearance probability of
δ-wave for the depth of sleep during sleep recorded in a database and the sleep quality of the subject may be estimated
based on the appearance time of δ-wave.
[0024] In this case, the models recorded in the database may be associated with the appearance probability of δ-wave
for a stay time when the depth of sleep of each sleep cycle from non-REM sleep to REM sleep stays with a value deeper
than a predetermined value, and in the sleep quality estimation step, the stay time of each sleep cycle may be estimated
from the depth of sleep of the subject during sleep and the appearance time of δ-wave of the subject during sleep may
be estimated based on the models associated with the appearance probability of δ-wave for the stay time of each sleep
cycle.
[0025] In this case, in the models recorded in the database, the longer the elapsed time during sleep is, the lower the
appearance probability of δ-wave for the stay time may be set.
[0026] According to still another embodiment not part of the invention, there is provided a program for sleep quality
estimation which causes a computer to execute a sleep depth information acquisition step of acquiring time series
information relating to the depth of sleep of a subject during sleep, and a sleep quality estimation step of estimating the
appearance time of δ-wave of the subject during sleep from the depth of sleep of the subject during sleep according to
the time series information acquired in the sleep depth information acquisition step and estimating the sleep quality of
the subject based on the appearance time of δ-wave.
[0027] In this case, the sleep quality estimation step may cause the computer to estimate the appearance time of δ-
wave of the subject during sleep based on the depth of sleep of the subject during sleep and the models associated
with the appearance probability of δ-wave for the depth of sleep during sleep recorded in a database and may cause
the computer to estimate the sleep quality of the subject based on the appearance time of δ-wave.
[0028] In this case, the models recorded in the database may be associated with the appearance probability of δ-wave
for a stay time when the depth of sleep of each sleep cycle from non-REM sleep to REM sleep stays with a value deeper
than a predetermined value, and the sleep quality estimation step may cause the computer to estimate the stay time of
each sleep cycle from the depth of sleep of the subject during sleep and may cause the computer to estimate the
appearance time of δ-wave of the subject during sleep based on the models associated with the appearance probability
of δ-wave for the stay time of each sleep cycle.
[0029] In this case, in the models recorded in the database, the longer the elapsed time during sleep is, the lower the
appearance probability of δ-wave for the stay time may be set.

Advantageous Effects of Invention

[0030] With the sleep quality estimation device, the sleep quality estimation method, and the program for sleep quality
estimation according to the embodiment of the invention, it is possible to estimate the sleep quality of the subject with
higher precision.

Brief Description of Drawings

[0031]

Fig. 1 is a block diagram showing the configuration of a sleep quality estimation device according to an embodiment.
Fig. 2 is a flowchart showing the operation of the sleep quality estimation device according to the embodiment.
Fig. 3 is a graph showing a general cycle of transition of sleep stages in a night.
Fig. 4 is a diagram showing a respiratory waveform measured by a respiration sensor.
Fig. 5 is a diagram showing a result of sampling the time of each wavelength of the respiratory waveform of the Fig. 4.
Fig. 6 is a diagram showing a method of estimating a sleep stage based a variable relating to a respiratory waveform
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using a support vector machine.
Fig. 7 is a graph showing a sleep stage estimated from a measured value by the respiration sensor.
Fig. 8 is a table showing the appearance probability of δ-wave in a standard sleep rhythm model.

Description of Embodiments

[0032] Hereinafter, an embodiment of the invention will be described in detail referring to the drawings. A sleep quality
estimation device of this embodiment is a device which is mounted in a vehicle to estimate the sleep quality of a driver
after a nap and is provided in a lodging facility, in a medical institution, or at home to estimate the sleep quality of a
subject. As shown in Fig. 1, a sleep quality estimation device 10 of this embodiment includes a respiration sensor 12,
a sleep stage estimation unit 14, a sleep rhythm model database 16, and a sleep quality estimation unit 18.
[0033] The respiration sensor 12 is constituted by a piezoelectric element or the like. The respiration sensor 12 is
mounted on clothing, such as a trousers belt of the subject. The respiration sensor 12 detects respiratory waveform,
which is the operation of a chest or an abdomen of the subject, as one of physiological indexes of the subject. In addition
to the respiration of the subject, as the physiological index of the subject, brain wave, heartbeat, or other body motions
may be detected. However, the respiration of the subject is superior in that the respiration can be detected in a noncontact
state with the skin of the subject without brining sensors, such as multiple electrodes, into contact with the skin of the
subject.
[0034] The sleep stage estimation unit 14 is constituted by a computer including a CPU (Central Processing Unit), a
ROM (Read Only Memory), a RAM (Random Access Memory), and the like as hardware. The function of the sleep stage
estimation unit 14 is realized by the computer executing processing described below by a program for sleep quality
estimation of this embodiment. The sleep stage estimation unit 14 estimates the sleep stage of the subject based on
the respiratory waveform of the subject detected by the respiration sensor 12 using a method described below. The
sleep stage estimation unit 14 estimates the sleep stage of the subject among sleep stages I to IV. However, the sleep
stage of the subject estimated by the sleep stage estimation unit 14 is not necessarily strict. The precision of the sleep
stage of the subject estimated by sleep stage estimation unit 14 may be such an extent that the time when the sleep
stage of the subject stays in a stage deeper than the sleep stage II, in which δ-wave appears for each sleep cycle from
non-REM sleep to REM sleep can be recognized.
[0035] The sleep rhythm model database 16 is realized by hardware, such as a HDD (Hard Disk Drive), in which
information is recorded. As described below, the sleep rhythm model database 16 records standard models which define
the appearance probability of δ-wave for a stay time when a sleep stage of each sleep cycle from non-REM sleep to
REM sleep stays with a value (minimum value) deeper than a predetermined value in the standard statistics of an
unspecified number of subjects. In this embodiment, in order to estimate the sleep quality specialized for a specific
subject, in the sleep rhythm model database 16, the appearance probability of δ-wave for the stay time when a sleep
stage of each sleep cycle of the specific subject stays with a value deeper than a predetermined value may be defined
based on measured values accumulated for the specific subject.
[0036] The sleep quality estimation unit 18 is constituted by a computer including a CPU, a ROM, a RAM, and the like
as hardware. The function of the sleep quality estimation unit 18 is realized by the computer executing processing
described below by the program for sleep quality estimation of this embodiment. As described below, the sleep quality
estimation unit 18 estimates the stay time which is the time for staying in a stage deeper than the sleep stage II of each
sleep cycle from the sleep stage of the subject during sleep estimated by the sleep stage estimation unit 14. The sleep
quality estimation unit 18 estimates the appearance time of δ-wave of the subject during sleep based on the estimated
stay time and the models associated with the appearance probability of δ-wave for the stay time of each sleep cycle
recorded in the sleep rhythm model database 16 and estimates the sleep quality of the subject based on the accumulated
time of the appearance time of δ-wave.
[0037] Hereinafter, the operation of the sleep quality estimation device 10 of this embodiment will be described. As
shown in Fig. 2, the sleep quality estimation unit 18 of the sleep quality estimation device 10 resets, to 0, AddUpT which
is the stay time in a sleep stage deeper than the sleep stage II and Status which is the total number of turns of the cycle
of deep sleep, and detects the respiratory waveform of the subject (S101). The sleep quality estimation unit 18 performs
determination about whether or not the wake-up time of the subject is reached (S102). When the wake-up time is not
reached (S102), the sleep stage estimation unit 14 of the sleep quality estimation device 10 estimates the sleep stage
of the subject (S103).
[0038] As shown in Fig. 3, in general, the sleep stage during sleep reaches a stage deeper than sleep stage II about
at the time 10 after going to bed. In this case, sleep is non-REM sleep. Then, after the stay time of deep sleep of the
sleep stage IV has elapsed, the sleep stage reaches a time zone of light sleep of REM sleep. A period of about 90
minutes from non-REM sleep to REM sleep is referred to as a sleep cycle or an ultradian cycle. Thereafter, REM sleep,
the stay time of deep sleep, and non-REM sleep are repeated in the same cycle of about 90 minutes. The sleep stage
becomes gradually light and reaches wake-up.
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[0039] In this embodiment, the respiration sensor 12 detects a respiratory waveform B shown in Fig. 4. The wavelength
of the respiratory waveform B has variation as shown at t1 to tn of Figs. 4 and 5. The sleep stage estimation unit 14
plots variables X1 and X2 as a predetermined feature amount for the respiratory waveform B on a vector plane shown
in Fig. 6 and estimates the sleep state of the subject by a learning model, such as a support vector machine. The
calibration of the learning model may be performed by statistical values obtained by brain wave or the like. The number
of variables X1 and X2 may be equal to or greater than three and may be used in a three-dimensional or more vector space.
[0040] As the variables X1 and X2 and the like which are the feature amount of the respiratory waveform B, for example,
fluctuation in the wavelength t1 to tn for 60 seconds of the respiratory waveform B, the centroid of the wavelength t1 to
tn, the mean of the wavelengths t1 to tn, and the standard deviation of the wavelengths t1 to tn, or fluctuation in the
amplitude for 60 seconds of the respiratory waveform B, the centroid of the amplitude, the mean of the amplitude, and
the standard deviation of the amplitude may be taken.
[0041] As the variables X1 and X2 and the like which are the feature amount of the respiratory waveform B, a respiration
centroid frequency may be used. This is a value of a frequency component between 0.15 Hz to 0.5 Hz within the
respiratory waveform B, and if the respiration centroid frequency becomes a small value from a large value, this represents
that the sleep stage becomes a deep stage from a light stage.
[0042] The cycle of respiration is 0.15 Hz to 0.5 Hz. That is, single respiration is performed for 6 to 2 seconds.
Accordingly, when estimating the feature amount of the respiratory waveform B, such as the respiration centroid fre-
quency, since it is not necessary to perform estimation operation with further resolution, estimation operation of the
feature amount of the respiratory waveform B may be performed within this range. In this embodiment, estimation
operation for the feature amount of the respiratory waveform B is performed for every 10 seconds, every 20 seconds,
every 30 seconds, and every 60 seconds. For example, when an estimated value is output at an interval of 30 seconds,
the results estimated for every 10 seconds become an estimation result according to the principle of majority rule, thereby
increasing precision. For example, when the estimation results for every 10 seconds are divided into A, A, and B, as an
estimated value which is output at an interval of 30 seconds, the estimated value "A" is output according to the principle
of majority rule.
[0043] As shown in Table 1, for example, the sleep stage estimation unit 14 may set 8 variables which are the mean
value of various feature amounts for the respiratory waveform B or 13 variables with the dispersion of various feature
amounts of the respiratory waveform B, and may estimate the sleep stage of the subject by a support vector machine
in an 8-dimensional vector space or a 13-dimensional vector space of these variables.

[0044] Returning to Fig. 2, when the sleep stage of the subject estimated by the sleep stage estimation unit 14 is
deeper sleep than the sleep stage II (S104), the sleep quality estimation unit 18 counts AddUpT (S105). Until AddUpT
which is the stay time of the deep sleep stage becomes longer than THContinuance which is set to about 90 minutes
of the sleep cycle (S106), the sleep quality estimation unit 18 continues to count AddUpT (S104, S 105). When AddUpT
becomes longer than a value obtained by incrementing THContinuance by 1 (S107), the sleep quality estimation unit
18 increments Status, which is the total number of turns of the cycle of deep sleep, by 1 (S108).
[0045] As shown in Figs. 3 and 7, in general, when the sleep cycle is too long, the sleep stage becomes light. For this
reason, the sleep stage estimation unit 14 determines that the subject is not deep sleeping (S104). The sleep quality

[Table 1]

Mean Dispersion Feature Amount Note Awake →  
Change

Deep 
Sleep

(1) (9) Respiration Centroid Frequency 0.15 to 0.5 Hz Large Small

(2) (10) Inspiratory Volume Peak Value: R(max) Large Small

(3) Inspiratory Volume Fluctuation Coefficient Large Small

(4) Inspiratory Volume Change Rate Large Small

(5) (11)
Expiratory Volume/Inspiratory 
Volume (I/E) ∑v2(t)r2(t)/∑v1(t)

r1(t)

Cell Respiration 
(Activity) Ventilatory 

Volume
Large Small

(6) (12) Respiration Rate Large Small

(7) (13) Respiration Time
Inter-Peak Time Time 

for 0.8R(max) Short Long

(8) Respiration Time Change Rate Large Small
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estimation unit 18 records AddUpT, which is the stay time in the deep sleep stage, in association with Status, which is
the total number of turns of the cycle of deep sleep, and resets AddUpT to 0. In this way, until the wake-up time is
reached (S102), the processing of S102 to S109 is executed for each sleep cycle. When the wake-up time is reached
(S102), the sleep quality estimation unit 18 estimates the sleep quality of the subject based on the record of AddUpT,
which is the stay time in the deep sleep stage, and the models recorded in the sleep rhythm model database 16 (S 1 10).
[0046] The sleep quality depends on the accumulated appearance time of δ-wave which appears in the region of deep
sleep. In regard to the accumulated appearance time of δ-wave during sleep, in general, the total time every day is
substantially a constant value regardless of the number of naps. If a day elapses, the accumulated appearance time of
δ-wave for the day returns to the same constant value regardless of the condition of the previous day. It is considered
that the sleep quality can be estimated by the accumulated appearance time of δ-wave during sleep. Since an ultradian
rhythm which is a human biorhythm has one cycle of about 90 minutes, it may be assumed that the appearance probability
of δ-wave fluctuates for the time staying in the deep sleep stage for each sleep cycle.
[0047] As shown in Fig. 7, it is assumed that the stay time AddUpT of deep sleep stages (sleep stages deeper than
the sleep stage II) of sleep cycles C1 to C4 are t1 to t3. It is known that δ-wave appears for the stay time t1 to t3 of the
deep sleep stages. As shown in Fig. 8, in the sleep rhythm model database, the appearance probability of δ-wave of an
unspecified number of people for the stay time t1 to t3 correspond to the sleep cycles (cycle) C1 to C4. Accordingly, the
sleep quality estimation unit 18 totals the accumulated appearance time of δ-wave for each sleep cycle by Expression
(1) to estimate sleep quality Q. However, in Expression (1), p is an arbitrary integer (gain).
[Equation 1] 

[0048] In the method described in Patent Literature 1, the sleep stage is estimated, the appearance ratio of the sleep
stage for an arbitrary unit time is calculated, and the ultradian rhythm of the human is estimated from the appearance
ratio. For this reason, since a running mean is calculated by a predetermined threshold value, it is estimated to be
excessively "deep sleep", it is often out of the concept that the sleep quality is determined by the appearance time of δ-
wave.
[0049] According to this embodiment, in the sleep quality estimation device 10, the respiration sensor 12 detects the
respiratory waveform of the subject. The sleep stage estimation unit 14 estimates the sleep stage of the subject during
sleep based on the respiratory waveform detected by the respiration sensor 12. The sleep rhythm model database 16
records the models associated with the appearance probability of δ-wave for the sleep stage during sleep. The sleep
quality estimation unit 18 estimates the appearance time of δ-wave of the subject during sleep based on the sleep stage
of the subject during sleep estimated by the sleep stage estimation unit 14 and the models associated with the appearance
probability of δ-wave for the sleep stage during sleep recorded in the sleep rhythm model database 16 and estimates
the sleep quality of the subject based on the appearance time of δ-wave. For this reason, it is possible to estimate the
sleep quality of the subject with higher precision based on the appearance time of δ-wave more closely related to the
sleep quality compared to a method which simply accumulates a deep sleep time zone to estimate the sleep quality.
[0050] According to this embodiment, the models recorded in the sleep rhythm model database 16 are associated
with the appearance probability of δ-wave for the stay time when the sleep stage of each sleep cycle from non-REM
sleep to REM sleep stays with a value deeper than the sleep stage II, and the sleep quality estimation unit 18 estimates
the stay time of each sleep cycle from the sleep stage of the subject during sleep estimated by the sleep stage estimation
unit 14 and estimates the appearance time of δ-wave of the subject during sleep based on the stay time and the models
associated with the appearance probability of δ-wave for the stay time of each sleep cycle. There is the stay time when
the sleep stage stays with a deep value for each sleep cycle from non-REM sleep to REM sleep, and the appearance
probability of δ-wave for the stay time differs for each sleep cycle. For this reason, the appearance time of δ-wave of the
subject during sleep is estimated based on the models associated with the appearance probability of δ-wave for the stay
time of each sleep cycle, whereby it is possible to estimate the appearance time of δ-wave and to estimate the sleep
quality of the subject with higher precision.
[0051] According to this embodiment, the respiration sensor 12 detects the respiratory waveform of the subject as the
physiological index of the subject. Since the respiratory waveform can be detected in a noncontact state with the skin
of the subject, unlike brain wave or heartbeat, it becomes possible to improve the convenience of the subject or to
simplify the configuration of the device.
[0052] The invention is not limited to the above-described embodiment, and various modifications may be made. For
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example, in the above-described embodiment, description has been provided focusing on a mode in which the respiration
sensor 12, the sleep stage estimation unit 14, the sleep rhythm model database 16, and the sleep quality estimation
unit 18 are constituted as the integrated sleep quality estimation device 10. However, the embodiment of the invention
also includes a mode in which the physiological index of the subject, such as the respiratory waveform, is measured
once and recorded, the sleep stage of the subject is estimated from the respiratory waveform by a separate computer,
and the sleep quality of the subject is estimated from the sleep stage and the models in the above-described manner.
[0053] Alternatively, the sleep quality estimation device 10 itself may not include the respiration sensor 12, the sleep
stage estimation unit 14 may not estimate the sleep stage, and time series information relating to the sleep stage of the
subject during sleep shown in Fig. 3 acquired outside the sleep quality estimation device 10 may be merely acquired.
In this case, as in the above-described embodiment, the sleep quality estimation unit 18 can estimate the appearance
time of δ-wave during sleep of the subject from the time series information of the sleep stage and can estimate the sleep
quality of the subject based on the appearance time of δ-wave.

Industrial Applicability

[0054] According to the sleep quality estimation device, the sleep quality estimation method, and the program for sleep
quality estimation of the embodiment of the invention, it is possible to estimate sleep quality of the subject with higher
precision.

Reference Signs List

[0055]

10: sleep quality estimation device
12: respiration sensor
14: sleep stage estimation unit
16: sleep rhythm model database
18: sleep quality estimation unit

Claims

1. A sleep quality estimation device (10) comprising:

a physiological index detection unit (12) which is configured to detect a physiological index of a subject, wherein
the physiological index detection unit detects the respiration of the subject as the physiological index of the
subject;
a sleep depth estimation unit which is configured to estimate the depth of sleep of the subject during sleep
based on the index detected by the physiological index detection unit;
a sleep quality estimation unit (18) which is configured to estimate the appearance time of δ-wave of the subject
during sleep from the depth of sleep of the subject during sleep estimated by the sleep depth estimation unit
and is configured to estimate the sleep quality of the subject based on the appearance time of δ-wave; and
a database in which models associated with the appearance probability of δ-wave for the depth of sleep during
sleep are recorded,
wherein the sleep quality estimation unit is configured to estimate the appearance time of δ-wave of the subject
during sleep based on the depth of sleep of the subject during sleep and the models associated with the
appearance probability of δ-wave for the depth of sleep during sleep recorded in the database and is configured
to estimate the sleep quality of the subject based on the appearance time of δ-wave.

2. The sleep quality estimation device according to claim 1,

wherein the models recorded in the database are associated with the appearance probability of δ-wave for a
stay time when the depth of sleep of each sleep cycle from non-REM sleep to REM sleep stays with a value
deeper than a predetermined value, and
the sleep quality estimation unit estimates the stay time of each sleep cycle from the depth of sleep of the subject
during sleep and estimates the appearance time of δ-wave of the subject during sleep based on the stay time
and the models associated with the appearance probability of δ-wave for the stay time of each sleep cycle.
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3. The sleep quality estimation device according to claim 2,
wherein, in the models recorded in the database, the longer the elapsed time during sleep is, the lower the appearance
probability of δ-wave for the stay time is set.

4. A sleep quality estimation method comprising:

a physiological index detection step of detecting a physiological index of a subject, wherein, in the physiological
index detection step, the respiration of the subject is detected using a respiration sensor as the physiological
index of the subject.;
a sleep depth estimation step of estimating the depth of sleep of the subject during sleep based on the index
detected in the physiological index detection step; and
a sleep quality estimation step of estimating the appearance time of δ-wave of the subject during sleep from
the depth of sleep of the subject during sleep estimated in the sleep depth estimation step and estimating the
sleep quality of the subject based on the appearance time of δ-wave;
wherein, in the sleep quality estimation step, the appearance time of δ-wave of the subject during sleep is
estimated based on the depth of sleep of the subject during sleep and the models associated with the appearance
probability of δ-wave for the depth of sleep during sleep recorded in a database and the sleep quality of the
subject is estimated based on the appearance time of δ-wave.

5. The sleep quality estimation method according to claim 4,

wherein the models recorded in the database are associated with the appearance probability of δ-wave for a
stay time when the depth of sleep of each sleep cycle from non-REM sleep to REM sleep stays with a value
deeper than a predetermined value, and
in the sleep quality estimation step, the stay time of each sleep cycle is estimated from the depth of sleep of
the subject during sleep and the appearance time of δ-wave of the subject during sleep is estimated based on
the models associated with the appearance probability of δ-wave for the stay time of each sleep cycle.

6. The sleep quality estimation method according to claim 5,
wherein, in the models recorded in the database, the longer the elapsed time during sleep is, the lower the appearance
probability of δ-wave for the stay time is set.

Patentansprüche

1. Vorrichtung (10) zum Schätzen einer Schlafqualität, die Folgendes umfasst:

eine Einheit (12) zum Detektieren einer physiologischen Kennzahl, die konfiguriert ist, eine physiologische
Kennzahl eines Probanden zu detektieren, wobei die Einheit zum Detektieren einer physiologischen Kennzahl
die Atmung des Probanden als die physiologische Kennzahl des Probanden detektiert;
eine Einheit zum Schätzen einer Schlaftiefe, die konfiguriert ist, die Schlaftiefe des Probanden während des
Schlafs auf der Basis der Kennzahl, die durch die Einheit zum Detektieren einer physiologischen Kennzahl
detektiert wurde, zu schätzen;
eine Einheit (18) zum Schätzen einer Schlafqualität, die konfiguriert ist, die Auftrittszeit einer δ-Welle des Pro-
banden während des Schlafs aus der Schlaftiefe des Probanden während des Schlafs, die durch die Einheit
zum Schätzen der Schlaftiefe geschätzt wird, zu schätzen, und die konfiguriert ist, die Schlafqualität des Pro-
banden auf der Basis der Auftrittszeit einer δ-Welle zu schätzen; und
eine Datenbank, in der Modellen, die der Auftrittswahrscheinlichkeit einer δ-Welle für die Schlaftiefe während
des Schlafs zugeordnet sind, aufgezeichnet zu sein,
wobei die Einheit zum Schätzen einer Schlafqualität so konfiguriert ist, dass sie die Auftrittszeit einer δ-Welle
des Probanden während des Schlafs auf der Basis der Schlaftiefe des Probanden während des Schlafs und
der Modelle, denen die Auftrittswahrscheinlichkeit einer δ-Welle für die Schlaftiefe während des Schlafs, die in
der Datenbank aufgezeichnet ist, zugeordnet ist, schätzt, und die so konfiguriert ist, dass sie die Schlafqualität
des Probanden auf der Basis der Auftrittszeit einer δ-Welle schätzt.

2. Vorrichtung zum Schätzen einer Schlafqualität nach Anspruch 1,
wobei den Modellen, die in der Datenbank aufgezeichnet sind, die Auftrittswahrscheinlichkeit einer δ-Welle für eine
Verweilzeit, wenn die Schlaftiefe des jeweiligen Schlafzyklus von dem Nicht-REM-Schlaf zu dem REM-Schlaf bei
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einem Wert bleibt, der niedriger als ein festgelegter Wert ist, zugeordnet ist, und
wobei die Vorrichtung zum Schätzen einer Schlafqualität die Verweilzeit des jeweiligen Schlafzyklus aus der Schlaf-
tiefe des Probanden während des Schlafs schätzt und die Auftrittszeit einer δ-Welle des Probanden während des
Schlafs auf der Basis der Verweilzeit und der Modelle, denen die Auftrittswahrscheinlichkeit einer δ-Welle für die
Verweilzeit des jeweiligen Schlafzyklus zugeordnet ist, schätzt.

3. Vorrichtung zum Schätzen einer Schlafqualität nach Anspruch 2,
wobei bei den Modellen, die in der Datenbank aufgezeichnet sind, die Auftrittswahrscheinlichkeit einer δ-Welle für
die Verweilzeit desto niedriger eingestellt ist, je länger die verstrichene Zeit während des Schlafs ist.

4. Verfahren zum Schätzen einer Schlafqualität, das die folgenden Schritte umfasst:

einen Schritt zum Detektieren einer physiologischen Kennzahl, um eine physiologische Kennzahl eines Pro-
banden zu detektieren, wobei in dem Schritt zum Detektieren der physiologischen Kennzahl die Atmung des
Probanden unter Verwendung eines Atmungssensors als die physiologische Kennzahl des Probanden detektiert
wird;
einen Schritt zum Schätzen einer Schlaftiefe, bei dem die Schlaftiefe des Probanden während des Schlafs auf
der Basis der Kennzahl, die in dem Schritt zum Detektieren der physiologischen Kennzahl detektiert wird,
geschätzt wird;
einen Schritt zum Schätzen einer Schlafqualität, um die Auftrittszeit einer δ-Welle des Probanden während des
Schlafs aus der Schlaftiefe des Probanden während des Schlafs, die in dem Schritt zum Schätzen der Schlaftiefe
geschätzt wird, zu schätzen, und um die Schlafqualität des Probanden auf der Basis der Auftrittszeit einer δ-
Welle zu schätzen;
wobei in dem Schritt zum Schätzen der Schlafqualität die Auftrittszeit einer δ-Welle des Probanden während
des Schlafs auf der Basis der Schlaftiefe des Probanden während des Schlafs und der Modelle, denen die
Auftrittswahrscheinlichkeit einer δ-Welle für die Schlaftiefe während des Schlafs, die in der Datenbank aufge-
zeichnet ist, zugeordnet ist, geschätzt wird, und die Schlafqualität des Probanden auf der Basis der Auftrittszeit
einer δ-Welle geschätzt wird.

5. Verfahren zum Schätzen einer Schlafqualität nach Anspruch 4,
wobei den Modellen, die in der Datenbank aufgezeichnet sind, die Auftrittswahrscheinlichkeit einer δ-Welle für eine
Verweilzeit, wenn die Schlaftiefe des jeweiligen Schlafzyklus von dem Nicht-REM-Schlaf zu dem REM-Schlaf bei
einem Wert verweilt, der niedriger als ein festgelegter Wert ist, zugeordnet ist, und
in dem Schritt zum Schätzen der Schlafqualität die Verweilzeit des jeweiligen Schlafzyklus aus der Schlaftiefe des
Probanden während des Schlafs geschätzt wird und die Auftrittszeit einer δ-Welle des Probanden während des
Schlafs auf der Basis der Modelle, denen die Auftrittswahrscheinlichkeit einer δ-Welle für die Verweilzeit des jewei-
ligen Schlafzyklus zugeordnet ist, geschätzt wird.

6. Verfahren zum Schätzen einer Schlafqualität nach Anspruch 5,
wobei bei den in der Datenbank aufgezeichneten Modellen die Auftrittswahrscheinlichkeit einer δ-Welle für die
Verweilzeit desto niedriger eingestellt ist, je länger die verstrichene Zeit während des Schlafs ist.

Revendications

1. Dispositif d’estimation de la qualité du sommeil (10) comprenant :

une unité de détection d’indice physiologique (12) qui est configurée pour détecter un indice physiologique d’un
sujet, l’unité de détection d’indice physiologique détectant la respiration du sujet comme l’indice physiologique
du sujet ;
une unité d’estimation de profondeur du sommeil qui est configurée pour estimer la profondeur du sommeil du
sujet pendant le sommeil en se basant sur l’indice détecté par l’unité de détection d’indice physiologique ;
une unité d’estimation de qualité du sommeil (18) qui est configurée pour estimer le temps d’apparition de l’onde
δ du sujet pendant le sommeil à partir de la profondeur du sommeil du sujet pendant le sommeil estimée par
l’unité d’estimation de profondeur du sommeil et est configurée pour estimer la qualité du sommeil du sujet en
se basant sur le temps d’apparition de l’onde δ ; et
une base de données dans laquelle des modèles en association avec la probabilité d’apparition de l’onde δ
pour la profondeur du sommeil pendant le sommeil sont être enregistrés,
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dans lequel l’unité d’estimation de qualité du sommeil est configurée pour estimer le temps d’apparition de
l’onde δ du sujet pendant le sommeil en se basant sur la profondeur du sommeil du sujet pendant le sommeil
et les modèles associés à la probabilité d’apparition de l’onde δ pour la profondeur du sommeil pendant le
sommeil enregistrés dans la base de données et est configurée pour estimer la qualité du sommeil du sujet en
se basant sur le temps d’apparition de l’onde δ.

2. Dispositif d’estimation de la qualité du sommeil selon la revendication 1,
dans lequel les modèles enregistrés dans la base de données sont associés à la probabilité d’apparition de l’onde
δ pendant un temps de repos quand la profondeur du sommeil de chaque cycle de sommeil depuis le sommeil non
paradoxal jusqu’au sommeil paradoxal conserve une valeur plus grande qu’une valeur prédéterminée, et
l’unité d’estimation de qualité du sommeil estime le temps de repos de chaque cycle de sommeil à partir de la
profondeur du sommeil du sujet pendant le sommeil et estime le temps d’apparition de l’onde δ du sujet pendant le
sommeil en se basant sur le temps de repos et les modèles associés à la probabilité d’apparition de l’onde δ pendant
le temps de repos de chaque cycle de sommeil.

3. Dispositif d’estimation de la qualité du sommeil selon la revendication 2,
dans lequel, dans les modèles enregistrés dans la base de données, plus le temps écoulé pendant le sommeil est
long, plus la probabilité d’apparition de l’onde δ pendant le temps de repos est faible.

4. Procédé d’estimation de la qualité du sommeil comprenant :

une étape de détection d’indice physiologique consistant à détecter un indice physiologique d’un sujet, dans
lequel, à l’étape de détection d’indice physiologique, la respiration du sujet est détectée au moyen d’un capteur
de respiration comme l’indice physiologique du sujet ;
une étape d’estimation de profondeur du sommeil consistant à estimer la profondeur du sommeil du sujet
pendant le sommeil sur la base de l’indice détecté à l’étape de détection d’indice physiologique ; et
une étape d’estimation de qualité du sommeil consistant à estimer le temps d’apparition de l’onde δ du sujet
pendant le sommeil à partir de la profondeur du sommeil du sujet pendant le sommeil estimée à l’étape d’es-
timation de profondeur du sommeil et estimer la qualité du sommeil du sujet sur la base du temps d’apparition
de l’onde δ ;
dans lequel, à l’étape d’estimation de qualité du sommeil, le temps d’apparition de l’onde δ du sujet pendant le
sommeil est estimé sur la base de la profondeur du sommeil du sujet pendant le sommeil et des modèles
associés à la probabilité d’apparition de l’onde δ pour la profondeur du sommeil pendant le sommeil enregistrés
dans une base de données et la qualité du sommeil du sujet est estimée sur la base du temps d’apparition de
l’onde δ.

5. Procédé d’estimation de la qualité du sommeil selon la revendication 4,
dans lequel les modèles enregistrés dans la base de données sont associés à la probabilité d’apparition de l’onde
δ pendant un temps de repos quand la profondeur du sommeil de chaque cycle de sommeil depuis le sommeil non
paradoxal jusqu’au sommeil paradoxal conserve une valeur plus grande qu’une valeur prédéterminée, et
à l’étape d’estimation de qualité du sommeil, le temps de repos de chaque cycle de sommeil est estimé à partir de
la profondeur du sommeil du sujet pendant le sommeil et le temps d’apparition de l’onde δ du sujet pendant le
sommeil est estimé sur la base des modèles associés à la probabilité d’apparition de l’onde δ pendant le temps de
repos de chaque cycle de sommeil.

6. Procédé d’estimation de la qualité du sommeil selon la revendication 5,
dans lequel, dans les modèles enregistrés dans la base de données, plus le temps écoulé pendant le sommeil est
long, plus la probabilité d’apparition de l’onde δ pendant le temps de repos est faible.
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