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SLEEP SENSOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2014-
130290, filed Jun. 25, 2014, the entire contents of which are
incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to a
sleep sensor for estimating a state of a user during sleep.

BACKGROUND

[0003] Generally, in order to carry out a diagnosis of sleep
apnea syndrome, for example, the user’s state during sleep
(hereinafter referred to as a sleep state) is estimated by using
a body position sensor or a snore sensot, etc.

[0004] In this case, the body position sensor is attached to,
for example, the user’s chest, and the snore sensor is attached
to, for example, the user’s throat. Sleeping with a plurality of
sensors separately attached at different parts of the body is
very troublesome for the user.

[0005] Hence, recently, a sleep sensor (device) including a
plurality of sensors to be used for estimating the user’s sleep
state has been developed. According to such a sleep sensor,
not only the user’s body position and respiratory state during
sleep, but also other conditions such electrocardiographic
activity, pulse waves, and body temperature can be estimated.
Also, since it becomes unnecessary to attach a plurality of
sensors separately as mentioned above, the burden on the user
can be reduced.

[0006] Incidentally, the above-mentioned sleep sensor is
often driven, by power supplied from a battery. In this situa-
tion, the sleep sensor must be driven by power supplied from
the battery alone for a long time in order to estimate the user’s
sleep state as described above.

[0007] However, since the power supplied from the battery
is limited, a mechanism for achieving power-saving in order
to realize long-time driving of the sleep sensor including a
plurality of sensors is desired.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is an illustration showing on example of
usage of a sleep sensor according to a first embodiment;
[0009] FIG. 2 is a diagram showing a system configuration
of the sleep sensor shown in FIG. 1;

[0010] FIG.3isa diagram for describing a configuration of
an acceleration sensor module shown in FIG. 2;

[0011] FIG. 4 is a block diagram showing mainly a func-
tional configuration of the sleep sensor according to the
present embodiment;

[0012] FIG. 5 is a flowchart showing a processing proce-
dure when the sleep sensor according to the present embodi-
ment estimates the user’s sleep state;

[0013] FIG. 6isa diagram showing a system configuration
of a sleep sensor according to a second embodiment;

[0014] FIG. 7 is a block diagram showing mainly a func-
tional configuration of the sleep sensor according to the
present embodiment;

[0015] FIG. 8 is a flowchart showing a processing proce-
dure when the sleep sensor according to the present embodi-
ment estimates the user’s sleep state;
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[0016] FIG. 9is an illustration for describing the shape of a
sleep sensor according to a third embodiment;

[0017] FIG. 10 is a block diagram showing mainly a func-
tional configuration of the sleep sensor accordion to the
present embodiment; and

[0018] FIG. 11 is a flowchart showing a processing proce-
dure when the sleep sensor according to the present embodi-
ment estimates the user’s sleep state.

DETAILED DESCRIPTION

[0019] Various embodiments will be described hereinafter
with reference to the accompanying drawings.

[0020] In general, according to one embodiment, a sleep
sensor which is attached to a user who is sleeping when it is to
be used is provided. The sleep sensor includes a first detector,
an estimation module, a second detector and a control mod-
ule. The first detector is configured to detect an acceleration
signal representing acceleration that is obtained from the
sleep sensor. The estimation module is configured to estimate
the user’s body position based on the detected acceleration
signal. The second detector is configured to detect a signal for
estimating a state other than the user’s body position. The
control module is configured to operate the second detector
when the estimated user’s body position is at least one of
predefined body positions.

First Embodiment

[0021] FIG. 1 shows an example of usage of a sleep sensor
(device) according to a first embodiment. A sleep sensor 10
shown in FIG. 1 is a small, light, and thin device which is used
for estimating the user’s state during sleep (which is herein-
after referred to as a sleep state). By using double-faced
adhesive tape having adhesiveness or a gel pad, etc., an
attachment surface of the sleep sensor 10 is stuck to the chest
of the user who is sleeping when it is to be used. The sleep
sensor 10 has a shape which is close to an oval or a rectangle,
for example, to allow the sleep sensor 10 to be easily attached
near the central part of the chest.

[0022] Note that the user’s sleep state estimated by the
sleep sensor 10 includes, for example, the user’s body posi-
tion (orientation or posture of the body), and respiratory state
during sleep.

[0023] FIG. 2is a diagram showing a system configuration
ofthe sleep sensor 10 shownin FIG. 1. As shown in FIG. 2, the
sleep sensor 10 includes a CPU 101, a nonvolatile memory
102, a main memory 103, a BIOS-ROM 104, a system con-
troller 105, on acceleration sensor module 106, a BT module
107, an EC 108, etc.

[0024] The CPU 101 is a processor for controlling the
operation of each component in the sleep sensor 10. The CPU
101 executes various kinds of software loaded into the main
memory 103 from the nonvolatile memory 102, which is a
storage device.

[0025] TheCPU101 executes a Basic Input/Output System
(BIOS) stored in the BIOS-ROM 104. The BIOS is a program
for hardware control.

[0026] The system controller 105 is a bridge device for
connecting between the CPU 101 and each component. The
CPU 101, the nonvolatile memory 102, the main memory
103, the BIOS-ROM 104, the acceleration sensor module
106, the BT module 107, the EC 108, etc. are connected to the
system controller 105.
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[0027] The acceleration sensor module 106 includes an
acceleration sensor capable of sensing an acceleration signal,
and is a module used for estimating the user’s body position
and respiratory state of during sleep. A configuration of the
acceleration sensor module 106 will be described later.

[0028] The PT module 107 is a module configured to
execute wireless communication with a Bluetooth-enabled
device by using Bluetooth (registered trademark). The Blue-
tooth-enabled device includes, for example, a smartphone, a
tablet computer, and a personal computer (PC).

[0029] The EC 108 is a power management controller for
executing power management of the sleep sensor 10.

[0030] Note that several kinds of sensors capable of sens-
ing, for example, the electrocardiographic activity, pulse
waves, and body temperature may be provided in the sleep
sensor 10 of the present embodiment, other than the above-
mentioned acceleration sensor, although this is not illustrated
in FIG. 2.

[0031] As can be seen, a plurality of sensors are provided
within a single housing of the sleep sensor 10. Here, since
analog front ends of the plurality of sensors have different
specifications depending on the type of sensor, satisfying
both the flexibility and high-performance is required, which
may lead to an increase in size. However, in the present
embodiment, since a plurality of analog front ends and the
CPU 101, etc. are integrated on a single chip by using psuedo-
SoC technology, a module of several millimeters square is
realized. Note that the psuedo-SoC technology is one which
satisfies both size reduction equivalent to an SoC and a degree
of design freedom equivalent to an SiP by integrating parts on
a wafer. By connecting an antenna and only a few peripheral
parts such as a battery to the module, the sleep sensor 10
which is small, light (ten-odd grams or so), and thin (several
millimeters or so) can be realized. Note that while it has been
described size reduction of the sleep sensor 10 is realized by
using the psuedo-SoC technology, the size reduction can also
be realized by using an LSI, for example.

[0032] With reference to FIG. 3, the configuration of the
acceleration sensor module 106 shown in FIG. 2 will be
described. As shown in FIG. 3, the acceleration sensor mod-
ule 106 includes an acceleration sensor 106a, a high-pass
filter 1064, an amplifier circuit 106¢, an A/D converter 1064,
etc.

[0033] The acceleration sensor 106 is a sensor for sensing
an acceleration signal representing acceleration that acts on
the sleep sensor 10. It is assumed that the acceleration sensor
106q is a triaxial acceleration sensor (a three-dimensional
acceleration sensor) capable of sensing the acceleration sig-
nal in each of the directions of, for example, three orthogonal
axes (the x-axis, the y-axis, and the z-axis). Also, the accel-
eration signal sensed (output) by the acceleration sensor 106a
are an analog signal.

[0034] Note that while the sleep sensor 10 has, for example,
an oval shape as described above, (the acceleration signal
produced in accordance with) an vibratory motion is some-
times hard to be sensed near the center of the sleep sensor 10.
Accordingly, in order to more accurately sense the accelera-
tion signal, the acceleration sensor 106a is arranged at a
position which is deviated from the center of the sleep sensor
10, for example.

[0035] The high-pass filter 1065 extracts an alternating-
current component of the acceleration signal from the accel-
eration signal sensed by the acceleration sensor 106a.
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[0036] Theamplifier circuit (analog circuit) 106¢ amplifies
the alternating-current component extracted by the high-pass
filter 1065.

[0037] The A/D converter 1064 converts the acceleration
signal (an analog signal) sensed by the acceleration sensor
1064 into a digital signal. Also, the A/D converter 1064 con-
verts the alternating-current component of the acceleration
signal amplified by the amplifier circuit 106¢ into a digital
signal.

[0038] FIG. 4 is a block diagram showing mainly a func-
tional configuration of the sleep sensor 10 according to the
present embodiment. As shown in FIG. 4, the sleep sensor 10
includes an acceleration signal, detector 111, a body position
estimation module 112, a respiratory signal detector 113, a
respiratory state estimation module 114, and a control module
115.

[0039] The acceleration signal detector 111 is a functional
module which is realized by the acceleration sensor 106a
described above, and detects the acceleration signal by using
the acceleration sensor 106a. That is, the acceleration signal
detector 111 detect an acceleration signal representing accel-
eration that is obtained from the sleep sensor 10. The accel-
eration signal detected by the acceleration signal detector 111
includes a direct-current component mainly representing
gravitational acceleration, and an alternating-current compo-
nent mainly representing acceleration which is produced by
the user’s state (for example, the respiratory state).

[0040] The body position estimation module 112 estimates
the user’s body position during sleep based on the accelera-
tion signal detected by the acceleration signal detector 111.
Note that the user’s body position estimated by the body
position estimation module 112 includes positions such as a
supine position, a prone position, and a lateral position.
[0041] The respiratory signal detector 113 is a functional
module which is realized by the high-pass filter 1064 and the
amplifier circuit 106c. The respiratory signal detector 113
cuts the direct-current component of the acceleration signal
detected by the acceleration signal detector 111 in the high-
pass filter 1065, and extracts the alternating-current compo-
nent (a high-frequency component) of the acceleration signal
Also, the respiratory signal detector 113 amplifies the
extracted alternating current component of the acceleration
signal by using the amplifier circuit 106¢. The respiratory
signal detector 113 thereby detects the amplified alternating-
current component of the acceleration signal as a signal for
estimating the state ether than the user’s body position (here,
the user’s respiratory state). In the following descriptions, the
signal detected by the respiratory signal detector 113 (i.e., the
amplified alternating-current component of the acceleration
signal) will be referred to as a respiratory signal.

[0042] The respiratory state estimation module 114 esti-
mates the user’s respiratory state during sleep based on a
respiratory signal detected by the respiratory signal detector
113. Note that the user’s respiratory state estimated by the
respiratory state estimation module 114 includes, for
example, presence or absence of'a symptom of snoring during
sleep.

[0043] The control module 115 controls the operation of
the respiratory signal detector 113. Specifically, the control
module 115 executes the control to operate the respiratory
signal detector 113 when the user’s body position estimated
by the body position estimation module 112 is at least one of
predefined body positions (for example, the supine position,
the prone position and so on).
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[0044] The body position estimation module 112 and the
respiratory state estimation module 114 are functional mod-
ules which are realized when the CPU 101 executes prede-
termined software (program). Further, the control module
115 s a functional module which is realized by, for example,
the system controller 105.

[0045] Next, referring to the flowchart of F1G. 5, a process-
ing procedure when the sleep sensor 10 according to the
present embodiment estimates the user’s sleep state (the body
position and the respiratory state) will be described.

[0046] Firstly, the acceleration signal detector 111 detects
an acceleration signal by using the acceleration sensor 1064
(step S1). Note that the acceleration signal detected by the
acceleration signal detector 111 is converted into a digital
signal in the A/D converter 1064, and handed over to the body
position estimation module 112.

[0047] Thebody position estimation module 112 estimates
the user’s body position during sleep based on the accelera-
tion signal which has been converted into the digital signal in
the A/D converter 1064 (step S2).

[0048] Here, the estimation processing of the user’s body
position will be specifically described. Firstly, while the
acceleration signal detected by the acceleration signal detec-
tor 111 includes a direct-current component (gravitational
acceleration) and an alternating-current component (accel-
eration which is produced by the respiratory state, etc.) as
described above, the acceleration sensor 1064 in the present
embodiment is a triaxial acceleration sensor. Accordingly, a
direction of gravitational acceleration with respect to the
sleep sensor 10 can be calculated from (the direct-current
component of) the acceleration signal in each axial direction
sensed by the acceleration sensor 106a. The user’s body
position is estimated based on the direction of the gravita-
tional acceleration with respect to the sleep sensor 10 which
has been thus calculated.

[0049] More specifically, with reference to the attachment
surface of the sleep sensor 10, axes horizontal to the attach-
ment surface and orthogonal to each other are defined as the
x-axis and the y-axis, and an axis orthogonal to the x-axis and
the y-axis (i.e., the axis normal to the attachment surface) is
defined as the z-axis. When the sleep sensor 10 is attached to
the user’s chest, as shown in FIG. 1, the x-axis corresponds to
atransverse axis relative, to the user’s body (i.e., the direction
of right and left of the body), the y-axis corresponds to a
longitudinal axis relative to the user’s body (i.e., the direction
of head to toe of the body), and the z-axis corresponds to a
front-to-back axis relative to the user.

[0050] In this case, when the direction of the gravitational
acceleration with respect to the sleep sensor 10 is the back
direction of the user in the z-axis (that is, backward to the
user), it is estimated that the user’s body position is the supine
position. Meanwhile, when the direction of the gravitational
acceleration with respect to the sleep sensor 10 is the front
direction of the user in the z-axis (that is, forward to the user),
it is estimated that the user’s body position is the prone
position. Also, when the direction of the gravitational accel-
eration with respect to the sleep sensor 10 is the x-direction
(that is, right or left to the user), it is estimated that the user’s
body position is the lateral position.

[0051] When the user’s body position is estimated in the
above-described step S2, it is determined whether the user’s
body position, which has been estimated is the supine posi-
tion (step S3).
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[0052] When it has been determined that the user’s body
position is the supine position (YES in step S3), the control
module 115 executes the control of starting the operation of
the respiratory signal, detector 113 (step S4). In this case, the
control module 115 powers on the respiratory signal detector
113 (that is, the high-pass filter 1065 and the amplifier circuit
106¢). Accordingly, the respiratory signal detector 113 is able
to detect a respiratory signal.

[0053] In this case, the respiratory signal detector 113
extracts, from the acceleration signal detected by the accel-
eration signal detector 111 in step S1, an alternating-current
component of the acceleration signal, by using the high-pass
filter 1065 (step S5).

[0054] Here, the A/D converter 106d according to the
present embodiment needs to perform A/D conversion for
both of (the direct-current component of) the acceleration
signal detected by the acceleration signal detector 111 and the
alternating-current component of the acceleration signal, in
order so estimate the user’s body position and respiratory
state. In this case, the amplitude of the alternating-current
component of the acceleration signal is extremely small as
compared to that of the acceleration signal. More specifically,
while detecting an acceleration signal within the range of +1
G isnecessary to estimate the body position, the magnitude of
the alternating-current component of the acceleration signal
detected for estimating the respiratory state is, for example,
several milliG or less. In contrast, a resolution of the A/D
converter 1064 which can be mounted on the sleep sensor 10
is generally 8 to 12 bits or so, for example.

[0055] That is, the alternating-current component of the
acceleration signal extracted by using the high-pass filter
1065 cannot be processed by the A/D converter 1064 as it is.
Hence, the respiratory signal detector 113 amplifies the
extracted alternating-current component, of the acceleration
signal by using the amplifier circuit 106¢ (step S6). An ampli-
fication rate of the alternating-current component of the
acceleration signal in this case is assumed to be adjusted in
accordance with a dynamic range of the A/D converter 1064
such that the alternating-current component canbe processed
even by the resolution of the A/D converter 1064.

[0056] The alternating-current component of the accelera-
tion signal amplified by the respiratory signal detector 113
(that 1s, the respiratory signal detected by the respiratory
signal detector 113) is converted into a digital signal by the
A/D converter 1064, and handed over to the respiratory state
estimation module 114.

[0057] The respiratory state estimation module 114 esti-
mates presence or absence of a symptom of snoring, for
example, as the user’s respiratory state during sleep, on the
basis of the respiratory signal converted into the digital signal
in the A/D converter 1064 (step S7). In this case, the respira-
tory state estimation module 114 estimates the presence or
absence of a symptom of snoring based on a feature amount
calculated on the basis of, for example, the respiratory signal.
[0058] Meanwhile, when it is determined that the user’s
body position is not the supine position in the above step S3
(NO in step S3), the control module 115 executes the control
of stopping the operation of the respiratory signal detector
113 (step S8). In this case, the control module 115 turns off
power of the respiratory signal detector 113 (that is, the high-
pass filter 1065 and the amplifier circuit 106¢). When this is
carried out, since the respiratory signal detector 113 cannot
detect a respiratory signal, the processing of the sleep sensor
10 is terminated.
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[0059] Itshould be noted that the result of estimation of the
user’s body position in the above step S2, and the result of
estimation of the user’s respiratory state in step S7 are trans-
mitted to an external Bluetooth-enabled device (a smart-
phone, a tablet computer, a PC, etc.) via the above-described
BT module 107, and provided (presented) to a user, for
example.

[0060] Note that while it has been described that each result
of estimation is transmitted to a Bluetooth-enabled device, it
is possible to adopt a structure in which the result of estima-
tion is transmitted to an external server apparatus, etc., which
functions as a cloud server that provides, for example, cloud
computing service via a wireless LAN, etc., and stored in the
server apparatus. Also, the result of estimation may be stored
within the sleep sensor 10.

[0061] As described above, in the present embodiment, an
acceleration signal representing acceleration that is obtained
from the sleep sensor 10 is detected, and the user’s body
position is estimated based on the detected acceleration signal
(gravitational acceleration). Further, in the present embodi-
ment, a respiratory signal (an alternating-current component
of the acceleration signal) is detected from the detected accel-
eration signal, and the user’s respiratory state (presence or
absence of a symptom of snoring) is estimated based on the
detected respiratory signal. Also, in the present embodiment,
the control to operate the respiratory signal detector 113 is
executed when the estimated user’s body position is a pre-
defined body position (for example, the supine position). That
is, in the present embodiment, control on a detection opera-
tion of a signal for estimating other states can be varied in
accordance with a result of estimation of the user’s body
position.

[0062] Consequently, in the present embodiment, since she
respiratory signal is detected (that is, the user’s respiratory
state is estimated) only when the user’s body position is the
supine position in terms of the fact that, for example, snoring
is likely to occur in the supine position, it becomes possible to
reduce the power consumption (that is, achieve power saving)
when the user’s body position is a position other than the
supine position.

[0063] Also, in the present embodiment, since the user’s
respiratory state is estimated by using the alternating-current
component extracted from the acceleration signal detected by
the acceleration signal detector 111, it is unnecessary so
provide, a sensor for estimating the user’s body position and
that for estimating the respiratory state separately. Thus, the
sleep sensor 10 can be made small, light and thin in the
present embodiment.

[0064] Further, in the present embodiment, since process-
ing can be performed appropriately even by the A/D converter
106d of low resolution as the alternating-current component
extracted from the acceleration signal detected by the accel-
eration signal detector 111 is amplified, there is no needto use
an expensive A/D converter 1064 and cost reduction can be
realized.

[0065] Although it has been described that in the present
embodiment, the respiratory signal detector 113 is operated
when the user’s body position is the supine position in terms
ofthe fact that snoring is likely to occur in the supine position,
a structure in which the respiratory signal detector 113 is
operated in a predefined body position other than the supine
position, for example, can also be adopted.

[0066] In addition, although it has been mainly described
that the sleep sensor 10 is attached to the user’s chest in the
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present embodiment, the sleep sensor 10 may be attached to
other parts of the body as long as the user’s body position and
the respiratory state during sleep can be estimated by using
the acceleration signal sensed by the acceleration sensor
106a, for example.

[0067] Further, although it has been described that the sleep
sensor 10 includes the body position estimation module 112
and the respiratory state estimation module 114 in the present
embodiment, a structure in which processing executed by the
body position estimation module 112 and the respiratory state
estimation module 114 is executed by, for example, an exter-
nal Bluetooth-enabled device or a server apparatus, etc. can
also be adopted.

[0068] Furthermore, means for communicating with the
outside may be a wireless communication system other than
Bluetooth, and the sleep sensor 10 may be a structure capable
of storing data in a memory installed inside the sleep sensor
10 and outputting data after completion of the measurement
by means such as USB.

Second Embodiment

[0069] Next, a second embodiment will be described. The
point that a microphone is used for estimating the user’s
respiratory state (presence or absence of a symptom of snor-
ing) in the present embodiment is different from the first
embodiment described above.

[0070] FIG. 6is a diagram showing a system configuration
of a sleep sensor 20 according to the present embodiment. In
FIG. 6, the same reference numbers are assigned to parts
which are similar to those in FIG. 2 described above, and
detailed explanation of them are omitted. Here, parts which
are different from the configuration shown in FIG. 2 will be
mainly described. Further, since usage of the sleep sensor 20
according to the present embodiment is as described with
reference to FIG. 1 above, detailed explanation of the usage
will be omitted.

[0071] As shown in FIG. 6, the sleep sensor 20 further
includes a microphone 201 in addition to the system configu-
ration of the above-described first embodiment.

[0072] The microphone 201 is used for estimating a respi-
ratory state of the user during sleep, and senses a sound signal
generated in accordance with the user’s respiratory state.
With the use of the microphone 201, a sound around the sleep
sensor 20 can be converted into an electrical signal (a sound
signal).

[0073] FIG. 7 is a block diagram showing mainly a func-
tional configuration of the sleep sensor 20 according to the
present embodiment. In FIG. 7, the same reference numbers
are assigned to parts which are the same as those in FIG. 4
described above, and detailed explanation of them are omit-
ted. Here, parts which are different from the configuration
shown in FIG. 4 will be mainly described.

[0074] As shown in FIG. 7, the sleep sensor 20 includes a
sound signal detector 211, a respiratory state estimation mod-
ule 212, and a control module 213, in addition to the accel-
eration signal detector 111 and the body position estimation
module 112 of the first embodiment described above.
[0075] The sound signal detector 211 is a functional mod-
ule which is realized by the microphone 201 described above,
and detects the sound signal by using the microphone 201.
The sound signal detected by the sound signal detector 211
includes, for example, a signal of a respiratory sound, etc.,
which is generated by the user’s symptom of snoring during
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sleep (hereinafter referred to as a snore signal), as the sound
signal generated in accordance with the user’s respiratory
state.

[0076] The respiratory state estimation module 212 esti-
mates the user’s respiratory state during sleep based on the
sound signal detected by the sound signal detector 211. The
user’s respiratory state estimated by the respiratory state esti-
mation module 212 includes, for example, presence or
absence of a symptom of snoring during sleep.

[0077] The control module 213 controls the operation of
the sound signal detector 211. Specifically, the control mod-
ule 213 executes the control to operate the sound signal detec-
tor 211 when the user’s body position estimated by the body
position estimation module 112 is a predefined body position
(for example, the supine position).

[0078] The respiratory state estimation module 212 is a
functional module which is realized when the above men-
tioned CPU 101 executes predetermined software (program).
Further, the control module 213 is a functional module which
is realized by, for example, a system controller 10.

[0079] Next, referring to the flowchart of F1G. 8, a process-
ing procedure when the sleep sensor 20 according to the
present embodiment estimates the user’s sleep state the body
position and the respiratory state) will be described.

[0080] First of all, processing of steps S11 to S13 corre-
sponding to the processing of steps S1 to S3 shown in FIG. 5
described above is executed.

[0081] In step S13, when it is determined that the user’s
body position is the supine position (YES in step S13), the
control module 213 executes the control of starting the opera-
tion of the sound signal detector 211 (step S14). In this case,
the control module 213 powers on the sound signal detector
211 (that is, the microphone 201). Accordingly, the sound
signal detector 211 is able to detect a sound signal.

[0082] Inthiscase, by using the microphone 201, the sound
signal detector 211 detects the sound signal representing a
sound around the sleep sensor 20 (step S15).

[0083] Next, the respiratory state estimation module 212
estimates presence or absence of a symptom of snoring, for
example, as the user’s respiratory state during sleep, on the
basis of the sound signal detected by the sound signal detector
211 (step S16). In this case, when the respiratory state esti-
mation module 212 determines that the sound signal includes
the aforementioned snore signal as a result of analyzing she
sound signal detected by the sound signal detector 211, the
respiratory state estimation module 212 can determine that
the user shows the symptom of snoring.

[0084] Meanwhile, when it is determined that the user’s
body position is not the supine position so the above step S13
(NOin step S13), the control module 213 executes the control
of stepping the operation of the sound signal detector 211
(step S17). In this case, the control module 213 powers off the
sound signal detector 211 (that is the microphone 201). When
this is carried out, since the sound signal, detector 211 cannot
detect a sound signal, the processing of the sleep sensor 20 is
terminated.

[0085] Itshould be noted that the result of estimation of the
user’s body position in the above step S12, and the result of
estimation of the user’s respiratory state in step S16 are trans-
mitted to, for example, an external Bluetooth-enabled device
or a server apparatus, etc., as in the first embodiment
described above.

[0086] As described above, in the present embodiment, the
control to operate the sound signal detector 211 is executed
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when the estimated user’s body position is a predefined body
position (for example, the supine position). In the present
embodiment, by this structure, since the sound signal is
detected (that is, the user’s respiratory state is estimated) only
when the user’s body position is the supine position as in the
first embodiment described above, it becomes possible to
reduce the power consumption when the user’s body position
is not the supine position.

[0087] Note that in the present embodiment, since the
acceleration signal is used for only estimating the user’s body
position and there is no need to extract an alternating-current
component from the acceleration signal, a structure in which
an acceleration sensor module 106 does not include a high-
pass filter 1065 and an amplifier circuit 106¢ may be adopted.
Also, in the above first embodiment, ithas been described that
the acceleration sensor 106« outputs an analog signal. How-
ever, as long as the acceleration sensor 106¢ enables the
user’s body position to be estimated, the acceleration sensor
106a of the present embodiment may output a digital signal.
[0088] Further, although it has been described that the
sound signal detector 211 is operated when the user’s body
position is the supine position in the present embodiment, a
structure in which the sound signal detector 211 is operated in
apredefined body position other than the supine position, for
example, can also be adopted.

[0089] Furthermore, although it has been described that an
attachment surface of the sleep sensor 20 is adhered to the
user’s chest in its use in the present embodiment, as long as
the user’s body position during sleep can be estimated by
using the acceleration signal sensed by the acceleration sen-
sor 106a, for example, and the user’s respiratory state during
sleep can be estimated by using the sound signal sensed by the
microphone 201, the sleep sensor 20 may be attached to other
parts of the body.

[0090] Moreover, although it has been described that the
sleep sensor 20 includes the body position estimation module
112 and the respiratory state estimation module 212 in the
present embodiment, a structure in which processing
executed by the body position estimation module 112 and the
respiratory state estimation module 212 is executed by, for
example, an external Bluetooth-enabled device or a server
apparatus, etc. can also be adopted.

Third Embodiment

[0091] Next, a third embodiment will, be described. In the
present embodiment, the point that a microphone is used for
estimating the user’s respiratory state is the same as the sec-
ond embodiment. However, the point that the microphone has
directivity to a predetermined direction (high sound collect-
ing capability) is different from the second embodiment
described above. Since the system configuration of a sleep
sensor according to the present embodiment is similar to that
of the above-described second embodiment, explanation will
be given by referring to FIG. 6 as necessary.

[0092] FIG.9isanillustration for describing the shape of a
sleep sensor 30 according to the present embodiment. Note
that the sleep sensor 30 according to the present embodiment
1s used by having an attachment surface of the sleep sensor 30
adhered to the user’s chest, etc., as in the case of the first and
second embodiments described above.

[0093] As shown in FIG. 9, in the present embodiment, the
sleep sensor 30 includes ahousing in the shape of stethoscope
for example, and an acceleration sensor module 106 and a
microphone 201 are arranged on the housing. Also, in this
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housing, a hole 31 is provided at a place where the micro-
phone 201 is arranged in the direction of the attachment
surface of the sleep sensor 30. In the present embodiment,
because of suchhole 31, the microphone 201 has directivity to
the side of the attachment surface (that is, toward the interior
of the user’s body when the sleep sensor 30 is attached to the
user). Further, as the microphone 201 of the present embodi-
ment, an MEMS microphone or the like is used. Also, the
microphone 201 (and the acceleration sensor module 106) is
to be covered by a cover member or the like in order to reduce
the influence of a sound, etc. around the sleep sensor 30,
although this is not illustrated in FIG. 9. Further, instead of
providing a hole as shown in FIG. 9, the microphone 201 may
be mounted inside the mortar configuration.

[0094] FIG. 10 is a block diagram showing mainly a func-
tional configuration of the sleep sensor 30 according to the
present embodiment. In FIG. 10, the same reference numbers
are assigned to parts which are the same as those in FIGS. 4
and 7 described above, and detailed explanation of them are
omitted. Here, parts which are different from the configura-
tion shown in FIGS. 4 and 7 will be mainly described.

[0095]  As shown in FIG. 10, the sleep sensor 30 includes an
intracorporeal sounds signal detector 311, a respiratory state
estimation module 312, and a control module 313, in addition
to the acceleration signal detector 111 and the body position
estimation module 112 of the first and the second embodi-
ments described above.

[0096] The intracorporeal sound signal detector 311 is a
functional module which is realized by the microphone 201,
and detects a sound signal, by using the microphone 201.
Further, since the microphone 201 of the present embodiment
has directivity as described above, a sound signal detected by
the intracorporeal sound signal detector 311 is an intracorpo-
real sound signal representing the user’s intracorporeal
sound.

[0097] The respiratory state estimation module 312 esti-
mates the user’s respiratory state during sleep based on the
intracorporeal sound signal detected by the intracorporeal
sound signal detector 311. The user’s respiratory state esti-
mated by the respiratory state estimation module 312
includes, for example, presence or absence of a symptom of
snoring during sleep.

[0098] The control module 313 controls the operation of
the sound signal detector 311. Specifically, the control mod-
ule 313 executes the control to operate the intracorporeal
sound signal detector 311 when the direction of gravitational
acceleration calculated from an acceleration signal detected
by the acceleration signal detector 111 agrees with the direc-
tivity of the microphone 201.

[0099] Note that the respiratory state estimation module
312 is a functional module which is realized when the above-
mentioned CPU 101 executes predetermined software (pro-
gram). Further, the control module 313 is a functional module
which is realized by, for example, a system controller 105.

[0100] Next, referring to the flowchart of FIG. 11, a pro-
cessing procedure when the sleep sensor 30 according to the
present embodiment estimates the user’s sleep state the body
position and the respiratory state) will be described.

[0101] First of all, processing of steps S21 and S22 corre-
sponding to the processing of steps S1 and S2 shown in FIG.
5 described above is executed.
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[0102] Next,itis determined whether the direction of gravi-
tational acceleration in the user’s body position estimated in
step S22 agrees with the orientation of directivity of the
microphone 201 (step S23).

[0103] When it is determined that the direction of gravita-
tional acceleration agrees will the orientation of directivity of
the microphone 201 (YES in step S23), the control module
313 executes the control of starting the operation of the intra-
corporeal sound signal detector 311 (step S24). In this case,
the control module 313 powers on the intracorporeal sound
signal detector 311 (that is, the microphone 201). Accord-
ingly, the intracorporeal sound signal, detector 311 is able to
detect an intracorporeal sound signal.

[0104] Inthis case, by using the microphone 201, the intra-
corporeal sound signal detector 311 detects the intracoporeal
sound signal representing the user’s intracorporeal sound
(step S25).

[0105] Next, the respiratory state estimation module 312
estimates presence or absence of a symptom of snoring, for
example, as the user’s respiratory state during sleep, on the
basis of the intracorporeal sound signal detected by the intra-
corporeal sound signal detector 311 (step S26). In this case,
an intracorporeal sound signal, etc., when snoring occurs, for
example, is stored in the sleep sensor 30 in advance, and by
comparing the stored intracorporeal sound signal with the
intracorporeal sound signal detected by the intracorporeal
sound signal detector 311, whether or not the user shows a
symptom of snoring can be estimated.

[0106] Meanwhile, when it is determined that the direction
of gravitational acceleration does not agree with the orienta-
tion of directivity of the microphone 201 in step $23 (NO in
step S23), the control module 313 executes the control of
stopping the operation of the intracorporeal sound signal
detector 311 (step S27). In this case, the control module 313
powers off the intracorporeal sound signal detector 311 (that
is, the microphone 201). When this is carried out, since the
intracorporeal sound signal detector 311 cannot detect an
intracorporeal sound signal, the processing of the sleep sensor
30 is terminated.

[0107] Itshould be noted that the result of estimation of the
user’s body position in the above step S22, and the result of
estimation of the user’s respiratory state in step S25 are trans-
mitted to, for example, an external Bluetooth-enabled device
or a server apparatus, etc., as in the first and the second
embodiments described above.

[0108] As described above, in the present embodiment,
when the direction of gravitational acceleration that acts on
the sleep sensor 30 agrees with the orientation of directivity of
the microphone 201, the control to operate the intracorporeal
sound signal detector 311 is executed.

[0109] Here, in order to accurately detect an intracorporeal
sound signal, it is important that the microphone 201 be
brought into close contact with the user’s body surface.
Therefore, in the present embodiment, an intracorporeal
sound signal is detected (i.e., the user’s respiratory state is
estimated) only when the direction of gravitational accelera-
tion that acts on the sleep sensor 30 agrees with the directivity
of the microphone 201 (that is, the direction toward the inte-
rior of the user’s body), in other words, the sleep sensor 30 is
closely adhered to the user’s body surface by its own weight.
In this way. itis possible to accurately detect an intracorporeal
sound signal. and also reduce the power consumption in a
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case where the sleep sensor 30 is not closely adhered to the
body surface and the intracorporeal sound cannot be detected
accurately.

[0110] Also, since the user’s intracorporeal sound signal in
the present embodiment is hard to be subjected to the influ-
ence of disturbance as compared to a sound signal around the
sleep sensor 20 of the second embodiment described above, it
becomes possible to more accurately estimate the user’s res-
piratory state.

[0111] In the present embodiment, it has been described
that the control to detect an intracorporeal sound signal is
executed when the direction of gravitational acceleration that
acts on the sleep sensor 30 agrees with the directivity of the
microphone 201. However, a structure of executing the con-
trol, to detect an intracorporeal sound signal when the user’s
body position is the supine position may also be adopted, as
described in the above, first and second embodiments.

[0112] Further, when the sleep sensor 30 is attached to the
user’s chest as described above, the user’s body position
when the direction of gravitational acceleration that acts on
the sleep sensor 30 agrees with the directivity of the micro-
phone 201 is often the supine position (face-up posture).
Accordingly, also in the present embodiment, an intracorpo-
real sound signal is detected when the user’s body position is
the supine position (that is, a body position in which snoring
is likely to occur) as a consequence.

[0113] Also, since there is no need to extract an alternating-
current component from an acceleration signal in the present
embodiment, as in the second embodiment described above,
a structure in which an acceleration sensor module 106 does
not include, a high-pass filter 1065 and an amplifier circuit
106¢ may be adopted. Further, an acceleration sensor 106a of
the present embodiment may be one which outputs an analog
signal or one which outputs a digital signal as in the second
embodiment described above.

[0114] In addition, although it has been described that an
attachment surface of the sleep sensor 30 is adhered to the
user’s chest in its use in the present embodiment, as long as,
for example, the user’s body position during sleep can be
estimated by using the acceleration signal sensed by the
acceleration sensor 1064 and the user’s respiratory state dur-
ing sleep can be estimated by using the intracorporeal sound
signal sensed by the microphone 201, the sleep sensor 30 may
be attached to other parts of the body.

[0115] Further, although ithas been described that the sleep
sensor 30 includes the body position estimation module 112
and the respiratory state estimation module 312 in the present
embodiment, a structure in which processing executed by the
body position estimation module 112 and the respiratory state
estimation module 312 is executed by for example, an exter-
nal Bluetooth-enabled device or a server apparatus, etc. can
also be adopted.

[0116] Furthermore, in each of the above-described
embodiments, it has been described that the user’s resiratory
state as the state other than the user’s body position is esti-
mated. However, as long as the operation of the other sensor,
etc. is controlled in accordance with the result of estimation of
the user’s body position, the present embodiment may be
applied to a case of estimating a state other than the user’s
respiratory state.

[0117] According to at least one of the embodiments
described above, a sleep sensor capable of achieving power-
saving can be provided.
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[0118] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, these embodiments may be embodied in a variety of
other forms; furthermore, various omissions, substitutions
and changes in the form of the embodiment described herein
may be made without departing from the spirit of the inven-
tion. The accompanying claims and their equivalents are
intended to cover such forms or modifications as would fall
within the scope and spirit of the inventions.

What is claimed is:

1. A sleep sensor which s attached to a user who s sleeping
when it is to be used, comprising:

a first detector configured to detect an acceleration signal
representing acceleration that is obtained from the sleep
sensor;

an estimation module configured to estimate the user’s
body position based on the detected acceleration signal;

a second detector configured to detect a signal for estimat-
ing a state other than the user’s body position; and

a control module configured to operate the second detector
when the estimated user’s body position s at least one of
predefined body positions.

2. The sleep sensor of claim 1, wherein:

the state other than the user’s body position includes the
user’s respiratory state; and

the predefined body position includes a supine position.

3. The sleep sensor of claim 2, wherein:

the second detector includes a filter configured to extract,
from the acceleration signal detected by the first detec-
tor, an alternating current component of the acceleration
signal and is further configured to detect the alternating-
current component of the acceleration signal which has
been extracted as a signal for estimating the user’s res-
piratory state; and

the control module is configured to power on the filter
when the estimated user’s body position as the supine
position, and to power off the filter when the estimated
user’s body position is a position other than the supine
position.

4. The sleep sensor of claim 3, wherein the second detector
further includes an amplifier circuit configured to amplify the
alternating-current component of the acceleration signal
which has been extracted.

5. The sleep sensor of claim 2, wherein:

the second detector includes a microphone configured to
sense a sound signal generated in accordance with the
user’s respiratory state as a signal for estimating the
user’s respiratory state; and

the control module is further configured to power on the
microphone when the estimated user’s body position is
the supine position, and to power off the microphone
when the estimated user’s body position is a position
other than the supine position.

6. The sleep sensor of claim 1, wherein:

the acceleration signal detected by the first detector
includes a direct-current component representing gravi-
tational acceleration that is obtained from the sleep sen-
sor;

the second detector includes a microphone having direc-
tivity to a side of an attachment surface of the sleep
sensor, and configured to detect an intracorporeal sound
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signal which is generated in accordance with the user’s
respiratory state as a signal for estimating the user’s
respiratory state; and

the control module is further configured to power on the
microphone when a direction of the gravitational accel-
eration agrees with the directivity of the microphone in
the estimated user’s body position, and to power off the
microphone when the direction of the gravitational
acceleration does not agree with the directivity of the
microphone.
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