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SENSOR SYSTEM, SENSOR INFORMATION
PROCESSING APPARATUS,
NON-TRANSITORY COMPUTER-READABLE
RECORDING MEDIUM HAVING STORED
THEREIN SENSOR INFORMATION
PROCESSING PROGRAM, AND BED

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application of
International Application PCT/JP2015/084558 filed on Dec.
9, 2015 and designated the U.S., the entire contents of which
are incorporated herein by reference.

FIELD

[0002] The embodiments discussed herein are related to a
sensor system, a sensor information processing apparatus, a
non-transitory computer-readable recording medium having
stored therein a sensor information processing program, and
a bed.

BACKGROUND

[0003] A technology for measuring (which may be
referred to as “detecting”) biological information such as
heartbeat, respiration, and motion of a living body in a
non-contact manner using, for example, a Doppler sensor
has been studied and examined.

[0004] In addition, a technology for determining or esti-
mating a state involving with sleep of a living body (which
may be abbreviated as a “sleeping state) based on biologi-
cal information measured using a Doppler sensor has also
been studied and examined.

LIST OF RELATED ART DOCUMENTS

[0005] [Patent Document 1] Japanese National Publica-
tion of International Patent Application No. 2014-518728
[0006] [Patent Document 2] Japanese Laid-open Patent
Publication No. 2011-50604

[0007] [Patent Document 3] Japanese Laid-open Patent
Publication No. 2013-198654

[0008] [Patent Document 4] Japanese Laid-open Patent
Publication No. 2010-99173

SUMMARY

[0009] According to an aspect of the embodiments, a
sensor system may include a transmitter configured to
transmit radio wave, a receiver configured to receive a wave
corresponding to the radio wave from the transmitter and a
detector. The detector is configured to detect a body motion
when a change in amplitude of the wave received by the
receiver is detected and a lack of a frequency component
indicating at least one of a heartbeat and a respiration in a
frequency analysis result of the wave is detected.

[0010] The object and advantages of the invention will be
realized and attained by means of the elements and combi-
nations particularly pointed out in the claims.

[0011] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are not restrictive of the
invention.

Oct. 11,2018

BRIEF DESCRIPTION OF DRAWINGS

[0012] FIG. 1 is a diagram illustrating a configuration
example of a sensor system according to one embodiment.
[0013] FIG. 2 is a plan view schematically illustrating a
configuration example of a multiuser compatible sensor
attached bed according to one embodiment.

[0014] FIG. 3 is a side view schematically illustrating a
configuration example of the multiuser compatible sensor
attached bed illustrated in FIG. 2.

[0015] FIG. 4 is a plan view schematically illustrating
another configuration example of a multiuser compatible
sensor attached bed according to one embodiment.

[0016] FIG. 5 is a side view schematically illustrating a
configuration example of the multiuser compatible sensor
attached bed illustrated in FIG. 4.

[0017] FIG. 6 is a block diagram illustrating a configura-
tion example of a Doppler sensor illustrated in FIGS. 1 to 5.
[0018] FIG. 7 is a block diagram illustrating a configura-
tion example of an information processing apparatus illus-
trated in FIG. 1.

[0019] FIG. 8 is a flowchart illustrating an operation
example (a first embodiment) of an information processing
apparatus illustrated in FIGS. 1 and 7.

[0020] FIG. 9 is a flowchart illustrating an example of a
body motion amount correction process illustrated in FIG. 8.
[0021] FIGS. 10A and 10B are diagrams illustrating an
example of registration contents of a database (DB) illus-
trated in FI1G. 8, where FIG. 10A is a diagram illustrating an
example of registration contents before the body motion
amount correction process and FIG. 10B is a diagram
illustrating an example of registration contents after the
body motion amount correction process.

[0022] FIG. 11 is a diagram illustrating an example of a
change in time (a signal waveform) of a Doppler sensor
value according to one embodiment.

[0023] FIG. 12 is a diagram illustrating an example of a
frequency analysis result of the Doppler sensor value illus-
trated in FIG. 11.

[0024] FIG. 13 is a diagram illustrating an example of a
signal waveform of a heartbeat component obtained based
on the frequency analysis result illustrated in FIG. 12.
[0025] FIG. 14 is a diagram illustrating an example of a
signal waveform of a respiration component obtained based
on the frequency analysis result illustrated in FIG. 12.
[0026] FIG. 15 is a flowchart illustrating another operation
example (a second embodiment) of the information process-
ing apparatus illustrated in FIGS. 1 and 7.

[0027] FIG. 16 is a flowchart illustrating another operation
example (the second embodiment) of the information pro-
cessing apparatus illustrated in FIGS. 1 and 7.

[0028] FIG. 17 is a flowchart illustrating another operation
example (a third embodiment) of the information processing
apparatus illustrated in FIGS. 1 and 7.

[0029] FIG. 18 is a schematic diagram illustrating a com-
parative example of one embodiment.

DESCRIPTION OF EMBODIMENTS

[0030] At the time of measuring the motion of each person
by using a plurality of Doppler sensors, when a vibration or
the like corresponding to one of the motions of a plurality of
persons is transmitted to the other person, a change appears
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in the sensor value corresponding to the other person as if
the other person has moved although the other person does
not actually move.

[0031] For example, in a case in which a plurality of
persons is sleeping on one bed and the motion (which may
be referred to as a “body motion”) of each person is
measured by a plurality of Doppler sensors, when someone
rolls, the vibration is transmitted to the other sleeping
person.

[0032] In this case, a change in amplitude appears in the
sensor value of the Doppler sensor corresponding to the
other person as if the other person has moved due to the
influence of the vibration of the rolled person although the
other person actually does not move.

[0033] For that reason, there is a possibility that the
motion measurement accuracy of each person may be dete-
riorated. When the motion measurement accuracy of each
person is deteriorated, the sleeping state estimation accuracy
using the motion measurement result of each person may be
deteriorated.

[0034] Embodiments will be described below with refer-
ence to the drawings. However, the embodiments described
below are merely examples and it is not intended to exclude
various modifications or applications of techniques not
explicitly described below. In addition, various exemplary
embodiments described below may be combined appropri-
ately. In the drawings used in the following embodiments,
the portions denoted by the same reference numerals indi-
cate the same or similar portions unless otherwise specified.
[0035] FIG. 1 is a block diagram illustrating a configura-
tion example of a sensor system according to one embodi-
ment. For example, a sensor system 1 illustrated in FIG. 1
may include a first sensor 2A, a second sensor 2B, and an
information processing apparatus 3.

[0036] The sensors 2A and 2B may be connected to the
information processing apparatus 3 via a network (NW) 4 to
communicate with each other. For example, the sensors 2A
and 2B may be connected to the network 4 via a router 6
which is an example of a communication device.

[0037] For example, the sensors 2A and 2B may be
Doppler sensors and are able to detect a “motion” of a
sensing target in a non-contact manner based on a change in
wave reflected from the sensing target by irradiating a radio
wave such as a microwave to the sensing target.

[0038] For example, when a distance between the sensor
2A (or 2B) and the sensing target changes, the reflected wave
changes due to the Doppler effect. A change in reflected
wave can be regarded as, for example, one or both of a
change in amplitude of the reflected wave and a change in
frequency of the reflected wave.

[0039] When the sensing target is a living body such as a
human body, the distance between the sensor 2A (or 2B) and
the sensing target changes according to the “motion” of the
living body, so that biological information (referred to as
“vital information™) can be sensed. In addition, “sensing”
may be paraphrased as “detection” or “measurement”.
[0040] For example, the “motion” (which may be para-
phrased as a “change in position”) of the living body is not
limited to the physical motion during the activity of the
living body but also includes the motion of the biological
surface (for example, a skin) corresponding to a heartbeat or
respiration at resting time such as in a sleeping state.
[0041] It may be understood that the motion of the bio-
logical surface is caused in accordance with the motion of
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the living organ. For example, the motion occurs in the skin
in response to the beating of the heart. In addition, the
motion of the skin occurs in response to the stretching of the
lung accompanying respiration.

[0042] Since the reflection of the microwave irradiated by
the sensor 2A (or 2B) changes due to the Doppler effect in
response to the “motion” of the living body, it is possible to
sense vital information indicating, for example, physical
motion, heartbeat, and respiration based on the change.
[0043] In the following description, the “physical motion”
of the human body is referred to as a “body motion” for
convenience of description and is distinguished from the
motion of the human body surface accompanying heartbeat,
respiration, or the like. However, the “body motion” may
include the physical motion of the human body and the
motion of the human body surface accompanying heartbeat,
respiration, or the like.

[0044] Based on the vital information sensed by the sensor
2A (or 2B), it is possible to detect, determine, or estimate the
sleeping state of the living body in a non-contact manner,
such as whether the living body is sleeping or awakened.
[0045] For example, the sensors 2A and 2B may be
attached to a bed 5 which is an example of bedding provided
in an indoor space such as a bedroom and may sense the vital
information of the user of the bed 5 in a non-contact manner.
In addition, the “user” may be referred to as an “observed
person” or a “subject” by sensors 2A and 2B.

[0046] The bed 5 may be a bed in which two or more
persons can sleep. For example, the bed 5 may be a bed
having a width equal to or larger than a width (for example,
1400 mm) of a general double bed. In the following descrip-
tion, as a non-limiting example, it is assumed that the bed 5
is a double bed of a size that allows two users A and B to
sleep side by side as illustrated in FIG. 2 or 4.

[0047] The sensors 2A and 2B may be attached to the bed
5 to respectively correspond 1o the users A and B.

[0048] For example, in the double bed 5, the first sensor
2A may be attached to the bed 5 so that a part or the entirety
of a first sleeping region assumed to be occupied by one user
A at bedtime is included in the sensing range.

[0049] The second sensor 2B may be attached to the
double bed 5 so that a part or the entirety of a second
sleeping region assumed to be occupied by the other user B
at bedtime is included in the sensing range.

[0050] For example, the first and second sleeping regions
may respectively correspond to left and right regions
obtained by dividing the bed region of the double bed 5 in
the width direction about the center line in the longitudinal
direction.

[0051] As anon-limiting example, the first sensor 2A may
be attached to a position in which the directivity of the
transmission radio wave is formed with respect to the first
sleeping region and the radio wave can be irradiated toward
the first user A. The second sensor 2B may be attached to a
position in which the directivity of the transmission radio
wave is formed with respect to the second sleeping region
and the radio wave can be irradiated toward the second user
B.

[0052] As an example of such an attachment position
(which is sometimes referred to as a “sensor attachment
position” for convenience of description), as schematically
illustrated in FIGS. 2 and 3, a position in which the user A
(or B) can be irradiated with radio waves from a rear side of
a mattress 52 is exemplified.
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[0053] For example, the first sensor 2A may be attached in
a region corresponding to the sleeping region of the user A
of a floor plate (which may be referred to as a “bottom
plate”) 53 (see FIG. 3) of the bed 5 on which the mattress
52 is placed so that the directivity of the transmission radio
wave is directed upward.

[0054] For example, the second sensor 2B may be
attached in a region corresponding to the sleeping region of
the user B of the floor plate 53 so that the directivity of the
transmission radio wave is directed upward.

[0055] As another example of the sensor attachment posi-
tion, as illustrated in FIGS. 4 and 5, a headboard 51 of the
bed 5 is exemplified. The sensors 2A and 2B may be
attached to the headboard 51 by embedding or external
attaching.

[0056] For example, the sensors 2A and 2B may be
attached depending on the height of the headboard 51 and
may be attached to a position of several tens of centimeters
(cm), that is, about 30 cm as a non-limiting example from
the surface of the mattress 52 upward in the vertical direc-
tion.

[0057] As schematically illustrated in FIGS. 2 to 5, the
sensing ranges of the sensors 2A and 2B may be respectively
set to include the chests of the users A and B. By this setting,
the heartbeat or respiration of the users A and B is easily
measured. Further, the sensing ranges of the sensors 2A and
2B may be set not to overlap each other so that the radio
wave interference can be avoided as much as possible.
[0058] For example, as will be described below, the sens-
ing ranges of the sensors 2A and 2B may be respectively
adjusted by controlling the transmission power of the radio
waves.

[0059] As illustrated in FIGS. 2 and 3, in the embodiment
in which the sensors 2A and 2B are attached to the floor plate
53 of the bed 5, it is easy to adjust the sensors so that a region
including at least the chests of the users A and B is included
in the sensing range and thus it is easy to measure the
heartbeat or respiration of the users A and B.

[0060] Meanwhile, as illustrated in FIGS. 4 and 5, in the
embodiment in which the sensors 2A and 2B are attached to
the headboard 51 of the bed 5, for example, the sensors 2A
and 2B hardly receive an influence of disturbance accom-
panied by a change in shape of the bed 5.

[0061] For example, even when the hardness of the mat-
tress 52 of the bed 5 is changed or the shape of the reclinable
bed 5 is changed, the influence on the sensing by the sensors
2A and 2B can be suppressed and thus a decrease in sensing
accuracy can be suppressed.

[0062] In addition, the sensor attachment position illus-
trated in FIGS. 2 and 3 and the sensor attachment position
illustrated in FIGS. 4 and 5 may be appropriately combined
with each other. For example, one of the sensors 2A and 2B
may be attached to the floor plate 53 of the bed 5 and the
other thereof may be attached to the headboard 51 of the bed
5.

[0063] The bed 5 to which the sensors 2A and 2B are
attached may be referred to as a “multiuser compatible
sensor attached bed 5 for convenience of description.
[0064] Further, as schematically illustrated in FIG. 1, an
air conditioner 7 or a luminaire § may be provided in an
indoor space provided with the bed 5.

[0065] Similarly to the sensors 2A and 2B, the air condi-
tioner 7 or the luminaire 8 may be connected to the router 6
and may be connected to the information processing appa-
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ratus 3 via the router 6 and the network 4 so that a
communication therebetween is possible.

[0066] Operations of the air conditioner 7 or the luminaire
8 may be controlled from the information processing appa-
ratus 3 by a communication via the router 6 and the network
4.

[0067] For example, the information processing apparatus
3 may remotely control the operation of the air conditioner
7 or the dimming of the luminaire 8 by using the sensing
result of the sensors 2A and 2B. The control may be to
control the environment in the indoor space (which may be
referred to as an “indoor environment”) to a comfortable
environment for the user.

[0068] Forexample, the control of the indoor environment
using the information processing apparatus 3 may include
the temperature control, the air volume control, or the wind
direction control of the air conditioner 7 and the dimming
control of the luminaire 8 which help the good sleep of the
user. Such control may be referred to as “good sleep control”
for convenience of description.

[0069] Inaddition, it is possible that the sensors SA and 5B
are not controlled by the information processing apparatus 3.
In other words, the sensors 5A and 5B are enough to
communicate with the information processing apparatus 3 in
one direction and it is possible that the sensors 5A and 5B
do not receive signals transmitted from the information
processing apparatus 3.

[0070] A part or all of the sensors 2A and 2B, the air
conditioner 7, and the luminaire 8 may be connected to the
router 6 in a wired or wireless manner. The air conditioner
7 or the luminaire 8 may be either for home use or business
use. The air conditioner 7 or the luminaire 8 for home is an
example of a so-called “home appliance” and the “home
appliance” capable of communicating with the network 4
may be referred to as an “information home appliance”.
[0071] For example, the network 4 may correspond to a
Wide Area Network (WAN), a Local Area Network (LAN),
or an internet. The network 4 may include a wireless access
network. For example, the router 6 may be connected to the
wireless access network via a wireless interface and may
communicate with the information processing apparatus 3.
[0072] As described above, the information processing
apparatus 3 can receive (which may be referred to as
“acquire”) the sensor information of the sensors 2A and 2B
via the network 4. Thus, the information processing appa-
ratus 3 may be referred to as the sensor information pro-
cessing apparatus 3.

[0073] Based on the received sensor information, the
information processing apparatus 3 can determine (which
may be referred to “estimate”) states involving with the
body motion, the heartbeat, or the respiration of the users A
and B. Based on the estimation result, the information
processing apparatus 3 may control the indoor environment
as described above.

[0074] For example, the information processing apparatus
3 may be configured by using one or a plurality of servers.
In other words, one server may correspond to the informa-
tion processing apparatus 3 and a server system including a
plurality of servers may correspond to the information
processing apparatus 3. The server may correspond to, for
example, a cloud server provided in a cloud data center.
[0075] (Configuration Examples of Sensors 2A and 2B)
[0076] Next, configuration examples of the sensors 2A and
2B will be described with reference to FIG. 6. Additionally,
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the configuration examples illustrated in FIG. 6 may be
common to the sensors 2A and 2B. For that reason, when the
sensors 2A and 2B are not distinguished structurally, the
sensors 2A and 2B may be abbreviated as a “sensor 2” in
some cases.

[0077] The sensor 2 illustrated in FIG. 6 is a Doppler
sensor. The Doppler sensor 2 may be referred to as a
“microwave sensor 2” or an “RF sensor 2”. “RF” is an
abbreviation for “Radio Frequency”.

[0078] For example, the Doppler sensor 2 generates a beat
signal by phase-detecting the transmission radio wave and
the reflected wave of the transmitted radio wave. For that
reason, as illustrated in FIG. 6, the Doppler sensor 2 may
include, for example, an antenna 211, a local oscillator
(Oscillator, OSC) 212, a Micro Control Unit (MCU) 213, a
detection circuit 214, an operational amplifier (OP) 215, and
a power supply unit 216.

[0079] The antenna 211 transmits a radio wave having an
oscillation frequency generated by the OSC 212 and
receives the reflected wave of the transmission radio wave.
Additionally, in the example of FIG. 6, the antenna 211 is
commonly used for transmission and reception, but may be
individually used for each of the transmission and reception.
[0080] For example, the OSC 212 is oscillated by the
control of the MCU 213 and outputs a signal (which may be
referred to as a “local signal” for convenience of descrip-
tion) having a predetermined frequency. The local signal is
transmitted from the antenna 211 as the transmission radio
wave and is input to the detection circuit 214.

[0081] For example, the oscillation frequency of the OSC
212 may be a frequency in a microwave band. The micro-
wave band may be, for example, a 2.4 GHz band or a 24
GHz band. These frequency bands are examples of fre-
quency bands that are allowed to be used indoors under the
Radio Law of Japan. A frequency band that is not regulated
by the Radio Law may be used as the transmission radio
wave of the Doppler sensor 2.

[0082] For example, the MCU 213 controls the oscillation
operation of the OSC 212.

[0083] The detection circuit 214 outputs a beat signal by
phase-detecting the reflected wave received by the antenna
211 and the local signal (in other words, the transmission
radio wave) from the OSC 212. In addition, the detection
circuit 214 may be replaced by a mixer that mixes the
transmission radio wave and the reflected wave. It may be
understood that the mixing by the mixer is equal to the
phase-detecting.

[0084] Here, the beat signal obtained by the detection
circuit 214 has a change in amplitude and frequency occur-
ring in response to the “motion” of the user A or B reflecting
the transmission radio wave due to the Doppler effect.
[0085] For example. the frequency and the amplitude
value of the beat signal tend to increase as the change
amount of the “motion” (in other words, the relative speed
to the Doppler sensor 2) increases.

[0086] Inother words, the beat signal includes information
indicating the “motion” of the sensing target (for example,
the user A or B) reflecting the transmission radio wave. As
described above, examples of the “motion” of the sensing
target include the body motion which is a physical motion of
the user and the motion of the human body surface (in other
words, a skin) accompanied by the heartbeat or respiration.
[0087] Since a distance between the user and the Doppler
sensor 2 changes due to a change of the human body surface
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in accordance with the heartbeat or respiration, the wave-
form of the beat signal changes in response to a change in
distance. Thus, it is possible to detect the heart rate or the
respiratory rate of the user as well as the body motion of the
user based on a change in waveform of the beat signal.
[0088] Forexample, since the body motion of the user has
a tendency that the amplitude value of the beat signal largely
changes compared to the motion of the human body surface
in response to the heartbeat or respiration of the user, the
body motion can be detected based on a change in amplitude
value.

[0089] On the contrary, since the motion of the human
body surface in response to the heartbeat or respiration of the
user easily appears as a change in frequency compared to a
change in amplitude value in the beat signal, the motion of
the human body surface can be detected based on a change
in frequency.

[0090] The operational amplifier 215 amplifies the beat
signal output from the detection circuit 214. The amplified
beat signal may be transmitted to the information processing
apparatus 3 as the sensor information.

[0091] The power supply unit 216 supplies driving power
to, for example, the MCU 213, the detection circuit 214, and
the operational amplifier 215.

[0092] In addition, the oscillation frequency and the out-
put signal strength of the OSC 212 may be the same or
different in the Doppler sensor 2A and the Doppler sensor
2B. In other words, the frequency and the power of the radio
wave transmitted by the Doppler sensors 2A and 2B may be
the same or different.

[0093] It may be said that the power of the transmission
radio wave is the “transmission radio wave strength” or the
“transmission power”. Since the reachable space range of
the radio wave increases as the transmission power
increases, the sensing range can be expanded. The transmis-
sion power of the Doppler sensors 2A and 2B may be
individually set or adjusted in response to the distance
between the sensor attachment position and the sensing
target.

[0094] (Configuration Example of Information Processing
Apparatus 3)
[0095] Next, a configuration example of the information

processing apparatus 3 illustrated in FIG. 1 will be described
with reference to FIG. 7. As illustrated in FIG. 7, the
information processing apparatus 3 may include, for
example, a processor 31, a memory 32, a storage device 33,
a communication interface (IF) 34, and a peripheral IF 35.
[0096] The processor 31, the memory 32, the storage
device 33, the communication IF 34, and the peripheral IF
35 may be connected to each other to communicate with
each other via, for example, a communication bus 36.
[0097] The processor 31 is an example of a processing unit
and controls, for example, the entire operation of the infor-
mation processing apparatus 3. The control may include
communication control via the network 4. The control may
include remote control for one or both of the air conditioner
7 and the luminaire 8 via the network 4.

[0098] For example, the processor 31 may determine the
sleeping states of the users A and B based on the sensor
information of the Doppler sensors 2A and 2B received by
the communication IF 34 and may generate a control signal
for controlling the operation of the air conditioner 7 or the
luminaire 8 in response to the determination result. The
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control signal may be transmitted to the air conditioner 7 or
the luminaire 8 via, for example, the communication [F 34.
[0099] The processor 31 is an example of an arithmetic
processing apparatus having arithmetic capability. The arith-
metic processing apparatus may be referred to as an arith-
metic device or an arithmetic circuit. For example, a CPU
may be applied to the processor 31 which is an example of
the arithmetic processing apparatus. The “CPU” is an abbre-
viation for “Central Processing Unit”.

[0100] Instead of the CPU, for example, an Integrated
Circuit (IC) such as a Micro Processing Unit (MPU) or a
Digital Signal Processor (DSP) may be used in the processor
31. Additionally, the “arithmetic processing apparatus” may
be referred to as a “computer”.

[0101] The memory 32 is an example of a storage medium
and may be a Random Access Memory (RAM) or a flash
memory. A program or data read by the processor 31 and
used for an operation may be stored in the memory 32. The
“program” may be referred to as “software” or “applica-
tion”.

[0102] The storage device 33 may store various data or
program. As the storage device 33, a hard disk drive (HDD),
a solid state drive (SSD), a flash memory, or the like may be
used.

[0103] The data stored in the storage device 33 may
include, for example, the sensor information of the Doppler
sensors 2A and 2B received by the communication IF 34, the
vital information obtained based on the sensor information,
the sleeping state determination result estimated based on
the vital information, and the like.

[0104] The data stored in the storage device 33 may be
appropriately collected into a database (DB). The DB data
may be referred to as “cloud data” or “big data”. Addition-
ally, the storage device 33 and the memory 32 may be
generally referred to as a “storage unit”.

[0105] The program stored in the storage device 33 may
include a program that executes a process (which may be
referred to as a “sensor information process™) which will be
described later in FIG. 8 or 9 and FIGS. 15 to 17. For
convenience of description, the program may be referred to
as a “sensor information processing program”. A part or the
entirety of a program code constituting the program may be
stored in the storage unit or may be described as a part of an
operating system (OS).

[0106] The program or data may be provided while being
stored in a computer readable recording medium. As an
example of the recording medium, a flexible disk, a CD-
ROM, a CD-R, a CD-RW, a MO, a DVD, a Blu-Ray Disc,
a portable hard disk, and the like can be exemplified.
Further, a semiconductor memory such as a Universal Serial
Bus (USB) memory is also an example of the recording
medium.

[0107] Alternatively, the program or data may be provided
(downloaded) from the server or the like to the information
processing apparatus 3 via the network 4. For example, the
program or data may be provided to the information pro-
cessing apparatus 3 via the communication IF 34. Further,
the program or data may be input to the information pro-
cessing apparatus 3 from an input unit which will be
described later and is connected to the peripheral IF 35.
[0108] The communication IF 34 is connected to, for
example, the network 4 so that a communication is possible
via the network 4.
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[0109] Focusing on the reception process, the communi-
cation IF 34 is an example of a receiver (which may be
referred to as an “acquiring unit”) which receives informa-
tion transmitted from the sensors 2A and 2B to the infor-
mation processing apparatus 3.

[0110] Meanwhile, focusing on the transmission process,
the communication IF 34 is, for example, an example of a
transmitter which transmits, for example, a control signal
which is generated by the processor 31 to the air conditioner
7 or the luminaire 8. For example, Ethernet (registered
trademark) cards may be applied to the communication IF
34.

[0111] The peripheral IF 35 is, for example, an interface
for connecting a peripheral device to the information pro-
cessing apparatus 3.

[0112] The peripheral device may include an input unit
which inputs information to the information processing
apparatus 3 or an output unit which outputs information
generated by the information processing apparatus 3.
[0113] The input unit may include a keyboard, a mouse, a
touch panel, or the like. The output unit may include a
display, a printer, or the like.

[0114] (Operation Example)

[0115] Hereinafter, an operation example of the sensor
system 1 will be described.

[0116] In the following operation example, an example of
estimating the sleeping state of a plurality of (for example,
two) users A and B respectively by the information process-
ing apparatus 3 based on the sensor information obtained by
the sensors 2A and 2B in a non-contact manner will be
described.

[0117] Further, in the following description, there is a case
in which the sensor information which is the sensing result
of the Doppler sensors 2A and 2B is referred to as a
“detection value” or a “sensor value”. Further, there is a case
in which the sensor value of the Doppler sensor 2A corre-
sponding to the user A is referred to as a “Doppler sensor
value A” or a “sensor value A” for convenience of descrip-
tion. Similarly, there is a case in which the sensor value of
the Doppler sensor 2B corresponding to the user B is
referred to as a “Doppler sensor value B” or a “sensor value
B” for convenience of description.

[0118] For example, when two users A and B sleep on one
bed 5 side by side, the body motion, the heartbeat, or the
respiration of each user can be measured by providing the
Doppler sensors 2A and 2B to correspond to their sleeping
positions (in other words, the sleeping regions) as illustrated
in FIGS. 2 to 5.

[0119] However, when the physical motion (the body
motion) in which someone (for example, the user A) rolls
occurs as a plurality of persons sleep on one bed 5, a
vibration corresponding to the body motion is transmitted to,
for example, the mattress 52 or the futon (comforter, duvet)
of the bed 5 so that the other user B may also move.
[0120] In this case, a change in amplitude occurs in the
sensor value B corresponding to the other user B as if the
body motion of the user B occurs although the user B
actually does not move.

[0121] For that reason, a false motion detection for the
user B occurs although the user B actually does not move.
Accordingly, the body motion detection accuracy of the user
B is deteriorated and thus the sleeping state estimation
accuracy is also deteriorated.
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[0122] 1In contrast, when the body motion of the user B
occurs due to the rolling motion, a vibration is transmitted
to the user A and thus a change in amplitude occurs in the
sensor value A as if the body motion of the user A occurs.
[0123] For that reason, the body motion detection accu-
racy of the user A is deteriorated and thus the sleeping state
detection accuracy of the user A is detonated.

[0124] In this way, in a case in which the plurality of users
A and B sleep on one bed 5, even when the sensors 2A and
2B are provided to respectively correspond to the users A
and B, the body motion detection accuracy for the other
person is deteriorated when the body motion occurs in any
one of the users A and B due to the rolling motion.

[0125] Even when the radio wave frequencies of the
sensors 2 corresponding to the plurality of users are different
from each other, a change in amplitude caused by the
vibration of the user due to the body motion such as rolling
motion occurs in the sensor value of the sensor 2 corre-
sponding to the other user and thus the body motion detec-
tion accuracy can be deteriorated.

[0126] Since information indicating whether the body
motion occurs while sleeping is information used to estimate
the quality (for example, the depth) of the sleeping, it is
desirable to suppress a false detection as if someone who is
not moving has moved as much as possible.

[0127] Here, the user with the body motion such as rolling
motion and the user without the body motion can be distin-
guished from each other by, for example, the data of the
specific frequency component in the frequency analysis
result for the Doppler sensor value.

[0128] Fast Fourier Transform (FFT) or Discrete Fourier
Transform (DFT) may be used for frequency analysis. The
specific frequency component is, for example, a frequency
component indicating one or both of the heartbeat and the
respiration of the human body. In addition, the frequency
component indicating the heartbeat may be briefly referred
to as a “heartbeat component” and the frequency component
indicating the respiration may be briefly referred to as a
“respiration component”.

[0129] There is a tendency that the heartbeat component
has a peak in the frequency range higher than that of the
respiration component in the frequency analysis result. For
example, there is a tendency that the heartbeat component of
the human body has a peak frequency in the frequency range
of about 0.7 Hz to 3 Hz and the respiration component of the
human body has a peak frequency in the frequency range of
about 0.1 Hz to 0.3 Hz.

[0130] When the user largely moves while rolling on the
bed 5, a waveform disturbance corresponding to the body
motion occurs in the Doppler sensor value and thus the data
corresponding to one or both of the heartbeat component and
the respiration component lack in the frequency analysis
result (or it becomes difficult to discriminate, hereinafter the
same).

[0131] On the contrary, although a temporary waveform
disturbance occurs in the sensor value corresponding to the
other user without the body motion while sleeping on the
same bed 5, the heartbeat component and the respiration
component easily exist in the frequency analysis result to be
discriminated.

[0132] Thus, it is possible to determine or estimate which
user corresponding to the Doppler sensor 2 has the body
motion such as rolling motion based on the lack of the data
corresponding to one or both of the heartbeat component and
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the respiration component in the frequency analysis result of
the sensor value indicating the detection of the body motion.
[0133] For example, the sensor value in which the lack of
one or both of the heartbeat component and the respiration
component is detected in the frequency analysis result
among the plurality of sensor values indicating a change in
amplitude in the body motion detection indicates a state
where the body motion such as rolling motion occurs in the
user corresponding to the sensor value. Thus, the body
motion amount obtained from the sensor value may be
processed as a valid data.

[0134] Meanwhile, the sensor value in which the lack of
the heartbeat component and the respiration component is
not detected among the plurality of sensor values indicating
achange in amplitude of the body motion detection indicates
a state where no body motion occurs in the user correspond-
ing to the sensor value. Thus, the body motion amount
obtained from the sensor value may be corrected without
processing it as a valid data.

[0135] With the above-described process, it is possible to
improve the body motion detection accuracy for each user
and to further improve the sleeping state estimation accu-
racy.

[0136] In addition, the body motion amount may be cor-
rected such that, for example, the body motion amount is set
to an invalid value, for example, 0. In other words, the
correction of the body motion amount may be regarded as a
process of masking the body motion amount or a process of
not allowing the body motion detection as the normal (or
valid) body motion detection.

[0137] In other words, the process of not allowing the
body motion detection as a valid body motion detection may
be regarded as a process of setting the body motion detection
as an abnormal (or invalid) body motion detection (or a false
body motion detection) or a process of ignoring the body
motion detection.

First Embodiment

[0138] Hereinafter, a first embodiment of a process by the
information processing apparatus 3 will be described with
reference to FIGS. 8§ to 14.

[0139] Additionally, in the following description, there is
a case in which the body motion amount, the heart rate, and
the respiratory rate calculated for the user A are respectively
expressed as the “body motion amount A”, the “heart rate
A”, and the “respiratory rate A” for convenience of descrip-
tion. Similarly, there is a case in which the body motion
amount, the heart rate, and the respiratory rate calculated for
the user B are respectively expressed as the “body motion
amount B”, the “heart rate B”, and the “respiratory rate B”
for convenience of description.

[0140] As illustrated in FIG. 8, the information processing
apparatus 3 receives the Doppler sensor values A and B
transmitted from the Doppler sensors 2A and 2B to the
information processing apparatus 3 (Processes Plla and
P114). For example, the Doppler sensor values A and B are
received by the communication IF 34 of the information
processing apparatus 3 and are input to the processor 31 of
the information processing apparatus 3.

[0141] For example, the processor 31 may extract ampli-
tude components of the Doppler sensor values A and B
(Processes P12a and P12b) and may calculate the body
motion amount A of the user A and the body motion amount
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B of the user B based on the extracted amplitude compo-
nents (Processes P13a and P135).

[0142] For example, the processor 31 may determine the
amplitude component exceeding a determination threshold
value as the “body motion detection” by comparing the
amplitude component and the determination threshold value
with each other and may calculate the amplitude component
determined as the “body motion detection” by the integra-
tion per unit time. Alternatively, the processor 31 may
calculate the “body motion amount” as the numerical data
indicating whether the “body motion detection” exists or
not. For example, the existence of the “body motion detec-
tion” may be indicated by “1” and the non-existence of the
“body motion detection” may be indicated by “0”.

[0143] Along with the body motion amount calculation
process, the processor 31 may analyze the frequencies of the
sensor values A and B (Processes P14a and P14%) and may
calculate the heart rates and the respiratory rates for the users
A and B based on the frequency analysis result (Processes
P15a and P155).

[0144] For example, the sensor values A and B are respec-
tively converted from time domain signals to frequency
domain signals (which are referred to as “frequency signals”
for convenience of description) by FFT processing.

[0145] The processor 31 may detect the frequency com-
ponent (which may be referred to as a “FFT peak frequency”
for convenience of description) indicating a relatively large
change from the frequency signals of the sensor values A and
B. The FFT peak frequency of the Doppler sensor value is
an example of the frequency component indicating a specific
change in response to the heartbeat or respiration.

[0146] FIG. 11 illustrates an example of a change in
Doppler sensor value with time and FIG. 12 illustrates an
example of a FFT result of the Doppler sensor value
illustrated in FIG. 11.

[0147] As illustrated in FIG. 12, there is a tendency that
the heartbeat component of the human body has a peak
frequency in the frequency range of about 0.7 Hz to 3 Hz in
the FFT result of the Doppler sensor value as described
above. Further, there is a tendency that the respiration
component of the human body has a peak frequency in the
frequency range of about 0.1 Hz to 0.3 Hz.

[0148] Thus, the processor 31 can separate the original
signal waveform of the Doppler sensor value illustrated in
FIG. 11 into the signal waveform corresponding to the
respiration component and the signal waveform correspond-
ing to the heartbeat component based on the peak frequency
corresponding to the heartbeat component and the peak
frequency corresponding to the respiration component.
[0149] FIG. 13 illustrates an example of the signal wave-
form corresponding to the heartbeat component and FI1G. 14
illustrates an example of the signal waveform corresponding
to the respiration component.

[0150] The processor 31 may appropriately apply low pass
filtering (LPF) processing for removing noise components of
the separated signal waveforms.

[0151] The processor 31 can calculate the heart rate and
the respiratory rate from the obtained signal waveform. For
example, for the heart rate, the processor 31 may identify a
feature point (for example, an amplitude peak) of the signal
waveform corresponding to the heartbeat component and
obtain the time interval (for example, “second”) of the
feature points.
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[0152] For example, the processor 31 may calculate the
heart rate per minute by dividing 1 minute (=60 seconds) by
the obtained time interval. The respiratory rate can be also
calculated similarly by the processor 31.

[0153] Returning to FIG. 8, the processor 31 may store the
body motion amounts, the heart rates, and the respiratory
rates of the users A and B obtained by Processes P13a and
P13b and Processes P15a and P15b in, for example, the
storage device 33 (see FIG. 7) and collect them into the
database (DB) (Process P16). In addition, there is a case in
which the DB stored in the storage device 33 is referred to
as a “DB 33" for convenience of description.

[0154] FIGS. 10A and 10B illustrate an example of the
registration contents of the DB 33. In addition, FIG. 10A
illustrates an example of the registration contents before the
correction by the body motion amount correction process to
be described later (Process P17 in FIG. 8) and FIG. 10B
illustrates an example of the registration contents after the
correction by the correction process.

[0155] As illustrated in FIGS. 10A and 10B, the DB 33
may register the body motion amount, the heart rate, and the
respiratory rate for each of the users A and B every prede-
termined time (for example, 1 second). In addition, a portion
surrounded by a dotted line in FIG. 10A indicates the lack
of the respiratory rate and the heart rate of the user A or B
due to the body motion such as rolling motion.

[0156] As illustrated in FIG. 8, the processor 31 may
perform the body motion amount correction process based
on the registration contents of the DB 33 illustrated in FIG.
10A (Process P17). FIG. 9 illustrates an example of the body
motion amount correction process.

[0157] As illustrated in FIG. 9, the processor 31 may read
data with reference to the DB 33 (Process P170) and
determine whether the relationship of the body motion
amount A>the body motion amount B is established by
comparing, for example, the body motion amounts A and B
of the users A and B at the same time (Process P171).

[0158] When the relationship of the body motion amount
A>the body motion amount B is established as the deter-
mination result (YES in Process P171), the processor 31
may further determine whether the heart rate A and the
respiratory rate A at the time of comparing the body motion
amounts A and B are registered in the DB 33 (Process P172).

[0159] When one or both of the heart rate A and the
respiratory rate A are not registered and lack as the deter-
mination result (NO in Process P172), the processor 31 may
maintain the body motion amount A as the valid data by
determining that the body motion such as rolling motion
occurs in the user A (Process P174).

[0160] In other words, the processor 31 may process the
body motion detection based on a change in amplitude of the
Doppler sensor value A as the valid body motion detection.
The process may be regarded as a process of detecting the
body motion based on a change in amplitude of the Doppler
sensor value A.

[0161] Meanwhile, when the heart rate A and the respira-
tory rate A are registered (YES in Process P172), the
processor 31 may correct the body motion amount A to the
invalid data (for example, 0) by determining that the body
motion amount A is the data erroneously detected by the
influence of the body motion of the other user B (Process
P173).
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[0162] For example, in the examples of FIGS. 10A and
10B, the body motion amount A (“1” in FIG. 10A) sur-
rounded by the solid line for the user A in FIG. 10B is
corrected to “0”.

[0163] In other words, it is possible that the processor 31
does not process the body motion detection based on a
change in amplitude of the Doppler sensor value A as the
valid body motion detection. The process may be regarded
as a process of ignoring or not performing the body motion
detection based on a change in amplitude of the Doppler
sensor value A.

[0164] Further, in Process P171 for comparison, when the
relationship of the body motion amount A>the body motion
amount B is not established (NO in Process P171), the
processor 31 may determine whether the relationship of the
body motion amount A<the body motion amount B is
established (Process P175).

[0165] When the relationship of the body motion amount
A<the body motion amount B is established as the deter-
mination result (YES in Process P175), the processor 31
may further determine whether the heart rate B and the
respiratory rate B at the time of comparing the body motion
amounts A and B are registered in the DB 33 (Process P176).
[0166] When one or both of the heart rate B and the
respiratory rate B are not registered and lack as the deter-
mination result (NO in Process P176), the processor 31 may
maintain the body motion amount B as the valid data by
determining that the body motion such as rolling motion
occurs in the user B (Process P178).

[0167] In other words, the processor 31 may process the
body motion detection based on a change in amplitude of the
Doppler sensor value B as the valid body motion detection.
The process may be regarded as a process of detecting the
body motion based on a change in amplitude of the Doppler
sensor value B.

[0168] Meanwhile, when the heart rate B and the respira-
tory rate B are registered (YES in Process P176), the
processor 31 may correct the body motion amount B to the
invalid data (for example, 0) by determining that the body
motion amount B is the data erroneously detected by the
influence of the body motion of the other user A (Process
P177).

[0169] For example, in the examples of FIGS. 10A and
10B, the body motion amount B (“1” in FIG. 10A) sur-
rounded by the solid line for the user B in FIG. 10B is
corrected to “0”.

[0170] In other words, it is possible that the processor 31
does not process the body motion detection based on a
change in amplitude of the Doppler sensor value B as the
valid body motion detection. The process may be regarded
as a process of ignoring or not performing the body motion
detection based on a change in amplitude of the Doppler
sensor value B.

[0171] Additionally, in Process P175 for comparison,
when the relationship of the body motion amount A<the
body motion amount B is not established (NO in Process
P175), the processor 31 may determine the relationship of
the body motion amount A=the body motion amount B is
established (Process P179), may process (maintain) the body
motion amounts A and B as the valid data, and may return
the routine to Process P170.

[0172] The processor 31 may repeat the process after
Process P170 (YES in Process P180) until no unprocessed
data is left in the DB 33 (until NO in Process P180).
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[0173] When no unprocessed data is left (NO in Process
P180), the processor 31 may determine the sleeping states of
the users A and B, for example, based on the data of the body
motion amounts, the heart rates, and the respiratory rates of
the users A and B registered in the DB 33 as illustrated in
FIG. 8 (Process P18).

[0174] For example, the processor 31 may compare the
“body motion amount” obtained over a certain unit time
with a threshold value and may determine the time when the
“body motion amount” is equal to or larger than the thresh-
old value as the time when the user A or B is “awakened”.

[0175] In other words, the processor 31 may determine
that the user A or B is “sleeping” at the time except for the
time determined as “awakened”. The processor 31 may
determine that the user A or B is “sleeping” when the time
determined as “sleeping” is continued over a threshold time
or more such as several minutes.

[0176] Further, the processor 31 may determine the depth
of the sleep, for example, whether the sleep is the “REM
sleep” or the “Non-REM sleep” based on the heart rate and
the respiratory rate at the time determined that the user A or
B is “sleeping”.

[0177] For example, the sleep cycle (or stage) of the user
can be classified into Stages 1 to 5. Stage 1 is referred to as
a “sleep onset stage”, Stage 2 is referred to as a “light sleep
stage”, Stage 3 is referred to as a “moderate sleep stage” and
Stage 4 is referred to as a “deep sleep stage”. Stages 1 to 4
are referred to as “non-REM sleep” and Stage 5 is referred
to as “REM sleep”.

[0178] The processor 31 can determine, for example, the
“Non-REM sleep” of Stages 3 and 4 and the “REM sleep”
of Stage 5 based on the heart rate, the respiratory rate, and
the body motion amount of the user.

[0179] For example, in the “REM sleep”, there is a ten-
dency that the heart rate increases and irregularly changes
and the respiratory rate increases. Meanwhile, this is a level
which may be determined that the body motion amount does
not exist or substantially does not exist.

[0180] On the contrary, in the “Non-REM sleep”, there is
a tendency that the heart rate decreases and the respiratory
rate decreases to be stabilized. Meanwhile, this is a level
which may be determined that the body motion amount does
not exist or substantially does not exist.

[0181] Thus, the processor 31 can determine whether the
sleep of the users A and B is the “REM sleep” or the
“Non-REM sleep” based on the tendency of a change in the
heart rate and the respiratory rate of each of the “REM
sleep” and the “Non-REM sleep”.

[0182] The processor 31 may control the indoor environ-
ment provided with the bed 5 based on the sleeping state
determination result. For example, since the processor 31
can estimate the respective sleeping states of a plurality of
persons sleeping in a certain indoor space, the indoor
environment can be adapted to each person.

[0183] For example, the processor 31 may perform “good
sleep control” such as temperature control, air volume
control, wind direction control, and dimming control which
help the good sleep of each of the users A and B by
controlling the operation of the air conditioner 7 or the
luminaire 8 based on the sleeping state determination result
(Process P19).
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[0184] For example, the sleeping state determination
result can be used in the information for controlling the wind
direction of the air conditioner 7 or the dimming of the
luminaire 8 for each person.

[0185] Additionally, the sleeping state determination
result of the users A and B may be appropriately output to
an external device (not illustrated) as a report or the like
(Process P20). The external device may be a display or a
printer.

[0186] Here, since the body motion amount used to deter-
mine the sleeping state as described above is corrected as
described in FIG. 9, it is possible to reduce the possibility of
the false detection that a person who is not moving has
moved. In other words, it is possible to improve the body
motion detection accuracy of each of the users A and B and
to improve the sleeping state determination accuracy of each
of the users A and B.

[0187] Additionally, the above-described example is an
example in which two users A and B sleep on one bed 5, but
even when three or more users sleep on one bed 5, this case
can be handled by providing the Doppler sensor 2 in the bed
5 to correspond to each user.

[0188] For example, when one of the sensor values of
three or more Doppler sensors 2 has a change in amplitude
in the body motion detection, it may be determined that the
body motion such as rolling motion occurs in the user
corresponding to the sensor value in which the heartbeat
component and the respiration component lack in the fre-
quency analysis result of each sensor value. Then, the body
motion detected in the user corresponding to the other sensor
value may be set to be invalid by determining that the body
motion is caused by the body motion of the rolling user.

Second Embodiment

[0189] Next, a second embodiment of a process by the
information processing apparatus 3 will be described with
reference to FIGS. 15 and 16. Additionally, in the second
embodiment, the configuration examples of the sensor sys-
tem 1, the Doppler sensors 2A and 2B, and the information
processing apparatus 3 may be the same as those of the first
embodiment.

[0190] In the above-described first embodiment, the body
motion amount of the user A or B has corrected in such a
manner that the body motion amounts, the heart rates, and
the respiratory rates of the users A and B are stored as DB
in the DB 33 and the data is compared.

[0191] 1In the second embodiment, an example will be
described in which the body motion amount of the user A or
B is corrected by sequentially comparing the data without
storing the body motion amounts, the heart rates, and the
respiratory rates of the users A and B as DB in the DB 33.
[0192] By a sequential data comparing process, it is pos-
sible to suppress a delay in the body motion amount cor-
rection process and to further suppress a delay in the
sleeping state determination process compared to the first
embodiment. Thus, it is possible to improve the real time
property of the sleeping state determination.

[0193] As illustrated in FIG. 15, the information process-
ing apparatus 3 receives the Doppler sensor values A and B
transmitted from the Doppler sensors 2A and 2B to the
information processing apparatus 3 (Processes P21a and
P21b). For example, the Doppler sensor values A and B are
received by the communication IF 34 of the information
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processing apparatus 3 and are input to the processor 31 of
the information processing apparatus 3.

[0194] Similarly to the first embodiment, the processor 31
may extract the amplitude components of the sensor values
A and B (Processes P22a and P22b) and may calculate the
body motion amounts A and B of the users A and B based
on the extracted amplitude component (Processes P23a and
P23b).

[0195] When the body motion amounts A and B are
calculated, the processor 31 may determine whether the
body motion detection exists by comparing, for example, the
body motion amounts A and B with the determination
threshold values (Processes P24a and P245).

[0196] For example, when the body motion amount A (or
B) is equal to or larger than the determination threshold
value, it may be determined that the “body motion detec-
tion” exists. Then, when the body motion amount is smaller
than the determination threshold value, it may be determined
that the “body motion detection” does not exist. Addition-
ally, the determination threshold value of the body motion
amount A and the determination threshold value of the body
motion amount B may be, for example, the same value.
[0197] When the “body motion detection” for the body
motion amount A of the user A does not exist as the
determination result (NO in Process P24a), the processor 31
may treat the body motion amount A of the user A as the
valid data (Process P25a).

[0198] In other words, the processor 31 may process the
body motion detection based on a change in amplitude of the
Doppler sensor value A as the valid body motion detection.
The process may be regarded as a process of detecting the
body motion based on a change in amplitude of the Doppler
sensor value A.

[0199] Similarly, when the “body motion detection” for
the body motion amount B of the user B does not exist (NO
in Process P24b), the processor 31 may process the body
motion amount B of the user B as the valid data (Process
P25b).

[0200] In other words, the processor 31 may process the
body motion detection based on a change in amplitude of the
Doppler sensor value B as the valid body motion detection.
The process may be regarded as a process of detecting the
body motion based on a change in amplitude of the Doppler
sensor value B.

[0201] Meanwhile, when the “body motion detection” for
the body motion amount A of the user A exists (YES in
Process P24q), the processor 31 may analyze the frequency
of the received sensor value A (Process P26a) and may
calculate the heart rate A and the respiratory rate A of the
user A (Process P27a).

[0202] Similarly, when the “body motion detection” for
the body motion amount B of the user B exists (YES in
Process P24b), the processor 31 may analyze the frequency
of the received sensor value B (Process P26b) and may
calculate the heart rate B and the respiratory rate B of the
user B (Process P275).

[0203] Inthe frequency analysis, FFT or DFT may be used
similarly to the first embodiment. Further, the heart rate and
the respiratory rate may be calculated similarly to the first
embodiment.

[0204] Additionally, the frequency analysis of Process
P26a (P26b) or the frequency analysis of Process P26a
(P265) and the calculation of the heart rate and the respira-
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tory rate of Process P27a (27b) may be started regardless of
the determination result of Process P24a (P24b).

[0205] When the heart rate A and the respiratory rate A of
the user A are calculated, the processor 31 may determine
whether the heart rate A and the respiratory rate A are
calculated as appropriate values, in other words, one or both
of the heart rate A and the respiratory rate A lack (Process
P28a).

[0206] Similarly, when the heart rate B and the respiratory
rate B of the user B are calculated, the processor 31 may
determine whether the heart rate B and the respiratory rate
B are calculated as appropriate values, in other words, one
or both of the heart rate B and the respiratory rate B are lack
(Process P28b).

[0207] Additionally, in the above-described determina-
tion, the determination threshold value may be used for each
of the heart rate and the respiratory rate. For example, it may
be determined that the heart rate exists when the heart rate
is equal to or larger than the determination threshold value
and it may be determined that the heart rate lacks when the
heart rate is smaller than the determination threshold value.
Similarly, it may be determined that the respiratory rate
exists when the respiratory rate is equal to or larger than the
determination threshold value and it may be determined that
the respiratory rate lacks when the respiratory rate is smaller
than the determination threshold value.

[0208] When the heart rate A and the respiratory rate A of
the user A exist (in other words, both rates do not lack) (YES
in Process P28a), the processor 31 may correct the body
motion amount A of the user A to the invalid value (for
example, 0) (Process P30a).

[0209] In other words, it is possible that the processor 31
does not process the body motion detection based on a
change in amplitude of the Doppler sensor value A as the
valid body motion detection. This is because the body
motion amount A is caused by the body motion of the other
user B instead of the body motion of the user A. The process
may be regarded as a process of ignoring or not performing
the body motion detection based on a change in amplitude
of the Doppler sensor value A.

[0210] Meanwhile, when one or both of the heart rate A
and the respiratory rate A of the user A lack (NO in Process
P28a), the processor 31 may process (maintain) the body
motion amount A of the user A as the valid data (Process
P29a).

[0211] In other words, the processor 31 may process the
body motion detection based on a change in amplitude of the
Doppler sensor value A as the valid body motion detection.
This is because the body motion amount A is caused by the
body motion such as rolling motion of the user A. The
process may be regarded as a process of detecting the body
motion based on a change in amplitude of the Doppler
sensor value A.

[0212] Also for the body motion amount B of the user B,
the processor 31 may perform the above-described process
for the user A.

[0213] For example, when the heart rate B and the respi-
ratory rate B of the user B do not lack (YES in Process
P28b), the processor 31 may correct the body motion
amount B of the user B to the invalid data (for example, 0)
(Process P30b).

[0214] In other words, it is possible that the processor 31
does not process the body motion detection based on a
change in amplitude of the Doppler sensor value B as the
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valid body motion detection. This is because the body
motion amount B is caused by the body motion of the other
user A instead of the body motion of the user B. The process
may be regarded as a process of ignoring or not performing
the body motion detection based on a change in amplitude
of the Doppler sensor value B.

[0215] Meanwhile, when one or both of the heart rate B
and the respiratory rate B of the user B lack (NO in Process
P28b), the processor 31 may process (maintain) the body
motion amount B of the user B as the valid data (Process
P29b).

[0216] In other words, the processor 31 may process the
body motion detection based on a change in amplitude of the
Doppler sensor value B as the valid body motion detection.
This is because the body motion amount B is caused by the
body motion such as rolling motion of the user B. The
process may be regarded as a process of detecting the body
motion based on a change in amplitude of the Doppler
sensor value B.

[0217] After the above-described process, as illustrated in
FIG. 16, the processor 31 may determine the sleeping states
of the users A and B (Process P31). The determination of the
sleeping state may be the same as that of the first embodi-
ment. Here, also in the second embodiment, when the body
motion occurs due to the rolling motion of one of the users
A and B, the other body motion detection is not processed
as the valid body motion detection.

[0218] Thus, since the possibility of the false detection
that a person who is not moving has moved is reduced
similarly to the first embodiment, it is possible to improve
the body motion detection accuracy and to improve the
sleeping state determination accuracy. Further, in the second
embodiment, since the data of the body motion amounts, the
heart rates, and the respiratory rates of the users A and B is
sequentially compared as described above, it is possible to
suppress a delay in the body motion amount correction
process and a delay in the sleeping state determination
process compared to the first embodiment. Thus, it is pos-
sible to improve the real time property of the sleeping state
determination.

[0219] Additionally, in the second embodiment, as illus-
trated in FIG. 16, the processor 31 may perform “good sleep
control” which helps the good sleep of the users A and B by
controlling the operation of the air conditioner 7 or the
luminaire 8 based on the sleeping state determination result
similarly to the first embodiment (Process P32). Further, the
processor 31 may appropriately output the sleeping state
determination result to an external device such as a display
or a printer as a report or the like similarly to the first
embodiment (Process P33).

[0220] The second embodiment is also the same as the first
embodiment in that three or more persons can use one bed
5.

Third Embodiment
[0221] Next, a third embodiment of a process by the

information processing apparatus 3 will be described with
reference to the flowchart illustrated in FIG. 17. Addition-
ally, in the third embodiment, the configuration examples of
the sensor system 1, the Doppler sensors 2A and 2B, and the
information processing apparatus 3 may be the same as
those of the first embodiment and the second embodiment.
[0222] It may be understood that the flowchart illustrated
in FIG. 17 corresponds to the modified example of the
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flowchart illustrated in FIG. 9. In other words, in the third
embodiment, the processor 31 of the information processing
apparatus 3 may perform the flowchart illustrated in F1G. 17
in Process P17 for correcting the body motion amount
illustrated in FIG. 8.

[0223] In the first embodiment and the second embodi-
ment described above, the heart rate and the respiratory rate
calculated by analyzing the frequencies of the Doppler
sensor values A and B are used to determine whether the
body motion such as rolling motion occurs in any one of the
users A and B.

[0224] In the third embodiment, it is determined that the
body motion occurs in the user corresponding to the sensor
value indicating that the body motion such as rolling motion
occurs first in time regardless of the heart rate and the
respiratory rate. For example, in the body motion amounts A
and B detected at the same time period based on the sensor
values A and B, the body motion amount A (or B) detected
at the earliest timing is validated and the other body motion
amount B (or A) is invalidated.

[0225] In the third embodiment, since the body motion
amount of the user estimated that the body motion does not
occur can be invalidated without using the frequency analy-
sis result of the Doppler sensor values A and B as in the first
embodiment or the second embodiment, it is possible to
simplify the process compared to the first embodiment and
the second embodiment.

[0226] As illustrated in FIG. 17, the processor 31 may read
data by referring to the DB 33 (Process P190) and may
compare the timings TA and TB of the body motion amounts
A and B detected to be shifted from each other at a same time
period (Process P191).

[0227] When the timing TB is earlier than the timing TA
as the comparison result (YES in Process P191), the pro-
cessor 31 may maintain the body motion amount A as the
valid data and may correct the body motion amount B to the
invalid value (for example, 0) (Process P192).

[0228] In other words, the processor 31 may determine a
Doppler sensor which could obtain the sensor value corre-
sponding to the body motion indicating the first rolling
motion as the Doppler sensor 2A and may process the body
motion detection based on a change in amplitude of the
Doppler sensor value A as the valid body motion detection.
On the contrary, it is possible that the processor 31 does not
process the body motion detection based on a change in
amplitude of the Doppler sensor value B as the valid body
motion detection.

[0229] Meanwhile, when the relationship of TA<TB is not
established (NO in Process P191), the processor 31 may
further determine whether the relationship of TB<TA is
established (Process P193). When the relationship of
TB<TA is established (YES in Process P193), the processor
31 may maintain the body motion amount B as the valid data
and may correct the body motion amount A to the invalid
value (for example, 0) (Process P194).

[0230] In other words, the processor 31 may determine a
Doppler sensor which could obtain the sensor value corre-
sponding to the body motion indicating the first rolling
motion as the Doppler sensor 2B and may process the body
motion detection based on a change in amplitude of the
Doppler sensor value B as the valid body motion detection.
On the contrary, it is possible that the processor 31 does not
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process the body motion detection based on a change in
amplitude of the Doppler sensor value A as the valid body
motion detection.

[0231] When neither TA<TB nor TB<TA (NO in Pro-
cesses P191 and P193), the relationship of TA=TB is estab-
lished and thus the processor 31 may maintain both of the
body motion amounts A and B as the valid data (Process
P195).

[0232] In other words, the processor 31 may process the
body motion detection based on a change in amplitude of the
Doppler sensor values A and B as the valid body motion
detection.

[0233] The processor 31 may repeat the process after
Process P190 (YES in Process P196) until no unprocessed
data is left in the DB 33 (until No in Process P196).
[0234] When no unprocessed data is left (NO in Process
P196), the processor 31 may determine the sleeping states of
the users A and B, for example, based on the data of the body
motion amounts, the heart rates, and the respiratory rates of
the users A and B registered in the DB 33 as illustrated in
FIG. 8 (Process P18 in FIG. 8).

[0235] The determination of the sleeping state may be the
same as that of the first embodiment. Here, also in the third
embodiment, when the body motion such as rolling motion
occurs in one of the users A and B, the other body motion
detection is not processed as the valid body motion detec-
tion.

[0236] Thus, since the possibility of the false detection
that a person who is not moving has moved is reduced
similarly to the first embodiment and the second embodi-
ment, it is possible to improve the body motion detection
accuracy and to improve the sleeping state determination
accuracy.

[0237] Further, in the third embodiment, since it is pos-
sible that the frequency analysis result of the Doppler sensor
values A and B is not used for the body motion amount
correction process as described above, it is possible to
simplify the body motion amount correction process com-
pared to the first embodiment and the second embodiment.
Thus, it is possible to reduce the processing amount of the
processor 31. In other words, it is possible to reduce the
processing capacity demanded for the processor 31.

[0238] Additionally, also in the third embodiment, as
illustrated in FIG. 8, the processor 31 may perform “good
sleep control” which helps the good sleep of the users A and
B by controlling the operation of the air conditioner 7 or the
luminaire 8 based on the sleeping state determination result
similarly to the first embodiment (Process P19 of FIG. 8).
Further, the processor 31 may appropriately output the
sleeping state determination result to an external device such
as a display or a printer as a report or the like similarly to the
first embodiment (Process P20 of FIG. 8).

[0239] Also in the third embodiment, it is possible to
handle a case in which three or more persons use one bed 5.
For example, the body motion amount obtained based on the
sensor value at the first timing illustrating the body motion
detection in the determination time period among the sensor
values of three or more Doppler sensors 2 may be validated
and the body motion amount obtained based on the other
sensor value may be invalidated.

Comparative Example

[0240] FIG. 18 illustrates a comparative example of an
embodiment including the first to third embodiments. FIG.
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18 illustrates an example in which one Doppler sensor 200
and a microphone 900 are installed in an indoor space in a
case in which two users A and B sleep on one bed 500 side
by side.

[0241] The Doppler sensor 200 is installed in, for
example, a ceiling or a wall of the indoor space so that the
chests of the users A and B are included in the sensing range.
In other words, the Doppler sensor 200 is common to the
users A and B differently from the above-described embodi-
ments.

[0242] The microphone 900 is installed at a position
capable of collecting the breathing sound of one of the users
A and B, for example, at a bedside or the like of the user A
(or B).

[0243] In the example of FIG. 18, when the frequency of
the sensor value of the Doppler sensor 200 is analyzed, it is
possible to obtain the frequency signal in which the heart-
beat components and the respiration components of two
users A and B are mixed with each other.

[0244] However, even when a combination of the heart-
beat component and the respiration component of the same
user A or B can be specified from the frequency signal, it is
difficult to specify the heartbeat component and the respi-
ration component for any one of the users A and B.
[0245] Here, it is possible specify a combination of the
heartbeat component and the respiration component of one
user A (or B) by analyzing the breathing sound of one user
A (or B) collected by the microphone 900.

[0246] Many users care about privacy about the micro-
phone 900 installed in an indoor space such as a bedroom.
Further, when the position of the bed 500 is changed, the
installation position of the Doppler sensor 200 needs to be
changed according to the change and thus the degree of
freedom in the arrangement relationship between the Dop-
pler sensor 200 and the bed 500 is low.

[0247] On the contrary, according to the above-described
embodiments, since it is possible that the microphone 900 is
not installed in the indoor space, the privacy of the user can
be protected. Further, since the Doppler sensors 2A and 2B
are attached to the bed 5, the positional relationship between
the users A and B corresponding to the sensing ranges of the
sensors 2A and 2B is not changed even when the arrange-
ment position of the bed 5 is changed. Thus, it is possible to
improve the degree of freedom in the arrangement position
of the bed 5 in the indoor space.

[0248] Additionally, in the example of FIG. 18, since a
change in amplitude corresponding to the motion of the
users A and B is mixed in the sensor value of one Doppler
sensor 2 in the same frequency band, it is difficult to separate
the “body motion” of the users A and B even if the frequency
analysis is performed.

[0249] On the contrary, according to the above-described
embodiments, it is possible to highly accurately detect
whether the body motion of the plurality of users exist in a
non-contact manner by using the plurality of Doppler sen-
sors and thus to improve the sleeping state estimation
accuracy based on the body motion.

[0250] (Others)

[0251] Additionally, in the embodiments including the
above-described embodiments, an example in which the
information processing apparatus 3 receives the sensor val-
ues of the sensors 2A and 2B via the network 4 has been
described. However, the information processing apparatus 3
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may be provided in, for example, the indoor space provided
with the bed 5 and may receive the sensor values without
using the network 4.
[0252] According to the above-described technologies, it
is possible to improve body motion detection accuracy for a
plurality of persons using a plurality of Doppler sensors.
[0253] All examples and conditional language provided
herein are intended for pedagogical purposes to aiding the
reader in understanding the invention and the concepts
contributed by the inventor to further the art, and are not to
be construed as limitations to such specifically recited
examples and conditions, nor does the organization of such
examples in the specification relate to a showing of the
superiority and inferiority of the invention. Although one or
more embodiment(s) of the present invention have been
described in detail, it should be understood that the various
changes, substitutions, and alterations could be made hereto
without departing from the spirit and scope of the invention.
What is claimed is:
1. A sensor system comprising:
a transmitter configured to transmit radio wave;
a receiver configured to receive a wave corresponding to
the radio wave from the transmitter; and
a detector configured to detect a body motion when a
change in amplitude of the wave received by the
receiver is detected and a lack of a frequency compo-
nent indicating at least one of a heartbeat and a respi-
ration in a frequency analysis result of the wave is
detected.
2. The sensor system according to claim 1, wherein
the detector is configured to control not to process a
detection of the body motion based on the change in
amplitude of the wave as a valid body motion detection
when the lack of the frequency component is not
detected.
3. A sensor system comprising:
a plurality of Doppler sensors configured to be arranged
at different positions of a bed respectively; and
a processor configured to:
acquire a plurality of sensor values from the plurality of
Doppler sensors, and

detect a body motion based on a sensor value, from
among a part of the plurality of sensor values, in
which a lack of a frequency component indicating at
least one of a heartbeat and a respiration is detected
in a frequency analysis result for the plurality of
sensor values, the part of the plurality of sensor
values indicating a change in amplitude.

4. The sensor system according to claim 3, wherein

the processor is configured to control not to process the
detection of the body motion based on the sensor value
in which the lack of the frequency component is not
detected as a valid body motion detection.

5. The sensor system according to claim 1, wherein

the processor is configured to determine a sleeping state
based on the body motion detection result and the
frequency analysis result.

6. A bed comprising:

a first Doppler sensor configured to sense a sensing range
by a radio wave, the sensing range including a part or
all of a first sleeping region of the bed; and

a second Doppler sensor that configured to sense another
sensing area by the radio wave, the other sensing range
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including a part or all of a second sleeping region of the
bed, the second sleeping region being different from the
first sleeping region.

7. The bed according to claim 6, wherein

one of the first and second sleeping regions is a left region
of the bed in a width direction and the other of the first
and second sleeping regions is a right region of the bed
in the width direction.

8. The bed according to claim 6, wherein

the bed has a width equal to or wider than a width of a
double bed.

9. The bed according to claim §, wherein

the width of the double bed is 1400 mm.

10. The bed according to claim 6, wherein

the bed is a double bed.

11. The bed according to claim 6, wherein

the first and second Doppler sensors are configured to be
attached to a floor plate on which a mattress is placed
in the bed.

12. The bed according to claim 6, wherein

the first and second Doppler sensors are configured to be
attached to a headboard of the bed.

13. The bed according to claim 6, wherein

one of the first and second Doppler sensors is configured
to be attached to a floor plate on which a mattress is
placed in the bed, and

the other of the first and second Doppler sensors is
configured to be attached to a headboard of the bed.
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