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(57) ABSTRACT

A present-on-bed determination apparatus includes: a sensor
unit usable with a bottom bedding and configured to measure
biological displacement of a human subject on the bottom
bedding so as to output a measurement signal showing a
measurement result; a first signal processing unit configured
to amplify the measurement signal with a first gain so as to
output a first output signal; a first A/D conversion unit con-
figured to output a plurality of first level values obtained by
A/D conversion of the first output signal; and a determination
unit configured to determine whether or not the human sub-
ject is present on the bottom bedding in accordance with a
dispersion indicator that indicates dispersion degree of the
plurality of the first level values.
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PRESENT-ON-BED DETERMINATION
APPARATUS AND SLEEP MEASUREMENT
APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention
[0002] The present invention is related to a present-on-bed
determination apparatus and a sleep measurement apparatus
that determine whether or not a human subject is present on a
bed.
[0003] 2. Related Art
[0004] In recent years, a present-on-bed determination
apparatus determines whether or not a human subject is
present on bottom bedding such as a mattress for bed or a
Japanese-style mattress (futon) has been proposed. For
instance, the present-on-bed determination apparatus may be
applied to a sleep measurement apparatus that measures
sleeping conditions of a human subject. The sleep measure-
ment apparatus requires an instruction by the human subject
to initiate measurement of the sleeping conditions. However,
there is a problem in that the human subject tends to forget to
give the instruction (e.g., to operate a button) since sleep is
unremarkable behavior for him or her. The present-on-bed
determination apparatus enables determining whether or not
the human subject is present on a bed and to execute sleep
measurement without any special operation thereof by the
human object. For instance, Patent Document 1 discloses a
technique to determine whether or not the human subject is
present on a bed (has gone to bed) by measuring body move-
ment of the human subject (mattress oscillation) so as to
measure sleeping conditions.
[0005] Patent Document 1: Japanese Patent Application
Laid-Open Publication No. 2008-206596

[0006] According to the technique of Patent Document 1,
an output signal is generated from a sensor based on the
mattress oscillation, and it is determined that the human sub-
ject is present on a bed if a level of the output signal exceeds
apredetermined threshold. In this technique, if the mattress is
subject to impact, it is likely to be determined that the human
subject is present on a bed even though no one is present on
the bed.

SUMMARY OF THE INVENTION

[0007] Accordingly, an object of the present invention is to
enable to determine in an appropriate manner whether or not
a human subject is present on a bed.

[0008] In accordance with an aspect of the present inven-
tion, a present-on-bed determination apparatus includes: a
sensor unit usable with a bottom bedding and configured to
measure biological displacement of a human subject on the
bottom bedding so as to output a measurement signal showing
ameasurement result; a first signal processing unit configured
to amplify the measurement signal with a first gain so as to
output a first output signal; a first A/D conversion unit con-
figured to output a plurality of first level values obtained by
A/D conversion of the first output signal; and a determination
unit configured to determine whether or not the human sub-
ject is present on the bottom bedding in accordance with a
dispersion indicator that indicates dispersion degree of the
plurality of the first level values.

[0009] In this description, “biological displacement”
means physical displacement (e.g., increase and decrease of
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body volume) generated by biological activity such as respi-
ration, heartbeat, or body motion of the human subject.
[0010] Another present-on-bed determination apparatus
according to the present invention includes: a sensor unit
usable with a bottom bedding and configured to measure
biological displacement of a human subject on the bottom
bedding so as to output a measurement signal showing a
measurement result; a first A/D conversion unit configured to
output a plurality of first sample values obtained by A/D
conversion of the measurement signal; a first signal process-
ing unit configured to numerically amplify the plurality of the
first sample values with a first gain so as to output a plurality
of first level values; and a determination unit configured to
determine whether or not the human subject is present on the
bottom bedding in accordance with a dispersion indicator that
indicates dispersion degree of the plurality of the first level
values.

[0011] According to these configurations, it is determined
whether or not the human subject is present on the bottom
bedding in accordance with the dispersion degree of the first
level values that reflect the biological displacement of the
human subject. Therefore, these configurations provide more
accurate present-on-bed determination compared with a con-
figuration that determines whether or not the human subject is
present on a bed in accordance with only first-level-value
magnitude.

[0012] Preferably, the first gain is configured so that a pos-
sible maximum value and a possible minimum value of the
first level values are included in the plurality of the first level
values obtained during one cycle of a periodic component
contained in the biological displacement of the human subject
present on the bottom bedding.

[0013] In this description, the “periodic component con-
tained in the biological displacement” means periodic and
physical displacement generated by periodic and biological
activity such as respiration or heartbeat of the human subject.
[0014] In this instance, the first level values in which the
human subject is present on a bed are notably different and
easily distinguishable from the first level values in which the
human subject is not present on a bed. Therefore, accuracy of
the present-on-bed determination can be maintained in a case
in which the sleep measurement apparatus is applied to vari-
ous beddings (e.g., a bed or Japanese-style mattress) and
various types of human subjects (e.g., a heavy person or a
lightweight person).

[0015] Preferably, the determination unit determines that a
preliminary condition is fulfilled if the dispersion indicator of
the plurality of the first level values obtained during a prede-
termined period exceeds a first threshold or is equal to 0. The
determination unit may also determine that the human subject
is present on the bottom bedding if a number of cases in which
the preliminary condition is fulfilled in n (n is a natural num-
ber equal to or greater than 2) consecutive predetermined
periods is equal to or greater than a second threshold.
[0016] In this instance, it is determined that the human
subject has come to be present on (or is getting into) a bed if
the preliminary conditions are fulfilled with a high frequency.
As a result, an erroneous determination that the human sub-
jectis present on the bed based on a temporary increase of the
standard deviation of the first level values depending on noise
or the like can be avoided.

[0017] Preferably, after it is determined that the human
subject is present on the bottom bedding, the determination
unit determines that the human subject is not present on the
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bottom bedding if a number of cases in which the preliminary
condition is fulfilled in m (m is a natural number equal to or
greater than 2) consecutive predetermined periods is equal to
or less than a third threshold.

[0018] Inthisinstance, ina casein which the human subject
is present on a bed, it is determined that the human subject has
come not to be present on (or leaves) the bed if the preliminary
conditions are fulfilled with a low frequency. As a result, an
erroneous determination that the human subject is not present
on the bed based on the temporary decrease of the standard
deviation of the first level values depending on noise or the
like can be prevented.

[0019] Preferably, each time length of the predetermined
periods is configured to be longer than a time length required
for the one cycle of the periodic component.

[0020] In this instance, a single predetermined period may
contain one cycle of the periodic component. If so, dispersion
degree of the plurality of the first level values obtained during
the predetermined period can be increased. As a result, the
present-on-bed determination of the human subject can be
provided with greater accuracy.

[0021] Preferably, the dispersion indicator is a standard
deviation, a variance, or a variation coefficient of the plurality
of the first level values obtained during the predetermined
period.

[0022] Another present-on-bed determination apparatus
according to the present invention includes: a sensor unit
usable with a bottom bedding and configured to measure
biological displacement of a human subject on the bottom
bedding so as to output a measurement signal showing a
measurement result; a first signal processing unit configured
to amplify the measurement signal with a first gain so as to
output a first output signal; a first A/D conversion unit con-
figured to output a plurality of first level values obtained by
A/D conversion of the first output signal; and a determination
unit configured to execute frequency analysis on the plurality
of the first level values output during an analysis period to
obtain a first component not derived from the biological dis-
placement of the human subject and a second component
derived from the biological displacement of the human sub-
ject, and configured to determine whether or not the human
subject is present on the bottom bedding in accordance with a
ratio between the first component and the second component.
[0023] Another present-on-bed determination apparatus
according to the present invention includes: a sensor unit
usable with a bottom bedding and configured to measure
biological displacement of a human subject on the bottom
bedding so as to output a measurement signal showing a
measurement result; a first A/D conversion unit configured to
output a plurality of first sample values obtained by A/D
conversion of the measurement signal; a first signal process-
ing unit configured to numerically amplify the plurality of the
first sample values with a first gain so as to output a plurality
of first level values; and a determination unit configured to
execute frequency analysis on the plurality of the first level
values output during an analysis period to obtain a first com-
ponent not derived from the biological displacement of the
human subject and a second component derived from the
biological displacement of the human subject, and configured
to determine whether or not the human subject is present on
the bottom bedding in accordance with a ratio between the
first component and the second component.

[0024] According to these configurations, it is determined
whether or not the human subject is present on the bottom
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bedding in accordance with the components obtained by the
frequency analysis on the first level values that reflect the
biological displacement of the human subject. Therefore,
these configurations provide more accurate present-on-bed
determination compared with a configuration that determines
whether or not the human subject is present on a bed in
accordance with only first-level-value magnitude.

[0025] Preferably, the determination unit obtains any one or
both of a component less than a first frequency and a compo-
nent greater than a second frequency that exceeds the first
frequency as the first component, and obtains a component
greater than the first frequency and less than the second fre-
quency as the second component.

[0026] Preferably, the first gain is configured so that a pos-
sible maximum value and a possible minimum value of the
first level values are included in the plurality of the first level
values obtained during one cycle of a periodic component
contained in the biological displacement of the human subject
present on the bottom bedding.

[0027] In this instance, such amplification of the first level
values with the first gain enables the determination unit to
more certainly obtain a cyclic component included in the
biological displacement.

[0028] Preferably, the ratio represents a ratio of the first
component to the second component, and the determination
unit determines that the human subject is present on the
bottom bedding if the ratio obtained during the analysis
period is less than a fourth threshold. More preferably, after it
is determined that the human subject is present on the bottom
bedding, the determination unit determines that the human
subject is not present on the bottom bedding if the ratio
obtained during an analysis period is greater than a fifth
threshold.

[0029] In this instance, it is determined that the human
subject is present on the bottom bedding if the ratio of the first
component to the second component is less than the fourth
threshold, that is, if the second component derived from the
biological displacement is relatively large. It is determined
that the human subject is not present on the bottom bedding if
the ratio exceeds the fifth threshold, that is, if the second
component is relatively small. Such present-on-bed determi-
nation based on the ratio can prevent an erroneous determi-
nation when output values (fluctuation range) of the first level
values are decreased.

[0030] Inaccordance with another preferable aspect of the
present invention, the ratio represents a ratio of the second
component to the first component, and the determination unit
determines that the human subject is present on the bottom
bedding if the ratio obtained during the analysis period is
greater than a fourth threshold. More preferably, after it is
determined that the human subject is present on the bottom
bedding, the determination unit determines that the human
subject is not present on the bottom bedding if the ratio
obtained during an analysis period is less than a fifth thresh-
old.

[0031] In this instance, it is determined that the human
subject is present on the bottom bedding if the ratio of the
second component to the first component exceeds the fourth
threshold, that is, if the second component derived from the
biological displacement, is relatively large. It is determined
that the human subject is not present on the bottom bedding if
the ratio is less than the fifth threshold, that is, if the second
component is relatively small. Such present-on-bed determi-
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nation based on the ratio can prevent an erroneous determi-
nation when output values (fluctuation range) of the first level
values are decreased.

[0032] Another present-on-bed determination apparatus
according to the present invention includes: a sensor unit
usable with a bottom bedding and configured to measure
biological displacement of a human subject on the bottom
bedding so as to output a measurement signal showing a
measurement result; a first signal processing unit configured
to amplify the measurement signal with a first gain so as to
output a first output signal; a first A/D conversion unit con-
figured to output a plurality of first level values obtained by
A/D conversion of the first output signal; a first determination
unit configured to determine whether or not the human sub-
ject is present on the bottom bedding in accordance with a
dispersion indicator that indicates dispersion degree of the
plurality of the first level values; and a second determination
unit configured to execute frequency analysis on the plurality
of the first level values output during an analysis period to
obtain a first component not derived from the biological dis-
placement of the human subject and a second component
derived from the biological displacement of the human sub-
ject, and configured to determine whether or not the human
subject is present on the bottom bedding in accordance with a
ratio between the first component and the second component.
[0033] Another present-on-bed determination apparatus
according to the present invention includes: a sensor unit
usable with a bottom bedding and configured to measure
biological displacement of a human subject on the bottom
bedding so as to output a measurement signal showing a
measurement result; a first A/D conversion unit configured to
output a plurality of first sample values obtained by A/D
conversion of the measurement signal; a first signal process-
ing unit configured to numerically amplify the plurality of the
first sample values with a first gain so as to output a plurality
of first level values; a first determination unit configured to
determine whether or not the human subject is present on the
bottom bedding in accordance with a dispersion indicator that
indicates dispersion degree of the plurality of the first level
values; and a second determination unit configured to execute
frequency analysis on the plurality of the first level values
output during an analysis period to obtain a first component
not derived from the biological displacement of the human
subject and a second component derived from the biological
displacement of the human subject, and configured to deter-
mine whether or not the human subject is present on the
bottom bedding in accordance with a ratio between the first
component and the second component.

[0034] According to these configurations, it is determined
whether or not the human subject is present on the bottom
bedding in accordance with the dispersion degree of the first
level values that reflect the biological displacement of the
human subject and the components obtained by the frequency
analysis on the first level values. Therefore, these configura-
tions provide more accurate present-on-bed determination
compared with a configuration that determines whether or not
the human subject is present on the bed in accordance with
only any one of the dispersion degree of the first level values
or the components obtained by the frequency analysis on the
first level values.

[0035] Preferably, the second determination unit obtains
any one or both of a component less than a first frequency and
acomponent greater than a second frequency that exceeds the
first frequency as the first component, and obtains a compo-
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nent greater than the first frequency and less than the second
frequency as the second component.

[0036] Preferably, the first gain is configured so that a pos-
sible maximum value and a possible minimum value of the
first level values are included in the plurality of the first level
values obtained during one cycle of a periodic component
contained in the biological displacement of the human subject
present on the bottom bedding.

[0037] Preferably, the present-on-bed determination appa-
ratus includes a signal generator. The first determination unit
may determine that a preliminary condition is fulfilled if the
dispersion indicator of the plurality of the first level values
obtained during a predetermined period exceeds a first thresh-
old or is equal to 0, and may determine that the human subject
is present on the bottom bedding if a number of cases in which
the preliminary condition is fulfilled in n (n is a natural num-
ber equal to or greater than 2) consecutive predetermined
periods is equal to or greater than a second threshold. The
ratio may represent a ratio of the first component to the second
component. The second determination unit may determine
that the human subject is present on the bottom bedding if the
ratio obtained during the analysis period is less than a fourth
threshold. The signal generator may generate a signal show-
ing that the human subject is present on the bottom bedding in
a case in which both the first determination unit and the
second determination unit determine that the human subject
is present on the bottom bedding.

[0038] In this instance, when the present-on-bed determi-
nation result by the first determination unit based on the
dispersion indicator and the present-on-bed determination
result by the second determination unit based on the fre-
quency analysis are matched with each other, the signal show-
ing that the human subject is present on the bottom bedding is
generated.

[0039] More preferably, after the second determination unit
determines that the human subject is present on the bottom
bedding, the first determination unit determines that the
human subject is not present on the bottom bedding if a
number of cases in which the preliminary condition is ful-
filled in m (m is a natural number equal to or greater than 2)
consecutive predetermined periods is equal to or less than a
third threshold, the second determination unit determines that
the human subject is not present on the bottom bedding if the
ratio obtained during an analysis period is greater than a fifth
threshold, and the signal generator generates a signal showing
that the human subject is not present on the bottom bedding in
a case in which both the first determination unit and the
second determination unit determine that the human subject
is not present on the bottom bedding.

[0040] In this instance, when the present-on-bed determi-
nation result by the first determination unit based on the
dispersion indicator and the present-on-bed determination
result by the second determination unit based on the fre-
quency analysis are matched with each other, the signal show-
ing that the human subject is not present on the bottom bed-
ding is generated.

[0041] Inaccordance with another preferable aspect of the
present invention, the present-on-bed determination appara-
tus includes a signal generator. The first determination unit
may determine that a preliminary condition is fulfilled if the
dispersion indicator of the plurality of the first level values
obtained during a predetermined period exceeds a first thresh-
old or is equal to 0, and may determine that the human subject
is present on the bottom bedding if a number of cases in which
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the preliminary condition is fulfilled in n (n is a natural num-
ber equal to or greater than 2) consecutive predetermined
periods is equal to or greater than a second threshold. The
ratio may represent a ratio of the second component to the first
component. The second deter inination unit may determine
that the human subject is present on the bottom bedding if the
ratio obtained during the analysis period is greater than a
fourth threshold. The signal generator may generate a signal
showing that the human subject is present on the bottom
bedding in a case in which both the first determination unit
and the second determination unit determine that the human
subject is present on the bottom bedding.

[0042] More preferably, after the second determination unit
determines that the human subject is present on the bottom
bedding, the first determination unit determines that the
human subject is not present on the bottom bedding if a
number of cases in which the preliminary condition is ful-
filled in m (m is a natural number equal to or greater than 2)
consecutive predetermined periods is equal to or less than a
third threshold, the second determination unit determines that
the human subject is not present on the bottom bedding if the
ratio obtained during an analysis period is less than a fifth
threshold, and the signal generator generates a signal showing
that the human subject is not present on the bottom bedding in
a case in which both the first determination unit and the
second determination unit determine that the human subject
is not present on the bottom bedding.

[0043] Preferably, each time length of the predetermined
periods is configured to be longer than a time length required
for the one cycle of the periodic component.

[0044] Preferably, the dispersion indicator is a standard
deviation, a variance, or a variation coefficient of the plurality
of the first level values obtained during the predetermined
period.

[0045] In accordance with an aspect of the present inven-
tion, a sleep measurement apparatus includes: any one of the
above-described present-on-bed determination apparatuses;
in a case in which it is determined that the human subject is
present on the bottom bedding, a second signal processing
unit configured to amplify the measurement signal with a
second gain less than the first gain so as to output a second
output signal; a second A/D conversion unit configured to
output a plurality of second level values obtained by A/D
conversion of the second output signal; a biological informa-
tion acquisition unit configured to obtain biological informa-
tion of the human subject based on the second level values to
output the biological information; and a measurement unit
configured to measure sleeping conditions of the human sub-
ject based on the biological information.

[0046] Another sleep measurement apparatus according to
the present invention includes: any one of the above-de-
scribed present-on-bed determination apparatuses; in a case
in which it is determined that the human subject is present on
the bottom bedding, a second A/D conversion unit configured
to output a plurality of second sample values obtained by A/D
conversion of the measurement signal; a second signal pro-
cessing unit configured to numerically amplify the plurality
of the second sample values with a second gain less than the
first gain so as to output a plurality of second level values; a
biological information acquisition unit configured to obtain
biological information of the human subject based on the
second level values to output the biological information; and
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a measurement unit configured to measure sleeping condi-
tions of the human subject based on the biological informa-
tion.

[0047] In these configurations, the sleep measurement
apparatus with the present-on-bed determination apparatus
according to the present invention is provided. The human
subject tends to forget to give instructions to initiate and
terminate a sleep measurement process since sleep is an unre-
markable behavior for the human subject. According to these
configurations, it is automatically determined whether or not
the human subject is present on a bed, so that the sleep
measurement process is initiated or terminated, which pro-
vides the human subject with greater convenience.

BRIEF DESCRIPTION OF DRAWINGS

[0048] FIG. 1 shows appearance of a sleep measurement
apparatus in use according to embodiments of the present
invention.

[0049] FIG. 2 is a block diagram that shows configurations
of the sleep measurement apparatus.

[0050] FIG. 3 illustrates an example of transition of first
level values.
[0051] FIG. 4 illustrates an example of transition of first
level values.
[0052] FIG. 5 illustrates an example of transition of first
level values.
[0053] FIG. 6 illustrates an example of transition of first
level values.
[0054] FIG. 7 shows a relationship between a determina-

tion period D that is a reference range for present-on-bed
determination and a plurality of unit periods U that are
included in the determination period D.

[0055] FIG. 8 is a flowchart that illustrates an overall opera-
tion executed in the sleep measurement apparatus.

[0056] FIG.9isaflowchart thatillustrates a present-on-bed
determination operation according to a first embodiment in
which the human subject is not present on the bed.

[0057] FIG. 10 is a flowchart that illustrates a present-on-
bed determination operation according to a first embodiment
in which the human subject is present on the bed.

[0058] FIG. 11 shows an example of determination results
according to a present-on-bed determination process accord-
ing to a first embodiment of the present invention.

[0059] FIG. 12 shows an example of determination results
according to a present-on-bed determination process accord-
ing to a first embodiment of the present invention.

[0060] FIG. 13 illustrates an example of transition of first
level values.
[0061] FIG. 14 illustrates an example of a frequency wave-

form obtained by frequency analysis on a time waveform of
first level values.

[0062] FIG. 15 illustrates another example of a frequency
waveform obtained by frequency analysis on a time wave-
form of first level values.

[0063] FIG. 16 illustrates an example of transition of first
level values.
[0064] FIG. 17 illustrates another example of a frequency

waveform obtained by frequency analysis on a time wave-
form of first level values.

[0065] FIG. 18 is a flowchart that illustrates a present-on-
bed determination operation according to a second embodi-
ment in which the human subject is not present on the bed.



US 2013/0178715 Al

[0066] FIG. 19 is a flowchart that illustrates a present-on-
bed determination operation according to a second embodi-
ment in which the human subject is present on the bed.
[0067] FIG. 20 illustrates a detailed configuration of a
determination unit in a sleep measurement apparatus accord-
ing to a third embodiment.

[0068] FIG. 21 is a flowchart that illustrates a present-on-
bed determination operation according to a third embodiment
in which the human subject is not present on the bed.

[0069] FIG. 22 is a flowchart that illustrates a present-on-
bed determination operation according to a third embodiment
in which the human subject is present on the bed.

[0070] FIG. 23 illustrates an example of comparison among
determination results in accordance with respective present-
on-bed determinations.

[0071] FIG. 24 is a block diagram that shows configura-
tions of a sleep measurement apparatus according to a modi-
fication of the present invention.

[0072] FIG. 25 illustrates a detailed configuration of a
determination unit in a sleep measurement apparatus accord-
ing to a modification.

[0073] FIG. 26 illustrates a detailed configuration of a
determination unit in a sleep measurement apparatus accord-
ing to a modification.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

First Embodiment

1. Configurations of Sleep Measurement Apparatus

[0074] FIG.1 shows an appearance of a sleep measurement
apparatus 1 in use according to embodiments of the present
invention. The sleep measurement apparatus is an apparatus
that measures sleeping conditions of a human subject being
recumbent on a bottom bedding (e.g., a mattress for a bed or
a Japanese-style mattress) M. As illustrated in FIG. 1, the
sleep measurement apparatus 1 includes a sensor unit 2 and a
main unit 3.

[0075] The sensor unit 2 is an element that can be used
together with the bottom bedding M and that may be arranged
under the bottom bedding M as illustrated in FIG. 1, for
instance. The sensor unit 2 measures (detects) biological dis-
placement (e.g., respiration, heartbeat, or body motion) of the
human subject on the bottom bedding M using a microphone
(e.g., a condenser microphone) as pressure change of non-
compressible fluid filled in the sensor unit 2, and outputs a
measurement signal that shows a measurement result of the
biological displacement.

[0076] The main unit 3 is connected to the sensor unit 2 and
executes a present-on-bed determination operation and a
sleeping condition measurement operation based on the mea-
surement signal output from the sensor unit 2. The main unit
3 includes a display unit 4 and an operation unit 5. The display
unit 4 displays measured sleeping conditions or the like. The
operation unit 5 is used for operation by the human subject
and includes a power switch.

[0077] FIG. 2 is a block diagram that shows configurations
of the sleep measurement apparatus 1. The main unit 3
includes the display unit 4, the operation unit 5, an external
output unit 6, a first signal processing unit 7, a second signal
processing unit 8, a CPU (Central Processing Unit) 9, and
storage 10. The main unit 3 is connected to a power source 11.
The external output unit 6 is an interface for externally out-
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putting results of present-on-bed determination and sleeping
condition determination. For instance, the external output
unit 6 may be a memory card slot or a USB interface. The
storage 10 is a storage medium that is capable of storing
programs and data utilized to execute the present-on-bed
determination and the sleeping condition determination. For
instance, the storage 10 may be a ROM, a RAM, or a combi-
nation thereof.

[0078] The first signal processing unit 7 includes a first
amplifier 70. The first amplifier 70 amplifies the measurement
signal output from the sensor unit 2 with a first gain G1 so as
to output a first output signal to the CPU 9. The second signal
processing unit 8 includes a filter 80 and a second amplifier
82. The filter 80 transmits a component corresponding to
respiration of the human subject in the measurement signal
output from the sensor unit 2. For instance, the filter 80 may
be a low pass filter. The second amplifier amplifies the mea-
surement signal having been transmitted through the filter 80
with a second gain G2 so as to output a second output signal
to the CPU 9. The second gain G2 is smaller than the first gain
G1 (i.e., G2<G1).

[0079] The CPU 9 includes a first A/D conversion unit 90,
a second A/D conversion unit 92, a determination unit 94, a
biological information acquisition unit 96, and a measure-
ment unit 98. The first A/D conversion unit 90 outputs a
plurality of first level values obtained by A/D conversion of
the first output signal supplied from the first signal processing
unit 7 (the first amplifier 70) to the determination unit 94. The
determination unit 94 determines whether or not the human
subject is present on the bed (i.e., on the bottom bedding M)
in accordance with a standard deviation a that indicates dis-
persion degree of a plurality of the first level values (further
details will be given later).

[0080] The second A/D conversion unit 92 outputs a plu-
rality of second level values obtained by A/D conversion of
the second output signal supplied from the second signal
processing unit 8 (the second amplifier 82) to the biological
information acquisition unit 96. The biological information
acquisition unit 96 calculates biological information of the
human subject based on a plurality of the second level values
and outputs it to the measurement unit 98. The measurement
unit 98 measures sleeping conditions of the human subject
based on the biological information of the human subject.
[0081] The determination unit 94, the biological informa-
tion acquisition unit 96, and the measurement unit 98 are
functional blocks. The CPU 9 executes computer programs
stored in the storage 10 and operates in accordance with these
computer programs to provide those functional blocks.

2. First Level Value

[0082] The first level value will be described in detail,
which is utilized for the present-on-bed determination of the
human subject. The first level value is a digital value depend-
ing on magnitude of the first output signal (analog value) that
is obtained by amplifying the measurement signal with the
first gain G1. In FIGS. 3 and 4, the first level values are plotted
in time series. In this embodiment, since the quantization bit
rate of the first A/D conversion unit 90 is 12-bit, the maximum
value of the first level values is equal to 4095 (=2'2~1) and the
minimum value of the first level values is equal to 0 in each
figure. However, the present invention is not limited to the
above-described configuration. For instance, 8-bits or 16-bits
may be adapted for the quantization bit rate of the first A/D
conversion unit 90.
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[0083] FIG. 3 illustrates transition of the first level values
when the human subject is not present on the bottom bedding
M. When the human subject is not present on the bed, the
magnitude of the measurement signal remains almost
unchanged since the sensor unit 2 does not detect pressure
changes. As a result, the first level values also remain almost
unchanged and are kept near an intermediate value 2048
(=2'1). Narrow fluctuations of the first level values in FIG. 3
are due to thermal noise and so on (i.e., is not derived from the
biological displacement of the human subject).

[0084] FIG. 4 illustrates transition of the first level values
when the human subject is present on the bottom bedding M.
When the human subject is present on the bed, the sensor unit
2 detects biological displacement of the human subject as
pressure changes. Except for large body motion (rough body
motion) such as a roll-over that occurs discontinuously, res-
piration (expansion and contraction of lungs) is dominant as
biological displacement of the human subject on the bed. As
a result, the transition of the first level values schematically
shows a waveform corresponding to the respiration of the
human subject, and one cycle of the first level values corre-
sponds to one respiration cycle of the human subject. The
respiration is a type of a cyclic component of the biological
displacement.

[0085] In this embodiment, the first gain G1 is experimen-
tally or statistically configured so that a possible maximum
value and a possible minimum value of the first level values
are included in a plurality of the first level values that are
obtained during the one respiration cycle of the human sub-
ject. As aresult, as illustrated in FIG. 4, a period P,,, ,, in which
the maximum of the first level values is maintained and a
period P,,,, in which the minimum of the first level values is
maintained are periodically repeated. Since the first gain G1
is configured as described above, the first level values in
which the human subject is present on the bottom bedding M
are notably different and easily distinguishable from the first
level values in which the human subject is not present on the
bottom bedding M. Therefore, accuracy of the present-on-
bed determination can be maintained in a case in which the
sleep measurement apparatus 1 is applied to various beddings
(e.g., abed or a Japanese-style mattress) and various types of
human subjects (e.g., aheavy person or a lightweight person).
[0086] As described with reference to FIGS. 3 and 4, the
first level values remain almost unchanged when the human
subject is not present on the bottom bedding M. On the other
hand, the first level values change cyclically in line with the
respiration of the human subject when he or she is present on
the bottom bedding M. As a result, in general, it can be
determined that the human subject is not present on the bed
when the standard deviation a that indicates dispersion degree
of the first level values is small. Similarly, it can be deter-
mined that the human subject is present on the bed when the
standard deviation o is large.

[0087] However, the first level values show patterns difter-
ent from FIGS. 3 and 4 when the human subject comes to be
present on (or is getting into) the bottom bedding M or when
some pressure caused by other than the presence of the human
subject on bed is applied to the sensor unit 2.

[0088] InFIGS. 5 and 6, the first level values are plotted in
time series similar as FIGS. 3 and 4. FIG. 5 illustrates tran-
sition of the first level values when the human subject comes
to be present on (or is getting on) the bottom bedding M at
around the 60-second point. Compared to the case in which
the human subject is already present on the bed in FIG. 4,
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body motion of the human subject is relatively large, so that
the pressure change sensed (detected) by the sensor unit 2
becomes larger. While the pressure based on the respiration
changes cyclically, pressure based on the body motion when
the human subject is getting into the bed (e.g., lying motion or
motion to adjust his or her position) does not change cycli-
cally. As illustrated in FIG. 5, the first level values when the
human subject is getting into the bed change noncyclically
and more greatly than in the case in which the human subject
is present on the bed. As a result, the first level values are
notably dispersed and the standard deviation a of the first level
values is relatively large.

[0089] Since the body motion of the human subject is large
and noncyclic when he or she comes to be present on the bed,
there is a ease in which the maximum value or the minimum
value of the first level values is maintained (i.e., the first level
values are saturated) for a relatively long time such as a period
P, in FIG. 5. In the P_,,, although actual pressure change
(measurement signal that the sensor unit 2 outputs) is large,
the first level values are saturated and maintained at a constant
value (the maximum or minimum value), so that the standard
deviation o becomes 0. Therefore, it can be determined that
the human subject is present on the bottom bedding M not
only when the standard deviation o is large, but also when the
standard deviation ois 0. Note that there is a case in which the
first level values are saturated for a relatively long time and
the standard deviation a ofthe first level values becomes 0, not
only when the human subject is getting into the bed, but also
when the body motion is large (e.g., when the human subject
rolls over).

[0090] Asdescribed previously, since the measurement sig-
nal fluctuates slightly due to thermal noise or the like, the
standard deviation a of the first level values does not become
0. Accordingly, it is not determined that the human subject is
present on the bed in such a case.

[0091] FIG. 6 illustrates transition of the first level values
when some baggage (i.e., a non-living object) is placed on the
bottom bedding M at around the 60-second point. When the
baggage is placed on the bottom bedding M, the sensor unit 2
detects pressure change to output a measurement signal. As a
result, the first level values are changed and dispersed at
around the 60-second point, so that the standard deviation a
takes on a large value.

[0092] Since the baggage is inanimate and does not move
voluntarily (i.e., does not give the biological and cyclic dis-
placement such as respiration), it does not exert any pressure
change after it is placed on the bottom bedding M and
becomes stable. As a result, the first level values remain
almost unchanged in a manner similar to the transition shown
in FIG. 3 in which the human subject is not present on the bed
and the standard deviation o of the first level values maintains
low values that are not O.

[0093] FIG. 6 shows that temporarily high standard devia-
tion o of the first level values does not necessarily mean that
the human subject is present on the bottom bedding M.
Accordingly, it is understood that the present-on-bed deter-
mination based on the standard deviation o of the first level
values requires taking into account the standard deviations a
over a relatively long period.

3. Present-On-Bed Determination Operation

[0094] On the basis of the characteristics of the first-level-
value transition as described above, the present-on-bed deter-
mination operation in this embodiment will be explained. A



US 2013/0178715 Al

portion (A) of FIG. 7 shows a relationship between a deter-
mination period D that is a reference range for the present-
on-bed determination and a plurality of unit periods U that are
included in the determination period D. A portion (B) of FIG.
7 shows with magnification some of the unit periods U which
are included in the portion (A) of FIG. 7. Each time length of
the unit periods U is predetermined (e.g., five seconds in this
embodiment). Specifically, the time length of the unit period
U is experimentally or statistically configured so that the time
period exceeds a time length required for one respiration
cycle of the human subject.

[0095] Inthe portion (B) ofthe FIG. 7, a plurality of vertical
lines included in each unit period U means that a plurality of
the first level values are obtained during each unit period U.
The standard deviations is calculated based on the first level
values obtained in the unit period U. That is, the standard
deviation o of the first level values is calculated per one unit
period U.

[0096] As explained above with reference to FIG. 6, tem-
poral fluctuation of the first level values (i.e., temporal
increase of the standard deviation o) does not necessarily
mean that that the human subject is present on the bottom
bedding M. Accordingly, as shown in the portion (A) of FIG.
7, the present-on-bed determination is executed using a plu-
rality of the standard deviations o calculated in each of the
unit periods U which are included in the determination period
D.

[0097] The present-on-bed determination operation will be
described in detail with reference to flowcharts in FIGS. 8 to
10, and FIGS. 11 and 12. FIG. 8 is a flowchart that illustrates
an overall operation executed in the sleep measurement appa-
ratus 1. FIG. 9 is a flowchart that illustrates a present-on-bed
determination operation in which the human subject is not
present on the bed. FIG. 10 is a flowchart that illustrates a
present-on-bed determination operation in which the human
subject is present on the bed.

[0098] If the power switch of the operation unit 5 is
manipulated to turn on the sleep measurement apparatus 1, a
timer (not shown) in the CPU 9 begins to count elapsed time
from when turning on the sleep measurement apparatus 1 and
the CPU 9 (determination unit 94) executes a present-on-bed
determination process (S10). If it is determined that the
human subject is present on the bottom bedding M (i.e.,
present-on-bed determination condition is fulfilled) in the
present-on-bed determination process (S20: YES), the CPU 9
(the second A/D conversion unit 92, the biological informa-
tion acquisition unit 96, and the measurement unit 98) begins
to execute a sleep measurement process (S30). On the other
hand, if it is determined that the human subject is not present
on the bottom bedding M (i.e., the present-on-bed determi-
nation condition is not fulfilled) (S20: NO), the CPU 9 repeats
the present-on-bed determination process (S 10).

[0099] The present-on-bed determination process in the
step S10 will be described in detail with reference to FI1G. 9.
Hereinafter, in a case in which a plurality of the unit periods
U are necessary to be distinguished from each other, a sub-
script indicating a time point when the unit period U is fin-
ished (i.e., elapsed time from power activation) is added to the
reference mark “U” (for instance, if the unit period U is
finished at time t=5 seconds, it will be stated as Us). The same
is applied to other reference marks (for instance, if the deter-
mination period D is finished at time t=30 seconds, it will be
stated as D). Time t=p represents present (current) time.
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[0100] When the present-on-bed determination process
begins, the determination unit 94 calculates a standard devia-
tion g, of a plurality of first level values included in the
current unit period U, (8110). Specifically, the first A/D con-
version unit 90 performs A/D conversion with a first output
signal at a predetermined frequency (e.g., 16 Hz) in the cur-
rent unit period U,, to obtain plural (e.g., 80) first level values,
which are supplied to the determination unit 94. The deter-
mination unit 94 calculates the standard deviation o, of the
plurality of the first level values obtained during the current
unit period U, and writes it in a determination table T in the
storage 10.

[0101] Subsequently, the determination unit 94 determines
whether or not the calculated standard deviation o, exceeds a
first threshold Thl (e.g., 500) or is equal to 0 (S120). Here-
inafter, the above determination condition may be called
“preliminary condition” and the above determination itself
may be called “preliminary determination”. As described
above, the preliminary determination is intended to determine
whether or not the human subject is present on the bottom
bedding M, and a plurality of preliminary determination
results will be utilized in the present-on-bed determination.
[0102] Ifthe preliminary condition is fulfilled, that is, if the
standard deviation o, exceeds the first threshold Th1 or is
equal to 0 (S120: YES), the determination unit 94 sets a
preliminary determination flag PF, corresponding to the unit
period U, in the determination table T to 1 (S 130). On the
other hand, if the preliminary condition is not fulfilled, that is,
if the standard deviation o, does not exceed the first threshold
Th1 and is not equal to 0 (S 120: NO), the determination unit
94 sets the preliminary determination flag PF,, to 0 (S140).
[0103] After setting the preliminary determination flag
PF, the determination unit 94 determines whether or not the
human subject is present on the bottom bedding M in the
current unit period U, (S150). Specifically, if the number of
cases in which the preliminary condition is fulfilled (i.e., the
number of the preliminary determination flags PF which are
set to 1) in the determination period D (i.e., the lastn (e.g., 6)
consecutive unit periods U including the current unit period
U,)isequal to or greater than a second threshold Th2 (e.g., 5),
the determination unit 94 determines that the human subject
is present on the bed in the current unit period U, and other-
wise it determines that the human subject is not present on the
bed.

[0104] Ifthe number ofthe last consecutive unit period U is
less than n, processes after the step S150 may be skipped, or
the process of the step 150 may be executed with assuming the
values of the preliminary determination flags PF regarding
lacking unit periods U as 0.

[0105] Ifitis determined that the human subject is present
onthebottom bedding M (S150: YES), the determination unit
94 sets a present-on-bed determination flag LF, correspond-
ing to the current unit period U, to 1 (S 160). In contrast, if it
is determined that the human subject is not present on the
bottom bedding M (S 150: NO), the determination unit 94 sets
the present-on-bed determination flag LF, to 0 (S 160). After
setting the present-on-bed determination flag LF, a single
present-on-bed determination process (S10) ends.

[0106] As described above, if the present-on-bed determi-
nation condition in the step S150 is fulfilled (i.e., the present-
on-bed determination flag LF,, is set to 1), a sleep measure-
ment process is initiated (S30). If the sleep measurement
process starts, while the measurement unit 98 executes the
sleep measurement process, the determination unit 94
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executes a present-on-bed determination process (S40). As
long as the present-on-bed determination condition is ful-
filled (S50: YES), the CPU 9 continues to execute the sleep
measurement process and the present-on-bed determination
process. On the other hand, it is determined that the present-
on-bed determination condition is not fulfilled (S50: NO), the
CPU 9 (measurement unit 98) terminates the sleep measure-
ment process and returns to the step S10 (i.e., waits for a
human subject to comes to be present on the bed).

[0107] The present-on-bed determination process in the
step S40 will be described in detail with reference to FIG. 10.
Although both of the processes in the steps (FIG. 9 and FIG.
10) are nearly identical, conditions of present-on-bed deter-
mination processes (conditions in steps S150 and S250) are
different from each other. A process for calculating a standard
deviation 0,, in current unit period U, (S210) to a process for
setting a preliminary determination flag PF, (S230 or S240)
are identical to the processes in the step S10 (the steps S110
to S140), so explanation will be omitted. The first threshold
Thl of the preliminary condition in the step S120 may be
different from that in the step S220.

[0108] After setting the preliminary determination flag PF,,
(8230, S240), the determination unit 94 determines whether
or not the human subject is present on the bottom bedding M
in the current unit period U, (S250). Specifically, if the num-
ber of cases in which the preliminary condition is fulfilled
(i.e., the number of the preliminary determination flags PF
which are set to 1) in the determination period D (i.e., the last
m (e.g., 6) consecutive unit periods U including the current
unit period U,) is equal to or less than a third threshold Th3
(e.g., 1), the determination unit 94 determines that the human
subject is not present on the bed in the current unit period U,,,
otherwise it determines that the human subject is present on
the bed. The number of the unit periods U included in one
determination period D in the step S150 may be different
from that in the step S250.

[0109] If it is determined that the human subject is not
present on the bottom bedding M (S250: YES), the determi-
nation unit 94 sets a present-on-bed determination flag LF,
corresponding to the current unit period U, t0 0 (S260). While
if it is determined that the human subject is present on the
bottom bedding M (S250: NO), the determination unit 94 sets
the present-on-bed determination flag LF,, to 1 (S270). After
setting the present-on-bed determination flag LF, a single
present-on-bed determination process (S40) ends. Operations
after that (i.e., the steps S50 and S60) are previously
described.

[0110] An example of determination results (i.e., the deter-
mination table T) according to the present-on-bed determina-
tion process described above will be described with reference
to FIGS. 11 and 12. FIG. 11 illustrates determination results
in which the human subject comes to be present on the bottom
bedding M at around time t=60 seconds. The preliminary
determination flags PF until time t=55 seconds are set to 0
since the human subject is not present on the bed and the
standard deviation o of the first level values is small.

[0111] Onor after time t=60 seconds, the preliminary deter-
mination flags PF are set to 1 since the human subject is
present on the bed and the standard deviation 6 of the first
level values is large. However, until time t=75 seconds, the
present-on-bed determination flags LF are set to 0 since the
number of the preliminary determination flags PF which are
set to 1 in the respective determination periods D is less than
5. On the other hand, on or after time t=80 seconds, the
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present-on-bed determination flags LF are set to 1 since the
number of the preliminary determination flags PF which are
set to 1 in the respective determination periods D is equal to or
greater than 5.

[0112] FIG. 12 illustrates determination results in which
the human subject comes not to be present on (i.e., leaves) the
bottom bedding M at around time t 270 seconds. The prelimi-
nary determination flags PF until time t=270 seconds are set
to 1 since the human subject is present on bed and the standard
deviation o of the first level values is large or is equal to 0.
[0113] On or after time t=275 seconds, the preliminary
determination flags PF are set to 0 since the human subject is
not present on the bed and the standard deviation o of the first
level values is small. However, until time t=290 seconds, the
present-on-bed determination flags LF are set to 1 since the
number of the preliminary determination flags PF which are
set to 1 in the respective determination periods D is greater
than 1. On the other hand, on or after time t=295 seconds, the
present-on-bed determination flags LF are set to 0 since the
number of the preliminary determination flags PF which are
set to 1 in the respective determination periods D is equal to or
less than 1.

[0114] In around time t=300 seconds, the standard devia-
tion o temporarily increases depending on noise. However,
the present-on-bed determination process with taking into
account the standard deviations o in a plurality of the unit
periods U included in one of the determination periods D does
not provide an erroneous determination that the human sub-
ject is present on the bed.

[0115] According to the above-described configurations of
this embodiment, in a case in which the human subject is not
present on the bed, it is determined that the human subject
comes to be present on (or is getting into) the bed if the
preliminary conditions are fulfilled with a high frequency. In
contrast, in a case in which the human subject is present on the
bed, it is determined that the human subject comes not to be
present on (or leaves) the bed if the preliminary conditions are
fulfilled with a low frequency. As a result, an erroneous deter-
mination that the human subject is present on the bed based on
the temporary increase of the standard deviation o depending
on noise such as described in FIG. 6 can be prevented. Simi-
larly, an erroneous determination that the human subject is
not present on the bed based on the temporary decrease of the
standard deviation a in which the human subject is present on
the bed can be prevented.

[0116] The human subject tends to forget to give instruc-
tions to initiate and to terminate the sleep measurement pro-
cess since sleep is an unremarkable behavior for him or her.
According to the configurations of this embodiment, it is
automatically determined whether or not the human subject is
present on the bed, so that the sleep measurement process is
initiated or terminated, which provides the human subject
with greater convenience.

Second Embodiment

[0117] A second embodiment of the present invention will
be described. Note that elements whose actions and functions
are equivalent to those of the first embodiment in respective
modes illustrated below are identified by the same reference
numerals as in the above description, and detailed description
thereof is appropriately omitted.

[0118] Inthe first embodiment, the change of the first level
values based on the biological displacement is obtained as the
standard deviation o the first level values, so that the present-
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on-bed determination of the human subject is executed. In the
second embodiment, the change of the first level values based
on the biological displacement is obtained as a result of fre-
quency analysis on the first level values, so that present-on-
bed determination of the human subject is executed.

1. Configurations of Sleep Measurement Apparatus

[0119] A sleep measurement apparatus 1 according to the
second embodiment is configured in a similar way to that of
the first embodiment (FIG. 2, etc.). However, in the second
embodiment, the determination unit 94 of the CPU 9 executes
frequency analysis on a plurality of the first level values to
obtain a noise component (i.e., first component) that is not
derived from the biological displacement of the human sub-
ject and a biosignal component (i.e., second component) that
is derived from the biological displacement, and determines
whether or not the human subject is present on the bed in
accordance with a ratio between the noise component and the
biosignal component. Further details will be given below.

2. First Level Value

[0120] As explained in the first embodiment, the first level
value is a digital value depending on magnitude of the first
output signal (analog value) that is obtained by amplifying the
measurement signal with the first gain G1. FIG. 13 exempli-
fies transition of the first level values when the human subject
is present on the bottom bedding M. In FIG. 13, similar to
FIG. 3, the first level values are plotted in time series.
[0121] As explained in the first embodiment, the first level
values change in accordance with the biological displacement
of'the human subject. Since respiration and heartbeat that are
the biological displacement of the human subject occur cycli-
cally, a sequence of the first level values includes frequency
components corresponding to the biological displacement
(respiration and heartbeat). Therefore, frequency analysis on
atime waveform of the first level values using a method such
as a Fourier analysis provides a frequency component (fre-
quency spectrum) that is derived from the biological displace-
ment.

[0122] FIG. 14 illustrates a frequency waveform obtained
by frequency analysis on the time waveform shown in FIG.
13. The frequency analysis is executed by the determination
unit 94. In the waveform shown in FIG. 14, components
which are mainly derived from the biological displacements
of'the human subject are distributed in a range from approxi-
mately 0.15 Hz to approximately 2.0 Hz. There are two ampli-
tude value peaks of components derived from the biological
displacement of the human subject at around 0.3 Hz and
around 0.6 Hz. Any analysis method to convert a time wave-
form to a frequency spectrum may be adopted for frequency
analysis executed by the determination unit 94. For instance,
fast Fourier transform (FFT) and other methods derived
therefrom may be adopted.

[0123] FIG. 15 illustrates a frequency waveform (spec-
trum) that is obtained by frequency analysis on a time wave-
form of the first level values in a case in which the human
subject is not present on the bottom bedding M. The fre-
quency analysis is executed by the determination unit 94. In
contrast with the waveform shown in FIG. 14, in the wave-
form shown in FIG. 15, amplitude values of components
derived from the biological displacement of the human sub-
ject (i.e., components ranging from approximately 0.15 Hzto
approximately 2.0 Hz) are close to 0, and there is no ampli-

Jul. 11,2013

tude value peak. In FIG. 15, amplitude values of low-fre-
quency (less than approximately 0.15 Hz) components (low-
frequency noise components) are greater than those in other
frequency ranges. A possible but non-limiting cause for such
low-frequency noise is low-frequency oscillation of a build-
ing in which the sleep measurement apparatus 1 is located. An
example of the low-frequency oscillation is oscillation gen-
erated by, for example, building-induced wind. Further,
although not shown in FIG. 15, high-frequency noise com-
ponents that are not derived from the biological displacement
in a high frequency range (greater than approximately 2.0 Hz)
can be observed in the frequency waveform of the first level
values when there is building construction or car traffic
around the building in which the sleep measurement appara-
tus 1 is located. A cause for high-frequency noise is not
limited to the possible cause described above (i.e., construc-
tion or car traffic).

[0124] As explained with reference to FIGS. 14 and 15,
when the human subject is present on the bottom bedding M,
the result of the frequency analysis on the first level values
includes the components derived from the biological dis-
placement. In contrast, when the human subject is not present
on the bottom bedding M, the result of the frequency analysis
on the first level values does not include the components
derived from the biological displacement. Therefore, whether
or not the human subject is present on the bottom bedding M
can be determined based on whether or not the components
derived from the biological displacement are included in the
result of the frequency analysis on the first level values.

[0125] Further characteristics of the first level values will
be explained with reference to FIGS. 16 and 17. FIG. 16
exemplifies transition in time series of the first level values
over a longer time span than that of FIG. 13. In FIG. 16, the
human subject on the bottom bedding M rolls over from
around the 350-second point to around the 380-second point.
As a result, the first level values change greatly and noncyc-
lically, and then the first level values are saturated during a
period P, After the roll-over (i.e., after around the 380-
second point), output values (fluctuation range) of the first
level values are decreased compared to those before the roll-
over (i.e., before around the 350-second point). The above-
described decrease of the output values (fluctuation range) is
derived from decrease of pressure change of the sensor unit 2
based on the biological displacement (e.g., expansion and
contraction of lungs). The decrease of pressure change is
caused by posture change associated with the roll-over of the
human subject on the bottom bedding M (e.g., change from a
face-down posture to a sideways posture).

[0126] FIG. 17 illustrates a frequency waveform (spec-
trum) that is obtained by frequency analysis on a partial time
waveform after the roll-over included in the time waveform
shown in FIG. 16. The frequency analysis is executed by the
determination unit 94. In the waveform shown in the FIG. 17,
similar to FIG. 14, components which are mainly derived
from the biological displacement of the human subject are
distributed in a range less than approximately 2.0 Hz, and
there are two amplitude value peaks of components derived
from the biological displacement of the human subject at
around 0.3 Hz and around 0.6 Hz. However, as described
previously, the output values (fluctuation range) are
decreased after the roll-over. As a result, amplitude values of
the components derived from the biological displacement are
decreased compared to FIG. 14.
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[0127] According to the above comparison between FIGS.
14 and 17, it will be understood that, even if the human subject
is present on the bottom bedding M, magnitude of the com-
ponents derived from the biological displacement varies
depending on, for example, a posture of the human subject.
As a result, if whether or not the human subject is present on
the bottom bedding M is determined based on determination
criteria such as “a component value derived from biological
displacement is greater than a predetermined threshold”, it is
likely to be determined that the human subject is not on the
bed although the human subject is actually present on the
bottom bedding M, in a case in which the output values
(fluctuation range) of the first level values are decreased as
after the roll-over in FIG. 16.

[0128] In this embodiment, frequency analysis is executed
on first level values output during a predetermined analysis
period A to obtain a noise component (i.e., first component)
that is not derived from biological displacement and a biosig-
nal component (i.e., second component) that is derived from
biological displacement, so that present-on-bed determina-
tion is executed in accordance with a ratio (spectral ratio)
between the noise component and the biosignal component.
The analysis period A contains a time period corresponding to
several respiration cycles of the human subject. For instance,
the analysis period A is a period with 30 seconds.

3. Present-On-Bed Determination Operation

[0129] The present-on-bed determination operation in the
second embodiment will be explained with reference to
FIGS. 8, 18, and 19. An overall operation executed in the
sleep measurement apparatus 1 is similar to that of the first
embodiment explained with reference to FIG. 8. FIG. 18 is a
flowchart that illustrates a present-on-bed determination
operation in a condition in which the human subject is not
present on the bed. FIG. 19 is a flowchart that illustrates a
present-on-bed determination operation in a condition in
which the human subject is present on the bed.

[0130] Similar to the first embodiment, when the sleep
apparatus 1 is powered on, the CPU 9 (determination unit 94)
executes a present-on-bed determination process (S10).
[0131] The present-on-bed determination process (S310 to
S340) in the step S10 will be described in detail with refer-
ence to FIG. 18. When the present-on bed determination
process begins, the determination unit 94 executes frequency
analysis on the first level values to obtain a noise component
(first component) and a biosignal component (second com-
ponent). Specifically, the first A/D conversion unit 90 per-
forms A/D conversion with a first output signal at a predeter-
mined frequency (e.g., 16 Hz) in the current analysis period
A, that includes the current time point to obtain plural first
level values, and outputs the plural first level values to the
determination unit 94. The determination unit 94 executes
frequency analysis on the first level values supplied from the
first A/D conversion unit 90 to obtain a component value L.C,,
of'a low-frequency range (e.g., less than 0.15 Hz), a compo-
nent value MC,, of a mid-frequency range (e.g., greater than
0.15 Hz and less than 2 Hz), and a component value HC, of a
high-frequency range (e.g., greater than 2 Hz) (S310). Each of
the component values may be calculated as an integrated
value of amplitude values in each frequency range or be
calculated as an amplitude value at a predetermined fre-
quency. A sum of the component value LC,, of the low-fre-
quency range and the component value HC, of the high-
frequency range (i.e., LC,+HC,) corresponds to the noise
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component. The component value MC,, of the mid-frequency
range corresponds to the biosignal component. The above
frequencies (0.15 Hz, 2 Hz) marking the boundaries between
components are non-limiting examples, so that any frequency
can be adopted.

[0132] Subsequently, the determination unit 94 calculates a
ratio ((LC,+HC,)/MC) between the obtained noise compo-
nent (LC,+HC,) and the obtained biosignal component
(MC,), and determines whether or not the ratio is less than a
fourth threshold Th4 (e.g., one) (S320). Since the numerator
of'the ratio is the noise component and the denominator of the
ratio is the biosignal component, the ratio becomes smaller
when the biosignal component becomes larger relative to the
noise component. The determination unit 94 determines that
the human subject is present on the bed if the ratio is less than
the fourth threshold Th4 (S320: YES), and sets a present-on-
bed determination flag LF,, to 1 (S330). On the other hand, the
determination unit 94 determines that the human subject is
not on the bed if the ratio is equal to or greater than the fourth
threshold Th4 (S320: NO), and sets the present-on-bed deter-
mination flag LF,, to 0 (S340). After setting the present-on-
bed determination flag LF, a single present-on-bed determi-
nation process (S10) ends.

[0133] As shown in FIG. 8, if the present-on-bed determi-
nation condition is fulfilled (i.e., the present-on-bed determi-
nation flag LF, is set to 1) (S20: YES), the CPU 9 initiates a
sleep measurement process (S30). On the other hand, if the
present-on-bed determination condition is not fulfilled (i.e.,
the present-on-bed determination flag LF,, is set to 0) (S20:
NO), the CPU 9 repeats the present-on-bed determination
process (S10).

[0134] If the sleep measurement process starts, while the
measurement unit 98 executes the sleep measurement pro-
cess, the determination unit 94 executes a present-on-bed
determination process (S40). The present-on-bed determina-
tion process (S410 to S440) in the step 40 will be described in
detail with reference to FIG. 19. Although both of the present-
on-bed determination processes in FIGS. 18 and 19 are nearly
identical, conditions of present-on-bed determination pro-
cesses (conditions in steps S320 and S420) are different from
each other. Since an operation of the step S410 (obtaining
each component value) is similar to that of the step S310,
further explanation will be omitted.

[0135] The determination unit 94 calculates a ratio (LC,+
HC,)/MC,) in a similar fashion to the step S320, and deter-
mines whether or not the ratio exceeds a fifth threshold Th5
(e.g., one) (S420). The fifth threshold ThS may be identical to
or different from the fourth threshold Th4. If the ratio exceeds
the fifth threshold Th5, the determination unit 94 determines
that the human subject is not present on the bottom bedding M
(S420: YES), and sets the present-on-bed determination flag
LF,, to 0 (S430). On the other hand, if the ratio is equal to or
less than the fifth threshold ThS, the determination unit 94
determines that the human subject is present on the bed
(S420: NO), and sets the present-on-bed determination flag
LF, to 1 (S440). After setting the present-on-bed determina-
tion flag LF, a single present-on-bed determination process
(S40) ends.

[0136] As shown in FIG. 8, if the present-on-bed determi-
nation condition is fulfilled (i.e., the present-on-bed determi-
nation flag LF, is setto 1) (S50: YES), the CPU 9 continues to
execute the sleep measurement process and the present-on-
bed determination process (S40). On the other hand, if the
present-on-bed determination condition is not fulfilled (i.e.,
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the present-on-bed determination flag LF,, is set to 0) (S50:
NO), the CPU 9 (measurement unit 98) terminates the sleep
measurement process and returns to the step S10 (i.e., waits
for a human subject to come to be present on the bed).
[0137] According to the above-described embodiment, in
the case in which the human subject is not present on the bed,
it is determined that the human subject is (has come to be)
present on the bed if the ratio is less than the threshold (fourth
threshold Th4). In contrast, in the case in which the human
subject is present on the bed, it is determined that the human
subject is not present on (leaves) the bed if the ratio is greater
than the threshold (fifth threshold Th5). As described above,
the ratio is utilized to execute the determination. As a result,
it is determined that the human subject is present on the bed
when the biosignal component is relatively greater than the
noise component (i.e., the ratio is small), even if absolute
values of the biosignal component change. Therefore, as
explained previously with comparing FIGS. 14 and 17, an
erroneous deteimination that the human subject is not present
on (leaves) the bed based on fluctuations (decrease) of the first
level values caused by posture change can be prevented. An
erroneous determination that the human subject is (has come
to be) present on the bed based on continuing noise compo-
nents not derived from the biological displacement can also
be prevented. Furthermore, similar to the first embodiment, it
is automatically determined whether or not the human subject
is present on the bed, which provides the human subject with
greater convenience.

Third Embodiment

[0138] The above-described present-on-bed determination
operations in the first embodiment and the second embodi-
ment can be combined. Such combined present-on-determi-
nation operations provide more accurate present-on-bed
determination. In a third embodiment, an example of com-
bined present-on-bed determination operations will be
explained.

1. Configurations of Sleep Measurement Apparatus

[0139] A sleep measurement apparatus 1 according to the
third embodiment is configured in a similar way to that of the
first embodiment (in particular, FIG. 2). FIG. 20 illustrates a
detailed configuration of the determination unit 94. The deter-
mination unit 94 according to the third embodiment includes
a first determination unit 942 that executes the determination
executed by the determination unit 94 in the first embodiment
and a second determination unit 944 that executes the deter-
mination executed by the determination 94 in the second
embodiment. The above elements included in the determina-
tion unit 94 are functional blocks. The CPU 9 executes com-
puter programs stored in the storage 10 and operates in accor-
dance with these computer programs to provide those
functional blocks. A single functional block may possess the
functions of the first determination unit 942 and the second
determination unit 944.

2. Present-On-Bed Determination Operation

[0140] The present-on-bed determination operation in the
third embodiment will be explained with reference to FIGS.
8, 21, and 22. An overall operation executed in the sleep
measurement apparatus 1 is similar to that of the first embodi-
ment explained with reference to FIG. 8. FIG. 21 is a flow-
chart that illustrates a present-on-bed determination opera-
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tion in a condition in which the human subject is not present
on the bed, which schematically is a combination of the
flowcharts of FIGS. 9 and 18. FIG. 22 is a flowchart that
illustrates a present-on-bed determination operation in a con-
dition in which the human subject is present on the bed, which
schematically is a combination of the flowcharts of FIGS. 10
and 19.

[0141] A present-on-bed determination process in the step
S10 (S110 to S340) will be explained with reference to FIG.
21. The first determination unit 942 executes a present-on-
bed determination process (S110 to S170) based on a stan-
dard deviation o,,, which is similar to the first embodiment. If
it is determined that the human subject is not present on the
bottom bedding M (S 150: NO), the first determination unit
942 sets a present-on-bed determination flag LF,, to 0 (S 170)
and a single present-on-bed determination process (S 10)
ends. On the other hand, if it is determined that the human
subject is present on the bottom bedding M (S 150: YES), the
first determination unit 942 generates a signal (information)
showing that the human subject is present on the bed to supply
the second determination unit 944 therewith.

[0142] If the first determination unit 942 has determined
that the human subject is present on the bed, the second
determination unit 944 executes a present-on-bed determina-
tion process (S310 to S340) based on frequency analysis,
which is similar to the second embodiment. Ifit is determined
that the human subject is present on the bottom bedding M
(S320: YES), the second determination unit 944 sets the
present-on-bed determination flag LF,, to 1 (S330). That is,
the second determination unit 944 may function as a signal
generator that generates a signal (information) showing that
the human subject is present on the bottom bedding M in a
case in which both the first determination unit 942 and the
second determination unit 944 determine that the human sub-
jectis present on the bottom bedding M. On the other hand, if
it is determined that the human subject is not present on the
bottom bedding M (S320: NO), the second determination unit
944 sets the present-on-bed determination flag LF, to O
(S340). After setting the present-on-bed determination flag
LF, a single present-on-bed determination process (S10)
ends.

[0143] As shown in FIG. 8, if the present-on-bed determi-
nation condition is fulfilled, that is, if the present-on-bed
determination flag LF, is set to 1 (S20: YES), the CPU 9
initiates a sleep measurement process (S30). On the other
hand, if the present-on-bed determination condition is not
fulfilled, that is, if the present-on-bed determination flag LF,,
is set to 0 (S20: NO), the CPU 9 repeats the present-on-bed
determination process (S10). If the sleep measurement pro-
cess starts, while the measurement unit 98 executes the sleep
measurement process, the determination unit 94 executes a
present-on-bed determination process (S40).

[0144] A present-on-bed determination process in the step
S40 (S210 to S440) will be explained with reference to FIG.
22. The first determination unit 942 executes a present-on-
bed determination process (S210 to S270) based on a stan-
dard deviation o, which is similar to the first embodiment. If
it is determined that the human subject is present on the
bottom bedding M (S250: NO), the first determination unit
942 sets the present-on-bed determination flag LF, to 1
(S270) and a single present-on-bed determination process
(S40) ends. On the other hand, if it is determined that the
human subject is not present on the bottom bedding M (S250:
YES), the first determination unit 942 generates a signal
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(information) showing that the human subject is not present
on the bed to supply the second determination unit 944 there-
with.

[0145] If the first determination unit 942 has determined
that the human subject is not present on the bed, the second
determination unit 944 executes a present-on-bed determina-
tion process (S410 to S440) based on frequency analysis,
which is similar to the second embodiment. Ifit is determined
that the human subject is not present on the bottom bedding M
(S420: YES), the second determination unit 944 sets the
present-on-bed determination flag LF,, to 0 (S430). That is,
the second determination unit 944 may function as a signal
generator that generates a signal (information) showing that
the human subject is not present on the bottom bedding M in
a case in which both the first determination unit 942 and the
second determination unit 944 determine that the human sub-
ject is not present on the bottom bedding M. On the other
hand, if it is determined that the human subject is present on
the bottom bedding M (S420: NO), the second determination
unit 944 sets present-on-bed determination flag LF, to 1
(S440). After setting the present-on-bed determination flag
LF, a single present-on-bed determination process (S40)
ends.

[0146] With reference to FIG. 23, results of (a) the present-
on-bed determination based on a standard deviation a (ex-
ecuted only by the first determination unit 942), (b) the
present-on-bed determination based on a ratio (executed only
by the second determination unit 944), and (c) the present-
on-bed determination based on combination of a standard
deviation o and a ratio according to this embodiment will be
exemplified. In FIG. 23, the results obtained by executing the
respective present-on-bed determinations on the first level
values that show the same transition are illustrated with a
common time axis for each graph. A period in which it is
determined that the human subject is not present on the bed
(NOT-ON-BED) is shown as a solid line in the top of each
graph, and a period in which it is determined that the human
subject is present on the bed (ON-BED) is shown as a solid
line in the bottom of each graph.

[0147] In FIG. 23, according to (a) the present-on-bed
determination based on the standard deviation o, although the
period in which the human subject is actually present on the
bed and the periods in which it is determined that the human
subject is present on the bed greatly overlap, there are some
periods in which itis determined that the human subject is not
present on the bed in spite of the actual presence of the human
subject. According to (b) the present-on-bed determination
based on the ratio, although the period in which the human
subject is actually present on the bed and the periods in which
it is determined that the human subject is present on the bed
greatly overlap, there are some periods in which it is deter-
mined that the human subject is present even though the
human subject is actually not present on the bed. In contrast,
according to (c) the present-on-determination based on the
combination of the standard deviation o and the ratio, the
period in which the human subject is actually present on the
bed corresponds to the period in which it is determined that
the human subject is present on the bed. As described above,
the present-on-determination (c¢) can resolve the possible dis-
crepancy between the period in which the human subject is
actually present on the bed and the periods in which it is
determined that the human subject is present on the bed in the
present-on-determinations (a) and (b).
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[0148] According to the above-described embodiment, it is
determined whether or not the human subject is present on the
bed in accordance with the combination of the present-on-bed
determination results based on the standard deviation of the
first level values described in the first embodiment and the
present-on-bed determination result based on the frequency
analysis on the first level values described in the second
embodiment. As a result, more accurate present-on-bed deter-
mination results can be provided. Furthermore, similar to the
first and second embodiments, it is automatically determined
whether or not the human subject is present on the bed, which
provides the human subject with greater convenience.

Other Variations and Modifications

[0149] The above-described embodiments can be variously
modified. Some specific modifications will be exemplified
hereinafter. Two or more of modifications selected from the
following examples can be appropriately combined as far as
no conflict occurs.

(1) Modification 1

[0150] In the above-described embodiments, the sleep
measurement apparatuses are exemplified as the present-on-
bed determination apparatus. However, each sleep measure-
ment apparatus is only a non-limiting application example of
the present-on-bed determination apparatus according to the
present invention. For instance, the present-on-bed determi-
nation apparatus can be used by itself with a bed in a hospital
or a nursing-care facility in order to determine whether or not
apatient or a care-receiver is present on the bed. Furthermore,
the present-on-bed determination apparatus can be applied to
other apparatuses such as an alarm clock. In those cases, the
present-on-bed determination apparatus does not need to
include the elements used for the sleep measurement process
(e.g., the second A/D conversion unit 92, the second signal
processing unit 8, the biological information acquisition unit
96, the measurement unit 98, etc.).

(2) Modification 2

[0151] In the above-described embodiments, the first A/D
conversion unit 90 and the second A/D conversion unit 92 are
mounted in the CPU 9. However, each A/D conversion unit
may be mounted in any location. For instance, as illustrated in
FIG. 24, the A/D conversion units (90a, 92a) may be mounted
outside the CPU 9. In other words, whereas the amplification
and the subsequent A/D conversion are applied to the mea-
surement signal in the above-described embodiments, the
A/D conversion and the subsequent amplification may be
applied to the measurement signal in this modification.

[0152] In that case, the first A/D conversion unit 90a out-
puts a plurality of first sample values obtained by A/D con-
version of the measurement signal to supply the first signal
processing unit 7a therewith. The first signal processing unit
7ain the CPU 9 numerically amplifies the plurality of the first
sample values with a first gain G1 so as to output a plurality of
first level values to the determination unit 94. Similarly, the
second A/D conversion unit 92a outputs a plurality of second
sample values obtained by A/D conversion or the measure-
ment signal to supply the second signal processing unit 8a
therewith. The second signal processing unit 8« in the CPU 9
numerically amplifies the plurality of the second sample val-
ues with a second gain G2 so as to output a plurality of second
level values to the biological information acquisition unit 96.
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[0153] Furthermore, in this modification, only any one of
the combination of the first signal processing unit 7 and the
first A/D conversion unit 90 or the combination of the second
signal processing unit 8 and the second A/D conversion unit
92 may be installed.

(3) Modification 3

[0154] The first A/D conversion unit 90 and the second A/D
conversionunit 92 may be configured as one unit. Inthat case,
an A/D converter with plural input ports and plural output
ports can be appropriately adopted.

(4) Modification 4

[0155] In the above-described embodiments, the standard
deviation ois adopted as an indicator that indicates dispersion
degree of first level values obtained during each unit period U.
However, any dispersion indicator can be used. For instance,
a variance of the first level values or a variation coefficient of
the first level values (i.e., a value obtained by dividing a
standard deviation by a mean value) can be adopted as the
dispersion indicator.

(5) Modification 5

[0156] In the above-described embodiments, the respira-
tion is adopted as a cyclic component included in biological
displacement of the human subject. However, any biological
displacement which changes cyclically (e.g., heartbeat) can
be adopted as the cyclic component. Combination of cyclic
components (e.g., respiration and heartbeat) can be adopted.
Inthose cases, elements influencing the present-on-bed deter-
mination (e.g., a frequency characteristic of a filter in the
sleep measurement apparatus 1, length of the unit period U,
etc.) may be set in accordance with one or more adopted
cyclic components. In particular, a filter with a frequency
characteristic configured to extract a frequency component
corresponding to the one or more adopted cyclic components
may be mounted between the sensor unit 2 and the first
amplifier 70.

(6) Modification 6

[0157] The above-described embodiments can be modified
so that the CPU 9 counts elapsed time in cooperation with a
real time clock (RTC). In this modification, a backup power
source may supply electric power to the real time clock when
the power source 11 does not supply electric power. As a
result, it will be possible to continue to count elapsed time
even when the power source 11 does not supply electric
power. The CPU 9 and the storage 10 in the above-described
embodiments may be replaced with a single microcomputer.
The condenser microphone in the sensor unit 2 may be
replaced with a piezoelectric element such as a piezo cable, a
capacitance sensor, a photodetector, a film sensor, a strain
gage, etc.

(7) Modification 7

[0158] Inthe third embodiment, the first determination unit
942 executes the present-on-bed determination based on the
standard deviation a. Subsequently, the second determination
unit 944 executes the present-on-bed determination based on
the frequency analysis. However, as illustrated in FIG. 25, the
second determination unit 944 may execute the present-on-
bed determination based on the frequency analysis first, and
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the first determination unit 942 may subsequently execute the
present-on-bed determination based on the standard devia-
tion a.

[0159] In that case, in lieu of the determination operation
illustrated in FIG. 21, the second determination unit 944
executes the present-on-bed determination process based on
the frequency analysis corresponding to the second embodi-
ment (S310 to S340). If it is determined that the human
subject is present on the bed, the first determination unit 942
executes the present-on-bed determination process based on
the standard deviation o, corresponding to the first embodi-
ment (S110 to S170). If it is determined that the human
subject is present on the bed, the first determination unit 942
sets the present-on-bed determination flag LF,, to 1. That is, in
this modification, the first determination unit 942 may func-
tion as a signal generator that generates a signal (information)
showing that the human subject is present on the bed in a case
in which both the first determination unit 942 and the second
determination unit 944 determine that the human subject is
present on the bed.

[0160] Similarly, in lieu of the determination operation
illustrated in FIG. 22, the second determination unit 944
executes the present-on-bed determination process based on
the frequency analysis (S410 to S440). If it is determined that
the human subject is not present on the bed, the first determi-
nation unit 942 executes the present-on-bed determination
process based on the standard deviation o, (S210 to S270).
That is, in this modification, the first determination unit 942
may function as a signal generator that generates a signal
(information) showing that the human subject is not present
on the bed in a case in which both the first determination unit
942 and the second determination unit 944 determine that the
human subject is not present on the bed.

[0161] Alternatively, as illustrated in FIG. 26, the first
determination unit 942 and the second determination unit 944
may be mounted in parallel with each other, and both of the
present-on-bed determination operations may be parallely
(separately) executed. In that case, a final determination unit
946 may be mounted subsequent to the first determination
unit 942 and the second determination unit 944. The final
determination unit 946 may execute final determination
based on the determination results of the first determination
unit 942 and the second determination unit 944.

[0162] In the present-on-bed determination process of the
step S10, in which it has been previously determined that the
human subject is present on the bed, the final determination
unit 946 determines that the human subject is present on the
bottom bedding M (i.e., sets the present-on-bed determina-
tion flag FL,, to 1) in a case in which both of the first deter-
mination unit 942 and the second determination unit 944
determine that the human subject is present on the bottom
bedding M.

[0163] On the other hand, in the present-on-bed determina-
tion process of the step S40, in which it has been previously
determined that the human subject is not present on the bed,
the final determination unit 946 determines that the human
subject is not present on the bottom bedding M (i.e., sets the
present-on-bed determination flag FL,, to 0) ina case in which
both of the first determination unit 942 and the second deter-
mination unit 944 determine that the human subject is not
present on the bottom bedding M.

[0164] That is, the final determination unit 946 may func-
tion as the signal generator described in the third embodi-
ment.



US 2013/0178715 Al

[0165] In summary, the present-on-bed determination
based on the standard deviation o and the present-on-bed
determination based on the frequency analysis may be
executed in any order.

(8) Modification 8

[0166] Inthe second and third embodiments, the ratio of the
noise component (first component) to the biosignal compo-
nent (second component) (i.e., (LC,+HC,)/MC,) is used for
the present-on-bed determination. However, a ratio of the
biosignal component to the noise component (i.e., MC,/
(LC,+HC,)) may be used for the present-on-bed determina-
tion. The ratio of this modification becomes greater when the
biosignal component becomes larger relative to the noise
component, since the numerator of the ratio is the biosignal
component and the denominator of the ratio is the noise
component. When the ratio of this modification is used for the
present-on-bed deter urination, on each determination step
(8320, S420), determination with reversing the inequality
sign (i.e., determination whether or not the ratio exceeds the
fourth threshold Th4 on the step S320, and determination
whether or not the ratio is less than the fifth threshold Th5 on
the step S420) may be executed. As a result, present-on-bed
determination equivalent to the present-on-bed determination
according to the second or third embodiment can be provided.

(9) Modification 9

[0167] In the second and third embodiments, the noise
component (first component) is a sum of the component value
LC, of the low-frequency range and the component value
HC, of the high-frequency range (i.e., LC_+HC,). However,
the noise component (first component) may be any one of the
component value LC,, of the low-frequency range or the com-
ponent value HC,, of the high-frequency range.

What is claimed is:

1. A present-on-bed determination apparatus comprising:

a sensor unit usable with a bottom bedding and configured
to measure biological displacement of a human subject
on the bottom bedding so as to output a measurement
signal showing a measurement result;

a first signal processing unit configured to amplify the
measurement signal with a first gain so as to output a first
output signal;

a first A/D conversion unit configured to output a plurality
of first level values obtained by A/D conversion of the
first output signal; and

a determination unit configured to determine whether or
not the human subject is present on the bottom bedding
in accordance with a dispersion indicator that indicates
dispersion degree of the plurality of the first level values.

2. A present-on-bed determination apparatus comprising:

a sensor unit usable with a bottom bedding and configured
to measure biological displacement of a human subject
on the bottom bedding so as to output a measurement
signal showing a measurement result;

a first A/D conversion unit configured to output a plurality
of first sample values obtained by A/D conversion of the
measurement signal;

a first signal processing unit configured to numerically
amplify the plurality of the first sample values with a first
gain so as to output a plurality of first level values; and

a determination unit configured to determine whether or
not the human subject is present on the bottom bedding
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in accordance with a dispersion indicator that indicates
dispersion degree of the plurality of the first level values.
3. The present-on-bed determination apparatus according
to claim 1 or claim 2, wherein the first gain is configured so
that a possible maximum value and a possible minimum value
of'the first level values are included in the plurality of the first
level values obtained during one cycle of a periodic compo-
nent contained in the biological displacement of the human
subject present on the bottom bedding.
4. The present-on-bed determination apparatus according
to claim 3, wherein the determination unit

determines that a preliminary condition is fulfilled if the
dispersion indicator of the plurality of the first level
values obtained during a predetermined period exceeds
a first threshold or is equal to 0, and

determines that the human subject is present on the bottom
bedding if a number of cases in which the preliminary
condition is fulfilled in n, which is a natural number
equal to or greater than 2, consecutive predetermined
periods is equal to or greater than a second threshold.

5. The present-on-bed determination apparatus according
to claim 4, wherein, after it is determined that the human
subject is present on the bottom bedding, the determination
unit determines that the human subject is not present on the
bottom bedding if a number of cases in which the preliminary
condition is fulfilled in m, which is a natural number equal to
or greater than 2, consecutive predetermined periods is equal
to or less than a third threshold.

6. The present-on-bed determination apparatus according
to claim 4, wherein each time length of the predetermined
periods is configured to be longer than a time length required
for the one cycle of the periodic component.

7. The present-on-bed determination apparatus according
to claim 4, wherein the dispersion indicator is a standard
deviation, a variance, or a variation coefficient of the plurality
of the first level values obtained during the predetermined
period.

8. A present-on-bed determination apparatus comprising:

a sensor unit usable with a bottom bedding and configured
to measure biological displacement of a human subject
on the bottom bedding so as to output a measurement
signal showing a measurement result;

a first signal processing unit configured to amplify the
measurement signal with a first gain so as to output a first
output signal;

a first A/D conversion unit configured to output a plurality
of first level values obtained by A/D conversion of the
first output signal; and

a determination unit configured to execute frequency
analysis on the plurality of the first level values output
during an analysis period to obtain a first component not
derived from the biological displacement of the human
subject and a second component derived from the bio-
logical displacement of the human subject, and config-
ured to determine whether or not the human subject is
present on the bottom bedding in accordance with a ratio
between the first component and the second component.

9. A present-on-bed determination apparatus comprising:

a sensor unit usable with a bottom bedding and configured
to measure biological displacement of a human subject
on the bottom bedding so as to output a measurement
signal showing a measurement result;
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a first A/D conversion unit configured to output a plurality
of first sample values obtained by A/D conversion of the
measurement signal;

a first signal processing unit configured to numerically
amplify the plurality of the first sample values with a first
gain so as to output a plurality of first level values; and

a determination unit configured to execute frequency
analysis on the plurality of the first level values output
during an analysis period to obtain a first component not
derived from the biological displacement of the human
subject and a second component derived from the bio-
logical displacement of the human subject, and config-
ured to determine whether or not the human subject is
present on the bottom bedding in accordance with a ratio
between the first component and the second component.

10. The present-on-bed determination apparatus according
to claim 8 or claim 9, wherein the determination unit obtains
any one or both of a component less than a first frequency and
acomponent greater than a second frequency that exceeds the
first frequency as the first component, and obtains a compo-
nent greater than the first frequency and less than the second
frequency as the second component.

11. The present-on-bed determination apparatus according
to claim 10,

wherein the first gain is configured so that a possible maxi-
mum value and a possible minimum value of the first
level values are included in the plurality of the first level
values obtained during one cycle of a periodic compo-
nent contained in the biological displacement of the
human subject present on the bottom bedding.

12. The present-on-bed determination apparatus according
to claim 10, wherein the ratio represents a ratio of the first
component to the second component, and

wherein the determination unit determines that the human
subject is present on the bottom bedding if the ratio
obtained during the analysis period is less than a fourth
threshold.

13. The present-on-bed determination apparatus according
to claim 12, wherein, after it is determined that the human
subject is present on the bottom bedding, the determination
unit determines that the human subject is not present on the
bottom bedding if the ratio obtained during an analysis period
is greater than a fifth threshold.

14. The present-on-bed determination apparatus according
to claim 10, wherein the ratio represents a ratio of the second
component to the first component, and

wherein the determination unit determines that the human
subject is present on the bottom bedding if the ratio
obtained during the analysis period is greater than a
fourth threshold.

15. The present-on-bed determination apparatus according
to claim 14, wherein, after it is determined that the human
subject is present on the bottom bedding, the determination
unit determines that the human subject is not present on the
bottom bedding if the ratio obtained during an analysis period
is less than a fifth threshold.

16. A present-on-bed determination apparatus comprising:

a sensor unit usable with a bottom bedding and configured
to measure biological displacement of a human subject
on the bottom bedding so as to output a measurement
signal showing a measurement result;

a first signal processing unit configured to amplify the
measurement signal with a first gain so as to output a first
output signal;
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a first A/D conversion unit configured to output a plurality
of first level values obtained by A/D conversion of the
first output signal;

a first determination unit configured to determine whether
or not the human subject is present on the bottom bed-
ding in accordance with a dispersion indicator that indi-
cates dispersion degree of the plurality of the first level
values; and

a second determination unit configured to execute fre-
quency analysis on the plurality of the first level values
output during an analysis period to obtain a first compo-
nent not derived from the biological displacement of the
human subject and a second component derived from the
biological displacement of the human subject, and con-
figured to determine whether or not the human subject is
present on the bottom bedding in accordance with a ratio
between the first component and the second component.

17. A present-on-bed determination apparatus comprising:

a sensor unit usable with a bottom bedding and configured
to measure biological displacement of a human subject
on the bottom bedding so as to output a measurement
signal showing a measurement result;

a first A/D conversion unit configured to output a plurality
of first sample values obtained by A/D conversion of the
measurement signal;

a first signal processing unit configured to numerically
amplify the plurality of the first sample values with a first
gain so as to output a plurality of first level values;

a first determination unit configured to determine whether
or not the human subject is present on the bottom bed-
ding in accordance with a dispersion indicator that indi-
cates dispersion degree of the plurality of the first level
values; and

a second determination unit configured to execute fre-
quency analysis on the plurality of the first level values
output during an analysis period to obtain a first compo-
nent not derived from the biological displacement of the
human subject and a second component derived from the
biological displacement of the human subject, and con-
figured to determine whether or not the human subject is
present on the bottom bedding in accordance with a ratio
between the first component and the second component.

18. The present-on-bed determination apparatus according

to claim 16 or claim 17, wherein the second determination
unit obtains any one or both of a component less than a first
frequency and a component greater than a second frequency
that exceeds the first frequency as the first component, and
obtains a component greater than the first frequency and less
than the second frequency as the second component.

19. The present-on-bed determination apparatus according

to claim 18,

wherein the first gain is configured so that a possible maxi-
mum value and a possible minimum value of the first
level values are included in the plurality of the first level
values obtained during one cycle of a periodic compo-
nent contained in the biological displacement of the
human subject present on the bottom bedding.

20. The present-on-bed determination apparatus according

to claim 19, further comprising a signal generator,

wherein the first determination unit
determines that a preliminary condition is fulfilled if the

dispersion indicator of the plurality of the first level
values obtained during a predetermined period
exceeds a first threshold or is equal to 0, and
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determines that the human subject is present on the
bottom bedding if a number of cases in which the
preliminary condition is fulfilled in n, which is a natu-
ral number equal to or greater than 2, consecutive
predetermined periods is equal to or greater than a
second threshold,

wherein the ratio represents a ratio of the first compo-
nent to the second component,

wherein the second determination unit determines that
the human subject is present on the bottom bedding if
the ratio obtained during the analysis period is less
than a fourth threshold, and

wherein the signal generator generates a signal showing
that the human subject is present on the bottom bed-
ding in a case in which both the first determination
unit and the second determination unit determine that
the human subject is present on the bottom bedding.

21. The present-on-bed determination apparatus according
to claim 20, wherein, after the second determination unit
determines that the human subject is present on the bottom
bedding, the first determination unit determines that the
human subject is not present on the bottom bedding if a
number of cases in which the preliminary condition is ful-
filled in m, which is a natural number equal to or greater than
2, consecutive predetermined periods is equal to or less than
a third threshold,

wherein the second determination unit determines that the

human subject is not present on the bottom bedding if the
ratio obtained during an analysis period is greater than a
fifth threshold, and

wherein the signal generator generates a signal showing

that the human subject is not present on the bottom
bedding in a case in which both the first determination
unit and the second determination unit determine that
the human subject is not present on the bottom bedding.

22. The present-on-bed determination apparatus according
to claim 19, further comprising a signal generator,

wherein the first determination unit

determines that a preliminary condition is fulfilled if the
dispersion indicator of the plurality of the first level
values obtained during a predetermined period
exceeds a first threshold or is equal to 0, and

determines that the human subject is present on the
bottom bedding if a number of cases in which the
preliminary condition is fulfilled in n, which is a natu-
ral number equal to or greater than 2, consecutive
predetermined periods is equal to or greater than a
second threshold,

wherein the ratio represents a ratio of the second compo-

nent to the first component,
wherein the second determination unit determines that the
human subject is present on the bottom bedding if the
ratio obtained during the analysis period is greater than
a fourth threshold, and

wherein the signal generator generates a signal showing
that the human subject is present on the bottom bedding
in a ease in which both the first determination unit and
the second determination unit determine that the human
subject is present on the bottom bedding.

23. The present-on-bed determination apparatus according
to claim 22, wherein, after the second determination unit
determines that the human subject is present on the bottom
bedding, the first determination unit determines that the
human subject is not present on the bottom bedding if a
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number of cases in which the preliminary condition is ful-
filled in m, which is a natural number equal to or greater than
2, consecutive predetermined periods is equal to or less than
a third threshold,
wherein the second determination unit determines that the
human subject is not present on the bottom bedding if the
ratio obtained during an analysis period is less than a
fifth threshold, and

wherein the signal generator generates a signal showing
that the human subject is not present on the bottom
bedding in a case in which both the first determination
unit and the second determination unit determine that
the human subject is not present on the bottom bedding.

24. The present-on-bed determination apparatus according
to claim 20, wherein each time length of the predetermined
periods is configured to be longer than a time length required
for the one cycle of the periodic component.

25. The present-on-bed determination apparatus according
to claim 22, wherein each time length of the predetermined
periods is configured to be longer than a time length required
for the one cycle of the periodic component.

26. The present-on-bed determination apparatus according
to claim 20, wherein the dispersion indicator is a standard
deviation, a variance, or a variation coefficient of the plurality
of the first level values obtained during the predetermined
period.

27. The present-on-bed determination apparatus according
to claim 22, wherein the dispersion indicator is a standard
deviation, a variance, or a variation coefficient of the plurality
of the first level values obtained during the predetermined
period.

28. A sleep measurement apparatus comprising:

the present-on-bed determination apparatus according to

any one of claims 1, 2, 8, 9, 16, and 17,

wherein in a case in which it is determined that the human

subject is present on the bottom bedding,

a second signal processing unit configured to amplify
the measurement signal with a second gain less than
the first gain so as to output a second output signal;

a second A/D conversion unit configured to output a
plurality of second level values obtained by A/D con-
version of the second output signal;

a biological information acquisition unit configured to
obtain biological information of the human subject
based on the second level values to output the biologi-
cal information; and

ameasurement unit configured to measure sleeping con-
ditions of the human subject based on the biological
information.

29. A sleep measurement apparatus comprising:

the present-on-bed determination apparatus according to

any one of claims 1, 2, 8, 9, 16, and 17,

wherein in a case in which it is determined that be human

subject is present on the bottom bedding,

a second A/D conversion unit configured to output a
plurality of second sample values obtained by A/D
conversion of the measurement signal;

a second signal processing unit configured to numeri-
cally amplify the plurality of the second sample val-
ues with a second gain less than the first gain so as to
output a plurality of second level values;
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a biological information acquisition unit configured to
obtain biological information of the human subject
based on the second level values to output the biologi-
cal information; and

ameasurement unit configured to measure sleeping con-
ditions of the human subject based on the biological
information.



