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7) ABSTRACT

A bed monitoring system for monitoring a subject on a bed
includes: a plurality of load detectors which are to be placed
in the bed or under legs of the bed and which are configured
to detect a load of the subject; a center of gravity position
calculating unit configured to obtain a temporal variation of
a center of gravity position of the subject based on the
detected load of the subject; a body motion information
determining unit configured to obtain a body motion infor-
mation based on the obtained temporal variation of the
center of gravity position of the subject, the body motion
information being an information on a movement of a whole
or a part of the whole body of the subject different from a
movement caused by a respiration of the subject; a respira-
tory rate calculating unit configured to calculate a respira-
tory rate of the subject based on the obtained temporal
variation of the center of gravity position of the subject and
the body motion information obtained by the body motion
information determining unit; and a subject information
detecting unit configured to detect at least one of an image
information of the subject, an audio information of the
subject and a temperature information of the subject.
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BED MONITORING SYSTEM

TECHNICAL FIELD

[0001] The present invention relates to a bed monitoring
system configured to monitor conditions of a subject on a
bed by using load detectors and other information detecting
units.

BACKGROUND ART

[0002] There are proposed methods of using load detector
and the like to noninvasively monitor conditions of a patient
or a care receiver on a bed, in the sites of medical practice
and care service.

[0003] Patent Literature 1 discloses a present-on-bed
detecting method for determining whether or not a subject is
present on a bed by detecting whether or not the subject on
the bed has respirations, on the basis of the outputs of a
plurality of load detectors arranged under the legs of the bed.
[0004] Patent Literature 2 discloses a biological and physi-
ological detecting device configured to detect the respiratory
rate, pulse rate, presence of snore and the like of a subject
on a bed, based on the outputs from a plurality of load
detecting sensors arranged under the legs of the bed.

CITATION LIST

[0005] Patent Literature 1: Japanese Patent Application
Laid-open No. 2008-264338

[0006] Patent Literature 2: Japanese Patent No. 4883380
SUMMARY
Technical Problem
[0007] With such noninvasive monitoring as disclosed in

Patent Literatures 1 and 2, it is desired to improve the
monitoring precision. Further, items which are monitorable
by the method shown in Patent Literature 1 or with the
device shown in Patent Literature 2 are limited, and thus, it
is difficult to say that the needs in the sites of medical
practice and/or care service are sufficiently satisfied.
[0008] In view of the above, an object of the present
invention is to provide a bed monitoring system capable of
noninvasively and precisely monitoring various items about
a subject.

Solution to the Problem

[0009] According to a first aspect of the present invention,
there is provided a bed monitoring system for monitoring a
subject on a bed, the system including;

[0010] a plurality of load detectors which are to be placed
in the bed or under legs of the bed and which are configured
to detect a load of the subject;

[0011] a center of gravity position calculating unit config-
ured to obtain a temporal variation of a center of gravity
position of the subject based on the detected load of the
subject;

[0012] a body motion information determining unit con-
figured to obtain a body motion information based on the
obtained temporal variation of the center of gravity position
of the subject, the body motion information being an infor-
mation on a movement of a whole or a part of the whole
body of the subject different from a movement caused by a
respiration of the subject;
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[0013] a respiratory rate calculating unit configured to
calculate a respiratory rate of the subject based on the
obtained temporal variation of the center of gravity position
of the subject and the body motion information obtained by
the body motion information determining unit; and

[0014] a subject information detecting unit configured to
detect at least one of an image information of the subject, an
audio information of the subject and a temperature infor-
mation of the subject.

[0015] The bed monitoring system according to the first
aspect may further include a condition determining unit
configured to determine a condition of the subject by using
at least one of the center of gravity position of the subject,
the body motion information of the subject and the respi-
ratory rate of the subject, and at least one of the image
information of the subject, the audio information of the
subject and the temperature information of the subject.
[0016] In the bed monitoring system according to the first
aspect, the body motion information may include an infor-
mation on a large body motion of the subject and an
information on a small body motion of the subject, an
amount of movement of the center of gravity position of the
subject within a predetermined time period caused by the
small body motion being smaller than an amount of move-
ment of the center of gravity position of the subject within
the predetermined time period caused by the large body
motion, and

[0017] the body motion information determining unit may
include a first body motion information determining unit
configured to determine the information on the large body
motion of the subject and a second body motion information
determining unit configured to determine the information on
the small body motion of the subject.

[0018] In the bed monitoring system according to the first
aspect, the subject information detecting unit may include an
image information detecting unit configured to detect the
image information of the subject, an audio information
detecting unit configured to detect the audio information of
the subject, and a temperature information detecting unit
configured to detect the temperature information of the
subject.

[0019] According to a second aspect of the present inven-
tion, there is provided a bed system including:

[0020] a bed; and
[0021] the bed monitoring system according to the first
aspect.
EFFECT of the INVENTION
[0022] According to the bed monitoring system of the

present invention, it is possible to noninvasively and pre-
cisely monitor various items about the subject.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 11is a block diagram depicting a configuration
of a bed monitoring system according to an embodiment of
the present invention.

[0024] FIGS. 2(a) and 2(b) are illustrative views for
explaining an arrangement of a bed, load detectors, an image
information detecting unit, an audio information detecting
unit, and a temperature information detecting unit. FIG. 2(a)
depicts the arrangement of the load detectors with respect to
the bed. FIG. 2(b) depicts the arrangement of the image
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information detecting unit, the audio information detecting
unit and the temperature information detecting unit with
respect to the bed.

[0025] FIG. 3 is a flow chart depicting a monitoring
method according to the embodiment of the present inven-
tion.

[0026] FIG. 4is a block diagram depicting a configuration
of a body motion information estimating unit.

[0027] FIG. 5(a) depicts an example of center of gravity
locus of a subject.

[0028] FIG. 5(5) depicts a center of gravity locus obtained
by converting the center of gravity locus depicted in FIG.
5(a) into a locus based on a low sampling frequency.
[0029] FIGS. 6(a), 6(b) and 6(c) depict loci where large
body motion loci are removed from the center of gravity
locus of the subject on a bed depicted in FIG. 5(a).

[0030] FIG. 7 is an illustrative view for depicting a case of
decomposing the center of gravity locus into a component
forming a small body motion locus and a component form-
ing a respiratory oscillation locus.

[0031] FIGS. 8(a), 8(d) and 8(c) depict loci where small
body motion loci are removed from the loci depicted in
FIGS. 6(a), 6(b) and 6(c), respectively.

[0032] FIG. 9 depicts an example of respiratory oscillation
locus which is rotated to let its oscillation direction conform
to an X axis direction.

[0033] FIG. 10 is an illustrative view for explaining a
method for determining a movement direction of a motion
vector.

[0034] FIG. 11 depicts a case of decomposing the center of
gravity locus including the small body motion locus and the
respiratory oscillation locus of the subject, into a plurality of
motion vectors.

[0035] FIG. 12 is a block diagram depicting an overall
configuration of the bed system according to the embodi-
ment of the present invention.

EMBODIMENTS

Embodiment

[0036] An embodiment of the present Invention will be
explained with reference to FIGS. 1 to 11.

[0037] As depicted in FIG. 1, a bed monitoring system 100
of this embodiment has, chiefly, a load detecting unit 1, an
image information detecting unit 3, an audio information
detecting unit 4, a temperature (thermal) information detect-
ing unit 5, a control unit 6, a storage unit 7, and a display unit
8. The load detecting unit 1 and the control unit 6 are
connected via an A/D converting unit 2. The control unit 6
is further connected with a notifying unit 9 and an input umt
10.

[0038] The load detecting unit 1 is provided with four load
detectors 11, 12, 13, 14. Each of the load detectors 11, 12,
13, 14 is a load detector which detects an item of load by
using, for example, a beam-type load cell. Such kind of load
detectors are described in, for example, Japanese Patent No.
4829020 and Japanese Patent No. 4002905. Each of the load
detectors 11, 12, 13, 14 is connected to the A/D converting
unit 2 by means of wiring.

[0039] The four load detectors 11, 12, 13, 14 of the load
detecting unit 1 are arranged under the legs of a bed to be
used by a subject (human subject). In particular, as depicted
in FIGS. 2(a) and 2(b), the load detectors 11, 12, 13, 14 are
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arranged respectively under casters C,, C,, C;, C, attached
to lower end portions of the legs disposed at the four corners
of the bed BD.

[0040] The A/D converting unit 2 is provided with an A/D
converter which converts an analog signal fed from the load
detecting unit 1 into a digital signal. The A/D converting umit
2 is connected to each of the load detecting unit 1 and the
control unit 6 by means of wiring,

[0041] The image information detecting unit 3 is, in this
embodiment, a video camera which is fitted on a ceiling CE
above the bed BD so as to be capable of shooting (taping,
photographing) the entire area of the upper surface (upside)
of the bed BD. The image information detecting unit 3 is
provided with an infrared shooting function such that the
subject on the bed BD can be shot even in the dark.
[0042] The audio information detecting unit 4 is, in this
embodiment, a slim microphone provided on a headboard
BD1 of the bed BD. The audio information detecting unit 4
is imbedded (built-in) in the headboard BD1 positioned
close to the head of the subject such that the respiratory
sound and the like of the subject on the bed BD can be well
collected.

[0043] The temperature information detecting unit 5 is, in
this embodiment, an infrared thermography device fitted on
the ceiling CE above the bed BD to be capable of detecting
the entire area of the upper surface of the bed BD.

[0044] Each of the image information detecting unit 3, the
audio information detecting unit 4, and the temperature
information detecting unit 5 is connected to the control unit
6 by means of wiring.

[0045] The control unit 6 is an exclusive or general-
purpose computer. A center of gravity position calculating
unit 61, a body motion information estimating unit (body
motion information determining unit) 62, a respiration infor-
mation calculating unit 63, and a condition determining unit
64 are constructed in the control unit 6.

[0046] The storage unit 7 is a storage device which stores
various items of detected/estimated/calculated information,
and referential data and the like used for determining
conditions of the subject, in the bed monitoring system 100.
For example, it is possible to use a hard disk (magnetic disk)
therefor. The display unit 8 is a monitor such as a liquid
crystal monitor or the like for displaying the information
outputted from the control unit 6 for a user of the bed
monitoring system 100.

[0047] The notifying unit 9 is provided with a device such
as a speaker, for example, for auditorily performing prede-
termined notifications on the basis of the information fed
from the control unit 6. The input unit 10 is an interface for
performing predetermined inputs for the control unit 6,
which may be a keyboard and a mouse.

[0048] An explanation will be made about the operation
for monitoring the subject on the bed, by using the bed
monitoring system 100 as described above. Here, as an
example, monitoring the subject includes finding an appear-
ance (aspect) of a body motion and/or respiration of the
subject, determining whether or not the subject is present on
the bed BD, determining whether the subject is alive or dead,
and the like (details will be described later).

[0049] As depicted in FIG. 3, monitoring the subject by
using the bed monitoring system 100 includes a load detec-
tion step (S1) for detecting a load of the subject, a center of
gravity locus calculation step (S2) for calculating a temporal
variation of the center of gravity position (the center of
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gravity locus) of the subject on the basis of the detected load,
a body motion information estimation step (S3) for estimat-
ing (determining) information about a body motion of the
subject on the basis of the found (obtained) center of gravity
locus, a respiration information calculation step (S4) for
calculating information about respirations of the subject on
the basis of the found (obtained) center of gravity locus, an
image information detection step (S5) for detecting image
information about the subject on the bed, an audio informa-
tion detection step (S6) for detecting audio information
about the subject on the bed, a temperature information
detection step (S7) for detecting temperature information
about the subject on the bed, a condition determination step
(S8) for determining conditions of the subject on the basis of
the center of gravity position, body motion information,
respiration information, image information, audio informa-
tion and temperature information of the subject, and a
display step (S9) for displaying the determined conditions of
the subject.

Load Detection Step

[0050] In the load detection step S1, the load detectors 11,
12, 13, 14 are used to detect the load of the subject (human
subject) S on the bed BD. Because the load detectors 11, 12,
13, 14 are arranged respectively under casters C,,C,, C, C,
as described above, the load, which is applied to the upper
surface of the bed BD, is detected in a dispersed manner by
the four load detectors 11, 12, 13, 14.

[0051] Each of the load detectors 11, 12, 13, 14 detects the
load (load change), and the load (load change) 1s outputted
as analog signals to the A/D converting unit 2. The A/D
converting unit 2 converts the analog signals into digital
signals while using the sampling period of, for example, 5
milliseconds, and the digital signals (referred to hereinafter
as “load signals™) is outputted to the control unit 6. Here-
inafter, the load signals outputted from load detectors 11, 12,
13, 14, and converted into digital signals by the A/D
converting unit 2 are referred to as load signals s, s, S5, S,,
respectively.

Center of Gravity Locus Calculation Step

[0052] 1In the center of gravity locus calculation step S2,
the center of gravity position calculating unit 61 calculates
the position G (X, Y) of the center of gravity G of the subject
S on the bed BD at a predetermined period T (for example,
a period equal to the sampling period of 5 milliseconds
described above) on the basis of the load signals s,to s, fed
from the load detectors 11 to 14, to obtain (find) the temporal
variation of the position of the center of gravity G (the center
of gravity locus GT) of the subject S. In this case, (X, Y)
indicates the coordinates on the XY coordinate plane m
which X extends in the longitudinal (lengthwise) direction
of the bed BD and Y extends in the lateral (widthwise)
direction of the bed BD while the central portion of the bed
BD is the origin (FIG. 2(a)).

[0053] The calculation of the position G (X, Y) of the
center of gravity G by the center of gravity position calcu-
lating unit 61 is performed in accordance with the following
operation. That is, G (X, Y) is calculated in accordance with
the following formulas assuming that the coordinates of the
load detectors 11,12, 13, 14 are (X, Y ), X2, Y,2), (X435,
Y,5), and (X,,. Y,,) respectively, and the detected values
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(load values) of the load detectors 11, 12, 13, 14 are W,
W,,, W5, and W, respectively.

Formula 1

X Xu XWi + X X Wi + X3 X Wiz + Xy x Wiy
Wi + Wi + Wiz + Wiy

Y= Y11 XW11 +Y12><W12 +Y13><W13 +Y14><W14 Formula 2

Wi+ Wi + Wis + Wiy

[0054] The center of gravity position calculating unit 61
calculates the position G (X, Y) of the center of gravity G at
the predetermined period T on the basis of the above
Formula 1 and Formula 2 while obtaining the temporal
variation of the position G (X, Y) of the center of gravity G,
that s, the center of gravity locus GT, and then causes the
storage unit 7 to store the obtained center of gravity locus
GT.

The Body Motion Information Estimation Step S3
and the Respiration Information Calculation Step
S4

[0055] In the body motion information estimation step S3,
the body motion information estimating unit 62 estimates
the information about the body notion of the subject on the
basis of the center of gravity locus GT calculated in the
center of gravity locus calculation step S2. In the respiration
information calculation step S4, the respiration information
calculating unit 63 calculates the information about the
respirations of the subject (a respiratory rate, a respiratory
ventilation volume (tidal volume), and the like) on the basis
of the center of gravity locus GT calculated in the center of
gravity locus calculation step S2, and the information about
the body motion of the subject.

[0056] The information about the body motion of the
subject S is estimated, and the information about the respi-
ration of the subject S is calculated, on the basis of the
following principle.

[0057] The inventors of the present invention have found
out, on the basis of observation of the biological activities
(including the body movement and respiration) of the sub-
ject S on the bed BD and observation of aspects of the
temporal variation of the position of the center of gravity G
of the subject, that it is possible to classify the biological
activities of the subject S into “large body motion”, “small
body motion” and “respiration”; and that the locus of
temporal variation of the position of center of gravity G
according to a large body motion (to be referred to below as
“large body motion locus™), the locus of temporal variation
of the position of center of gravity G according to a small
body motion (to be referred to below as “small body motion
locus™), and the locus of temporal variation of the position
of center of gravity G according to the respiration (to be
referred to below as “respiratory oscillation (vibration)
locus™) have features different from each other.

[0058] In this specification and in the present invention,
the “large body motion” refers to a comparatively large
motion among the body motions of the subject, along with
a torso (body-trunk) motion such as, in particular, a turn-
over, get-up or the like. If the subject performs a large body
motion, then generally speaking, the direction of the body
axis of the subject (the direction in which the backbone of
the subject extends) will be changed.
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[0059] If the large body motion is defined in terms of an
aspect of a temporal variation of the position of the center of
gravity G, then generally it is possible to define the large
body motion as a movement of the center of gravity G
through a comparatively long distance which is longer than
a predetermined distance within a predetermined period, that
is, a body motion which causes the move of the center of
gravity G at a comparatively high speed. In particular, for
example, it is possible to define the large body motion as a
body motion which causes the movement of the center of
gravity at a speed exceeding a predetermined value V.
Alternatively, on the basis of the difference from the tem-
poral variation of the position of center of gravity G arising
from the small body motion, for example, it is also possible
to define the large body motion as a body motion to move
the center of gravity G through a distance longer than a
predetermined multiple of the distance of the movement of
the center of gravity G due to the small body motion in a unit
of time. The large body motion locus is a locus of such a
movement of the center of gravity G.

[0060] In this specification and in the present invention,
the “small body motion” refers to a comparatively small
motion among the body motions of the subject, without the
torso (body-trunk) motion such as, in particular, the mere
motion of a hand, a foot and/or the head, and the like.
[0061] If the small body motion is defined in terms of an
aspect of a temporal variation of the position of the center of
gravity G, then generally it is possible to define the small
body motion as a movement of the center of gravity G
through a comparatively short distance in a unit of time, that
is, a body motion which causes the move of the center of
gravity G at a comparatively low speed. In particular, for
example, it is possible to define the small body motion as a
body motion where the movement of the center of gravity
occurs at a speed taking the predetermined value v or so.
[0062] Further, depending on the contents determined in
the condition determination step S8, a body motion as
described below may be defined as the small body motion.
That is, the body motion which causes the center of gravity
movement having the movement speed of the predetermined
value v or so, having no periodicity, and moving in a
direction different from a body axis direction of the subject
S. For example, it is possible to adopt such a definition if
spasms of the hands and feet are excludable from the “small
body motion” in determining the physical condition (body
condition). The small body motion locus is a locus of such
a movement of the center of gravity G.

[0063] An aspect of the temporal variation of the position
of the center of gravity G according to respiration is
described as follows. The human respiration is performed by
moving the chest and the diaphragm to expand and shrink
the Tungs. In this context, when the air is inhaled, i.e., when
the lungs are expanded, the diaphragm is lowered down-
wardly, and the internal organs are also moved downwardly.
On the other hand, when the air is expired, i.e., when the
lungs are shrunk, the diaphragm is raised upwardly, and the
internal organs are also moved upwardly. As a result of the
research on such kind of respiration performed by the
inventors of the present invention, it has been found out that
because the respiration accompanies such up/down motion
of the internal organs, the center of gravity G oscillates due
to the respiration, approximately along the up/down direc-
tion of the subject (the direction along the backbone), i.e.,
the body axis direction. Therefore, it is understood that it is
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possible to distinguish the respiration present as the oscil-
lation of the center of gravity in the body axis direction from
the small body motion present as the movement of the center
of gravity in a different direction from the body axis direc-
tion.

[0064] The body motion information estimating unit 62 of
this embodiment specifies the large body motion locus and
the small body motion locus included in the locus of the
movement of center of gravity of the subject on the basis of
the fact that the large body motion locus, the small body
motion locus, and the respiratory oscillation locus have the
different features as described earlier on. The body motion
information estimating unit 62 estimates the contents of the
body motion of the subject on the basis of the specified large
body motion locus and small body motion locus.

[0065] In the same manner, the respiration information
calculating unit 63 of this embodiment specifies the respi-
ratory oscillation locus included in the locus of the move-
ment of center of gravity of the subject, and calculates the
respiration information of the subject such as the respiratory
rate and the respiratory ventilation volume on the basis of
the specified respiratory oscillation locus.

[0066] A particular example will be described as follows
for the body motion information estimating unit 62 to
estimate the body motion information of the subject S on the
basis of the center of gravity locus GT of the subject S.
[0067] As shown in FIG. 4, the body motion information
estimating unit 62 includes a center of gravity locus acquir-
ing unit 620 for extracting the center of gravity locus of the
subject S from the storage unit 7, a large body motion
information estimating unit 621 (first body motion informa-
tion determining unit) for estimating an appearance (aspect)
of the large body motion of the subject S on the basis of the
extracted center of gravity locus GT, and a small body
motion information estimating unit 622 (second body
motion information determining unit) for estimating an
appearance of the small body motion of the subject S on the
basis of the extracted center of gravity locus GT.

[0068] The body motion information estimating unit 62
first uses the center of gravity locus acquiring unit 620 to
extract from the storage unit 7 the center of gravity locus GT
of the subject S during a predetermined period. An example
of the extracted center of gravity locus GT is depicted in
FIG. 5(a). The center of gravity locus GT depicted in FIG.
5(a) indicates the fact that the subject S makes one recip-
rocating motion in the left-right direction on the bed in
accordance with the large body motion (turning over or the
like). Further, the center of gravity locus GT indicates that
the center of gravity G of the subject S moves in each of the
areas A, B, C during the period in which no large body
motion occurs (hereinafter, referred to as “stable posture
period”). The movement of the center of gravity G in the
areas A, B, C is caused by the respiration and the small body
motion of the subject S.

[0069] Next, the body motion information estimating unit
62 specifies the large body motion locus of the subject S
from the center of gravity locus GT by using the large body
motion information estimating unit 621. The large body
motion information estimating unit 621 analyzes the posi-
tion of the center of gravity G at each sampling time, and can
properly specify the locus of the movement of the center of
gravity G according to a large body motion (the large body
motion locus) on the basis of the definition of the “large
body motion”. In particular, for example, if the center of
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gravity G moves beyond a predetermined distance within a
predetermined time, then the locus of its movement is
specified as the large body motion locus.

[0070] The large body motion information estimating unit
621 uses the following method to determine whether or not
the center of gravity G moves beyond the predetermined
distance within the predetermined time. At first, the center of
gravity locus GT depicted in FIG. 5(a) is converted into a
center of gravity locus GT1 based on a lower sampling
frequency (FI1G. 5(b)). The conversion can be performed by
thinning out the data of the center of gravity position G
acquired at a sampling frequency of 5 millisecond and/or by
using the moving average process. Alternatively, the con-
version can be also performed by subjecting the center of
gravity locus GT to the frequency resolution and extracting
the predetermined low frequency component by means of a
low-pass filter. Note that it is desirable that the low sampling
frequency has the period which is short (the frequency
which is large) to such an extent that the large body notion
is suficiently extracted, and the low sampling frequency has
the period which is long (frequency which is small) to such
an extent that no influence is exerted by the variation of the
center of gravity caused by any other factor than the large
body motion such as the small body motion, the respiration
or the like.

[0071] In FIG. 5(5), the locus between the point A1 and
the point B1 moves rightward at a speed beyond a prede-
termined value, for example. Therefore, the large body
motion information estimating unit 621 specifies the locus in
that section as the large body motion locus. In the same
manner, the locus between the point B2 and the point C1
moves leftward at a speed beyond the predetermined value,
for example. Therefore, the large body motion information
estimating unit 621 specifies the locus in that section as the
large body motion locus, too.

[0072] Next, the large body motion information estimating
unit 621 estimates the contents of the large body motion of
the subject S on the basis of the specified large body motion
locus. In particular, for example, if the large body motion
locus is a linear locus along a widthwise direction of the bed
BD, then it is estimated that the subject S has turned over.
As another example, if the large body motion locus is a
linear locus along a lengthwise direction of the bed BD, then
it is estimated that the subject S has raised (gotten up) his/her
upper body.

[0073] As other examples, it is possible to let the storage
unit 7 store a table created for showing a relationship
between the large body motions of the subject S in various
aspects, and the large body motion loci caused due to those
large body motions. Then, the large body motion informa-
tion estimating unit 621 may estimate the appearance of the
large body motion of the subject S by comparing the
specified large body motion locus with the table stored in the
storage unit 7.

[0074] The large body motion information estimating unit
621 estimates the contents of the large body motion of the
subject S and, at the same time as or before or after that,
removes the large body motion locus(loci) from the center of
gravity locus GT so as to send the center of gravity locus GT,
where the large body motion locus(loci) is(are) removed, to
the small body notion information estimating unit 622.
FIGS. 6(a) to 6(c) depict loci obtained by removing the large
body motion loci from the center of gravity locus GT
depicted in FIG. 5(a). FIG. 6(a) depicts the center of gravity
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locus GT in the area A of FIG. 5(a), FIG. 6(b) depicts the
center of gravity locus GT in the area B of FIG. 5(a), and
FIG. 6(c) depicts the center of gravity locus GT in the area
C of FIG. 5(a). Each of those loci corresponds to the center
of gravity locus GT in the stable posture period.

[0075] Next, the body motion information estimating unit
62 uses the small body motion information estimating unit
622 to separate the center of gravity locus GT from which
the large body motion locus has (loci have) been removed,
into the small body motion locus and the respiratory oscil-
lation locus so as to specify the small body motion locus. A
particular process will be explained with an example of
separating the center of gravity locus GT of the area B (FIG.
6(b)) into the small body motion locus and the respiratory
oscillation locus.

[0076] The small body motion information estimating unit
622 can analyze the position of center of gravity G at each
sampling time, and properly separate the locus of the move-
ment of the center of gravity G according to a small body
motion (the small body motion locus) from the respiratory
oscillation locus, on the basis of the definition of the “small
body motion” and/or the feature of the respiratory oscillation
locus (that is, the feature of periodical oscillation along the
body axis direction). In particular, for example, a center of
gravity locus which is included in the center of gravity locus
GT and which periodically oscillates in a specific direction
(in the body axis direction) is regarded as the respiratory
oscillation locus, and a center of gravity locus different from
that kind of center of gravity locus is regarded as the small
body motion locus.

[0077] In FIG. 6(d), the center of gravity locus GT
includes parts gtl and gt3 exhibiting the movement of the
center of gravity G due only to the respiration, and a part gt2
exhibiting the movement of the center of gravity G due to
the respiration and the small body motion. The part gt2
exhibiting the movement of the center of gravity G due to
the respiration and the small body motion is different from
the parts gtl and gt3 exhibiting the movement of the center
of gravity G due only to the respiration in that the center of
gravity locus of the part gt2 does not oscillate periodically
in the specific direction (note that the oscillation loci of the
parts gtl and gt3 are present repetitively on one axis along
the oscillation direction in reality but in FIG. 6(6), for the
sake of explanation, they are drawn with such a deviation as
along the direction orthogonal to the body axis direction.
Much the same is true on FIGS. 8(«) to 8(c) and FIGS. 9 and
11).

[0078] Therefore, as one method for separating and
extracting the small body motion locus, only the center of
gravity loci (gt1, gt3) oscillating periodically in the specific
direction are regarded as the respiratory oscillation loci and
then removed, whereas the other part (gt2) is separated and
extracted as the small body motion locus. The separation and
the extraction as described above, for example, can be
carried out in accordance with the method as described
below. The center of gravity variation, which is repeated
periodically and which is included in the center of gravity
variations provided during a stable respiration period (that
is, a period in which the subject S perform only respiration,
without any body movement) in the past, is detected by
means of the frequency analysis such as the Fourier analysis
or the like. The direction of the center of gravity change
exhibited in the corresponding frequency is detected, and
this is regarded as the center of gravity variation caused by
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the respiration. After that, the difference between the pres-
ently measured center of gravity variation and the respira-
tory oscillation locus is extracted as the small body motion
locus.

[0079] Another method is available as depicted in FIG. 7.
That 1s, the portion (gt2), which does not form the center of
gravity locus oscillating periodically in any specified direc-
tion, 1s decomposed into the portion gt21 which constitutes
a part of the center of gravity locus oscillating periodically
in a specified direction and the other portion gt22. Then,
only the other part gt22 is regarded as the small body notion
locus, and is separated and extracted.

[0080] The small body motion information estimating unit
622 determines the small body motion of the subject on the
basis of the specified small body motion locus. In particular,
for example, based on the length of the small body motion
locus (the movement amount of the center of gravity G), the
small body notion information estimating unit 622 estimates
whether the arms of the subject S has moved or the legs of
the subject S has moved. Generally, the small body motion
locus shown (caused) by a heavier leg’s movement is longer
than the small body motion locus shown (caused) by an
arm’s movement. As another example, by specifying char-
acteristic small body motion locus caused due to the head’s
turning movement, the small body motion information esti-
mating unit 622 estimates that the orientation of the head of
the subject S has changed.

[0081] As other examples, it is possible to let the storage
unit 7 store a table created for showing a relationship
between the small body motions of the subject S in various
aspects, and the small body motion loci caused due to those
small body motions. Then, the small body motion informa-
tion estimating unit 622 may estimate the appearance of the
small body motion of the subject S by comparing the
specified small body motion locus with the table stored in
the storage unit 7.

[0082] The small body motion information calculating
unit 622 estimates the contents of the small body motion
information and, at the same time as or before or after that,
sends the respiratory oscillation locus obtained by separating
the small body motion locus (loci) from the center of gravity
variation, to the respiration information calculating unit 63.
[0083] The respiratory oscillation loci GTr, which are
extracted from the center of gravity loci GT depicted in
FIGS. 6(a) to 6(c), are depicted in FIGS. 8(a) to 8(c)
respectively. The number of times of the reciprocating
motion of the respiratory oscillation loci GTr depicted in
FIGS. 8(a) to 8(c) represents the respiratory rate of the
subject S. Therefore, the respiration information calculating
unit 63 calculates the respiratory rate (such as the respiratory
rate per one minute) of the subject S on the basis of the
respiratory oscillation loci GTr depicted in FIGS. 8(a) to
8(c).

[0084] Specifically, the respiration information calculating
unit 63 firstly rotates the respiratory oscillation loci GTr of
the center of gravity locus GT of the subject S so that the
oscillation direction of the respiratory oscillation loci GTr is
coincident with the X axis direction (FI1G. 9). Subsequently,
the respiration information calculating unit 63 performs the
filtering of a plurality of stages for the respiratory oscillation
loci GTr depicted in FIG. 9 by using a multi-stage filter
bank. The high frequency component is removed as the
noise in the filtering at each stage. On the other hand, the
filtering at the next stage is performed for the low frequency
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component obtained by the filtering at each stage. After
performing the filtering a number of times corresponding to
the predetermined number of stages, the low frequency
component obtained at the final stage can be regarded as the
number of times of respiration.

[0085] Next, the respiration information calculating unit
63 estimates the ventilation volume of one respiration cycle
of the subject S, on the basis of the respiratory oscillation
locus GTr (FIG. 9). Note that the respiratory ventilation
volume is the physical amount corresponding to the depth of
respiration.

[0086] In the case of the large and deep respiration, when
the lungs expand during the inhalation, then the diaphragm
is greatly moved and lowered downwardly as compared with
the ordinary inhalation, and the internal organs are also
greatly moved downwardly. On the other hand, upon the
expiration, i.e., when the lungs shrink, then the diaphragm is
greatly moved and raised upwardly as compared with the
ordinary expiration, and the internal organs are also greatly
moved upwardly. On the contrary, in the case of the small
and shallow respiration, the movement of the internal organs
is small as compared with the ordinary state. According to
the research performed by the inventors of the present
invention, it has been found out that the slight movement of
the center of gravity G caused by the movement of internal
organs is affected by the size or magnitude of the respiration.
Specifically, the amplitude is increased as compared with the
ordinary state when the respiration is large and deep, while
the amplitude is decreased as compared with the ordinary
state when the respiration is small and shallow. The venti-
lation volume of one respiration cycle can be calculated by
being correlated with the amplitude. For example, the fol-
lowing procedure is performed in advance. That is, the
subject performs the large and deep respiration in a state in
which the subject lies on his/her back on the bed, and the
ventilation volume and the amplitude obtained in this state
are recorded beforehand. Further, the subject performs the
small and shallow respiration, and the ventilation volume
and the amplitude obtained in this state are recorded before-
hand. The respiratory ventilation volume is calculated using
the amplitude of the acquired center of gravity locus based
on the respiration. It is also possible to calculate a minute
volume (a ventilation volume per one minute) by calculating
the ventilation volume of one respiration cycle. When the
number of times of respiration per one minute and the
minute volume are known, it is thereby possible to monitor
whether the respiratory condition of the subject S is com-
prehensively in a good state or in a bad state.

The Image Information Detection Step S5, the
Audio Information Detection Step S6, and the
Temperature Information Detection Step S7

[0087] In the image information detection step S5, the
image information detecting unit 3 shoots the bed BD,
detects image information about the subject S, and sends the
detected image information to the control unit 6. The image
information detected by the image information detecting
unit 3 is, for example, an appearance (aspect) of the body
motion of the subject on the bed BD. Further, an image of
the upper surface of the bed BD absent of the subject S is
also a kind of image information and, for example, may be
used for determining whether or not the subject S is present
on the bed.
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[0088] In the audio information detection step S6, the
audio information detecting unit 4 detects audio information
about the subject S on the bed BD, and sends the detected
audio information to the control unit 6. The audio informa-
tion detected by the audio information detecting unit 4 is, for
example, the utterance, somniloquy, respiratory sound,
snore, sneeze, yawn and the like of the subject S.

[0089] In the temperature information detection step S7,
the temperature (thermal) information detecting unit 5
detects temperature (thermal) information about the subject
S on the bed BD, and sends the detected temperature
information to the control unit 6. The temperature informa-
tion detected by the temperature information detecting unit
5 is, for example, temperature distribution of the body
surface of the subject S.

[0090] The control unit 6 synchronizes following items of
information and sends the same to the condition determining
unit 64. The items are the center of gravity locus GT of the
subject S calculated in the center of gravity position calcu-
lation step S2, the body motion information of the subject S
estimated in the body motion information estimation step
S3, the respiration information of the subject S calculated in
the respiration information calculation step S4, the image
information of the subject S detected in the image informa-
tion detection step S5, the audio information of the subject
S detected in the audio information detection step, and the
temperature information of the subject S detected in the
temperature information detection step.

The Condition Determination Step S8

[0091] In the condition determination step S8, the condi-
tion determining unit 64 determines various conditions of
the subject S on the basis of at least one item of the center
of gravity position (the center of gravity locus), body motion
information and respiration information of the subject S, and
at least one item of the image information, audio information
and temperature information of the subject S. The following
items are an example of the conditions of the subject S
determined by the condition determining unit 64.

[0092] (1) Contents of the snail body motion;
[0093] (2) Respiratory condition;
[0094] (3) Dangerous condition of falling
[0095] (4) Asleep/awake;
[0096] (5) Time of deathwatch; and
[0097] (6) Determination of life/death
(1) Contents of the Small Body Motion
[0098] The condition determining unit 64 can determine

contents of the small body notion of the subject S, based on
the contents of the small body motion of the subject S
estimated by the body motion information estimating unit
62, and on the appearance of the body motion of the subject
S detected by the image information detecting unit 3.

[0099] Different from the large body motion, the small
body motion includes comparatively complicated move-
ments of the hands and feet, and thus a certain shape of small
center of gravity locus may correspond to a plurality of types
of the small body motion. For example, because the right
arm and the left arm are usually almost the same in weight,
there is almost equivalence between a small center of gravity
locus shown when the left arm moves rightward through a
predetermined distance, and a small center of gravity locus
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shown when the right arm moves rightward through the
identical predetermined distance.

[0100] If the small body motion information estimating
unit 622 cannot estimate the contents of the small body
motion based on the small center of gravity locus, then the
condition determining unit 64 uses the appearance of the
body motion of the subject S detected by the image infor-
mation detecting unit 3, to determine the contents of the
small body motion of the subject S.

[0101] In this manner, it is possible to precisely determine
the contents of the small body motion of the subject S by
using the image information fed from the image information
detecting unit 3 as necessary.

[0102] Note that the image information detecting unit 3
does not need to constantly shoot for determining the
contents of the small body notion but, for example, may
perform shooting only when it is conceivable that the center
of gravity G of the subject S moves in a direction different
from the body axis direction, and a body motion different
from the respiration is caused. Further, the image informa-
tion about the subject S detected by the image information
detecting unit 3 may be deleted at the point of confirming
that there will not be any use thereof for determining the
small body notion. In this manner, it is possible to protect the
privacy of the subject S in sleep by keeping the images as
few as possible in shooting and storage.

[0103] Further, because it is possible to know the posture
of the subject S on the bed BD with the temperature
information (the temperature distribution of the body sur-
face) from the temperature information detecting unit 5,
instead of the image information fed from the image infor-
mation detecting unit 3, the temperature information fed
from the temperature information detecting unit 5 may be
used. It is also possible to protect the privacy of the subject
S by knowing the posture of the subject S based on the
temperature distribution of the body surface without shoot-
ing the face and/or facial expression of the subject S.
[0104] Note that in the same manner as in determining the
contents of the small body motion, it is also possible to
precisely determine the contents of the large body motion of
the subject S, based on the contents of the large body motion
of the subject S estimated by the body motion information
estimating unit 62, and on the appearance of the body
motion of the subject S detected by the image information
detecting unit 3.

(2) Respiratory Condition

[0105] The condition determining unit 64 can determine
the respiratory condition of the subject S, based on the
respiration information of the subject S calculated by the
respiration information calculating unit 63, and the audio
information (respiratory sound) of the subject S detected by
the audio information detecting unit 4.

[0106] The respiratory condition determined by the con-
dition determining unit 64 is, as an example, utterance,
snore, somniloquy, obstructive apnea, and the like.

[0107] When the subject S performs an utterance or som-
niloquy or snore, the utterance, snore or somniloquy appears
as tiny noises in the respiratory oscillation locus GTr sent
from the body motion information estimating unit 62 to the
respiratory rate calculating unit 63. Therefore, for example,
if the condition determining unit 64 receives a notice from
the respiration information calculating unit 63 indicating
that noises are occurring in the respiratory oscillation locus
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GTr, then the condition determining unit 64 refers to the
respiratory sound of the subject S detected by the audio
information detecting unit 4 to determine whether the noises
are caused by the utterance, snore or somniloquy.

[0108] Further, if the subject S has come into the condition
of obstructive apnea which is the main symptom of sleep
apnea syndrome, the upper airway of the subject S is
obstructed so that the respiration is suppressed, and there-
fore, the amplitude of the respiratory oscillation locus GTr
becomes extremely small. Then, along with the restart of the
respiration of the subject S, the amplitude of the respiratory
oscillation locus GTr will become temporarily large. There-
fore, for example, if the condition determining unit 64
receives a notice from the respiration information calculat-
ing unit 63 indicating that the amplitude of the respiratory
oscillation locus GTr is not more than a predetermined
value, then the condition determining unit 64 refers to the
respiratory sound of the subject S detected by the audio
information detecting unit 4 to determine whether or not the
subject S stays in the condition of obstructive apnea.
[0109] In this manner, it is possible to more precisely
determine the respiratory condition of the subject S by the
determination using not only the respiratory oscillation locus
GTr but also the audio information of the subject S detected
by the audio information detecting unit 4.

[0110] Note that if the noises included in the respiratory
oscillation locus are determined as caused by any of the
utterance, snore and somniloquy, then the respiration infor-
mation calculating unit 63 may first remove those noises and
then calculate the respiratory rate and the respiratory ven-
tilation volume. By performing such noise cancelling, it is
possible to more precisely calculate the respiratory rate and
the respiratory ventilation volume.

(3) Dangerous Condition of Falling

[0111] The condition determining unit 64 can determine
whether or not the subject S is facing the dangerous condi-
tion of falling (that is, a condition in which a danger or risk
of the subject S falling from the bed exists), based on the
position of the center of gravity G of the subject S calculated
by the center of gravity position calculating unit 61, and the
image information of the subject S detected by the image
information detecting unit 3.

[0112] As an example, if the distance between the center
of gravity G of the subject S and an edge of the bed BD
becomes not larger than a predetermined value, then the
condition determining unit 64 refers to the image informa-
tion of the subject S detected by the image information
detecting unit 3. If the subject S is in a predetermined
condition in the image information (such as one of the feet
or hands is hanging off of the bed or the like), the condition
determining unit 64 determines that the subject S is facing
the dangerous condition of falling.

[0113] In this manner, it is possible to precisely determine
whether or not the subject S is facing the dangerous condi-
tion of falling by the determination using not only the
position of the center of gravity G of the subject S but also
the image information of the subject S detected by the image
information detecting unit 3. Note that it is possible to
protect the privacy of the subject S, if the image information
detecting unit 3 is configured to detect the image informa-
tion if and only if the distance between the center of gravity
G of the subject S and an edge of the bed BD becomes not
longer than the predetermined value, or if the temperature
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distribution of the body surface detected by the temperature
information detecting unit 5 is used instead of the image
information.

(4) Asleep/Awake

[0114] The condition determining unit 64 can determine
whether the subject S is asleep or awake on the basis of the
body motion of the subject S estimated by the body motion
information estimating unit 62, the respiration information
of the subject S calculated by the respiration information
calculating unit 63, the temperature information of the
subject S detected by the temperature information detecting
unit 5, and the like.

[0115] As an example, the condition determining unit 64
determines that the subject S is asleep when it is observed
that each of the frequency of the small body motion and the
respiratory rate per one minute of the subject S being not
more than a predetermined value, and the body temperature
of the subject S (calculated on the basis of the temperature
distribution of the body surface) decreasing beyond a pre-
determined range.

(5) Time of Deathwatch

[0116] The condition determining unit 64 can determine
whether or not the subject S is facing the time of deathwatch
(that is, nearing death) on the basis of the body motion of the
subject S estimated by the body motion information esti-
mating unit 62, the respiration information of the subject S
calculated by the respiration information calculating unit 63,
the temperature information of the subject S detected by the
temperature information detecting unit 5, and the like.
[0117] As an example, the condition determining unit 64
determines that the subject S is in the condition of facing
deathwatch on the basis of the subject S decreasing in body
motion, decreasing in body temperature, decreasing in the
amplitude of respiratory oscillation locus (decreasing in the
respiratory ventilation volume), decreasing in body weight
(found by a detected value from the load detecting unit 1),
and the like.

(6) Determination of Life/Death

[0118] The condition determining unit 64 determines
whether the subject S is alive or dead by comprehensively
using the body motion information of the subject S esti-
mated by the body motion information estimating unit 62,
the respiration information of the subject S calculated by the
respiration information calculating unit 63, the image infor-
mation of the subject S detected by the image information
detecting unit 3, the audio information of the subject S
detected by the audio information detecting unit 4, and the
temperature information of the subject S detected by the
temperature information detecting unit 5.

[0119] In particular, for example, the condition determin-
ing unit 64 can determine that the subject S is dead if the
body motion and the respiration of the subject S have
stopped under a certain condition, and the body temperature
of the subject S has decreased to be not higher than a
predetermined temperature. The certain condition can be set
and determined by the user who is a doctor or the like.

Display Step

[0120] In the display step S9, a monitor displays the
condition of the subject S determined by the condition
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determining unit 64. Further, the monitor also displays the
respiratory rate and the respiratory ventilation volume cal-
culated by the respiration information calculating unit 63.
The user can visually watch the monitor to observe the
respiratory rate, the respiratory ventilation volume, and
various other conditions of the subject S.

[0121] Theuser of the bed monitoring system 100 can also
set the system to cause the notifying unit 9 to notify the user
if the subject S comes into a predetermined condition. For
example, it is possible for the user to set the system, by using
the input unit 10, such that the system performs the notifi-
cation when the subject S is in the dangerous condition of
falling or the condition of apnea, and/or the subject S is
facing the time of deathwatch.

[0122] The effects of the bed monitoring system 100 of
this embodiment are summarized as follows.

[0123] The bed monitoring system 100 of this embodi-
ment determines the condition of the subject S, based on at
least one item of the center of gravity position, body motion
information and respiration information of the subject S
obtained (found) by using the load detectors 11 to 14
arranged under the legs of the bed BD, and on at least one
item of the image information, audio information and tem-
perature information detected by the image information
detecting unit 3, the audio information detecting unit 4 and
the temperature information detecting unit 5. In this manner,
because the condition is determined on the basis of various
kinds of information about the subject, it is possible to
precisely monitor various items about the subject.

[0124] Further, because each of the load detectors 11 to 14,
the image information detecting unit 3, the audio informa-
tion detecting unit 4, and the temperature information
detecting unit 5 detects the information about the subject
noninvasively, neither discomfort nor sense of incongruity is
given to the subject.

[0125] The bed monitoring system 100 of this embodi-
ment calculates the respiratory rate of the subject S by
removing the locus of the movement of the center of gravity
G caused by the body motion of the subject S from the center
of gravity locus GT of the subject S, and extracting only the
locus of the movement of the center of gravity G caused by
the respiration of the subject S. Therefore, the degree of
precision of the calculated respiratory rate is high.

[0126] It is also possible to adopt the following modified
embodiments for the bed monitoring system 100 of the
above embodiment and for monitoring the subject S by
using the same.

[0127] The large body motion information estimating unit
621 of the body motion information estimating unit 62 of the
bed monitoring system 100 of the above embodiment can
also specify the large body motion locus included in the
center of gravity locus GT of the subject S by the following
method.

[0128] The large body motion information estimating unit
621 determines that the large body motion occurs if the
center of gravity G of the subject S moves in almost one
direction beyond a predetermined distance within a prede-
termined time, and specifies that the center of gravity locus
GT during that period is the large body motion locus. As an
example, it is possible to determine whether or not the center
of gravity G moves in almost one direction on the basis of
whether or not the angle, which is formed between the
motion vector of the center of gravity G provided during a
predetermined sampling period and the motion vector of the
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center of gravity G provided during the next sampling
period, is not more than a predetermined angle.

[0129] Specifically, for example, as depicted in FIG. 10,
each of the motion vectors v, to v, of the center of gravity
G has the angle of not more than about 5° with respect to the
motion vector during the immediately preceding sampling
period. However, the motion vector v, has the angle of not
less than 5° with respect to the motion vector v, during the
immediately preceding sampling period. In such a situation,
the following assumption can be made. That is, the center of
gravity G moves in a substantially constant direction during
the sampling period corresponding to each of the motion
vectors v, to v,, and the movement direction is changed
during the sampling period corresponding to the motion
vector vs.

[0130] If the movement direction is regarded as changed,
then the large body motion information estimating unit 621
determines whether or not the movement has occurred
beyond the predetermined distance within the predetermined
time, based on the motion vectors (the motion vectors v, to
v, in this case) before the point of time when the movement
direction is changed. Then, if the movement has occurred
beyond the predetermined distance within the predetermined
time, then the locus exhibited by those motion vectors is
specified as the large body motion locus.

[0131] Note that the center of gravity locus GT may be
subjected to the filtering with a low-pass filter prior to
specify the large body motion locus based on the use of the
motion vector. Accordingly, the high frequency component
(noise) is removed, and it is possible to improve the accu-
racy of specifying.

[0132] The small body motion information estimating unit
622 of the body motion information estimating unit 62 of the
bed monitoring system 100 of the above embodiment can
also specify the small body motion locus and respiratory
oscillation locus of the subject S, in accordance with the
method of outlier removal.

[0133] Specifically, it is assumed that the center of gravity
locus from which the large body motion locus has been
removed includes 41 motion vectors from v4 to V,¢ as
depicted in FIG. 11. At first, the small body motion infor-
mation estimating unit 622 acquires the direction of the
mode vector V, from the 41 motion vectors. The motion
vectors v to v, have the directions respectively. However,
as depicted in FIG. 11, some of the motion vectors v, t0 V4
have mutually identical directions respectively. The direc-
tion of the mode vector v, is equal to the direction which
appears most frequently and which is included in the direc-
tions of the motion vectors v to v, As clarified from FIG.
10, the direction of the mode vector v, is equal to the
direction of any one of the motion vectors vq to V..
[0134] Subsequently. the small body motion information
estimating unit 622 regards, as the majority vector, such a
motion vector included in the motion vectors v to v, that
the difference between the direction of the vector itself and
the direction of the mode vector v, (or the direction having
an angle of 180° with respect to the direction of the mode
vector v,) is not more than a certain threshold value, while
the small body motion information estimating unit 622
regards, as the minority vector, such a motion vector that the
difference between the direction of the vector itself and the
direction of the mode vector v, (and the direction having an
angle of 180° with respect to the direction of the mode
vector v is larger than a certain threshold value. Specifi-
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cally, the motion vectors v, to v,,, which have the direction
extending substantially along the body axis direction of the
subject S, are regarded as the majority vectors, and the other
motion vectors v;g to v, are regarded as the minority
vectors. Then, the majority vectors are removed (minority
vectors are extracted). By doing so, the small body motion
information estimating unit 622 specifies the respiratory
oscillation locus included in the center of gravity locus GT
where the large body motion locus is already removed and,
furthermore, specifies the small body motion locus.

[0135] The control unit 3 of the bed monitoring system
100 may be further built therein with a heart rate calculating
unit. The heart rate calculating unit extracts the heart beat
component from the load signal fed from the load detecting
unit 1. Specifically, the following method is used. The heart
beat component is the signal component existing in a band
of 0.5 Hz to 2.5 Hz. Therefore, the heart rate calculating unit
extracts the signal components in this frequency band from
the output values of the four load detectors 11 to 14.
Subsequently, the heart rate calculating unit calculates the
center of gravity locus based on the heart beat component in
accordance with the same or equivalent method as that used
in the center of gravity locus calculating step S2.

[0136] The inventors have found out that the center of
gravity locus based on the heart beat component is oscillat-
ing (vibrating) in a direction inclined to the body axis
direction according to the heart beat. Therefore, it is possible
to specify the heart rate by specifying the number of times
of the oscillation (vibration).

[0137] Further, the heart beat information calculating unit
estimates the cardiac output of one heart beat cycle of the
subject S, on the basis of the center of gravity locus based
on the heart beat. The amplitude of one cycle corresponds to
one heart beat cycle. Therefore, the cardiac output of one
heart beat cycle can be estimated by being correlated with
the amplitude. For example, the following procedure is
performed in advance. That is, the subject is in a state in
which the subject lies on his/her back on the bed, and the
cardiac output and the amplitude obtained in this state are
recorded beforehand. The cardiac output is calculated from
the amplitude on the basis of the acquired center of gravity
locus based on the heart beat. According to the heart rate and
the cardiac output, it is possible to monitor whether the
blood pressure state of the subject S is comprehensively in
a good state or in a bad state. Further, it is possible to
monitor whether the health status (condition of health) of the
subject S is comprehensively in a good state or in a bad state
by using, in the monitoring, the number of times of respi-
ration per one minute and the ventilation volume per one
minute described above as well.

[0138] The condition determining unit 64 can refer to the
heart rate and the cardiac output, in the condition determi-
nation step S8, to determine the asleep/awake condition, to
determine the time of deathwatch, to determine the life/death
condition, and the like.

[0139] In the bed monitoring system 100 of the above
embodiment, the audio information detecting unit 4 may
include slim microphone provided on the upper surface of a
bed board BD2 so as to locate under the bedclothes (bed-
ding), by replacing or in addition to the slim microphone
provided on the head board BD1 of the bed BD. With such
kind of microphone(s), it is possible to detect the cardiac
sound of the subject S as the audio information of the subject
S.
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[0140] The cardiac sound detected by the audio informa-
tion detecting unit 4 can be used for calculating the heart
rate, for example. Further, the user, who is a doctor, can
perform a simplified medical examination somewhere away
from the bed, by confirming the cardiac sound of the subject
S while monitoring the appearance of the body motion and
respiration of the subject S displayed on the display unit 8
of the bed monitoring system 100.

[0141] The bed monitoring system 100 of the above
embodiment does not need to include all of the image
information detecting unit 3, the audio information detecting
unit 4 and the temperature information detecting unit 5, but
may have only one of those units. In the present invention
and this specification, the term “subject information detect-
ing unit” is used to refer collectively to at least one of the
image information detecting unit, the audio information
detecting unit and the temperature information detecting unit
included in the bed monitoring system.

[0142] In the bed monitoring system 100 of the embodi-
ment described above, the respiration information calculat-
ing unit 63 calculates the respiratory rate of the subject S by
using the wavelet transformation. However, it is also pos-
sible to use other methods. Specifically, for example, the
point positioned on the most positive side in the X axis
direction and the point positioned on the most negative side
in the X axis direction are firstly found from the respiratory
oscillation locus GTr depicted in FIG. 9, so as to calculate
the intermediate value Xm of the X coordinates of the both
points. As depicted in FIG. 9, the intermediate value Xm can
be regarded as the center of oscillation of the respiratory
oscillation locus GTr. Subsequently, the respiration infor-
mation calculating unit 63 finds the number of times of
movement of the respiratory oscillation locus GTr from the
negative side to the positive side (or the positive side to the
negative side) in the X axis direction while crossing over the
intermediate value Xm. Based on the found number of
times, the respiration information calculating unit 63 calcu-
lates the frequency of respiratory oscillation locus GTr, i.e.,
the respiratory rate.

[0143] In the embodiment described above, each of the
load detectors 11, 12, 13, 14 is not limited to a load sensor
having a beam-type load cell. It is also possible to use, for
example, a force sensor.

[0144] Note that in the embodiment described above, the
number of load detectors is not limited to four. It is also
allowable to use five or more load detectors by providing an
additional leg or additional legs for the bed BD. Alterna-
tively, it is also allowable to arrange the load detectors for
only three of the legs of the bed BD. Even when the three
load detectors are used, it is possible to detect a position of
the center of gravity G of the subject S on the plane of the
bed BD provided that the three load detectors are not
arranged on a straight line.

[0145] Inthe embodiment described above, the load detec-
tors 11, 12, 13, 14 are arranged respectively under the casters
C,, C,, Cs, C, attached to the lower ends of the legs of the
bed BD. However, there is no limitation thereto. Each of the
load detectors 11, 12, 13, 14 may be provided respectively
between one of the four legs of the bed BD and the board
(bed board) of the bed BD. Alternatively, if each of the four
legs of the bed BD can be divided into upper and lower
portions, each of the load detectors 11, 12, 13, 14 may be
provided between upper leg and lower leg. Further alterna-
tively, the load detectors 11, 12, 13, 14 may be formed
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integrally with the bed BD to construct a bed system BDS
comprising the bed BD and the bed monitoring system 100
of this embodiment (FIG. 12). Note that in this specification,
the “load detector placed in the bed” mean the load detector
which is provided between one of the four legs of the bed
BD and the board of the bed BD, and the load detector which
is provided between the upper leg and the lower leg, as
described above.

[0146] Note that in the embodiment described above, it is
also allowable to provide a signal amplifying unit for
amplifying the load signal fed from the load detecting unit
1 and/or a filtering unit for removing the noise from the load
signal, between the load detecting unit 1 and the A/D
converting unit 2.

[0147] Note that in the bed monitoring system 100 of the
embodiment described above, the display unit § is not
limited to a unit which displays the information on the
monitor so that the user can make the visual recognition. For
example, the display unit 8 may be a printer which periodi-
cally prints and outputs the condition of the subject S.
Alternatively, the display unit 8 may be a unit which
performs the display by using a simple visual expression
such that a blue lamp is turned ON in the case of the asleep
state, a yellow lamp is turned ON in the case of the awake
state, and/or a red lamp is turned ON in the apnea state.
Further alternatively, the display unit 5 may be a unit which
reports the condition of the subject S to the user by means
of any sound or voice. Further alternatively, it is also
allowable that the bed monitoring system 100 does not have
the display unit 8 at all. The bed monitoring system 100 may
have only an output terminal for outputting the information.
A monitor (display device) or the like, which is provided to
perform the display, will be connected to the bed monitoring
system 100 by the aid of the output terminal.

[0148] Note that the notifying unit 9 of the embodiment
described above performs the notification auditorily. How-
ever, the notifying unit 9 may be constructed to perform the
notification visually by means of, for example, the flashing
or flickering of light. Alternatively, the notifying unit 9 may
be constructed to perform the notification by means of the
vibration. Further, it is also allowable that the bed monitor-
ing system 100 of the embodiment described above does not
have the notifying unit 9 at all.

[0149] Note that the components of the bed monitoring
system 100 of the embodiment described above, which are
connected to one another by means of the wirings, may be
connected to one another in a wireless manner.

[0150] The present invention is not limited to the embodi-
ment described above provided that the feature of the
present invention is maintained. Other embodiments, which
are conceivable within the scope of the technical concept of
the present invention, are also included in the scope of the
present invention.

INDUSTRIAL APPLICABILITY

[0151] According to the bed monitoring system of the
present invention, it is possible to precisely and noninva-
sively determine the condition of the subject on the bed from
various points of view. Therefore, if the bed monitoring
system of the present invention is used in the sites of medical
practice and care service, then it is possible to give prefer-
able care to the patients and care receivers while lessening
the burden on the medical personnel and the care givers.
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PARTS LIST

[0152] 1:load detecting unit, 11, 12, 13, 14: load detector,
2: A/D converting unit, 3: image information detecting unit,
4: audio information detecting unit, 5: temperature informa-
tion detecting unit, 6: control unit, 61: center of gravity
position calculating unit, 62: body motion information esti-
mating unit, 63: respiration information calculating unit, 64:
condition determining unit, 7: storage unit, 8: display unit,
9: notifying unit, 10: input unit, 100: bed monitoring system,
BD: bed, BDS: bed system, GT: center of gravity locus, S:
subject.

1. A bed monitoring system for monitoring a subject on a
bed, the system comprising:

a plurality of load detectors which are to be placed in the
bed or under legs of the bed and which are configured
to detect a load of the subject;

a center of gravity position calculating unit configured to
obtain a temporal variation of a center of gravity
position of the subject based on the detected load of the
subject;

a body motion information determining unit configured to
obtain a body motion information based on the
obtained temporal variation of the center of gravity
position of the subject, the body motion information
being an information on a movement of a whole or a
part of the whole body of the subject different from a
movement caused by a respiration of the subject;

a respiratory rate calculating unit configured to calculate
a respiratory rate of the subject based on the obtained
temporal variation of the center of gravity position of
the subject and the body motion information obtained
by the body motion information determining unit; and

a subject information detecting unit configured to detect at
least one of an image information of the subject, an
audio information of the subject and a temperature
information of the subject.

2. The bed monitoring system according to claim 1,
further comprising a condition determining unit configured
to determine a condition of the subject by using at least one
of the center of gravity position of the subject, the body
motion information of the subject and the respiratory rate of
the subject, and at least one of the image information of the
subject, the audio information of the subject and the tem-
perature information of the subject.

3. The bed monitoring system according to claim 1,
wherein the body motion information includes an informa-
tion on a large body motion of the subject and an informa-
tion on a small body motion of the subject, an amount of
movement of the center of gravity position of the subject
within a predetermined time period caused by the small
body motion being smaller than an amount of movement of
the center of gravity position of the subject within the
predetermined time period caused by the large body motion,
and

the body motion information determining unit includes a
first body motion information determining unit config-
ured to determine the information on the large body
motion of the subject and a second body motion
information determining unit configured to determine
the information on the small body motion of the
subject.

4. The bed monitoring system according to claim 1,

wherein the subject information detecting unit includes an
image information detecting unit configured to detect the
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image information of the subject, an audio information
detecting unit configured to detect the audio information of
the subject, and a temperature information detecting unit
configured to detect the temperature information of the
subject.

5. A bed system comprising:

a bed; and

the bed monitoring system as defined in claim 1.

# % % k&
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