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Description
TECHNICAL FIELD

[0001] The present invention relates to body state detecting apparatus (physical condition detecting device) using a
load detector(s), and a bed system including the body state detecting apparatus. Further, the present invention relates
to a body state detecting method (physical condition detecting method) using the load detector(s).

BACKGROUND ART

[0002] Systems for managing, from a remote place, patients and/or persons receiving nursing care on their beds are
utilized in hospitals, care facilities and the like. For example, if a system is used in a hospital to detect a patient’s present
(exist, settling) on/leaving (absent) from the bed, then the nurses in the nurse station can check whether or not the
patient is on the bed in his/her room without visiting the room.

[0003] The following patent literature 1 discloses a present-on-the-bed detecting method in which a load detecting
means are arranged under each of the four feet of a bed so as to determine whether or not a subject is present on the
bed on the basis of the outputs of those load detecting means. Further, the following patent literature 2 discloses a
motion detecting apparatus configured to identify the center of gravity position of a subject on the bed on the basis of
the outputs of four load sensors arranged respectively under the four feet of the bed.

Citation List
[0004]

Patent Literature 1: Japanese Patent Application Laid-open No. 2008-264338
Patent Literature 2: Japanese Patent Application Laid-open No. 2014-180432

SUMMARY
Technical Problem

[0005] However, with the present-on-the-bed detecting method disclosed in the patent literature 1 and/or the motion
detecting apparatus disclosed in the patent literature 2, although it is possible to know whether a subject is present on
or absent from the bed, and/or his/her center of gravity position, it is difficult to determine the subject’s body state (body
condition, body situation, physical condition) such as the orientation of the body and/or the head, the posture, and the
like. If such information about the body state is available, especially information about the body state of the subject in
sleep, without using a video-recording device, then it is extremely useful for improving (alleviating) such symptoms as
the sleep apnea syndrome (SAS), snore, and the like.

[0006] In view of the above, an object of the present invention is to provide a body state detecting apparatus, a body
state detecting method, and a bed system which are capable of detecting the body state of a subject on the bed in a
detailed manner on the basis of the detection of a load sensor(s).

Solution to the Problem

[0007] According to a first aspect of the present invention, there is provided a body state detecting apparatus for
detecting a body state of a subject on a bed, the apparatus including:

a plurality of load detectors which are placed in the bed or under feet of the bed and which detect a load variation
depending on a respiration of the subject; and

a body state detecting unit which determines an extending direction of a body axis of the subject and/or a head
placement of the subject based on the detected load variation.

[0008] The body state detecting apparatus according to the first aspect may further include a center of gravity position
calculating unit which acquires a temporal variation of a center of gravity position of the subject based on the detected
load variation, wherein body state detecting unit may determine the extending direction of the body axis of the subject
and/or the head placement of the subject based on the temporal variation of the center of gravity position of the subject.
[0009] In the body state detecting apparatus according to the first aspect, the body state detecting unit may include
a body axis direction determining unit which determines the extending direction of the body axis of the subject based
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on either the detected load variation or the temporal variation of the center of gravity position of the subject, and a head
placement determining unit which determines the head placement of the subject, in the determined extending direction
of the body axis of the subject, based on either the detected load variation or the temporal variation of the center of
gravity position of the subject.

[0010] In the body state detecting apparatus according to the first aspect, the body state detecting unit or the head
placement determining unit may determine the head placement of the subject based on a waveform exhibiting either
the detected load variation or the temporal variation of the center of gravity position of the subject.

[0011] In the body state detecting apparatus according to the first aspect, the waveform may include an inhalation
period exhibiting a rising or a falling depending on an inhalation of the subject, an expiration period exhibiting a rising
or a falling depending on an expiration of the subject, and a hold period between the inhalation period and the expiration
period; and the body state detecting unit or the head placement determining unit may determine the head placement of
the subject based on at least one of the inhalation period, the expiration period and the hold period.

[0012] The body state detecting apparatus according to the first aspect may further include a sleeping form determining
unit which determines a sleeping form of the subject based on a waveform exhibiting either the detected load variation
or the temporal variation of the center of gravity position of the subject.

[0013] According to a second aspect of the present invention, there is provided a bed system including:

a bed; and
the body state detecting apparatus according to the first aspect.

[0014] Accordingto athird aspect of the presentinvention, there is provided a body state detecting method for detecting
a body state of a subject on a bed, the method including:

detecting a load variation depending on a respiration of the subject with a plurality of load detectors placed in the
bed or under feet of the bed; and

determining an extending direction of a body axis of the subject and/or a head placement of the subject based on
the detected load variation.

[0015] The body state detecting method according to the third aspect may further include acquiring a temporal variation
of a center of gravity position of the subject based on the detected load variation, wherein determining the extending
direction of the body axis of the subject and/or the head placement of the subject based the detected load variation may
be determining the extending direction of the body axis of the subject and/or the head placement of the subject based
on the temporal variation of the center of gravity position of the subject.

[0016] In the body state detecting method according to the third aspect, the extending direction of the body axis of the
subject may be determined based on either the detected load variation or the temporal variation of the center of gravity
position of the subject, and then the head placement of the subject may be determined, in the determined extending
direction of the body axis of the subject, based on either the detected load variation or the temporal variation of the
center of gravity position of the subject.

[0017] In the body state detecting method according to the third aspect, the head placement of the subject may be
determined based on a waveform exhibiting either the detected load variation or the temporal variation of the center of
gravity position of the subject.

[0018] Inthe body state detecting method according to the third aspect, the waveform may include an inhalation period
exhibiting a rising or a falling depending on an inhalation of the subject, an expiration period exhibiting a rising or a falling
depending on an expiration of the subject, and a hold period between the inhalation period and the expiration period;
and the head placement of the subject may be determined based on at least one of the inhalation period, the expiration
period and the hold period.

[0019] In the body state detecting method according to the third aspect may further include determining a sleeping
form of the subject based on a waveform exhibiting either the detected load variation or the temporal variation of the
center of gravity position of the subject.

[0020] According to a fourth aspect of the present invention, there is provided a body state detecting apparatus for
detecting a body state of a subject on a bed, the apparatus including:

a plurality of load detectors which are placed in the bed or under feet of the bed and which detect a load variation
depending on a respiration of the subject; and

a body state detecting unit which determines an extending direction of a body axis of the subject based on the
detected load variation.
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Effects of the Invention

[0021] According to the body state detecting apparatus, the body state detecting method and the bed system of the
present invention, it is possible to detect a body state of a subject on a bed in a detailed manner based on a detection
performed by the load detectors.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022]

Fig. 1 is a block diagram depicting an overall configuration of a body state detecting apparatus according to an
embodiment of the present invention.

Fig. 2 is a flow chart depicting an operational flow according to the embodiment of the present invention.

Fig. 3 is an illustrative view depicting an arrangement of load detectors with respect to a bed.

Fig. 4 is an illustrative view depicting an arrangement of four load detection areas defined on the upper surface of
the bed.

Fig. 5 depicts exemplary load signals fed from the load detectors.

Fig. 6 is an illustrative view depicting a movement of the center of gravity position of a subject on the bed.

Figs. 7(a) to 7(d) are illustrative views depicting an image of the movement of the center of gravity position of the
subject on the bed, and an extending direction of the body axis of the subject, wherein Figs. 7(a), 7(b), and 7(c)
depict the center of gravity positions of the subject at the times t,q, t54, and t,,, respectively; and Fig. 7(d) depicts
the extending direction of the body axis of the subject, overlaid with the center of gravity positions of the subject at
the respective times.

Figs. 8(a) and 8(b) depict schematic images of a variation in detected values of the load detectors caused by the
respiration of the subject, wherein Fig. 8(a) depicts the image of the variation in detected values fed from the load
detectors arranged at the head side of the subject while Fig. 8(b) depicts the image of the variation in detected
values fed from the load detectors arranged at the feet side of the subject.

Figs. 9(a) and 9(b) depict other exemplary schematic images of the variation in detected values of the load detectors
caused by the respiration of the subject, wherein Fig. 9(a) depicts the other exemplary image of the variation in
detected values fed from the load detectors arranged at the head side of the subject while Fig. 9(b) depicts the other
exemplary image of the variation in detected values fed from the load detectors arranged at the feet side of the subject.
Fig. 10(a) depicts an exemplary load signal fed from the load detector, and Fig. 10(b) depicts an exemplary respiration
waveform taken out from the load signal of Fig. 10(a) .

Figs. 11(a), 11(b), and 11(c) depict schematic images of the variation in detected values fed from the load detectors
arranged at the head side of the subject, wherein Fig. 11(a) depicts the image of the variation when the subject is
in the supine position, Fig. 11(b) depicts the image of the variation when the subject is in the recumbent position,
and Fig. 11(c) depicts the image of the variation when the subject is in the prone position.

Figs. 12(a), 12(b), and 12(c) depict other exemplary schematic images of the variation in the detected values fed
from the load detectors arranged at the head side of the subject, wherein Fig. 12(a) depicts the other exemplary
image of the variation when the subject is in the supine position, Fig. 12(b) depicts the other exemplary image of
the variation when the subject is in the recumbent position, and Fig. 12(c) depicts the other exemplary image of the
variation when the subject is in the prone position.

Fig. 13 depicts an example of information displayed on a display unit.

Figs. 14A and 14B show a flow chart depicting an operational flow according to a modified embodiment of the
present invention.

Fig. 15is anillustrative view depicting how periodic detection of load values during a detection period T1 is performed.
Fig. 16 is an illustrative view explaining an exemplary method for calculating a body axis direction.

Fig. 17 is an illustrative view explaining another exemplary method for calculating the body axis direction.

Fig. 18 is an illustrative view explaining a method for acquiring a waveform based on a movement of a center of
gravity position.

Fig. 19(a) depicts an exemplary waveform based on the movement of the center of gravity position, and Fig. 19(b)
is a waveform obtained by simplifying the waveform of Fig. 19(a) .

Fig. 20(a) depicts an exemplary center of gravity locus of the subject, and Fig. 20(b) depicts a center of gravity locus
obtained by converting the center of gravity locus depicted in Fig. 20(a) into a low sampling frequency.

Figs. 21(a), 21(b), and 21(c) depict loci resulted from removing the locus of the center of gravity movement caused
by a large body motion of the subject, from the center of gravity locus of the subject on the bed as depicted in Fig. 20(a).
Fig. 22 is an illustrative view depicting an image of decomposing the center of gravity locus into a respiratory
component and a small body motion component.
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Fig. 23 depicts a respiratory component extracted from the center of gravity locus depicted in Fig. 21(b).
Fig. 24 is a block diagram depicting an overall configuration of a bed system according to the embodiment of the
present invention.

DESCRIPTION OF EMBODIMENT
<First Embodiment>

[0023] An embodiment of the present invention will be explained with reference to Fig. 1 to Figs. 19(a) and 19(b).
[0024] As depicted in Fig. 1, a body state detecting apparatus 100 of this embodiment has mainly a load detecting
unit 1, a control unit (a controller) 3, a storage unit (a storage, a memory) 4, and a display unit (a display) 5. The load
detecting unit 1 and the control unit 3 are connected via an A/D converting unit (an A/D convertor) 2. The control unit 3
is further connected with a notifying unit 6 and an input unit 7.

[0025] 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 the load by using, for example, a beam-type load cell. Such a load detector is
disclosed, for example, in 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.

[0026] The A/D converting unit 2 is provided with an A/D converter which converts the analog signal fed from the load
detecting unit 1 into the digital signal. The A/D converting unit 2 is connected to each of the load detecting unit 1 and
the control unit 3 by means of wiring.

[0027] The control unit 3 is an exclusive or general-purpose computer. A center of gravity position calculating unit 31,
a body axis direction determining unit 32, a head placement determining unit 33, and a sleeping form determining
(judging) unit 34 are constructed therein.

[0028] The storage unit 4 is a storage device which stores the data used in the body state detecting apparatus 100.
For example, it is possible to use a hard disk (magnetic disk) therefor. The display unit 5 is a monitor such as a liquid
crystal monitor or the like for displaying the information outputted from the control unit 3 for a user of the body state
detecting apparatus 100.

[0029] The notifying unit 6 is provided with a device for visually or auditorily performing predetermined notification on
the basis of the information fed from the control unit 3, for example, a speaker. The input unit 7 is an interface for
performing predetermined input for the control unit 3, which may be a keyboard and a mouse.

[0030] An explanation will be made about the operation for detecting a body state of the subject (human subject) on
the bed, by using the body state detecting apparatus 100 described above.

[0031] As depicted in Fig. 2, the detection of the body state of the subject, which is based on the use of the body state
detecting apparatus 100, includes a load detecting step (S101), a center of gravity position calculating step (S102), a
body axis direction determining step (S103), a head placement determining step (S104), a sleeping form determining
(judging) step (S105), and a display step (S106). The load detecting step (S101) is a step of detecting the load of the
subject. The center of gravity position calculating step (S102) is a step of calculating the center of gravity position of the
subject on the basis of the detected load. The body axis direction determining step (S103) is a step of determining the
extending direction of the body axis of the subject on the basis of the acquired center of gravity position. The head
placement determining step (S104) is a step of determining at which side of the center of gravity the head of the subject
is placed in the body axis direction. The sleeping form determining step (S105) is a step of determining whether the
subject is in a supine position, a recumbent position or a prone position. The display step (S106) is a step of displaying
the body state of the subject determined in the foregoing steps.

<Load Detecting Step>

[0032] In order to perform the load detecting step S101, the four load detectors 11, 12, 13, 14 of the load detecting
unit 1 are arranged under the feet (legs) of a bed to be used by the subject. Specifically, as depicted in Fig. 3, the load
detectors 11, 12, 13, 14 are arranged respectively under casters C,, C,, C3, C, attached to lower end portions of the
feet disposed at the four corners of the bed BD.

[0033] When the load detectors 11, 12, 13, 14 are arranged under the casters C4, C,, C3, C,4 respectively, the load,
which is applied to the upper surface of the bed BD, is thereby detected in a dispersed manner by the four load detectors
11, 12, 13, 14. Specifically, as depicted in Fig. 4, the rectangular upper surface of the bed BD is longitudinally divided
into two and laterally divided into two, and thus the upper surface is equally divided into four rectangular areas | to IV.
[0034] Accordingly, the load, which is applied to the area | positioned with the left lower half of the body of the subject
(human subject) S lying on his/her back (face up, that is in the supine position) at the central portion of the bed BD, is
principally detected by the load detector 11, and the load, which is applied to the area Il positioned with the right lower
half of the body of the subject S in the same state, is principally detected by the load detector 12. Similarly, the load,
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which is applied to the area Il positioned with the right upper half of the body of the subject S lying on his/her back at
the central portion of the bed BD, is principally detected by the load detector 13, and the load, which is applied to the
area |V positioned with the left upper half of the body of the subject S in the same state, is principally detected by the
load detector 14.

[0035] Each of the load detectors 11, 12, 13, 14 detects the load (load change), and the load (load change) is outputted
as the analog signal to the A/D converting unit 2. The A/D converting unit 2 converts the analog signal into the digital
signal while using the sampling period of, for example, 0.1 seconds, and the digital signal (referred to hereinafter as
"load signal") is outputted to the control unit 3.

[0036] Exemplary load signals are depicted in Fig. 5. Fig. 5 depicts the load signals s4 (solid line), s, (broken line), s5
(alternate long and short dash line), and s, (alternate long and two short dashes line) fed from the load detectors 11,
12, 13, 14 as outputted during the period ranging from the time t, to the time t,,. The following fact has been observed.
That is, the subject S lay on his/her back at the central portion of the bed BD during the period ranging from the time t;,
to the time t;4 (period P4,) as depicted in Fig. 4. The subject S moved to the side of the areas |, IV of the bed BD during
the period ranging from the time t44 to the time t,, (period P4,) The subject S moved to some extent to the central side
of the bed BD during the period ranging from the time t,, to the time t,3 (period P43) as compared with the period P5.
The subject S lay on his/her back at the central portion of the bed BD during the period ranging from the time t,5 to the
time ty, (period P,).

[0037] The subject S lay on his/her back at the central portion of the bed BD as depicted in Fig. 4 during the period
P41. Therefore, the signals s5, s4, which are fed from the load detectors 13, 14 arranged on the head side of the subject
S, are approximately equal to one another during the period P4, and the signals s4, s,, which are fed from the load
detectors 11, 12 arranged on the foot side (leg side) of the subject S, are approximately equal to one another.

[0038] The subject S moved to the side of the areas I, IV of the bed BD during the period P,. Therefore, during the
period P, the signals s4, s4, which are fed from the load detectors 11, 14 arranged in the areas |, IV, exhibit the large
load values as compared with the period P4, and the signals s,, s5, which are fed from the load detectors 12, 13 arranged
in the areas ll, lll, exhibit the small load values as compared with the period P 4.

[0039] The subject S moved to some extent to the central side of the bed BD during the period P45 as compared with
the period P4,. Therefore, during the period P43, the signals s, s4, which are fed from the load detectors 11, 14 arranged
in the areas |, IV, exhibit the small load values as compared with the period P45, and the signals s, s3, which are fed
from the load detectors 12, 13 arranged in the areas Il, Ill, exhibit the large load values as compared with the period P45.
[0040] The subject S lay on his/her back at the central portion of the bed BD during the period P, in the same manner
as the period P, . Therefore, the signals s to s,, which are provided during the period P44, are the same as the signals
s4 to s, provided during the period P ;.

<Center of Gravity Position Calculating Step>

[0041] Inthe center of gravity position calculating step S102, the center of gravity position calculating unit 31 periodically
calculates the position G (X, Y) of the center of gravity G of the subject S on the bed BD at a time t with a predetermined
period T (for example, a period equal to the sampling period of 0.1 seconds described above) on the basis of the load
signals s to s, fed from the load detectors 11 to 14. In this case, (X, Y) indicates the coordinates on the XY coordinate
plane in which X extends in the longitudinal direction (long side direction) of the bed BD and Y extends in the lateral
direction (short side direction) of the bed BD while the central portion of the bed BD is the origin (Fig. 6).

[0042] The calculation of the position G (X, Y) of the center of gravity G by the center of gravity position calculating
unit 31 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 (X414, Y44), (X412, Y42), (X43,
Y13), and (X4, Yq4) respectively, and the detected load values of the load detectors 11, 12, 13, 14 are W44, W5, W43,
and Wy, respectively.

Formula 1:

g K13 X Wiy + Xy X Wip + X1 X Wiz + X4 X Wy
Wis + Wiz + Wyp + Wy,
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Formula 2:

y= Yy X Wyg + Yig X Wiz + Y3 X Wig + ¥4 X Wis
Wy + Wiy + Wiz + Wy

[0043] Anexample of position G (X, Y) of the center of gravity G calculated by the center of gravity position calculating
unit 31 is depicted in Fig. 6. Fig. 6 depicts the positions G (Xp11, Yp11): G (Xp12: Yp12), G (Xp13, Yp13), G (Xp14, Ypi4)
of the center of gravity G of the subject S on the bed BD at the times t;4q, t120. t130. t14g included in the periods P4, P45,
P43, P14 depicted in Fig. 5 respectively. The center of gravity position calculating unit 31 causes the storage unit 4, for
example, to store the position G (X, Y) of the center of gravity G at each time t as acquired in the above manner.

<Body Axis Direction Determining Step>

[0044] In the body axis direction determining step S103, the body axis direction determining unit 32 determines the
extending direction of the body axis SA of the subject S under such a principle as below, by using the position G (X, Y)
of the center of gravity G calculated in the center of gravity position calculating step S102.

[0045] The respiration of human is performed by moving the chest and the diaphragm to expand and shrink the lungs.
In this context, when the air is inhaled, i.e., when the lungs are expanded, the diaphragm is lowered downwardly, 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
performed by the inventors of the present invention, it has been found out that the center of gravity G slightly moves in
accordance with the movement of the internal organs, and the movement of the center of gravity G occurs approximately
along the extending direction of the backbone (body axis direction).

[0046] Therefore, the body axis direction determining unit 32 can determine the extending direction of the body axis
SA of the subject S by acquiring the direction of a minute movement of the center of gravity G calculated by the center
of gravity position calculating unit 31.

[0047] Specifically, for example, first, the body axis direction determining unit 32 takes out the position G (X5, Yi20)
of the center of gravity G of the subject S at the time ty, stored in the storage unit 4 in the center of gravity position
calculating step S102 (Fig. 7(a)), the position G (X;5¢, Yip4) Of the center of gravity G of the subject S at the time t,, at
which a little time has passed since the time t, (for example, one second after the time t,;) (Fig. 7(b)), and the position
G (X090, Yipo) Of the center of gravity G of the subject S at the time t,, at which a little time has passed since the time
t>4 (for example, one second after the time t,4) (Fig. 7(c)). Then, the body axis direction determining unit 32 determines
the extending direction of the body axis SA by acquiring the straight line passing through those positions G (Fig. 7(d)) .
[0048] As described above, the center of gravity G of the subject S moves along the extending direction of the body
axis SA of the subject S in accordance with the respiration of the subject S. Therefore, as described above, the body
axis direction determining unit 32 can determine the extending direction of the body axis SA on the basis of the position
G (X, Y) of a plurality of centers of gravity G included in the time corresponding to one respiration, in other words, a
plurality of center of gravity positions G (X, Y) obtained by using a shorter sampling period than the period of one
respiration (about 3 to 5 seconds).

<Head Placement Determining Step>

[0049] In the head placement determining step S104, the head placement determining unit 33 acquires a placement
of the head of the subject S under such a principle as below, by using the load signals s to s, fed from the load detecting
unit 1 and the extending direction of the body axis SA determined in the body axis direction determining step S103.
[0050] According to a research performed by the inventors of the present invention about how the respiration of the
subject S on the bed BD affects the load signals fed from the load detectors, it is known that the load signals fed from
the load detectors positioned at the head side of the subject S (corresponding to the load detectors 13, 14 in the situation
depicted in Fig. 4), and the load signals fed from the load detectors positioned at the feet side (leg side) of the subject
S (corresponding to the load detectors 11, 12 in the situation depicted in Fig. 4) vary so as to present such waveforms
as depicted respectively in Figs. 8(a) and 8(b).

[0051] Fig. 8(a) depicts a waveform of the load signal fed from a load detector positioned at the head side of the subject
S (hereinafter, referred to as "head-side waveform HW"). Fig. 8(b) depicts a waveform of the load signal fed from a load
detector positioned at the feet side (leg side) of the subject S (hereinafter, referred to as "feet-side waveform (leg side
waveform) LW"). The time t5 is for the subject S to start an inhalation, the time t5 is for the subject S to end the inhalation,
the time t3, is for the subject S to start an expiration, the time t35 is for the subject S to end the expiration, and the time
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t34 is for the subject S to start the next inhalation.

[0052] Just as depicted in Figs. 8(a) and 8(b), during the period from the time t3, to the time t34 (the inhalation period
P34) when the subject S is in inhalation, there is a gradual decrease in the detected value by the load detector arranged
at the head side of the subject S, while there is a gradual increase in the detected value by the load detector arranged
at the feet side of the subject S. This is because the center of gravity position G of the subject S moves to the feet side
when in the inhalation.

[0053] During the period from the time t5, to the time t35 (the expiration period P55) when the subject S is in expiration,
there is a gradual increase in the detected value by the load detector arranged at the head side of the subject S, while
there is a gradual decrease in the detected value by the load detector arranged at the feet side of the subject S. This is
because the center of gravity position G of the subject S moves to the head side when in the expiration.

[0054] According to the perception (findings, observation) of the inventors, the head-side waveform HW and the feet-
side waveform LW depicted in Figs. 8(a) and 8(b) have the following features.

[0055] First, in both the head-side waveform HW and the feet-side waveform LW, the inhalation period P5, during
which the subject S is in inhalation is longer than the expiration period P35 during which the subject S is in expiration.
That is, in the head-side waveform HW, the falling inclination of the waveform during the inhalation period P34 is less
steep than the rising inclination of the waveform during the expiration period P35 whereas in the feet-side waveform LW,
the rising inclination of the waveform during the inhalation period P53, is less steep than the falling inclination of the
waveform during the expiration period Pss.

[0056] Further, in both the head-side waveform HW and the feet-side waveform LW, there are a post-inhalation hold
period P53, from the time t54 for the subject S to end the inhalation to the time t3, for the subject S to start the expiration,
and a post-expiration hold period P34 from the time t53 for the subject S to end the expiration to the time t5, for the subject
S to start the next inhalation. During those hold periods P35, P34, an approximately flat part appears in the vicinity of the
peak of the waveform. Then, the post-inhalation hold period P, is longer than the post-expiration hold period P,.
[0057] The head-side waveform HW and the feet-side waveform LW have the above features respectively, and the
chevron waveform or the notch waveform representing the inhalation period P54, the post-inhalation hold period P35, and
the expiration period P35 is an asymmetrical waveform along the time axis with respect to the center of the post-inhalation
hold period P53, (between the front and the rear of the center). Further, if a comparison is made between the head-side
waveform HW and the feet-side waveform LW, then in the rising part of the waveform, the rising inclination is steeper
in the head-side waveform HW than in the feet-side waveform LW, while the approximately flat part following the rising
of the waveform is shorter in the head-side waveform HW than in the feet-side waveform LW. On the other hand, in the
falling part of the waveform, the falling inclination is less steep in the head-side waveform HW than in the feet-side
waveform LW, while the approximately flat part following the falling of the waveform is longer in the head-side waveform
HW than in the feet-side waveform LW.

[0058] Therefore, the head placement determining unit 33 can analyze a load signal fed from the load detecting unit
1 so as to determine (judge), based on at least one of the inhalation period P44, the post-inhalation hold period P55, the
expiration period P33, and the post-expiration hold period P5,, whether the load signal exhibits the head-side waveform
HW or the feet-side waveform LW. Then, based on that determination (judgement), the head placement determining
unit 33 can determine whether the head of the subject S is placed or the feet of the subject S is placed, in the position
on the bed BD corresponding to that load signal.

[0059] Further, the inventors of the present invention have further investigated the shapes of the head-side waveforms
and the feet-side waveforms of a plurality of subjects, and discovered that some of subjects exhibit a head-side waveform
and a feet-side waveform having different features from those of the above head-side waveform HW and feet-side
waveform LW. A head-side waveform HWm (Fig. 9(a)) and a feet-side waveform LWm (Fig. 9(b)) exhibited by such a
subject S have the following features.

[0060] First, in both the head-side waveform HWm and the feet-side waveform LWm, the inhalation period P34 during
which the subject S is in inhalation is shorter than the expiration period P33 during which the subject S is in expiration.
Thatis, in the head-side waveform HWm, the falling inclination of the waveform during the inhalation period P5 is steeper
than the rising inclination of the waveform during the expiration period P33 whereas in the feet-side waveform LWm, the
rising inclination of the waveform during the inhalation period P34 is steeper than the falling inclination of the waveform
during the expiration period P35.

[0061] Further, in both the head-side waveform HWm and the feet-side waveform LWm, there are a post-inhalation
hold period P35 from the time t54 for the subject S to end the inhalation to the time t;, for the subject S to start the
expiration, and a post-expiration hold period P5, from the time t55 for the subject S to end the expiration to the time t;4
for the subject S to start the next inhalation. During those hold periods P35, P34, an approximately flat part appears in
the vicinity of the peak of the waveform. Then, the post-inhalation hold period P35 is shorter than the post-expiration
hold period P3,.

[0062] The head-side waveform HWm and the feet-side waveform LWm have the above features respectively, and
the chevron waveform or the notch waveform representing the inhalation period P54, the post-inhalation hold period P35
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and the expiration period P33 is an asymmetrical waveform along the time axis with respect to the center of the post-
inhalation hold period P, (halfway between the time t34 and the time t5,). Further, if a comparison is made between the
head-side waveform HWm and the feet-side waveform LWm, then in the rising part of the waveform, the rising inclination
is less steep in the head-side waveform HWm than in the feet-side waveform LWm, while the approximately flat part
following the rising of the waveform is longer in the head-side waveform HWm than in the feet-side waveform LWm. On
the other hand, in the falling part of the waveform, the falling inclination is steeper in the head-side waveform HWm than
in the feet-side waveform LWm, while the approximately flat part following the falling of the waveform is shorter in the
head-side waveform HWm than in the feet-side waveform LWm.

[0063] In the case where the subject S exhibits such head-side waveform HWm and the feet-side waveform LWm,
the head placement determining unit 33 can also analyze a load signal fed from the load detecting unit 1 so as to
determine, based on at least one of the inhalation period P34, the post-inhalation hold period P5,, the expiration period
P13, and the post-expiration hold period P54, whether the load signal exhibits the head-side waveform HWm or the feet-
side waveform LWm. Then, based on that determination, the head placement determining unit 33 can determine whether
the head of the subject S is placed or the feet of the subject S is placed, in the position on the bed BD corresponding to
that load signal. Note that it is preferable to store the information on whether the subject S exhibits the head-side waveform
HW and the feet-side waveform LW or the head-side waveform HWm and the feet-side waveform LWm, for example,
in storage unit 4 previously.

[0064] Next, an example of a specific procedure for the head placement determining unit 33 to determine the head
placement of the subject S will be explained. The explanation will be made using, as an example, a procedure performed
afteritis determined that the body axis SA extends across the area Il and the area IV in the body axis direction determining
step S103 (Fig. 7(d)). Here, the subject S is supposed to exhibit the head-side waveform HW (Fig. 8(a)) and the feet-
side waveform LW (Fig. 8(b)).

[0065] Inthis case, itis conceivable thatthe head of the subject Sis placed in either the area Il or the area IV. Therefore,
the head placement determining unit 33 determines the head placement based on the load signal s, fed from the load
detector 12 measuring mainly the load applied on the area I, or the load signal s, fed from the load detector 14 measuring
mainly the load applied on the area IV. Because the step remains substantially the same no matter which load signal is
used, the head placement determining unit 33 may arbitrarily select one or use both but, here, the head placement
determining unit 33 is supposed to use the load signal s, fed from the load detector 14.

[0066] Having selected the load signal s,, the head placement determining unit 33 then takes out, from the load signal
sS4, @ minute oscillation of the detected value (a respiratory signal or respiration waveform) caused by the movement of
the center of gravity due to the respiration. This is because the load signal s, includes the static load due to the body
weight of the subject S, and the load signal caused by the movement of the center of gravity due to the respiration of
the subject S. It is known that the human being performs about 12 to 20 respirations per minute. This is about 3 seconds
to 5 seconds when converted into period, or about 0.2 Hz to 0.33 Hz when converted into frequency. Hence, the head
placement determining unit 33 performs, for example, Fourier transform, frequency filter process, and/or inverse Fourier
transform for the load signal s, fed from the load detector 14, and takes out the respiration waveform with the frequency
ranging from about 0.2 Hz to about 0.33 Hz.

[0067] Fig. 10(a) depicts the load signal s, fed from the load detector 14 during the period P54, and Fig. 10(b) depicts
the respiration waveform (respiratory signal) BW taken out from the load signal s, of Fig. 10(a). The period P,4 depicted
in Fig. 10(a) includes the time t,, to the time t,, depicted in Figs. 7(a) to 7(d). In this period, as described earlier on, the
subject S is almost static in the supine position with the body axis SA extending across the area Il and the area IV.
Further, because a far smaller variation in load value occurs with the movement of the center of gravity G caused by
the respiration, compared to the scale of the static load due to the body weight of the subject S, Fig. 10(a) does not
show the respiration waveform BW.

[0068] Fig. 10(b) depicts the respiration waveform BW during a period corresponding to any ten seconds in the period
P,4. Because only the variation in load value occurring with the movement of the center of gravity G caused by the
respiration is taken out, Fig. 10(b) explicitly shows the minute variation in load value occurring with the movement of the
center of gravity G.

[0069] The head placement determining unit 33 then analyzes the respiration waveform BW taken out and, based on
the fact that the inhalation period P54 is longer than the expiration period P53, identifies the position, in the waveform
BW, corresponding to the inhalation period Ps4. Then, if the respiration waveform BW falls in that identified position,
then the respiration waveform BW is the head-side waveform HW, thereby determining that the head of the subject S
is present in the area IV. On the contrary, if the respiration waveform BW rises in that identified position, then the
respiration waveform BW is the feet-side waveform HW, thereby determining that the head of the subject S is present
in the area Il.

[0070] Note that, when the subject S exhibits the head-side waveform HWm (Fig. 9(a)) and the feet-side waveform
LWm (Fig. 9(b)), itis also possible to determine the head placement of the subject S by the same procedure as described
above.
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<Sleeping Form Determining Step>

[0071] Inthe sleeping form determining (judging) step S105, the sleeping form determining (judging) unit 34 determines
whether a sleeping form of the subject S is the supine position, the recumbent position, or the prone position, under
such a principle as below, by using the load signals s, to s, fed from the load detecting unit 1.

[0072] After the inventors of the present invention had observed the load signals fed from the load detecting unit 1
representing the respiration of the subject S on the bed BD in various sleeping forms of the subject S, it was known, as
depicted in Figs. 11(a) to 11(c) and Figs. 12(a) to 12(c), that the load signals differ with diverse sleeping forms such as
in the supine, recumbent and prone positions.

[0073] Each ofFigs. 11(a) to 11(c) and Figs. 12(a) to 12(c) depicts the head-side waveform of the subject S. Waveforms
HWs and HWms in Figs. 11(a) and 12(a) depict the head-side waveforms of the subject S in the supine position.
Waveforms HWr and HWmr in Figs. 11(b) and 12(b) depict the head-side waveforms of the subject S in the recumbent
position. Waveforms HWp and HWmp in Figs. 11(c) and 12(c)depict the head-side waveforms of the subject S in the
prone position.

[0074] According to an analysis of those waveforms, the waveforms depicted in Figs. 11(a) to 12(c) have the following
features, respectively. The waveforms HWs (Fig. 11(a)) and HWms (Fig. 12(a)) obtained when the subject S in the
supine position are the same as the head-side waveforms HW and HWm depicted respectively in Figs. 8(a) and 9(a),
and have the features explained in the relation with Figs. 8(a) and 9(a).

[0075] In the waveform HWp (Fig. 11(c)) and the waveform HWmp (Fig. 12(c)) obtained when the subject S is in the
prone position, the inhalation period P34 is longer than the inhalation period P54 of the waveforms HWs and HWms, the
post-inhalation hold period P53, is shorter than the post-inhalation hold period P53, of the waveforms HWs and HWms,
and the expiration period P55 is shorter than the expiration period P33 of the waveforms HWs and HWms. In other words,
compared with the waveforms HWs and HWms, the waveforms HWp and HWmp have such a shape that peaks on the
notch side is shifted in the positive direction on the time axis. Therefore, the falling inclination during the inhalation period
P34 in the waveforms HWp and HWmp is less steep than the falling inclination during the inhalation period P34 in the
waveforms HWs and HWms, while the rising inclination during the expiration period P33 in the waveforms HWp and
HWmp is steeper than the rising inclination during the expiration period P33 in the waveforms HWs and HWms. It is
understood that such a change in the waveforms is caused by the following reason. That is, when the subject S is in the
prone position, his/her chest is pressed against the bed surface due to its own weight, and thus, a load is acted on the
motion for inhalation such that the inhalation speed becomes slow.

[0076] The waveform HWr (Fig. 11(b)) and the waveform HWmr (Fig. 12(b)), obtained when the subject S is in the
recumbent position, have an intermediate shape between the aforementioned waveform HWs and waveform HWp, and
an intermediate shape between the aforementioned waveform HWms and waveform HWmp, respectively. That is, the
inhalation period P53 is longer than the inhalation period P54 of the waveforms HWs and HWms but shorter than the
inhalation period P44 of the waveforms HWp and HWmp. Further, the post-inhalation hold period P, is shorter than the
post-inhalation hold period P53, of the waveforms HWs and HWms but longer than the post-inhalation hold period P53,
of the waveforms HWp and HWmp. Further, the expiration period P35 is shorter than the expiration period P33 of the
waveforms HWs and HWms but longer than the expiration period P35 of the waveforms HWp and HWmp.

[0077] Note that, in all of the waveform HWs for the supine position, the waveform HWr for the recumbent position,
and the waveform HWp for the prone position, the post-expiration hold period P34 is shorter than the post-inhalation
hold period P5,. On the other hand, in all of the waveform HWms for the supine position, the waveform HWmr for the
recumbent position, and the waveform HWmp for the prone position, the post-expiration hold period P, is longer than
the post-inhalation hold period P5,. Further, the above change in the waveforms similarly occurs in the feet-side waveforms
LW and LWm.

[0078] Based on such a specificity of the waveforms of the sleeping form, the sleeping form determining unit 34 can
analyze the respiration waveform BW included in the load signals s; to s, fed from the load detecting unit 1, so as to
determine the sleeping form of the subject S based on the length of the inhalation period P53, the length of the post-
inhalation hold period P5,, the length of the expiration period P53, and the like.

[0079] Next, an explanation will be made on a specific procedure for the sleeping form determining unit 34 to determine
the sleeping form of the subject S.

[0080] The sleeping form determining unit 34 receives the respiration waveform BW (Fig. 10(b)) acquired by the head
placement determining unit 33, further analyzes the same, and acquires the length of the inhalation period P3,. Then,
if the inhalation period P3, is shorter than a predetermined value stored beforehand, then the subject S is determined
as in the supine position; if the inhalation period P4 is almost equal to the predetermined value stored beforehand, then
the subject S is determined as in the recumbent position; and if the inhalation period P34 is longer than the predetermined
value stored beforehand, then the subject S is determined as in the prone position.
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<Display Step>

[0081] An undepicted image processing unit in the control unit 3 converts the information obtained by the body axis
direction determining unit 32, the head placement determining unit 33 and the sleeping form determining unit 34 into an
image formation signal, and sends the same out to the display unit 5. The display unit 5 visually displays the body state
information received from the control unit 3 (the image processing unit) (S106).

[0082] As depicted in Fig. 13, the body posture of the subject S is displayed with an image on the monitor of the display
unit 5. Therefore, the user can intuitively grasp the body state of the subject S by only watching the display unit 5. Further,
with the storage unit 4, the user can video-record the temporal change of the image of the body state of the subject S.
[0083] For diagnosis of sleep apnea syndrome (SAS), although overnight video-recording of the body state (body
position and body posture) of sleeping patients is also performed with patients staying in a medical institution, many
patients exhibit a certain disinclination against the video-recording of their sleeping forms and/or sleeping faces. However,
by using the display unit 5 of the present invention, no sleeping face will be video-recorded and the sleeping form is
recorded as a silhouette at a high anonymity such that it is possible to provide more patients with the opportunity for the
diagnosis. Further, while sleeping in the prone position is recommended for SAS treatment, when the subject is in sleep,
it is not possible for the subject to grasp how much time he/she could keep sleeping in the prone position. By using the
presentinvention, however, because it is possible to visualize the sleeping form during the subject’s sleeping, the subject
is motivated to keep on training for keeping the prone position sleep.

[0084] The user can also set the system to cause the notifying unit 6 to notify the user if the subject S comes into a
predetermined state. For example, it is possible for the user to set the system such that if the subject S has kept the
prone position over a predetermined period of time, it is notified.

[0085] A summarization will be made below on the effects of the body state detecting apparatus 100 and the body
state detecting method of the embodiment.

[0086] The body state detecting apparatus 100 and the body state detecting method of the embodiment determine
the direction of the body axis SA of the subject S on the basis of a minute movement of the center of gravity G. Further,
the body state detecting apparatus 100 and the body state detecting method of the embodiment determine the head
placement of the subject S and determine the sleeping form (in the supine position, recumbent position, or prone position)
on the basis of the variation in the load signals (respiration waveforms, respiratory signals) caused by the minute
movement of the center of gravity G. Therefore, the body state detecting apparatus 100 and the body state detecting
method of the embodiment can satisfactory detect the body state of the subject S without using any imaging device,
expiratory detecting device and the like and without placing any burden on the subject S, only on the basis of the detecting
of the load performed by the load detecting unit 1.

[0087] The body state detecting apparatus 100 and the body state detecting method of the embodiment can detect
the body state of the subject S only on the basis of detecting of the load just as described above, can display the detected
body state of the subject S graphically and, furthermore, can video-record the temporal change in the body state.
Therefore, for the patients who exhibit the disinclination against video-recording their sleeping appearances, it is possible
to provide them with the opportunity of appropriate diagnosis and treatment without bringing on the disinclination.

<Modified Embodiment>

[0088] A modification of the above embodiment will be explained as a modified embodiment of detecting the body
state of the subject S.

[0089] Figs. 14A and 14B is a flow chart depicting the method of the modified embodiment. In the same manner as
the detecting method of the embodiment, the detecting method of this modified embodiment also includes a step of
calculating the center of gravity position, a step of determining the body axis direction, a step of determining the head
placement, and a step of determining (judging) the sleeping form. However, in each of those steps, a different process
from that of the embodiment will be performed. Hereinbelow, each of the steps will be explained with reference to the
flow chart of Figs. 14A and 14B as appropriate.

<Center of Gravity Position Calculating Step>

[0090] The center of gravity position calculating step of the modified embodiment (S201 to S206, and S216) is different
from the center of gravity position calculating step (S102) of the above embodiment in that the calculating step of the
modified embodiment also acquiring an average value of the position G (X, Y) for each predetermined detection period
T1, T2, ..., and TN, in addition to the position G (X, Y) of the center of gravity G at each time t.

[0091] Fig. 15 depicts one example of the load signals s to s, fed from the load detectors 11 to 14 during the periods
P44, P45, and P43 each corresponding to a period from one change in posture to the next change in posture. In Fig. 15,
a minute waveform depicted on each signal conceptually indicates that the respiration waveform BW is included in each
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of load signals s, to s,. Note that, in the explanation of the embodiment described above, the situation in which the
subject moves at the times tq4, t;5, and t;5 was explained with reference to Fig. 5. A movement of the subject on the
bed such as described here or in the above embodiment is referred to in the present specification as a change in posture
or a body motion.

[0092] Each of the periods P44, P45, and P, corresponds to a period during which the subject S is static in an almost
constant posture. Therefore, the load signals s; to s, show an almost constant value throughout each period. On the
other hand, the subject S changes his/her posture at the times t,4 and t4,. Hence, the load signals s, to s, vary at the
time t44 and the time t,,.

[0093] One example of the method for acquiring a position GO (X0, Y0) of an averaged center of gravity GO for each
of the predetermined detection periods T1, T2, ..., and TN, is as follows.

[0094] In Fig. 15, the detection period T1 is included in the period P4, during which the subject S is static in the almost
constant posture. Therefore, during the detection period T1, the subject S is in the constant posture. In this case, the
center of gravity position calculating unit 31 detects the load value of each of the load signals s, to s, at the times ts1,
ts2, ..., and tsn in the detection period T1. The upper right enclosure in Fig. 15 depicts, in an enlarged manner, a total
of n performances of detecting of the load value based on the load signal s; at the times ts1, ts2, ..., and tsn.

[0095] The center of gravity position calculating unit 31 uses a set of load values detected at every time in the above
manner to calculate the position G1 (X1, Y1), G2 (X2, Y2),..., and Gn (Xn, Yn) of the center of gravity G at each time,
by applying the aforementioned Formula 1 and Formula 2. The position GO (X0, YO0) of the averaged center of gravity
GO during the detection period T1 is acquired as a simple average of the positions G1 (X1, Y1), G2 (X2, Y2),..., and Gn
(Xn, Yn) of the center of gravity G at each time.

[0096] As another example, an explanation will be made on an exemplary case of a detection period Tk started right
before the time t4, of Fig. 15. In this case, too, the positions G1 (X1, Y1), G2 (X2, Y2), ... of the center of gravity G at
each time are calculated in the same manner as in the case of the detection period T1 described above. However,
different from the case of the detection period T1, the time t4, comes before performing a sufficient number of calculations
for acquiring the position GO (X0, YO0) of the averaged center of gravity GO, such that the subject S will change in posture
(there is change in the values of the load signals s, to s,).

[0097] Thus, in this case, by resetting the interval between the time t,, when the subject S changes in posture and
the time earlier than the time t,, by a predetermined period of time, as a detection period TE (having the same length
as the detection periods T1 and T2), the position GO (X0, Y0) of the averaged center of gravity GO during the detection
period TE described above is calculated by the same method as to calculate the position GO (X0, YO0) of the averaged
center of gravity GO during the detection period T1.

[0098] The flow chart of Figs. 14A and 14B depicts the steps S201 to S206 and S216 for acquiring the averaged center
of gravity GO during the detection periods T1, T2, ..., and TN.

[0099] First, in the step S201, the center of gravity position calculating unit 31 sets k = 0 for the number of times k the
load values of the load signals s, to s, are detected. Next, in the step S202, the center of gravity position calculating
unit 31 determines whether or not the subject S exhibits a body motion (change in posture). In particular, the center of
gravity position calculating unit 31 determines whether or not any of the load signals s, to s, has changed beyond a
predetermined range.

[0100] If there is no change beyond the predetermined range in the load signals s4 to s, ("no" in the step $202), then
the center of gravity position calculating unit 31 sets k = k + 1 for the number of times k of detections (step S203). Then,
the center of gravity position calculating unit 31 acquires the load values of the load signals s, to s,, calculates the
position of center of gravity Gk+1, and lets the storage unit 4, for example, store the calculated position of center of
gravity Gk+1 (step S204). Then, in the step S205, the center of gravity position calculating unit 31 determines whether
or not the number of times k of detections is n or less than n and, if it is n or less than n, then the process returns to the
step S202. Thereafter, the step S202 to the step S205 are repeated until either the number of times k of detections
reaches n or the subject S exhibits the body motion.

[0101] In the step S205, if the center of gravity position calculating unit 31 determines that the number of times k of
detections is n, the center of gravity position calculating unit 31 lets the process move to the step S206. Then, the center
of gravity position calculating unit 31 acquires the position GO (X0, Y0) of the averaged center of gravity GO by using
the n pieces of positions of center of gravity G1, G2, ..., and Gn stored at that time (step S206) .

[0102] Further, in the step S202, if it is determined that the subject S has exhibited the body motion, the center of
gravity position calculating unit 31 lets the process move to the step S216. In the step S216, as described earlier on,
the interval between the time at which the subject S changes in posture and the time earlier than that time by the
predetermined period of time is newly set as the detection period TE, and then, the position GO (X0, Y0) of the averaged
center of gravity GO during the detection period TE is acquired.
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<Body Axis Direction Determining Step>

[0103] Inthe body axis direction determining step of the modified embodiment (S207), which is different from the body
axis direction determining step of the embodiment described above (S103), the body axis direction determining unit 33
uses the position GO (X0, Y0) of the averaged center of gravity GO calculated in the above step, to calculate the extending
direction of the body axis SA of the subject S.

[0104] The body axis direction determining unit 33 calculates the extending direction of the body axis SA by, for
example, the following method.

[0105] In one exemplary method, an averaged inclination angle "a" that is an average of angles between X axis and
segments each linking the averaged center of gravity GO (X0, Y0) and each of n pieces of the center of gravity positions
G1 (X1, Y1), ..., Gk1 (Xk1, Yk1), ..., Gk2 (Xk2, Yk2), ..., and Gn (Xn, Yn) are acquired by the following

Formula 3:

Yk
L 2ik=1 arctan(yr)
n

In this method, a segment which extends through the averaged center of gravity GO (X0, Y0), and which inclines with
respect to X axis by the averaged inclination angle "a" is regarded as indicating the position of the body axis SA. Fig.
16 depicts the body axis SA acquired in this manner.

[0106] In another exemplary method, a line Ha described below will be considered as indicating the position of the
body axis SA. The line Ha is a line that passes through the average center of gravity GO and that minimize a standard
deviation of straight-line distances dh1, ..., dhk1, ..., dhk2, ..., dhk3, ..., dhn which are straight-line distances between
the line and the centers of gravity G1, ..., Gk1, ..., GKk2, ..., Gk3, ..., Gn, respectively. An example of the line Ha is depicted
in Fig. 17.

<Head Placement Determining Step>

[0107] In the head placement determining step (S208) of the modified embodiment, which is different from the head
placement determining step (S104) of the embodiment described above, the head placement determining unit 33 de-
termines the head placement of the subject S on the basis of the center of gravity positions G1 (X1, Y1), ..., Gk1 (Xk1,
Yk1), ..., Gk2 (Xk2, Yk2), ...,and Gn (Xn, Yn) calculated in the above step, and the averaged center of gravity GO (X0, Y0).
[0108] In the head placement determining step S208 of the modified embodiment, the method for determining the
head placement is as follows.

[0109] First, the head placement determining unit 33 calculates the temporal variation of the center of gravity G as a
waveform. In particular, the head placement determining unit 33 first acquires the coordinate DG1 (DX1, DY1) of the
feet on the vertical line to the body axis SA from the center of gravity G1 just as depicted in Fig. 18, and then acquires
a distance d1 between that feet position and the position GO (X0, YO0) of the averaged center of gravity GO, by the
following Formula 4:

d1 = /(DX1 - X0)2 + (DY1 — Y0)2

[0110] Next, the head placement determining unit 33 performs the same calculation as described above also for the
centers of gravity G2, ..., and Gn to acquire distances d2, ..., and dn. If the values of distance d acquired in this manner
are laid out on a graph with the distance d as the vertical axis and the time axis as the horizontal axis, then a graph such
as depicted in Fig. 19(a) will be obtained. That is, Fig. 19(a) plots, from left to right along the time axis, the distance d1
calculated from the center of gravity G1, the distance d2 calculated from the center of gravity G2, ..., the distance dk1
calculated from the center of gravity Gk1, ..., the distance dk2 calculated from the center of gravity Gk2, ..., and the
distance dn calculated from the center of gravity Gn. As understood from Fig. 18, Fig. 19(a) corresponds to the waveform
depicting an image of the temporal variation of the center of gravity G along the direction of the body axis SA with the
averaged center of gravity GO as the center. Note that in Fig. 19(a), the distance d extending along the positive X axis
from the averaged center of gravity GO in Fig. 18 has a positive value, whereas the distance d extending along the
negative X axis from the averaged center of gravity GO has a negative value.
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[0111] Fig. 19(b) schematically depicts the waveform GW of Fig. 19(a). In Fig. 19(b), the subject S starts an inhalation
at a time t5,. The subject S ends the inhalation at a time t54. The subject S starts the expiration at a time t5,. The subject
S ends the expiration at a time tg3. The subject S starts the next inhalation at a time ts,.

[0112] The inventors of the present invention have observed the waveform GW of Figs. 19(a) and 19(b) under various
conditions, and found out that there is such a common feature as below.

[0113] That is, in the waveform GW, too, in the same manner as in the head-side waveform HW and the feet-side
waveform LW described earlier on, the inhalation period P54 during which the subject S is in inhalation is longer than
the expiration period P53 during which the subject S is in expiration.

[0114] Further, in the waveform GW, too, in the same manner as in the head-side waveform HW and the feet-side
waveform LW described earlier on, an almost flat part appears in the vicinity of the peak of the waveform during the
post-inhalation hold period P5, from the time t5; when the subject S ends the inhalation to the time t5, when the subject
S starts the expiration, and during the post-expiration hold period Ps, from the time t5; when the subject S ends the
expiration to the time t5, when the subject S starts the inhalation. Then, the post-inhalation hold period Ps; is longer
than the post-expiration hold period Ps,.

[0115] Further, when the subject S exhibits the head-side waveform HWm or the feet-side waveform LWm, the wave-
form GW also has the same feature as the head-side waveform HWm or the feet-side waveform LWm.

[0116] The waveform GW has the above features, and the chevron waveform or the notch waveform representing the
inhalation period P54, the post-inhalation hold period Pg, and the expiration period P54 is an asymmetrical waveform
along the time axis with respect to the center of the post-inhalation hold period P5, (between the front and the rear of
the center). This is because the waveform GW is also a fluctuation based on the center of gravity movement of the
subject S caused by the respiration, in the same manner as the head-side waveforms HW and HWm, and the feet-side
waveforms LW and LWm. Therefore, the head placement determining unit 33 can analyze the waveform GW so as to
determine the head placement of the subject S based on at least one of the inhalation period P54, the post-inhalation
hold period Pg,, the expiration period P53, and the post-expiration hold period Pg,.

[0117] In particular, for example, the head placement determining unit 33 can analyze the waveform GW depicted in
Fig. 19(b), so as to acquire that the post-inhalation hold period Pg, appears on the positive side. The post-inhalation
hold period P5, appearing on the positive side means the center of gravity G has been moved to the positive side after
inhalation. Therefore, the head placement determining unit 33 can determine that the feet of the subject S is placed on
the positive side on the X axis in Fig. 18 to which the center of gravity moves during the inhalation, while the head of
the subject S is placed on the negative side, i.e., the opposite side.

<Sleeping Form Determining Step>

[0118] The sleeping form determining step (S209) of the modified embodiment is different from the sleeping form
determining step (S105) of the embodiment described above, in that the sleeping form determining unit 34 determines
the sleeping form of the subject S on the basis of the waveform GW calculated in the foregoing step.

[0119] According to the findings of the inventors, if the subject S changes in sleeping form between the supine position,
the recumbent position, and the prone position, then the waveform GW shows the same change in the waveform as the
head-side waveforms HW and HWm depicted in Figs. 11(a) to 12(c). Therefore, the sleeping form determining unit 34
analyzes the waveform GW, for example, and acquires the length of the inhalation period P54. Then, it is possible for
the sleeping form determining unit 34 to determine that if the length of the inhalation period Ps, is smaller than a
predetermined value, then the subject S is in the supine position, if the length of the inhalation period Py, is almost the
same as the predetermined value, then the subject S is in the recumbent position, and if the length of the inhalation
period Ps is larger than the predetermined value, then the subject S is in the prone position.

[0120] The process of the modified embodiment finally determines whether or not the measurement is finished at the
step S210 (Figs. 14A and 14B). If the measurement is not finished, then the process returns to the step S201.

[0121] In the modified embodiment, the extending direction of the body axis, the head placement, and the sleeping
form of the subject are determined based on the temporal change of the center of gravity position. Here, the center of
gravity position is calculated on the basis of the load detected by a plurality of load detectors. Therefore, determining
the extending direction of the body axis, the head placement and the sleeping form of the subject on the basis of the
temporal change of the center of gravity position is also included in determining the extending direction of the body axis,
the head placement and the sleeping form of the subject on the basis of the variation of the load detected by the load
detectors.

[0122] Note that, in the above embodiment, the head placement determining unit 33 identifies the position, in the
waveform, corresponding to the inhalation period P54, based on such a relationship that the inhalation period P3; is
longer (or shorter) than the expiration period P33. However, the method for identifying the position of the inhalation period
P34 is not limited to that. According to a research of the inventors of the present invention, it is known that when the
subject S is snoring, the respiration waveform BW minutely oscillates with a period far shorter than the respiratory period
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(about 3 to 5 seconds) in the inhalation period P54. Therefore, if the position, in the respiration waveform BW, at which
the minute oscillation with the short period (high frequency) occurs due to the snoring has been identified based on an
analysis of the respiration wave form BW, then based on that, it is possible to identify the position of the inhalation period
Pa.

[0123] Further, in the embodiment described above, the head placement determining unit 33 determines whether the
respiration waveform BW is the head-side waveform HW or the feet-side waveform LW by identifying the position, of
the respiration waveform BW, corresponding to the inhalation period P3;. However, without being limited to that, for
example, as described above, both the head-side waveform HW and the feet-side waveform LW have such a feature
that the post-inhalation hold period P, is longer than the post-expiration hold period P34, but they differ from each other
in that those periods appear whether in the chevron side (peak side) or in the notch side (trough side). Likewise, both
the head-side waveform HWm and the feet-side waveform LWm have such a feature that the post-inhalation hold period
P, is shorter than the post-expiration hold period P4y, but they differ from each other in that those periods appear
whether in the chevron side or in the notch side. Therefore, the head placement determining unit 33 may determine
whether the respiration waveform BW is the head-side waveforms HW, HWm or the feet-side waveforms LW, LWm by
distinguishing the post-inhalation hold period P55 and the post-expiration hold period P54 on the basis of how long the
period is, and then identifying whether they appear in the chevron side or in the notch side.

[0124] Further, as another example, the storage unit 4 may store referential waveforms corresponding to the head-
side waveform HW, HWm and the feet-side waveform LW, LWm while the head placement determining unit 33 may
determine whether the respiration waveform BW is the head-side waveform HW, HWm or the feet-side waveform LW,
LWm on the basis of a comparison between the respiration waveform BW and the referential waveform stored in the
storage unit 4, without analyzing the shape of the respiration waveform BW.

[0125] In the embodiment described above, the sleeping form determining unit 34 analyzes the respiration waveform
BW and compares the length of the inhalation period P54 with the predetermined value, so as to determine the sleeping
form of the subject S. However, the method for the sleeping form determining unit 34 to determine the sleeping form of
the subject S is not limited to that but, for example, the storage unit 4 may store referential waveforms corresponding
to the supine position, the recumbent position, and the prone position while the sleeping form determining unit 34 may
determine the sleeping form of the subject S on the basis of a comparison between the respiration waveform BW and
the referential waveforms stored in the storage unit 4.

[0126] In the embodiment described above, the head placement determining unit 33 determines the head placement
of the subject S after the body axis direction determining unit 32 determines the extending direction of the body axis SA
of the subject S. However, without being limited to that, the head placement determining unit 33 can determine the head
placement of the subject S without determining the extending direction of the body axis SA of the subject S.

[0127] In particular, the head placement determining unit 33 analyzes the load signals s; to s, fed from the load
detecting unit 1 and determines whether the respiration waveform BW included in each of the load signals s4 to s, is
the head-side waveform HW, HWm or the feet-side waveform LW, LWm. Then, the head placement determining unit
33 determines that the subject S places his/her head in an area corresponding to the load detectors sending the respiration
waveform BW determined as the head-side waveform HW, HWm, whereas the subject S places his/her feet in an area
corresponding to the load detectors sending the respiration waveform BW determined as the feet-side waveform LW,
LWm.

[0128] In the embodiment described above, the sleeping form determining unit 34 determines the sleeping form of the
subject S after the head placement of the subject S has been determined. However, without being limited to that, the
sleeping form determining unit 34 may determine the sleeping form of the subject S without determining the extending
direction of the body axis SA of the subject S and/or the head placement of the subject S. As described earlier on, the
difference in sleeping form presents a feature difference in the load waveform. Thus, there are cases where it is possible
to determine the sleeping form of the subject S only based on the load signals. In such cases, the respiration waveform
BW may be taken out from the load signals by the sleeping form determining unit 34 rather than by the head placement
determining unit 33.

[0129] The body state detecting apparatus 100 of the above embodiment includes all of the body axis direction de-
termining unit 32, the head placement determining unit 33 and the sleeping form determining unit 34. However, the body
state detecting apparatus 100 may be configured to include any one or two thereof only. Each of the body axis direction
determining unit 32, the head placement determining unit 33 and the sleeping form determining unit 34 is a specific
example of the body state detecting unit of the present invention.

[0130] The center of gravity position calculating unit 31 of the body state detecting apparatus 100 of the embodiment
described above may use the calculated center of gravity G position at each time t to acquire the locus of the moving
center of gravity G (the center of gravity locus). The storage unit 4 may store the acquired center of gravity locus.
[0131] A respiratory rate calculation unit (not depicted) for acquiring the respiratory rate of the subject S may be
constructed in the control unit 3 of the body state detecting apparatus 100 of the embodiment described above. The
respiratory rate calculation unit can acquire the respiratory rate of the subject S, for example, by extracting the locus of
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the moving center of gravity caused by the respiration from the center of gravity locus acquired by the center of gravity
position calculating unit 31, and then, analyzing the oscillation frequency of the extracted locus. The locus of the moving
center of gravity caused by the respiration can be extracted by, as one example, identifying the center of gravity locus
oscillating periodically in a specific direction as the center of gravity locus caused by the respiration, and extracting such
a center of gravity locus.

[0132] The locus of the moving center of gravity caused by the respiration can be extracted, as one example, by the
following method.

[0133] First, a body motion information determining unit (not depicted) constructed in the control unit 3 is used to take
out, for example, a center of gravity locus GT2 of the subject S through one minute from the storage unit 4. Fig. 20(a)
depicts one example of the center of gravity locus GT2 taken out. The center of gravity locus GT2 depicted in Fig. 20(a)
presents one reciprocating large body motion (such as a turn-over motion or the like) of the subject S on the bed along
the left/right direction. Further, Fig. 20(a) depicts images of movement of the center of gravity G of the subject S in areas
D, E and F each observed during a stable body posture period in which nolarge body motionis performed. The movements
of the center of gravity G in the areas D, E, and F occur due to some small body motion, respiration and the like of the
subject S. Note that, in the present invention, the term "large body motion" principally includes the turning over and other
discrete body motion accompanied by the movement of the body portion (trunk), and the large body motion also arises,
for example, when the subject is painful or the subject awakens. When the term is defined in view of the movement of
the center of gravity, the term means the body motion in which the center of gravity G is moved beyond a predetermined
distance d in a certain direction within a certain period. Therefore, it is arbitrary that what one of the body motions of the
subject S is regarded as the "large body motion". It is possible to determine what one is regarded as the "large body
motion" on the basis of the value of the predetermined distance d. It is also possible to define that the large body motion
is the movement of the center of gravity which is larger than the movement of the center of gravity caused by the
respiration to such an extent that the relative distinction can be made (for example, the former is not less than several
times of the latter).

[0134] A large body motion determining unit (not depicted) included in the body motion determining unit (not depicted)
determines the locus of the center of gravity movement caused by the large body motion of the subject S, and extracts
the same from the center of gravity locus GT2 (a large body motion determining step). If the center of gravity G moves
in a certain direction beyond a certain distance within a certain time, e.g., moves to displace between areas within the
certain time, then the respiratory rate calculating unit determines a large body motion occurs, and extracts the center of
gravity locus GT2 during that period.

[0135] In the large body motion determining step, the following method is used to determine whether or not the center
of gravity G moves in the certain direction beyond the certain distance within the certain time. First, the center of gravity
locus GT2 depicted in Fig. 20(a) is converted into a center of gravity locus GT21 based on a lower sampling frequency
(Fig. 20(b)). The conversion can be performed by thinning out the data of the center of gravity position G acquired at a
sampling frequency of 0.1 seconds and/or by using a moving average process. Alternatively, the conversion can also
be performed by subjecting the center of gravity locus GT2 to the frequency resolution and then extracting the prede-
termined low frequency component by means of a low-pass filter.

[0136] Withreference to Fig.20(b), the locus between the point D1 and the point E1 exhibits, for example, the movement
in the right direction within 0.5 seconds beyond 30 cm. Therefore, the respiratory rate calculating unit determines that
the locus in this interval is the locus of the large body motion. The respiratory rate calculating unit removes the locus in
this interval from the center of gravity locus GT2. Similarly, the locus between the point E2 and the point F1 exhibits, for
example, the movementin the left direction within 0.5 seconds beyond 30 cm. Therefore, the large body motion information
determining unit determines that the locus in this interval is the locus of the large body motion. The large body motion
information determining unit removes the locus in this interval from the center of gravity locus GT2. Note that the
movement from the point D1 to the point E1 and the movement from the point E2 to the point F1 may be identified as
the movements related to the large body motion on the basis of the fact that each movement is a movement from one
area to another area.

[0137] The loci, obtained by removing the locus of the large body motion from the center of gravity locus GT2 depicted
in Fig. 20(a), are depicted in Figs. 21(a) to 21(c). Fig. 21(a) depicts the center of gravity locus GT2 in the area D, Fig.
21(b) depicts the center of gravity locus GT2 in the area E, and Fig. 21(c) depicts the center of gravity locus GT2 in the
area F. Each of the loci is the center of gravity locus GT2 during the stable posture period (the period when the large
body motion does not occur).

[0138] 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 motion is sufficiently 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. Further, the extent of the time and the extent of the distance, on the basis of which it is to be determined that
the large body motion is caused when the movement occurs within that time by that distance, can be optimized in
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conformity with the feature of the apparatus of the living body information monitoring system 100.

[0139] Subsequently, the small body motion information determining unit of the body motion information determining
unit determines and extracts the locus of the center of gravity movement caused by the small body motion of the subject
S from the center of gravity locus GT2 during the stable posture period (small body motion determining step). The step
of removing the locus of the center of gravity movement caused by the small body motion of the subject S from the
center of gravity locus GT2 during the stable posture period will be explained. Here, a procedure in which the small body
motion locus and the respiration locus are separated from the center of gravity locus GT2 in the area E (Fig. 21(b)) will
be explained as an example. Note that in the present invention, the term "small body motion" means such a movement
that the entire body of the subject S does not greatly move but only parts of the body, i.e., hands, feet, and/or face (head)
move. When the small body motion is defined in view of the movement of the center of gravity, it means the body motion
in which the center of gravity G is moved within a range not exceeding the predetermined distance d in the direction
different from the direction of the center of gravity movement caused by the respiration of the subject S. The small body
motion can be also recognized as the small movement of the center of gravity to such an extent that the small body
motion can be distinguished from the large body motion (for example, the former is not more than a fraction (one-
severalth) of the latter).

[0140] In the small body motion determining step, the center of gravity locus, which is calculated by the respiratory
rate calculating unit using data of past measurement, and which oscillates periodically in specified directions, is identified
as the center of gravity locus based on the respiration. The center of gravity locus, which is different from the center of
gravity locus as identified above, is identified as the center of gravity locus based on the small body motion.

[0141] With reference to Fig. 21(b), the center of gravity locus GT2 includes the portions gt1 and gt3 which represent
the movement of the center of gravity G caused by the respiration and the portion gt2 which represents the movement
of the center of gravity G caused by the small body motion (note that the portion gt2 represents the movement of the
center of gravity G caused by the respiration as well). The portion gt2, which represents the movement of the center of
gravity G caused by the small body motion, does not periodically oscillate in any specified direction, unlike the center
of gravity loci of the portions gt1 and gt3 which represent the movement of the center of gravity G caused by the respiration.
[0142] Therefore, one method is available to separate and extract the locus of the center of gravity movement caused
by the small body motion. That is, only the center of gravity locus (gt1, gt3), which oscillates periodically in specified
directions, is extracted, and it is regarded as the respiratory component of the center of gravity movement. Then, the
other portion (gt2) is separated and extracted as the small body motion. 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 past certain
period in the stable respiration phase, 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 the respiration. After that, the difference between the presently
measured center of gravity variation and the center of gravity variation caused by the respiration is extracted as the
variation caused by the small body motion. In this procedure, if the component having the corresponding frequency is
not included in the presently measured center of gravity variation and/or the amplitude of the presently measured center
of gravity variation has largely changed, then it is regarded that the respiration condition of the subject S has changed,
and obtaining the difference by using the center of gravity variation caused by the respiration is not performed.

[0143] Another method is available as depicted in Fig. 22. That is, the portion (gt2), which does not form the center
of gravity locus oscillating periodically in any specified direction, is 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 portion gt21, which constitutes the part of the center of gravity locus oscillating periodically in the specified direction,
is returned to the position between the portion gt1 and the portion gt3 to acquire the center of gravity locus as depicted
in Fig. 23. This is used as the respiratory component of the center of gravity movement. Meanwhile, the portion gt22,
which is decomposed from the portion gt2, is separated and extracted as the small body motion. The separation and
the extraction as described above can be carried out in accordance with the foregoing method.

[0144] Afterthat, the respiratory component of the center of gravity movement extracted by the body motion information
determining unit is fed to the respiratory rate calculating unit. In the respiratory rate calculating unit, the respiratory rate
is calculated by the same or equivalent means as that used in the embodiment described above. Note that it is also
appropriate that the body motion information determining unit only determines the locus of the center of gravity movement
caused by the large body motion and the locus of the center of gravity movement caused by the small body motion.
That is, it is not necessarily indispensable to separate and extract the loci caused by the large and small body motions
from the center of gravity locus. In this case, for example, the respiratory rate calculating unit extracts the respiratory
component from the center of gravity locus with reference to the locus of the center of gravity movement caused by the
large body motion and the locus of the center of gravity movement caused by the small body motion each of which was
determined by the body motion information determining unit.

[0145] The respiratory rate calculating unit can further acquire the respiratory rate of the subject S per unit time, based
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on the oscillation frequency of the respiration waveform BW (Figs. 10(a) and 10(b)) extracted from the load signals s,
to s, fed from the load detectors 11 to 14, and/or the waveform GW (Figs. 19(a) and 19(b)) calculated on the basis of
the center of gravity G movement. Because those waveforms occur due to the respiration of the subject S, it is possible
to acquire the respiratory rate of the subject S by analyzing those waveforms.

[0146] The waveforms are analyzed as follows, for example.

[0147] The total number of times of the reciprocating motion of the respiratory component extracted from the center
of gravity locus GT2 depicted in Figs. 21(a) to 21(c) represents the respiratory rate of the subject S per minute. Therefore,
the respiratory rate calculating unit calculates the respiratory rate per minute of the subject S on the basis of the recip-
rocating motion of the respiratory component.

[0148] Specifically, the respiratory rate calculating unit firstly rotates the respiratory component of the center of gravity
locus GT2 of the subject S so that the oscillating direction is coincident with the X axis direction. Subsequently, the
respiratory rate calculating unit performs the filtering of a plurality of stages for the rotated respiratory component 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 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. Further, it
is possible to perform the correct monitoring for whether the subject presents (exists) on the bed or does not present
(exist) on the bed, by using the output from the load detecting unit 1 described above and the data of the respiratory
rate calculating unit. For example, even when any baggage or the like is placed on the bed, the output of the load
detecting unit 1 changes. However, if the respiratory rate is calculated by the respiratory rate calculating unit on the
basis of the output of the load detecting unit 1, it is possible to determine that what exists on the bed is a human subject
not the baggage or the like.

[0149] It is also possible 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 acquired
from the respiratory component of the center of gravity locus GT2 oscillating in the X axis direction, and then, the
intermediate value Xm of the X coordinates of the both points is calculated. The intermediate value Xm can be regarded
as the center of oscillation of the center of gravity locus GT2 caused by the respiration of the subject S. Subsequently,
the respiratory rate calculating unit acquires the number of times of movement of the center of gravity locus GT2 from
the negative side to the positive side or from the positive side to the negative side in the X axis direction while crossing
over the intermediate value Xm. Based on the acquired number of times, the respiratory rate calculating unit calculates
the number of oscillations of the center of gravity locus GT2 caused by the respiration of the subject S, i.e., the respiratory
rate.

[0150] A respiratory ventilation volume calculating unit (not depicted) for calculating respiratory ventilation volume
(tidal volume) of the subject S may be constructed in the control unit 3 of the body state detecting apparatus 100 of the
embodiment described above. The respiratory ventilation volume calculating unit estimates the ventilation volume of
one respiration cycle of the subject S, on the basis of the locus of the center of gravity movement based on the respiration
extracted by the respiratory rate calculating unit. Note that the respiratory ventilation volume is the physical amount
corresponding to the depth of respiration.

[0151] Theamplitude of one cycle of the locus of the center of gravity movement caused by the respiration corresponds
to one respiration cycle. 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 ventilation volume of one respiration cycle can be
estimated by being correlated with the amplitude. For example, the following 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
beforehand. 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 estimate a minute volume (a ventilation volume per minute) by estimating
the ventilation volume of one respiration cycle. When the number of times of respiration per minute and the minute
volume are known, it is thereby possible to monitor whether the respiratory condition of the subject S is comprehensively
in a good state or in a bad state.

18



10

15

20

25

30

35

40

45

50

55

EP 3 329 891 A1

[0152] A heart rate calculating unit (not depicted) for acquiring the heart rate of the subject may be constructed in the
control unit 3 of the body state detecting apparatus 100 of the embodiment described above. It is possible for the heart
rate calculating unit to acquire the heart rate from, for example, the center of gravity locus acquired by the center of
gravity position calculating unit 31. Because the heart rate has a unique periodicity formed of a set of combination of a
plurality of center of gravity variations, the heart rate calculating unit 34 can estimate the displacement of the center of
gravity considered to be caused by the present heart beat on the basis of the past calculation result. Therefore, the locus
caused by the heart beat can be extracted from the center of gravity locus on the basis of the estimated displacement
of the center of gravity, and the heart rate can be determined on the basis of the extracted locus.

[0153] The heart rate calculating unit can also calculate the heart rate by taking out the signal components of the
frequency range of 0.5 Hz to 2.5 Hz corresponding to the heartbeat components, from the load signals s4 to s, (Fig. 5)
from the load detectors 11 to 14.

[0154] A physical condition determining unit (not depicted) for determining the sleep/wakefulness of the subject S may
be constructed in the control unit 3 of the body state detecting apparatus 100 of the embodiment described above. As
one example, the physical condition determining unit can determine the sleep/wakefulness of the subject S on the basis
of the values of the respiratory ventilation volume and the respiratory rate of the subject S.

[0155] The physical condition determining unit may determine the physical condition of the subject by integrally using
the data of various types of living body information (biological information) (for example, body weight, body motion,
respiration, heartbeat, and the like). In this procedure, in order to raise the accuracy in determining the physical condition,
it is also allowable to perform the machine learning based on the use of the teacher data.

[0156] Thatis, the function representing sleep state/a wakeful state is previously prepared by means of the fitting from
a large number of pieces of living body information (labeled teacher data), and the data of various types of living body
information, which is obtained from the living body information monitoring system 100 of this embodiment, is substituted
into the function so as to acquire the physical condition (i.e. the sleep or the wakefulness). That is, the algorithm of
sleep/wakefulness can be obtained by the machine learning based on the use of various types of living body information
such as the leaving from the bed, the settling on the bed, the large body motion, the small body motion, the respiration,
the apnea, the snore, the utterance, and the heartbeat and the operation thereof (mathematical analysis including, for
example, the four arithmetic operations, the integration, the differentiation, the frequency analysis, and the like), the
various types of living body information being obtained from the living body information monitoring system 100 with
reference to the teacher data which is labeled as "during the wakefulness" or "during the sleep" and which is sampled
from the subject.

[0157] The physical condition determining unit can also detect that the subject S settles on the bed BD and that the
subject S leaves from the bed BD, on the basis of the change in the load values of the signals s, to s, fed from the load
detectors 11 to 14. The determination of the settling of the subject S on the bed BD can be made, for example, depending
on whether or not the increase in the total value of the load values indicated by the signals s, to s, fed from the load
detectors 11 to 14 exceeds a predetermined value (the value is, for example, 40 kg, 55 kg, or 70 kg, and the value can
be arbitrarily set by using, for example, the input unit 7). In the same manner, the determination of the leaving of the
subject S from the bed BD can be made, for example, depending on whether or not the decrease in the total value of
the load values indicated by the signals s to s, fed from the load detectors 11 to 14 exceeds a predetermined value.
[0158] The physical condition determining unit can also detect that the subject S settles on the bed BD, and that the
subject S leaves from the bed BD, on the basis of the center of gravity locus. The load from the bed BD is equally applied
to the load sensors 11 to 14 during the period in which the subject S is absent on the bed. In other words, the center of
gravity G is positioned at the center of the bed BD. Then, when the subject S is settled on the bed BD, the center of
gravity G is greatly moved toward the position where the subject S is settled. The physical condition determining unit
can detect the settlement of the subject S on the bed on the basis of the large movement of the center of gravity G as
described above. The leaving of the subject S from the bed can also be detected in the same manner as described above.
[0159] The physical condition determining unit can also detect the fall of the subject S from the bed BD. Specifically,
the physical condition determining unit can determine that the subject S has fallen from the bed BD if the subject S is
in the sleep state but leaves from the bed. Further, the determination result may be displayed on the display unit 5. The
determination result may be notified to the user of the body state detecting apparatus 100 by using the notifying unit 6.
Note that the physical condition determining unit may determine that the subject S has left from the bed in accordance
with his/her own intention if the subject S is in the wakeful state and leaves from the bed.

[0160] The physical condition determining unit may determine whether the subject S is alive or dead on the basis of
various types of living body information acquired by the body state detecting apparatus 100. Specifically, for example,
the physical condition determining unit can determine that the subject S is dead if all of the body motion (the movement
of the center of gravity), the respiration, and the heartbeat of the subject S stop under a certain condition. The certain
condition can be set on the basis of the judgment of a doctor or the like as the user.

[0161] The physical condition determining unit can also determine that the subject S is in the apnea condition which
is a symptom of the sleep apnea syndrome. If a patient of the sleep apnea syndrome falls into the apnea during the
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sleep, then the respiration and the body motion stop during a certain period, and then the inhalation is performed greatly
so as to cause the respiration and the body motion. On the other hand, the heartbeat continues throughout the above
period. Therefore, the physical condition determining unit can detect that the apnea condition has occurred if the period,
in which the respiration and the body motion stop but the heartbeat continues, continues for not less than a certain period
of time.

[0162] The physical condition determining unit may display the determination result on the display unit 5. The deter-
mination result may be notified to the user of the body state detecting apparatus 100 by using the notifying unit 6 (nurse
call). Further, the physical condition determining unit may label the living body information corresponding to the period
during which the apnea condition occurred, when storing various types of measured living body information in the storage
unit 4. With this, it is made easier to observe the symptom of the sleep apnea syndrome of the subject S after the event
(ex post fact).

[0163] The physical condition determining unit of the living body information (biological information) monitoring system
100 of the embodiment described above can also detect the utterance and the snore of the subject S. In general, the
utterance is performed simultaneously with the expiration. Therefore, for example, if any high frequency component is
generated in the expiration period during the wakefulness or the sleep, itis possible to determine that the high frequency
component is caused by the utterance. On the other hand, the snore generally occurs during the inhalation. Therefore,
for example, if any high frequency component is generated in the inhalation period during the sleep, it is possible to
determine that the high frequency component is caused by the snore.

[0164] When the center of gravity locus exhibits the movement which is different from the ordinary movement, then
the notifying unit 6 of the body state detecting apparatus 100 of the embodiment described above may regard the
movement as abnormal movement, and the notifying unit 6 may be used to perform the notification (nurse call). It is
possible to appropriately set what kind of movement is the "movement different from the ordinary movement". As an
example, if a predetermined body motion (a predetermined movement of the center of gravity) continues for not less
than a certain period of time in a successive manner, then it is possible to determine that the "movement different from
the ordinary movement" has occurred, and to perform the nurse call based on the determination. When the nurse call
signal is received, it is also allowable to operate a camera which captures the situation of the bed.

[0165] Itis also possible to measure the body weight of the subject S by using the center of gravity position calculating
unit 31. The measurement of the body weight of the subject S can be realized by subtracting the weight of the bed BD
previously stored in the storage unit 4 from the total value of the load values of the signals s, to s,. Note that when the
weight of the bed is not uniform among the four areas | to 1V, the difference therebetween is stored beforehand as the
bed weight corresponding to each of the load detectors. Further, it is desirable that the situation which provide any weight
other than that of the subject S under the actual measurement, for example, the placement of any bedding, any baggage
or the like is reflected to the weight of the bed.

[0166] In the embodiment described above, the body weight is measured by the center of gravity position calculating
unit 31. However, it is also allowable to distinctly provide a body weight measuring unit in the control unit 3.

[0167] Note that in the embodiment described above, each of the load detectors 11, 12, 13, 14 is not limited to the
load sensor having the beam-type load cell. It is also possible to use, for example, a force sensor.

[0168] 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 foot or additional feet for the bed BD. Alternatively,
it is also allowable to arrange the load detectors for only three of the feet 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. Still alternatively, it is possible to detect
the head placement and the sleeping form of the subject even with only two load detectors one of which is at the head
side and the other at the feet side if the subject is restrained from body motion. Further, the detection of the sleep form
of the subject may be performed based on single load detector.

[0169] Note that in the embodiment described above, the load detectors 11, 12, 13, 14 are arranged respectively
under the casters Cy, C,, Cs, C, attached to the lower ends of the feet 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 feet of the bed
BD and the board of the bed BD. Alternatively, if each of the four feet 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 the upper foot portion and the lower foot
portion. Further alternatively, the load detectors 11, 12, 13, 14 may be formed integrally with the bed BD to construct a
bed system BDS comprising the bed BD and the body state detecting apparatus 100 of this embodiment (Fig. 24). Note
thatin this specification, the "load detectors placed in the bed" mean the load detectors each of which is provided between
one of the four feet of the bed BD and the board of the bed BD as described above and the load detectors each of which
is provided between the upper foot portion and the lower foot portion.

[0170] Note thatinthe embodiment described above, itis 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.
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[0171] Note thatin the body state detecting apparatus 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 5 may be a printer which periodically prints and outputs the body state of the subject S.
Alternatively, the display unit 5 may be a unit which performs the display by using any simple visual expression, for
example, such that a blue lamp is turned ON if the subject is in the supine position, a yellow lamp is turned ON if the
subject is in the recumbent position, and/or a red lamp is turned ON if the subject is in the prone position. Further
alternatively, the display unit 5 may be a unit which reports the body state of the subject S to the user by means of any
sound or voice. Further alternatively, it is also allowable that the body state detecting apparatus 100 does not have the
display unit 5. The body state detecting apparatus 100 may have only an output terminal for outputting the information
such as an image information signal or the like. A monitor (display device) or the like, which is provided to perform the
display, will be connected to the body state detecting apparatus 100 by the aid of the output terminal.

[0172] Note that the notifying unit 6 of the embodiment described above performs the notification auditorily. However,
the notifying unit 6 may be constructed to perform the notification visually by means of, for example, the flashing or
flickering of light. Alternatively, the notifying unit 6 may be constructed to perform the notification by means of the vibration.
Further, it is also allowable that the body state detecting apparatus 100 of the embodiment described above does not
have the notifying unit 6.

[0173] Note thatthe components of the body state detecting apparatus 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.
[0174] The body state detecting apparatus 100 of the embodiment and the modified embodiment described above
determines the extending direction of the body axis of the subject S and/or the head placement of the subject S on the
basis of the load change detected by the load detectors 11 to 14. Hence, according to the body state detecting apparatus
100, 200, it is possible to detect the body state of the subject S in a detailed manner.

[0175] Accordingto the body state detecting apparatus 100 of the embodiment and the modified embodiment described
above, the head placement determining unit 33 can determine the head placement of the subject S in a more detailed
manner on the basis of the direction of the body axis of the subject S determined by the body axis direction determining
unit 32. Further, because the sleeping form determining unit 34 is provided, it is possible to detect the body state of the
subject S in a more detailed manner.

[0176] The body state detecting method of the embodiment and the modified embodiment described above determines
the extending direction of the body axis of the subject S and/or the head placement of the subject S on the basis of the
load change detected by the load detectors 11 to 14. Hence, according to the body state detecting method of the present
invention, it is possible to detect the body state of the subject S in a detailed manner.

[0177] According to the body state detecting method of the embodiment and the modified embodiment described
above, because the head placement of the subject S is determined after the extending direction of the body axis of the
subject S is determined, it is possible to determine the head placement of the subject S in a more detailed manner.
Further, because of further including the determination of the sleeping form of the subject on the basis of the detected
load change, it is possible to detect the body state of the subject S in a more detailed manner.

[0178] The body state detecting apparatus using the bed sensors of the embodiment described above can synchro-
nously and simultaneously measure the state of living body information and its temporal change about the body weight,
body motion, respiration, snore, heartbeat, and the like, based on the time series data of the load sensors. Therefore,
itis also possible to determine the physical condition of the subject under temporal change, at each time, in synchronization
with the living body information.

[0179] In the body state detecting apparatus described above, the small body motion information determining unit
determines the small body motion based on the temporal variation of the center of gravity position from which the large
body motion determined by the large body motion information determining unit has been removed. However, in addition
thereto or in place thereof, itis also allowable to determine the small body motion on the basis of the direction of movement
of the center of gravity position and/or the periodicity based on the influence of the respiration.

[0180] The body state detecting apparatus described above can synchronously acquire not only the large body motion
information, the small body motion information, and the respiratory rate, but also the body weight, the heartbeat, and
the determination result of the physical condition determining unit.

[0181] The physical condition determining unit of the body state detecting apparatus described above may determine
not only whether the subject is in the sleep state or the wakeful state but also whether or not the subject is in the delirium
state, on the basis of the acquired body motion information and/or the respiratory rate of the subject.

[0182] A bed leaving/settling determining unit may be provided in the physical condition determining unit of the body
state detecting apparatus described above to determine whether or not the subject is present on the bed on the basis
of the detected load. The bed leaving/settling determining unit may determine not only the bed leaving/settling but also
the body weight and/or the body weight variation of the subject.

[0183] The display unit of the body state detecting apparatus of the present invention may display the present states
and the temporal changes of the acquired body motion information, the body axis direction, the respiration, and the
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heartbeat of the subject as the history of movement of the center of gravity position on the bed.

[0184] The presentinvention is not limited to the embodiments 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

[0185] According to the body state detecting apparatus of the present invention, based only on the detection of the
load detectors, it is possible to detect the body state of the subject in a detailed manner. Therefore, it is possible to grasp
the state of subject at low cost and without being burdensome for the subject, and thus to facilitate improvement in the
quality of medical practice and nursing care. Further, according to the body state detecting apparatus of the present
invention, itis possible to synchronously detect the body motion information and the respiration information such as the
respiratory rate or the like, and consequently the inspection items including, for example, the body weight, the heart
rate, the snore, and occurrence of the leaving from the bed and the settling on the bed, by using only the load detectors
placed under the bed or in the bed. Therefore, it is unnecessary to attach different sensors to the subject for the respective
items, and it is unnecessary to synchronize the outputs from a plurality of sensors. Further, it is possible to automatically
input the respiratory condition into the nursing record (vital record) and display the same, and it is possible to automatically
transmit information on the deterioration of the respiratory condition to the nurse. Therefore, it is possible to decrease
the number of times of the checking for the patient at night by the nurse, it is possible to decrease the amount of work
of the nurse, and it is possible to improve the quality of the sleep of the patient. Further, for example, when the falling
from the bed, the respiratory arrest, the cardiac arrest, or the death, which is not anticipated by the medical staff, occurs,
the body state detecting apparatus of the present invention can also be utilized to investigate the cause thereof.

PARTS LIST
[0186]

1:load detecting unit, 11, 12, 13, 14: load detector, 2: A/D converting unit, 3: control unit, 31: center of gravity position
calculating unit, 32: body axis direction determining unit, 33: head placement determining unit, 34: sleeping form
determining unit, 4: storage unit, 5: display unit, 6: notifying unit, 7: input unit, 100: body state detecting apparatus,
BD: bed, BDS: bed system, S: subject.

Claims
1. A body state detecting apparatus for detecting a body state of a subject on a bed, the apparatus comprising:

a plurality of load detectors which are placed in the bed or under feet of the bed and which detect a load variation
depending on a respiration of the subject; and

a body state detecting unit which determines an extending direction of a body axis of the subject and/or a head
placement of the subject based on the detected load variation.

2. The body state detecting apparatus according to claim 1, further comprising a center of gravity position calculating
unit which acquires a temporal variation of a center of gravity position of the subject based on the detected load
variation, wherein the body state detecting unit determines the extending direction of the body axis of the subject
and/or the head placement of the subject based on the temporal variation of the center of gravity position of the subject.

3. The body state detecting apparatus according to claim 1 or 2, wherein the body state detecting unit includes a body
axis direction determining unit which determines the extending direction of the body axis of the subject based on
either the detected load variation or the temporal variation of the center of gravity position of the subject, and a head
placement determining unit which determines the head placement of the subject, in the determined extending
direction of the body axis of the subject, based on either the detected load variation or the temporal variation of the
center of gravity position of the subject.

4. The body state detecting apparatus according to any one of claims 1 to 3, wherein the body state detecting unit or

the head placement determining unit determines the head placement of the subject based on a waveform exhibiting
either the detected load variation or the temporal variation of the center of gravity position of the subject.
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The body state detecting apparatus according to claim 4, wherein the waveform includes an inhalation period
exhibiting a rising or a falling depending on an inhalation of the subject, an expiration period exhibiting a rising or a
falling depending on an expiration of the subject, and a hold period between the inhalation period and the expiration
period; and the body state detecting unit or the head placement determining unit determines the head placement
of the subject based on at least one of the inhalation period, the expiration period and the hold period.

The body state detecting apparatus according to any one of claims 1 to 5, further comprising a sleeping form
determining unit which determines a sleeping form of the subject based on a waveform exhibiting either the detected
load variation or the temporal variation of the center of gravity position of the subject.

A bed system comprising:

a bed; and
the body state detecting apparatus according to any one of claims 1 to 6.

A body state detecting method for detecting a body state of a subject on a bed, the method comprising:

detecting a load variation depending on a respiration of the subject with a plurality of load detectors placed in
the bed or under feet of the bed; and

determining an extending direction of a body axis of the subject and/or a head placement of the subject based
on the detected load variation.

The body state detecting method according to claim 8, further comprising acquiring a temporal variation of a center
of gravity position of the subject based on the detected load variation, wherein determining the extending direction
of the body axis of the subject and/or the head placement of the subject based on the detected load variation is
determining the extending direction of the body axis of the subject and/or the head placement of the subject based
on the temporal variation of the center of gravity position of the subject.

The body state detecting method according to claim 8 or 9, wherein the extending direction of the body axis of the
subject is determined based on either the detected load variation or the temporal variation of the center of gravity
position of the subject, and then the head placement of the subject is determined, in the determined extending
direction of the body axis of the subject, based on either the detected load variation or the temporal variation of the
center of gravity position of the subject.

The body state detecting method according to any one of claims 8 to 10, wherein the head placement of the subject
is determined based on a waveform exhibiting either the detected load variation or the temporal variation of the
center of gravity position of the subject.

The body state detecting method according to claim 11, wherein the waveform includes an inhalation period exhibiting
a rising or a falling depending on an inhalation of the subject, an expiration period exhibiting a rising or a falling
depending on an expiration of the subject, and a hold period between the inhalation period and the expiration period;
and the head placement of the subject is determined based on at least one of the inhalation period, the expiration
period and the hold period.

The body state detecting method according to any one of claims 8 to 12, further comprising determining a sleeping
form of the subject based on a waveform exhibiting either the detected load variation or the temporal variation of
the center of gravity position of the subject.

A body state detecting apparatus for detecting a body state of a subject on a bed, the apparatus comprising:
a plurality of load detectors which are placed in the bed or under feet of the bed and which detect a load variation
depending on a respiration of the subject; and

a body state detecting unit which determines an extending direction of a body axis of the subject based on the
detected load variation.
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Fig. 12
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