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RESPIRATION WAVEFORM DRAWING
SYSTEM AND BIOLOGICAL INFORMATION
MONITORING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation Application of
International Application No. PCT/JP2017/018338 claiming
the conventional priority of Japanese patent Application No.
2016-098862 filed on May 17, 2016, and titled “RESPIRA-
TION WAVEFORM DRAWING SYSTEM AND BIO-
LOGICAL INFORMATION MONITORING SYSTEM”.
The disclosures of Japanese patent Application No. 2016-
098862, and International Application No. PCT/JP2017/
018338 are incorporated herein by reference in their entirety.

BACKGROUND

[0002] The present disclosure relates to a respiratory
waveform (respiration waveform) drawing (graphing) sys-
tem configured to draw (graph) a respiratory waveform of a
subject on the basis of variation in the position of center of
gravity of the subject and a biological information monitor-
ing system configured to monitor a biological information of
the subject on the basis of the variation in the position of the
center of gravity of the subject.

[0003] Biological information of a subject (human subject,
that is, a person being monitored) is one of important pieces
of information for knowing the physical condition (body
condition) of a patient or a care receiver in the sites of the
medical treatment and the care. For example, respiratory
condition of the subject can be grasped and utilized to grasp
and improve (alleviate) the symptoms of, for example, the
sleep apnea syndrome (SAS) and the snore.

[0004] Ithas been suggested that load sensors are arranged
under legs of a bed to measure the respiratory condition of
a subject on the basis of measured values of the load sensors
(Japanese Patent No. 4883380). Further, it has been also
suggested that load detectors are arranged under legs of a
bed to obtain (acquire) the movement of the center of gravity
of a subject living body on the bed so that the respiratory
movement (breathing movement) and the heartbeat move-
ment of the subject living body are obtained on the basis of
the movement of the center of gravity (Japanese Publication
of Examined Patent Application No. 61-24010).

SUMMARY

Technical Problem

[0005] In sites of medical treatment, while it is desired to
present a real-time waveform indicating a respiratory con-
dition of a subject, the inventions according to Japanese
Patent No. 4883380 and Japanese Publication of Examined
Patent

Application No. 61-24010 cannot satisfy such desire from
the practice site.

[0006] In view of the above, an object of the present
disclosure is to provide a respiratory waveform drawing
system and a respiratory waveform drawing method capable
of presenting an almost real-time waveform indicating the
respiration of a subject.

[0007] According to a first aspect of the present disclo-
sure, there is provided a respiratory waveform drawing
system for drawing respiratory waveforms of subjects on a
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bed, the system including: a plurality of load detectors which
are to be placed in the bed or under legs of the bed, and each
of which is configured to detect loads of the subjects and
output the detected loads of the subjects as a load signal; a
subject number determination unit configured to determine
a number of the subjects on the bed based on a frequency
spectrum of the load signal; a waveform separation unit
configured to separate a load component of each of the
subjects from the load signal outputted from each of the
plurality of load detectors, in a case that the number of the
subjects on the bed is determined to be more than one; a
center of gravity position calculation unit configured to
calculate a position of a center of gravity of each of the
subjects based on the separated load component of each of
the subjects; and a waveform drawing unit configured to
draw a respiratory waveform of each of the subjects based
on a temporal variation of the position of the center of
gravity of each of the subjects.

[0008] According to a second aspect of the present dis-
closure, there is provided a biological information monitor-
ing system for monitoring a biological information of sub-
jects on a bed, the system including: a plurality of load
detectors which are to be placed in the bed or under legs of
the bed, and each of which is configured to detect loads of
the subjects and output the detected loads of the subjects as
a load signal; a subject number determination unit config-
ured to determine a number of the subjects on the bed based
on a frequency spectrum of the load signal; and a waveform
separation unit configured to separate a load component of
each of the subjects from the load signal outputted from each
of the plurality of load detectors, in a case that the number
of the subjects on the bed is determined to be more than one,
the separated load component is used for monitoring the
biological information of each of the subjects.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1is a block diagram depicting a configuration
of a biological information monitoring system according to
an embodiment of the present disclosure.

[0010] FIG. 2 is a flow chart depicting a method for
calculating a locus of the center of gravity according to the
embodiment of the present disclosure.

[0011] FIG. 3 is an illustrative view depicting an arrange-
ment of load detectors with respect to a bed.

[0012] FIG. 4 is an illustrative view depicting an arrange-
ment of four load detection areas defined on the upper
surface of the bed.

[0013] FIG. 5 depicts exemplary load signals fed from the
load detectors.
[0014] FIG. 6 depicts an exemplary locus (trajectory, path)

of the center of gravity (the center of gravity locus) of a
subject.

[0015] FIG. 7 is a flow chart depicting a waveform draw-
ing method according to the embodiment of the present
disclosure.

[0016] FIG. 8 depicts another exemplary center of gravity
locus of the subject.

[0017] FIG. 9A s an enlarged view of the center of gravity
locus depicted in area A of FIG. 8.

[0018] FIG. 9B is an enlarged view of the center of gravity
locus depicted in area B of FIG. 8.

[0019] FIG. 9C is an enlarged view of the center of gravity
locus depicted in area C of FIG. 8.
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[0020] FIG. 10 is a flow chart depicting a procedure of an
oscillation coordinate setting step.

[0021] FIG. 11A is an illustrative view for explaining a
method for determining an oscillation origin and an oscil-
lation axis, depicting an example of a first tentative (provi-
sional) oscillation origin set by the method.

[0022] FIG. 11B depicts a pattern of a tentative respiratory
waveform drawn by a waveform drawing unit up to the point
of time corresponding to FIG. 11A.

[0023] FIG. 12A is an illustrative view for explaining the
method for determining the oscillation origin and the oscil-
lation axis. depicting an example of a distance between the
first tentative oscillation origin and the center of gravity.
[0024] FIG. 12B depicts a pattern of the tentative respi-
ratory waveform drawn by the waveform drawing unit up to
the point of time corresponding to FIG. 12A.

[0025] FIG. 13A is an illustrative view for explaining the
method for determining the oscillation origin and the oscil-
lation axis, depicting an example of a first extreme point set
by the method.

[0026] FIG. 13B depicts a pattern of the tentative respi-
ratory waveform drawn by the waveform drawing unit up to
the point of time corresponding to FIG. 13A.

[0027] FIG. 14A is an illustrative view for explaining the
method for determining the oscillation origin and the oscil-
lation axis, depicting an example of a first tentative oscil-
lation axis set by the method.

[0028] FIG. 14B depicts a pattern of the tentative respi-
ratory waveform drawn by the waveform drawing unit up to
the point of time corresponding to FIG. 14A.

[0029] FIG. 15A is an illustrative view for explaining the
method for determining the oscillation origin and the oscil-
lation axis, depicting an example of a distance between the
first tentative oscillation origin and the foot of a perpen-
dicular line drawn from the center of gravity down to the
first tentative oscillation axis.

[0030] FIG. 15B depicts a pattern of the tentative respi-
ratory waveform drawn by the waveform drawing unit up to
the point of time corresponding to FIG. 15A.

[0031] FIG. 16A is an illustrative view for explaining the
method for determining the oscillation origin and the oscil-
lation axis, depicting an example of a second extreme point
set by the method.

[0032] FIG. 16B depicts a pattern of the tentative respi-
ratory waveform drawn by the waveform drawing unit up to
the point of time corresponding to FIG. 16A.

[0033] FIG. 17A is an illustrative view for explaining the
method for determining the oscillation origin and the oscil-
lation axis, depicting an example of a second tentative
oscillation origin and a second tentative oscillation axis set
by the method.

[0034] FIG. 17B depicts a pattern of the tentative respi-
ratory waveform drawn by the waveform drawing unit up to
the point of time corresponding to FIG. 17A.

[0035] FIG. 18A is an illustrative view for explaining the
method for determining the oscillation origin and the oscil-
lation axis, depicting an example of an oscillation origin and
an oscillation axis set by the method.

[0036] FIG. 18B depicts a pattern of the tentative respi-
ratory waveform drawn by the waveform drawing unit up to
the point of time corresponding to FIG. 18A.

[0037] FIG. 19A is an illustrative view for explaining the
method for drawing a respiratory waveform by using deter-
mined oscillation origin and determined oscillation axis,
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depicting an example of a distance between the oscillation
origin and the foot of a perpendicular line drawn from the
center of gravity down to the oscillation axis.

[0038] FIG. 19B depicts a pattern of the tentative respi-
ratory waveform and a pattern of a definite respiratory
waveform drawn by the waveform drawing unit up to the
point of time corresponding to FIG. 19A.

[0039] FIG. 20 is a graph illustrating an exemplary respi-
ratory waveform of the subject. In the graph, a respiratory
waveform after a body motion of the subject is shifted from
a respiratory waveform before the body motion in a direc-
tion of an oscillation axis due to a shift of a position of the
center of gravity of the subject caused by the body motion.
[0040] FIG. 21 is a block diagram depicting a detailed
configuration of a drawing compensation unit.

[0041] FIG. 22 is a flow chart depicting a procedure of a
drawing compensation step.

[0042] FIG. 23 is an illustrative view for explaining a
method for drawing compensation.

[0043] FIG. 24 is an exemplary frequency spectrum of a
load signal in a frequency range corresponding to a fre-
quency of respiration.

[0044] FIG. 25 is an illustrative view for explaining
another method for drawing compensation.

[0045] FIG. 26 shows an exemplary frequency profile of
the subject.
[0046] FIG. 27 is a block diagram depicting an overall

configuration of a bed system according to a modified
embodiment.

DESCRIPTION OF EMBODIMENT

First Embodiment

[0047] A first embodiment of the present disclosure will be
explained with reference to FIGS. 1 to 24.

[0048] As depicted in FIG. 1, a biological information
monitoring system (a respiratory waveform drawing system,
a respiration information obtaining (acquisition) system)
100 of this embodiment is provided to perform the obser-
vation and/or the measurement in order to grasp the bio-
logical state or condition of a subject (a human subject, that
is, a person being monitored) on a bed. The biological
information monitoring system 100 principally includes a
load detecting unit 1, a control unit (controller) 3, a storage
unit (storage) 4, and a display unit 5. The load detecting unit
1 and the control unit 3 are connected via an A/D converting
unit 2. A notification unit 6 and an input unit 7 are further
connected to the control unit 3.

[0049] Theload 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
described in, for example, Japanese Patent No. 4829020 and
Japanese Patent No. 4002905. Each of the load detectors 11,
12, 13, 14 is connected to the A/D converting unit 2 by
means of wiring.

[0050] The four load detectors 11, 12, 13, 14 of the load
detecting unit 1 are arranged under 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 on the
undersides of casters C,, C,, C,, C, attached to lower end
portions of the legs disposed at the four corners of the bed
BD.
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[0051] The A/D converting unit 2 is provided with an A/D
converter which converts an analog signal fed from the load
detecting unit 1 into a digital signal. The A/D converting unit
2 is connected to each of the load detecting unit 1 and the
control unit 3 by means of wiring.

[0052] The control unit 3 is an exclusive or general-
purpose computer. A center of gravity position calculation
unit (center of gravity position calculator) 31, a body motion
detection unit (body motion detector) (body motion deter-
mining unit, body motion determiner) 32, a waveform
separation unit (waveform separator) (load separation unit,
load separator) 33, an oscillation coordinate setting unit 34,
a waveform drawing unit 35, and a drawing compensation
unit (drawing compensator) 36 are constructed therein.
[0053] The storage unit 4 is a storage device which stores
the data used for the biological information monitoring
system 100. For example, it is possible to use a hard disk
(magnetic disk) therefore. The display unit 5 is a monitor,
such as a liquid crystal monitor, for displaying the informa-
tion outputted from the control unit 3 for a user of the
biological information monitoring system 100.

[0054] The notification 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, and
may be a keyboard and a mouse.

[0055] Itis possible to detect and monitor various biologi-
cal information, such as the respiratory condition of the
subject on the bed. by using the biological information
monitoring system 100 described above. The acquisition and
the monitoring of various biological information are per-
formed on the basis of the variation of the center of gravity
position of the subject on the bed.

[0056] An explanation will be given about the operation
for calculating the center of gravity position of the subject on
the bed, by using the biological information monitoring
system 100. As depicted in FIG. 2, the calculation of the
center of gravity position of the subject, which is based on
the use of the biological information monitoring system 100,
includes a load detection step (S01) of detecting the load of
the subject and a center of gravity locus calculation step
(802) of calculating the temporal variation of the position of
the center of gravity of the subject (center of gravity locus)
on the basis of the detected load.

[0057] In the load detection step S01, the load of the
subject S on the bed BD is detected, by using the load
detectors 11, 12, 13, 14. As the load detectors 11, 12, 13, 14
are arranged respectively on the undersides of the casters C,,
C,, C;, C, as described above, the load, which is applied to
the upper surface of the bed BD, is detected in a dispersed
manner by the four load detectors 11, 12, 13, 14. Specifi-
cally, 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 I to IV.

[0058] Accordingly, the load, which is applied to the area
I positioned with the left lower half of the body of the subject
S lying on his/her back (face up) 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 II 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, which is applied to the area III positioned with the right

Jun. 6, 2019

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 IV 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. Note that when the subject S does not exist on
the bed BD, the total of the outputs from the load detectors
11, 12, 13, 14 represents the weight of the bed itself. When
the subject S exists on the bed BD, the total of the outputs
from the load detectors 11, 12, 13, 14 represents the weight
of the bed and the body weight of the subject S. Therefore,
it is possible to measure the body weight of the subject S
when the subject S exists on the bed, by previously storing
the weight of the bed itself in the storage unit 4. Note that
when the weight of the bed is not uniform among the four
areas, the difference therebetween is stored beforehand as
the bed weight corresponding to each of the load detectors.
Further, it is desirable that the situation in which any weight
other than that of the subject S is brought about during the
actual measurement, for example, the placement of any
bedding, any baggage or the like is reflected to the weight of
the bed.

[0059] 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, 5
milliseconds, so as to output the digital signal (hereinafter
referred to as “load signal™) to the control unit 3.

[0060] Exemplary load signals are depicted in FIG. 5.
FIG. 5 depicts the load signals s, (solid line), s, (broken
line), s, (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 as depicted in FIG. 4 during
the period ranging from the time t,, to the time t,, (period
P,,). The subject S moved to the side of the areas I, IV of
the bed BD during the period ranging from the time 1, ; to the
time t,, (period P|,). 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,; (period P,5) as compared
with the period P, ,. 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 t,, (period P,).

[0061] During the period P, the subject S lay on his/her
back at the central portion of the bed BD as depicted in FIG.
4. Therefore, during the period P, , the signals s;, s,, which
are fed from the load detectors 13, 14 arranged on the head
side of the subject S, are approximately equal to one another,
and the signals s,. s,, which are fed from the load detectors
11, 12 arranged on the foot side of the subject S, are
approximately equal to one another.

[0062] During the period P, the subject S moved to the
side of the areas 1, IV of the bed BD. Therefore, during the
period P,,, the signals s,, s,, which are fed from the load
detectors 11, 14 arranged in the areas I, IV, exhibit the large
load values as compared with the period P, ;, and the signals
S,, 85, which are fed from the load detectors 12, 13 arranged
in the areas I, IT1, exhibit the small load values as compared
with the period P, ;.

[0063] During the period P, ;, the subject S moved to some
extent to the central side of the bed BD as compared with the
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period P, ,. Therefore, during the period P, the signals s,,
$4, wWhich are fed from the load detectors 11, 14 arranged in
the areas I, TV, exhibit the small load values as compared
with the period P ,, and the signals s, s,, which are fed from
the load detectors 12, 13 arranged in the areas II, ITI, exhibit
the large load values as compared with the period P,

[0064] During the period P, the subject S lay on his/her
back at the central portion of the bed BD in the same manner
as the period P,;. Therefore, during the period P,,, the
signals s, to s,, which are provided during the period P, are
the same as the signals s, to s, provided during the period
P,

[0065] In the center of gravity locus calculating step S02,
the center of gravity position calculation unit 31 calculates
the position G (X, Y) of the center of gravity G of the subject
S on the bed BD at a predetermined period T (for example,
a period equal to the sampling period of 5 milliseconds
described above) on the basis of the load signals s, to s, fed
from the load detectors 11 to 14 to obtain the temporal
variation of the position of the center of gravity G of the
subject S (center of gravity locus GT). In this case, (X, Y)
indicates the coordinates on the XY coordinate plane in
which X extends in the longitudinal direction of the bed BD
and Y extends in the lateral direction of the bed BD while the
central portion of the bed BD is the origin (FIG. 6).

[0066] The calculation of the position G (X, Y) of the
center of gravity G by the center of gravity position calcu-
lation unit 31 is performed in accordance with the following
operation. That is, G (X, Y) is calculated in accordance with
the following expressions assuming that the coordinates of
the load detectors 11, 12, 13, 14 are (X,,, Y,;), X5, Y},)
, X3 Y;3) , and (X4, Y, ,) respectively, and the detection
values of the load detectors 11, 12, 13, 14 are W,,, W,
W5, and W, respectively.

Xy XWi + XX W + (Numerical expression 1)
K3 xWis + Xy x Wiy

Wi+ Wi+ Wis+ Wi

YuxWi+YpxWp+ (Numerical expression 2)
Yis X Wiz + Yy x Wiy

TW W+ Wi Wy

[0067] The center of gravity position calculation unit 31
obtains the temporal variation of the position G (X, Y) of the
center of gravity G, i.e., the center of gravity locus GT while
calculating the position G (X, Y) of the center of gravity G
at the predetermined sampling period T on the basis of the
numerical expressions (1) and (2) described above. The
obtained center of gravity locus GT is stored, for example,
in the storage unit 4.

[0068] An example of the center of gravity locus GT
calculated by the center of gravity position calculation unit
31 is depicted in FIG. 6. FIG. 6 depicts the positions G
Kpi1: Yo11) s G Xpizy Yoio): G (Xpy3, Yp5) of the center
of gravity G of the subject S on the bed BD at the time t, 5,
1500 t30 included in the periods P,,, P,,, P,; depicted in
FIG. 5 respectively. An arrow of alternate long and short
dash line to connect G (Xp;;, Ypi1), G (Xpias Ypp0), G
(Xp13: Yp3) indicates the center of gravity locus GT of the
center of gravity G of the subject S moving from the position

G Kpi1s Yoi) 10 G (Xpra Ypia):
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[0069] The inventors of the present invention have found
out that the center of gravity locus GT of the subject S
calculated and obtained by the center of gravity position
calculation unit 31 includes the locus of the center of gravity
movement due principally to three types of biological activi-
ties of the subject S.

[0070] The first one is the locus of the center of gravity
movement due to a comparatively large body motion along
with a torso (body-trunk) motion of the subject S such as a
turn-over or the like. In the present invention, such kind of
comparatively large body motion is referred to as “large
body motion”. The large body motion includes, specifically,
turn-over, get-up (set up), or the like. If the subject performs
a large body motion, then generally speaking, a direction of
the subject’s body axis (direction in which the backbone of
the subject extends) changes.

[0071] When the large body motion is defined in view of
the manner of the temporal variation of the position of the
center of gravity, the large body motion can be defined in
general to be the movement of the center of gravity for a
relatively long distance exceeding a predetermined distance,
which occurs within a predetermined time period. Alterna-
tively, it is also possible to define, on the basis of the
difference from the temporal variation of the position of the
center of gravity caused by the small body motion as
described later on, for example, that the large body motion
is the body motion by which the center of gravity is moved,
within a predetermined time period, at least nearly prede-
termined times as greatly as the movement distance of the
center of gravity by the small body motion. Further, it is also
allowable to define, by comparing with the amplitude of a
respiratory oscillation as described later on.

[0072] The second one is the locus of the center of gravity
movement due to a comparatively small body motion with-
out any torso (body-trunk) motion of the subject S such as
a motion of the hand, foot, face, or the like. In the present
invention, such kind of comparatively small body motion is
referred to as “small body motion”. The small body motion
includes, specifically for example, only the motion of hand,
foot, and/or head or the like. Note that in this specification
and the present invention, the “large body motion” and the
“small body motion” may be collectively referred to as
“body motion”.

[0073] When the small body motion is defined in view of
the manner of the temporal variation of the position of the
center of gravity, the small body motion can be defined in
general to be the movement of the center of gravity for a
relatively short distance within a predetermined time period.
Further, it is also allowable to define, by comparing with the
amplitude of the respiratory oscillation as described later on.
Further, it is also allowable to define that the small body
motion is the body motion to cause the movement of the
center of gravity for a relatively short distance within a
predetermined time period, the movement of the center of
gravity not being an oscillation in a constant direction.
According to this definition, when an attention is paid to the
movement of the center of gravity, it is possible to further
clearly distinguish the small body motion from the respira-
tion.

[0074] The third one is the locus of the center of gravity
movement due to the respiration of the subject. The respi-
ration 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,
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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 in accordance with the movement of the internal
organs, the center of gravity G oscillates approximately
along the extending direction of the backbone (body axis
direction).

[0075] Note that in this specification and the present
invention, the term “respiratory oscillation (respiratory
vibration)” refers to a reciprocating movement of the center
of gravity of the subject along the body axis direction, due
to the respiration of the subject, while the term “locus of
respiratory oscillation (respiratory oscillation locus)” refers
to the locus of that respiratory oscillation. Further, the term
“respiratory waveform (respiration waveform)” of the sub-
ject refers to a waveform depicting the respiratory oscilla-
tion in time domain such as, for example, a waveform of the
respiratory oscillation shown in a graph of which vertical
axis represents the body axis direction and horizontal axis
represents time.

[0076] In this specification and the present invention, the
term “stable body position period” refers to a period in
which the subject does not perform the large body motion.
The term “stable respiration period” refers to a period,
within the stable body position period, in which the subject
performs only respirations in a certain position without the
small body motion.

[0077] Next, referring to the flow chart of FIG. 7, it will
be described a method for drawing the respiratory waveform
of the subject S on the basis of the center of gravity position
of the subject S, calculated by the center of gravity position
calculating unit 31. First, an outline of an entire process will
be explained. The detail of each step will be described later
on.

[0078] In a body motion determination step S1, a body
motion detection unit 32 detects whether or not the subject
S on the bed has performed a body motion (the large body
motion or the small body motion). If the subject on the bed
has performed a body motion (S1: Yes), then the body
motion determination step S1 is repeated. If there is no body
motion (S1: No), then the process proceeds to a subject
number determination step S2.

[0079] In the subject number determination step S2, the
control unit 3 determines the number of subjects S on the
bed BD. If the number of subjects S is one (S2: Yes), then
the control unit 3 causes the oscillation coordinate setting
unit 34 to set an oscillation coordinate of the respiratory
oscillation (the detail of which will be described later on) of
the subject S in an oscillation coordinate setting step S3.
[0080] If there are a plurality of subjects S (S2: No), then
the control unit 3 causes a waveform separation unit 33 to
perform a waveform separation step S6. In the waveform
separation step S6, the superimposed respiratory oscillations
of the plurality of subjects S are separated such that the
respiratory oscillation of each of the plurality of subjects S
is taken out (extracted). For each of the respiratory oscilla-
tions separated and taken out, the control unit 3 causes the
oscillation coordinate setting unit 34 to perform the oscil-
lation coordinate setting step S3, so as to set up the oscil-
lation coordinate of the respiratory oscillations of each of the
plurality of subjects S.
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[0081] In a waveform drawing step S4, the waveform
drawing unit 35 draws the respiratory waveform of the
subject S (or each of the respiratory waveforms of the
subjects S if there are a plurality of subjects S) on the basis
of the oscillation coordinate set up in the oscillation coor-
dinate setting step S3, and displays the drawn respiratory
waveform on the display unit 5.

[0082] The control unit 3 causes the drawing compensa-
tion unit 36 to perform the drawing compensation step S5,
as necessary, such that the display unit 5 reliably continues
the display of the respiratory waveform during a period in
which the waveform drawing step S4 is performed. If the
respiratory waveform drawn in the waveform drawing step
S4 has lost its continuity, then the drawing compensation
unit 36 first determines whether or not it is possible to
compensate the drawing state, and performs a compensation
of the drawing state if the compensation is possible. On the
other hand, if it is not possible to compensate the drawing
state, then the drawing compensation unit 36 notifies the
control unit 3 of the fact. In this case, the control unit 3 stops
the drawing of the respiratory waveform and returns the
process to the body motion determination step S1.

[0083] Next, each step for drawing a respiratory waveform
of the subject S in accordance with the flow chart of FIG. 7
will be explained using the following case as an example.
That is, a case of drawing the respiratory waveform of the
subject S in a period in which the number of the subjects S
on the bed BD is one and the subject S performs a movement
of the center of gravity along a locus depicted in FIG. 8, and
FIGS. 9A to 9C.

[0084] The center of gravity locus GT depicted in FIG. 8
shows the locus of the center of gravity movement of the
subject S over about two minutes, calculated by the center
of gravity position calculation unit 31. Note that the arrows
indicate the moving direction of the center of gravity G.
[0085] During the period in which the movement of the
center of gravity G from the point “b” to the point “d” in
FIG. 8 and FIGS. 9A and 9B is recorded, it is observed that
the subject S turns over and moves from the vicinity of the
center of the bed to the vicinity of the left end of the bed (on
the left side as viewed from the subject S lying face-up or
supine). Further, during the period in which the movement
of the center of gravity G from the point “s” to the point “t”
in FIG. 8 and FIGS. 9B and 9C is recorded, it is observed
that the subject S turns over and moves from the vicinity of
the left end of the bed to the vicinity of the center of the bed.
The locus of the movement of the center of gravity G from
an area A to an area B and the locus of the movement of the
center of gravity G from the area B to an area C are loci of
the center of gravity movement due to the large body motion
along with the torso motion of the subject S.

[0086] During the period in which the locus of the center
of gravity G from the point “1” to the point “m” in FIG. 9B
(an enlarged view of the area B of FIG. 8) is recorded, it is
observed that the subject S moves the right arm obliquely
downward while lying face-down or prone on the left end of
the bed. Further, during the period in which the locus of the
center of gravity G from the point “u” to the point “v” in
FIG. 9C (an enlarged view of the area C of FIG. 8) is
recorded, it is observed that the subject S bends the right arm
and moves the hand upward without moving the torso while
lying supine. During those periods, the locus of the
obliquely downward movement of the center of gravity G
and the locus of the upward movement are the loci of the
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center of gravity movement due to the small body motion
along with the arm motion of the subject S.

[0087] During the other (remaining) section (period) in
which neither the above loci of the center of gravity move-
ment due to the large body motion nor the above loci of the
center of gravity movement due to the small body motion is
recorded, the center of gravity locus GT oscillates in an
up/down direction (an x direction). In this section (period),
it is observed that the subject S performs neither the large
body motion nor the small body motion, but is sleeping in
a certain position. Therefore, in such sections, the recipro-
cating movement (oscillation) of the center of gravity G is
a respiratory oscillation along the body axis direction of the
subject S, and its locus is a respiratory oscillation locus.

[0088] Note that because the respiratory oscillation occurs
along the body axis direction of the subject S, in reality, the
respiratory oscillation locus appears on almost one axis with
overlap. However, in FIGS. 9A to 9C, for the sake of
explanation, the respiratory oscillation locus is drawn such
that the locus gradually shifis in a direction orthogonal to the
body axis direction.

[0089] In the center of gravity locus GT depicted in FIG.
8 and FIGS. 9A to 9C, the period in which the center of
gravity locus GT in the sections between the points “a” and
“b”, between the points “d” and “s”, and between the points
“¢” and “w” is recorded belongs to the stable body position
period, wherein the period in which the center of gravity
locus GT in the sections between the points “a” and “b”,
between the points “d” and “1”, between the points “m” and
“s”, between the points “t” and “u”, and between the points
v ” and “w” is recorded belongs to the stable respiration
period.

“t”

<

Body Motion Determination Step

[0090] In the body motion determination step S1, as
described earlier on, the body motion detection unit 32
detects whether or not the subject S on the bed performs a
body motion (the large body motion or the small body
motion). Specifically, for example, the following method is
used.

[0091] When the subject S performs the large body motion
or the small body motion, a movement of the body brought
about thereby gives rise to a far larger change of the center
of gravity position than that caused by the movement of
internal organs brought about by the respiration of the
subject S. In other words, the speed of the center of gravity
G movement (the displacement per unit time) due to the
large body motion or the small body motion is far larger than
the speed of the movement of the center of gravity position
due to the respiration of the subject S. Further, the speed of
the center of gravity G movement due to the large body
motion is larger than the speed of the center of gravity G
movement due to the small body motion. Note that, in FIG.
8 and FIGS. 9A to 9C, the respiratory oscillation locus is
enlarged for the sake of explanation.

[0092] Accordingly, on the basis of the positional change
among the center of gravity G of the subject S at each time
stored in the storage unit 4, the body motion detection unit
32 calculates the moving speed of the center of gravity G,
and determines that the subject S is performing a body
motion in a case that the calculated speed is more than a
predetermined threshold value, and determines that the
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subject S is not performing a body motion in a case that the
calculated speed is not more than the predetermined thresh-
old value.

[0093] When the center of gravity G of the subject S is at
the point “c” in FIG. 9B, the subject S is performing the
large body motion where the moving speed of the center of
gravity G is more than the predetermined threshold value.
Therefore, in the body motion determination step S1, the
body motion detection unit 32 determines that there is a
body motion, so that the control unit 3 returns the process to
the body motion detection step S1.

[0094] Next, if the center of gravity G of the subject S
reaches the point “d” in FIGS. 8 and 9B, then the subject S
is finished with the large body motion, so that the moving
speed of the center of gravity G is not more than the
predetermined threshold value. Therefore, in the body
motion detection step S1, the body motion detection unit 32
determines that there is no body motion, and thus the control
unit 3 lets the process proceed to the subject number
determination step S2. Note that whether or not there is a
body motion may be determined by another method on the
basis of the defimtion of the large body motion and/or the
small body motion.

Subject Number Determination Step

[0095] In the subject number determination step S2, the
control unit (a subject number determination unit) 3 deter-
mines whether the number of the subject S on the bed BD
is one or not. Specifically, for example, the following
method is used.

[0096] As described above, the position of the center of
gravity G of the subject S oscillates on the bed BD according
to the respiration of the subject S on the bed BD. The load
signals s, to s, fed from the load detectors 11 to 14 arranged
respectively under the four legs of the bed BD also vary with
cycle (period) according to the respiration of the subject S on
the bed, respectively. Therefore, if at least one of the load
signals s, to S, undergoes a Fourier transform to obtain the
frequency spectrum for the frequency range corresponding
to the respiration (from about 0.2 Hz to about 0.33 Hz.
Hereinbelow, it will be referred to as the respiration range),
then the peak frequency will appear at the position corre-
sponding to the frequency of the respiration of the subject S.

[0097] Here, the respiration cycle (respiratory cycle) dif-
fers depending on the sex (gender), physique (physical
constitution), lung capacity (vital capacity) and the like of
the subject S. Therefore, if there are a plurality of subjects
S on the bed BD, then the same number of different peak
frequencies, as that of subjects S, appear in the frequency
spectrum over the respiration range.

[0098] Therefore, the control unit 3 causes the waveform
separation unit 33 to perform the Fourier analysis of at least
one of the load signals s, to s, fed from the load detecting
unit 1 so as to calculate the frequency spectrum over the
respiration range, and determine that there is one subject S
if one peak frequency appears or determines that there are a
plurality of subjects S if a plurality of peak frequencies
appear. Here, as described earlier on, there is one subject S
on the bed BD so that only one peak frequency appears;
therefore the control unit 3 determines that there is one
subject S (S2: Yes).
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Oscillation Coordinate Setting Step and Waveform
Drawing Step

[0099] In the oscillation coordinate setting step S3, the
oscillation coordinate setting unit 34 sets up the oscillation
coordinate for the respiratory oscillation included in the
center of gravity locus GT of the subject S, and calculates
the displacement necessary for drawing the respiratory
waveform on the basis of the set oscillation coordinate. In
the waveform drawing step S4, the waveform drawing unit
35 draws the respiratory waveform of the subject S on the
basis of the displacement calculated by the oscillation coor-
dinate setting unit 34.

[0100] In this specification and the present invention,
setting up the oscillation coordinate means setting the “oscil-
lation origin” indicating the oscillation center of the respi-
ratory oscillation, and the direction of the oscillation axis
indicating the oscillation direction of the respiratory oscil-
lation (the direction in which the body axis of the subject S
extends).

[0101] As depicted in FIG. 10, the oscillation coordinate
setting step S3 includes, principally, a first tentative (provi-
sional) oscillation coordinate setting step S301, a second
tentative oscillation coordinate setting step S302, a tentative
oscillation origin comparison step S303, and a oscillation
coordinate determination step S304.

[0102] The waveform drawing step S4 is performed par-
tially in parallel to the oscillation coordinate setting step S3.
In the waveform drawing step S4, the waveform drawing
unit 35 draws a tentative respiratory waveform of the subject
S using distance information outputted from the oscillation
coordinate setting unit 34 in the first tentative oscillation
coordinate setting step S301 and the second tentative oscil-
lation coordinate setting step S302, and displays the same on
the display unit 5. Further, in the waveform drawing step S4,
the waveform drawing unit 35 draws the definite (estab-
lished, or regular) respiratory waveform of the subject S
using displacement information outputted from the oscilla-
tion coordinate setting unit 34 on the basis of the oscillation
coordinate determined in the oscillation coordinate determi-
nation step S304, and displays the same on the display unit
5.

[0103] Note that in this specification, the term “tentative
respiratory waveform” means a respiratory waveform drawn
on the basis of a tentative oscillation coordinate, i.e., a
tentative oscillation origin and a tentative oscillation axis
before the oscillation coordinate (i.e. the oscillation origin O
and the oscillation axis A) is determined in the oscillation
coordinate determination step S304. The term “definite
(established, or regular) respiratory waveform” means the
respiratory waveform depicted on the basis of the oscillation
origin O and the oscillation axis A after the oscillation
coordinate is determined in the oscillation coordinate deter-
mination step S304.

[0104] Hereinbelow, following the flow chart of FIG. 10,
an explanation will be made about setting up of the oscil-
lation coordinate for the subject S performed by the oscil-
lation coordinate setting unit 34, and drawing of a respira-
tory waveform of the subject S performed by the waveform
drawing unit 35.

First Tentative Oscillation Coordinate Setting Step
S301

[0105] As depicted in FIG. 11A, the oscillation coordinate
setting unit 34 takes the point, at which it is determined that
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there is no longer any body motion in the body motion
determination step S1, as a first tentative oscillation origin
101 (an example of the initial origin). This point corresponds
to the point “d” on the center of gravity locus GT exempli-
fied in FIG. 9B. At this point of time, the waveform drawing
unit 35 has not yet started drawing of the respiratory
waveform (FIG. 11B).

[0106] After the first tentative oscillation origin 101 is set,
the oscillation coordinate setting unit 34 sequentially calcu-
lates a straight distance D, (FIG. 12A and FIG. 13A)
between the first tentative oscillation origin TO1 and the
center of gravity G moving therefrom, and outputs the
calculated values to the waveform drawing unit 35.

[0107] The waveform drawing unit 35 plots the received
values of the straight distance D, on a graph with the
horizontal axis as the time axis (axis t) and with the vertical
axis as the distance axis (axis D,) so as to draw a tentative
respiratory waveform of the subject S (FIG. 12B and FIG.
13B), and displays the same on the display unit 5.

[0108] The oscillation coordinate setting unit 34 observes
the value of the distance D, between the first tentative
oscillation origin TO1 and the center of gravity G, finds the
point at which the distance D, becomes maximum, and
defines (set) this point as the first extreme point (extremal
point) EP1 (FIG. 13A). At the first extreme point EP1, the
change of the distance D, turns from increase to decrease.
The first extreme point EP1 corresponds to the point “e” on
the center of gravity locus GT exemplified in FIG. 9B.
[0109] Next, as shown in FIG. 14A, the oscillation coor-
dinate setting unit 34 calculates the axis linking the first
tentative oscillation origin TO1 and the first extreme point
EP1, and sets the same as a first tentative oscillation axis
TA1 and sets the first tentative oscillation origin TO1 as the
origin of the first tentative oscillation axis TA1. That is, the
oscillation coordinate setting unit 34 tentatively sets the
oscillation direction of the respiratory oscillation started
from the first tentative oscillation origin TO1, i.e., the
oscillation axis direction (the direction of the body axis) of
that respiratory oscillation as the direction of the first
tentative oscillation axis TA1, and tentatively sets the oscil-
lation origin of that respiratory oscillation as the first ten-
tative oscillation origin TO1.

[0110] Further, the oscillation coordinate setting unit 34
sets the side of the first tentative oscillation origin 101 to the
first extreme point EP1 (a side of the first tentative oscilla-
tion origin TO1 at which the first extreme point EP1 exists)
as the positive side of the first tentative oscillation axis TA1
and the other side as the negative side of the first tentative
oscillation axis TAL.

Second Tentative Oscillation Coordinate Setting
Step S302

[0111] In the second tentative oscillation coordinate set-
ting step S302, the oscillation coordinate setting unit 34
sequentially calculates a distance D, between the first ten-
tative oscillation origin TO1 and a foot FP1 of a perpen-
dicular line drawn from the center of gravity G moving from
the first extreme point EP1 down to the first tentative
oscillation axis TA1, and sends the calculated values to the
waveform drawing unit 35. Then, based on the received
calculation values, the waveform drawing unit 35 draws a
tentative respiratory waveform of the subject S (FIG. 15B
and FIG. 16B), and displays the same on the display unit 5.
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[0112] Further, the oscillation coordinate setting unit 34
observes the distance D, (FIG. 15A, FIG. 15B, FIG. 16A and
FIG. 16B), finds the point at which the distance D, becomes
maximum on the negative side, and defines (set) this point
as the second extreme point EP2. At the second extreme
point EP2, the change of the distance D, turns from increase
to decrease. The second extreme point EP2 corresponds to
the point “f” on the center of gravity locus GT exemplified
in FIG. 9B. Note that instead of specifying the second
extreme point by using a projection component, of the
distance between the center of gravity G and the first
tentative oscillation origin TO1, onto the first tentative
oscillation axis TA1 as explained above, the second extreme
point EP2 may be specified by using the straight distance
between the center of gravity G and the first tentative
oscillation origin TO1.

[0113] Next, as shown in FIG. 17A, the oscillation coor-
dinate setting unit 34 calculates the axis linking the first
extreme point EP1 and the second extreme point EP2, and
sets the same as a second tentative oscillation axis TA2 (the
tentative oscillation axis), and sets the middle point between
the first extreme point EP1 and the second extreme point
EP2 as a second tentative oscillation origin TO2 (the tenta-
tive oscillation origin). That is, the oscillation coordinate
setting unit 34 tentatively resets the oscillation axis direction
(the direction of the body axis) of the respiratory oscillation
started from the first tentative oscillation origin TO1 as the
direction of the second tentative oscillation axis TA2, and
tentatively resets the oscillation origin of that respiratory
oscillation as the second tentative oscillation origin TO2.
Further, referring to the positive direction and the negative
position of the first tentative oscillation axis TAl, the
oscillation coordinate setting unit 34 sets one side of the
second tentative oscillation origin TO2 as the positive side
of the second tentative oscillation axis TA2 and sets the other
side of the second tentative oscillation origin TO2 as the
negative side of the second tentative oscillation axis TA2.

Tentative Oscillation Origin Comparison Step S303

[0114] Next, the oscillation coordinate setting unit 34
calculates the distance between the first tentative oscillation
origin 101 set in the first tentative oscillation coordinate
setting step S301, and the second tentative oscillation origin
TO2 set in the second tentative oscillation coordinate setting
step S302, and determines whether or not the calculated
distance is not more than a predetermined value. It is
possible to set the predetermined value, for example, as 10%
of the distance between the first extreme point EP1 and the
second extreme point EP2.

Oscillation Coordinate Determination Step S304

[0115] As a result of the comparison, if the distance
between the first tentative oscillation origin 101 and the
second tentative oscillation origin TO2 is not more than the
predetermined value (S303: Yes), then the oscillation coor-
dinate setting unit 34 determines to let the second tentative
oscillation origin TO2 be the oscillation origin O of the
respiratory oscillation as depicted in FIG. 18A, and to let the
second tentative oscillation axis TA2 be the oscillation axis
A of the respiratory oscillation, so as to determine the
oscillation coordinate. That is, the oscillation coordinate
setting unit 34 determines that the center of gravity G of the
subject S whose body axis are positioned along the direction
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of the oscillation axis A is oscillating along the oscillation
axis A with the oscillation origin O as the oscillation center,
due to the respiration of the subject S.

[0116] On the other hand, as a result of the comparison, if
the distance between the first tentative oscillation origin TO1
and the second tentative oscillation origin TO2 is more than
the predetermined distance (S303: No). then the oscillation
coordinate setting unit 34 performs a third tentative oscil-
lation coordinate setting step S305 and a tentative oscillation
origin comparison step S306.

[0117] 1In the third tentative oscillation coordinate setting
step S305, in the same manner as in the second tentative
oscillation coordinate setting step S302, the oscillation coor-
dinate setting unit 34 observes the distance between the
second tentative oscillation origin TO2 and the foot of a
perpendicular line drawn from the center of gravity G down
to the second tentative oscillation axis TA2, finds the point
at which the distance becomes maximum on the positive
side, and sets this point as the third extreme point. Next, the
oscillation coordinate setting unit 34 calculates the axis
linking the second extreme point EP2 and the third extreme
point, sets the same as a third tentative oscillation axis, and
sets the middle point between the second extreme point EP2
and the third extreme point as the third tentative oscillation
origin TO3.

[0118] In the tentative oscillation origin comparison step
S306, in the same manner as in the tentative oscillation
origin comparison step S303, the oscillation coordinate
setting unit 34 calculates the distance between the second
tentative oscillation origin TO2 set in the second tentative
oscillation coordinate setting step S302 and the third tenta-
tive oscillation origin TO3 set in the third tentative oscilla-
tion coordinate setting step S305, and determines whether or
not the calculated distance is not more than a predetermined
value. As a result of the comparison, in a case that the
distance between the second tentative oscillation origin TO2
and the third tentative oscillation origin TO3 is not more
than the predetermined value (S306: Yes), then the oscilla-
tion coordinate setting unit 34 determines to let the third
tentative oscillation origin TO3 be the oscillation origin O of
the respiratory oscillation, and to let the third tentative
oscillation axis TA3 be the oscillation axis A of the respi-
ratory oscillation (the oscillation coordinate determination
step S304). In a case that the distance between the second
tentative oscillation origin TO2 and the third tentative oscil-
lation origin TO3 is more than the predetermined value
(S306: No), then the oscillation coordinate setting unit 34
repeats the Nth tentative oscillation coordinate setting step
(N=4, 5, 6 . . . ) and the tentative oscillation origin com-
parison step, in the same manner, until the oscillation
coordinate is determined.

[0119] After determining the oscillation origin O and the
oscillation axis A in the oscillation coordinate determination
step S304, the oscillation coordinate setting unit 34 sequen-
tially calculates, as depicted in FIG. 19A, the distance D
between the oscillation origin O and the foot of a perpen-
dicular line drawn from the center of gravity G down to the
oscillation axis A, and sends the calculated values as the
displacement of the respiratory waveform to the waveform
drawing unit 35. On the basis of the received values of
displacement, the waveform drawing unit 35 draws the
definite respiratory waveform (FIG. 19B) and displays the
same on the display unit 5.
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[0120] In many cases, there is a difference in the position
of the oscillation origin between the determined oscillation
coordinate and the tentative oscillation coordinate set imme-
diately therebefore. Therefore, when starting to draw the
respiratory waveform on the basis of the determined oscil-
lation coordinate, as depicted in FIG. 19B, a slight deviation
may arise between the definite respiratory waveform drawn
anew and the tentative respiratory waveforms drawn so far.
The deviation may be eliminated by redrawing the drawn
tentative respiratory waveform while correcting it on the
basis of the difference between the tentative oscillation
coordinate and the determined oscillation coordinate.

Drawing Compensation Step

[0121] Here, if the subject S on the bed brings about the
small body motion amid the drawing of the respiratory
waveform in the waveform drawing step S4, then due to this
small body motion, the respiratory waveform shifts in the
oscillation axis direction. As depicted in FIG. 9B for
example, if the small body motion arises after the stable
respiration period from the point “d” to the point “I” and
then the stable respiration period continues from the point
“m” to the point “s”, then as depicted in FIG. 20, a
respiratory waveform W, after the small body motion shifts
in the direction of the oscillation axis A set in the oscillation
coordinate setting step S3, with respect to a respiratory
waveform W, before that small body motion. Then, depend-
ing on the shifted length, possibly, the respiratory waveform
W, after the small body motion cannot be drawn within the
displayable range of the display unit 5. In such a case,
according to the present disclosure, the drawing compensa-
tion unit 36 corrects the drawing position by the following
method.

[0122] As depicted in FIG. 21, the drawing compensation
unit 36 has a predictive waveform generation unit 361 and
a correction distance calculation unit 362. Further, in the
drawing compensation step S5, the drawing compensation
unit 36 performs a predictive waveform generation step
S501 and a correction distance calculation step S502, as
depicted in FIG. 22. In the following, the predictive wave-
form generation step S501 and the correction distance
calculation step S502 performed by the drawing compensa-
tion unit 36 will be explained.

[0123] In the predictive waveform generation step S501,
the predictive waveform generation unit 361 of the drawing
compensation unit 36 generates (duplicate) the latest one
period of the respiratory waveform W, already drawn on the
display unit 5, for example, as a predictive waveform W,
and draws the predictive waveform W, on the display unit 5
such that predictive waveform W, is continuous with the
respiratory waveform W, (FIG. 23. However, the predictive
waveform W may not be drawn on the display unit 5). Note
that in this embodiment, the respiratory waveform W, is
drawn with a solid line while the predictive waveform W is
drawn with a dotted line so as to distinguish one from the
other.

[0124] Next, in the correction distance calculation step
S502, as depicted in FIG. 23, the correction distance calcu-
lation unit 362 of the drawing compensation unit 36 calcu-
lates a distance d(t,) between a point on the predictive
waveform W at the current sampling time t, (to be referred
to below as predicted point W (t,)) and a plot point of the
distance D at the current sampling time t, (to be referred to
below as measured point D(t,)). Then, the correction dis-
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tance calculation unit 362 determines whether or not the
distance d(t,) exceeds a first threshold value Th; or a second
threshold value Th, larger than the first threshold value Th,.
Here, the first threshold value Th, and the second threshold
value Th, may be appropriately set depending on the size of
the display area of the display unit 5. If the distance d(t,) is
smaller than the first threshold value Th;, then the control
unit 3 determines that there is no body motion, and causes
the waveform drawing step S4 to be performed. Then, in the
waveform drawing step S4, the waveform drawing unit 35
continues to draw the respiratory waveform on the basis of
the measured point D(t,) without correcting the drawing
position. If the distance d(t,) is not less than the first
threshold value Th, and not more than the second threshold
value Th,, then the control unit 3 determines that the small
body motion has arisen, and causes the waveform drawing
step S4 to be performed along with a compensation opera-
tion in the following manner. That is, the waveform drawing
unit 35 moves or offsets the measured point D(t,) through
the distance d(t,) in the direction of the oscillation axis A.
That is, the distance d(t,) per se is used as the correction
distance. If the distance d(t,) is larger than the second
threshold value Th,, then the control unit 3 determines that
the large body motion has arisen, and causes the body
motion determination step S1 to be performed again.

[0125] In this manner, in the drawing compensation step
S5, even if the small body motion arises amid the drawing
of the respiratory waveform, it is still possible to continu-
ously draw the respiratory waveforms before and after the
small body motion within the display range of the display
unit 5. Further, if the large body motion arises, the oscilla-
tion coordinate is set up again, and then, it is possible to
perform the waveform drawing through the process as
described above.

[0126] Next, following the flow chart of FIG. 7, an expla-
nation will be made about a step of drawing respiratory
waveforms of a plurality of subjects S (two persons) on the
bed BD, focusing on the difference from the step of drawing
the respiratory waveform of a single subject S described
above.

[0127] In the body motion determination step S1, in the
same manner as the case in which the number of the subject
is one, whether or not there is a body motion of the subject
S is determined on the basis of the moving speed of the
center of gravity G on the bed BD. Here, when there are a
plurality of subjects S, only one position of the center of
gravity G appears as the overall center of gravity position of
the plurality of subjects S. Therefore, the control unit 3
determines there is no body motion of the subjects S, in a
case that the body motions of all of the plurality of subjects
S disappeared.

[0128] Next, in the subject number determination step S2,
as described earlier on, the waveform separation unit 33
performs the Fourier transform of at least one of the load
signals s, to s, and obtains the frequency spectrum over the
respiration range (from about 0.2 Hz to about 0.33 Hz).

[0129] When there are two subjects S, two peak frequen-
cies appear, such as the peaks appearing in a frequency v,
and a frequency v, depicted in FIG. 24 for example. On the
basis of that, the control unit 3 determines that there are a
plurality of subjects S (S2: No).
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Waveform Separation Step

[0130] If a plurality of peak frequencies are specified in
the subject number determination step S2, then in the
waveform separation step S6, the waveform separation unit
33 obtains the load component of each of the load signals for
each of the specified frequencies. It is possible to obtain
those load components by way of, for example, a bandpass
filter processing for each of the load signals s, to s,. For
example, when the two peak frequencies v, v, are specified
in the subject number determination step S2, the waveform
separating unit 33 obtains four load components s, ;, 55, 555,
s4; corresponding to the peak frequency v, and four load
components §,,, S,s, S35 S4p coOrresponding to the peak
frequency v,. Then, the waveform separation unit 33 outputs
the four load components corresponding to the peak fre-
quency v, and the four load components corresponding to
the peak frequency v,, to the center of gravity position
calculating unit 31. The center of gravity position calculat-
ing unit 31 calculates, in the same manner as in the center
of gravity locus calculating step S02, the center of gravity
position and the center of gravity locus corresponding to
each of the peak frequencies v,, v, (that is, to each of the
subjects S) on the basis of the four load components inputted
from the waveform separating unit 33.

[0131] After the center of gravity locus is found for each
of the plurality of subjects S in the waveform separation step
S6, on the basis of the center of gravity locus of each of the
plurality of subjects S, the oscillation coordinate setting step
S3, the waveform drawing step S4, and the drawing com-
pensation step S5 are performed. The details thereof were
Just as described earlier on in the exemplary case of the one
subject S.

[0132] The effects of the biological information monitor-
ing system 100 of this embodiment is summarized as
follows.

[0133] In the biological information monitoring system
100 of this embodiment, because the respiratory waveform
is drawn on the basis of a temporal change of the center of
gravity position of the subject S, it is possible to present an
almost real-time respiratory waveform of the subject S.

[0134] Further, in the biological information monitoring
system 100 of this embodiment, the oscillation coordinate
setting unit 34 first sets a tentative oscillation origin right
after the subject S enters into the stable respiration period,
and then starts calculating the distance D, of the center of
gravity position therefrom. The waveform drawing unit 35
starts drawing a respiratory waveform on a tentative coor-
dinate system on the basis of the calculated value of the
distance D, before the oscillation coordinate is set. There-
fore, it is possible to display the respiratory waveform on the
display unit 5 almost right after the large body motion or the
small body motion is ended.

[0135] Because of that, it is possible to present the respi-
ratory waveform at an earlier stage compared to a case in
which the drawing of the respiratory waveform is started
after a sampling, in the stable respiration period, of infor-
mation on a considerable number of center of gravity
positions (information corresponding to a plurality of peri-
ods of oscillations) and a determination of an oscillation axis
and an oscillation origin by applying a calculation process to
a locus of the sampled center of gravity positions. Hence, it
is possible to observe a real-time respiratory waveform with
a restrained time lag.
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[0136] With the biological information monitoring system
100 of this embodiment, in the drawing compensation step
S5, the predictive waveform W is generated on the basis of
a previous respiratory waveform(s), and the drawing posi-
tion of the measured point D(t,) is corrected depending on
the distance d(t,) between the measured point D(t,) and the
predicted point W (t,) at the current sampling time t,.
Therefore, even if the measured point D(t,) deviates from
the predicted point W (1), it is still possible to correct the
drawing position of the measured point G(t,) instantly, and
display the respiratory waveform on the display unit 5
continuously.

[0137] With the biological information monitoring system
100 of this embodiment, in the subject number determina-
tion step S2, the number of subjects S on the bed BD is
determined. Further, if there are a plurality of subjects S on
the bed BD, then in the waveform separation step S6, it is
possible to separate the respiratory oscillations of the plu-
rality of subjects S and draw the respiratory waveform of
each subject S. Therefore, for example, even if one patient
is lying on the bed BD shared with a member of his/her
family, it is still possible to reliably monitor the patient’s
respiratory waveform.

[0138] The biological information monitoring system 100
of this embodiment uses the load detectors 11 to 14 arranged
under the legs of the bed BD to calculate the respiration rate
of the subject S. Therefore, it is not necessary to attach any
measuring device to the body of the subject S so that the
subject S will not feel discomfort and sense of incongruity.

Modified Embodiments

[0139] It is possible to adopt the following modified
embodiments in the biological information monitoring sys-
tem 100 of the above embodiment.

[0140] For the above embodiment, the explanation was
made with an example of performing the subject number
determination step S2 before the oscillation coordinate set-
ting step S3 and the waveform separation step S6. However,
without being limited to that, the oscillation coordinate
setting step S3 may be performed in parallel to the subject
number determination step S2 and the waveform separation
step S6. In a modified embodiment as follows, if the subject
S is determined in the body motion determination step S1
showing no body motion, then the oscillation coordinate
setting step S3 is started regardless of whether the number
of subject S is one or not. Then, the subject number
determination step S2 and the waveform separation step S6
are performed in parallel to the oscillation coordinate setting
step S3. If there are a plurality of subjects S, then a center
of gravity locus of each of the plurality of subjects S are
separated in the waveform separation step S6 on the basis of
the plurality of peak frequencies (that is, the plurality of
subjects S) specified in the subject number determination
step S2 and, on the basis of that, the oscillation coordinate
setting step S3, the waveform drawing step S4 and the
drawing compensation step S5 are performed.

[0141] In the tentative oscillation origin comparison steps
S303, S306 and the like, the oscillation coordinate setting
unit 34 of the biological information monitoring system 100
of the above embodiment determines whether or not the
oscillation origin A can be set, based on a comparison
between a predetermined value and the distance between the
last tentative oscillation origin (lastly set tentative oscillation
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origin) and the tentative oscillation origin set right therebe-
fore. However, the present disclosure is not limited to that.
[0142] As one example, the oscillation coordinate setting
unit 34 may set the tentative oscillation origin and the
tentative oscillation axis as many times as predetermined,
and determine to let the last tentative oscillation origin and
the last tentative oscillation axis be the oscillation origin O
and the oscillation axis A. Further, the oscillation coordinate
setting unit 34 may set each of the tentative oscillation origin
and the tentative oscillation axis as many times as prede-
termined, and determine to let an average thereof be the
oscillation origin O and the oscillation axis A.

[0143] From the oscillation coordinate setting unit 34, the
waveform drawing unit 35 of the biological information
monitoring system 100 of the above embodiment may
receive information about the coordinate of the Nth extreme
point EPN, the inclination of the Nth tentative coordinate
axis TAN and the like, and appropriately adjust the scale of
the graph area (drawing area) on the basis of the said
information. For example, it is possible to adjust the scale of
the vertical axis of the graph area (the distance D, axis; the
displacement axis) on the basis of, for example, the distance
between the first extreme point EP1 and the second extreme
point EP2 along the direction of the second tentative oscil-
lation axis TA2, and the maximum value (amplitude) of the
distance D (displacement) calculated by using the deter-
mined oscillation origin O and oscillation axis A. By virtue
of this, it is possible for the display unit 5 to constantly
display the respiratory waveform at the most suitable scale
for the observation.

[0144] In the above embodiment, the drawing compensa-
tion step S5 is performed for the respiratory waveform
drawn through the oscillation coordinate setting step S3 and
the waveform drawing step S4. However, without being
limited to that, the drawing compensation step S5 may be
applied to a respiratory waveform drawn by another method.
[0145] In the above embodiment, the drawing compensa-
tion unit 36 detects an occurrence of the small body motion
or the large body motion on the basis of the distance between
the predicted point W (t,) and the measured point D(t,).
However, without being limited to that, for example, the
oscillation coordinate setting unit 34 may determine that the
small body motion or the large body motion has arisen and
the stable respiration period has ended based on the fact that
a distance between the position of the determined oscillation
origin O and the position of the center of gravity G of the
subject S exceeds a predetermined value, and the control
unit 3 may return the process to the body motion determi-
nation step S1 in a case that the large body motion has
arisen. It is possible to set the predetermined value on the
basis of the distance between, for example, the first extreme
point EP1 and the second extreme point EP2.

[0146] According to the above embodiment, in the pre-
dictive waveform generation step S501, the latest one period
of the respiratory waveform W, is drawn (used) as the
predictive waveform W_. However, without being limited to
that, the respiratory waveform of two previous periods or
more may be modeled and the modeled waveform may be
used as the predictive waveform W . Further, it is sufficient
if the predictive waveform W, is distinguishable from the
respiratory waveform W, being already drawn on the dis-
play unit 5, and thus, for example, the respiratory waveform
W, and the predictive waveform W, may be drawn in
different colors.
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[0147] In the correction distance calculation step S502 of
the above embodiment, if the distance d(t,) at the sampling
time t, is not less than the first threshold value Th, and not
more than the second threshold value Th,, then in the above
embodiment, it is determined that the small body motion has
arisen. However, for example, if the distances d(t,), d(t,) at
the sampling times t,, t, thereafter are far larger or far
smaller than the distance d(t,), then regarding the period
ranging from the sampling time t, to the sampling time t,, it
is proper to determine that the periodicity of the respiratory
waveform before the sampling time t, is not maintained, and
thus proper to stop the drawing of the respiratory waveform.
Therefore, as depicted in FIG. 25, in each of a plurality of
sampling times t,, (in the example of FIG. 25, n=0, 1, 2), the
distance d(t,) between the predicted point W (t,) and the
measured point D(t) is calculated and, if an average value
of the distances d(t,,) is not less than the first threshold value
Th, and not more than the second threshold value Th,, then
the control unit 3 determines that the small body motion has
arisen, and the average value of the distances d(t,) may be
used as the correction distance. That is, each measured point
D(t,) may be moved through the average value of the
distances d(t,) in the direction of the oscillation axis A, for
the drawing. According to this method, it is possible to raise
the accuracy in determining the small body motion.

[0148] Alternatively, in each of the plurality of sampling
times t, included in a predetermined time period (for
example, ¥4 of one period (cycle) of the predictive wave-
form W,), the distance d(t,) between the predicted point
W.(t,) and the measured point D(t,) is calculated and, if the
distance d(t,,) has a constant value and is not less than the
first threshold value Th, and not more than the second
threshold value Th,, then the control unit 3 determines that
the small body motion has arisen, and the distances d(t,)
may be used as the correction distance. That is, each
measured point D(t,) may be moved through the distance
d(t,) in the direction of the oscillation axis A, for the
drawing. According to this method, it is possible to further
raise the accuracy in determining the small body motion.
[0149] Further, after correcting the drawing position of the
measured point D(t,) by any of the above methods, the
correction distance calculation unit 362 may calculate the
value Ax that make an integral value expressed by following
numerical expression 3 minimum, and use the Ax as another
correction distance.

1V 7 0-D)-Ax) e

[0150] Where T refers to the period of the predictive
waveform W, W_ (1) is an expression presenting the varia-
tion of predicted point as the function of the time t, and D
() is an expression presenting the variation of measured
point as the function of the time t. Then, Ax refers to another
correction distance. By virtue of this, it is possible to more
precisely compare the predictive waveform W, with the
actual respiratory waveform after the drawing position is
corrected.

[0151] In a case that the respiratory waveform of each
subject S is drawn on the basis of the center of gravity locus
corresponding to each of the frequencies calculated in the
waveform separation step S6, each of the respiratory wave-
form is approximately sinusoidal because it is based on a
calculation using a load component corresponding to one
specific frequency. However, the actual respiratory wave-
form is constructed from a plurality of superimposed fre-

(Formula 3)
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quency components. Such frequency components include,
for example, a frequency component caused by a difference
between a velocity (pace) of inhalation and a velocity (pace)
of exhalation, and/or a frequency component caused by
difference in hold period in each of the inhalation and the
exhalation. Therefore, if the respiratory pattern of each
subject S is modeled beforehand, a respiratory waveform
closer to the actual respiratory waveform may be drawn by
selecting a plurality of peak frequencies from a frequency
profile such as depicted in FIG. 26 and obtaining load
components corresponding to the selected peaks.

[0152] Further, in the waveform separation step S6, the
load component corresponding to the peak frequency speci-
fied in the subject number determination step S2 is calcu-
lated. However, the peak frequency specified in the subject
number determination step S2 is biological information of
the subject S, and is changeable. In view of that, the system
may let the waveform of each of the subjects S to follow up
the changing frequency of the subject S by specifying the
frequency at regular interval and calculating a load compo-
nent corresponding to the specified frequency. Specifically,
by using a predetermined time length At capable of sepa-
rating the already specified frequencies, and by dynamically
changing the time of the Fourier integral, up to now, from
the time as early as backward from now through the prede-
termined time length At, so as to calculate the coefficient
peak seen between the current time and the time as early as
backward from now through the predetermined time length
At. By virtue of this, it is possible to catch the chronological
change from the frequency already specified to the current
frequency. Then, on the basis of the current frequency, by
performing the steps from the waveform separation step S6,
it is possible to cause the respiratory waveform of each
subject S to follow up the changing frequency of that subject
S.

[0153] In the subject number determination step S2 and
the waveform separation step S6, the number of peak
frequencies over the respiration range is determined to
obtain the number of subjects S on the bed and the respi-
ratory waveform of each subject S. However, by changing
the range, it is possible to separate various pieces of bio-
logical information of each subject S. For example, by
specifying the frequency peaks over the range from about
0.5 to about 3.3 Hz in the subject number determination step
S2, it is also possible to separate and monitor the waveforms
representing the heartbeats of a plurality of subjects S in the
waveform separation step S6.

[0154] About the waveform separation step S6, the expla-
nation was made on the premise of the plurality of subjects
S being all human beings. However, without being limited
to that, for example, even if there are one subject S and a
device generating a periodical oscillation on the bed, it is
still possible to separate the respiratory oscillation of the one
subject S from the periodical oscillation due to the device.

[0155] The control unit 3 of the biological information
monitoring system 100 of the above embodiment can also
find the respiratory rate of the subject S by such a method as
follows. Specifically for example, by causing the oscillation
coordinate setting unit 34 to continue specifying the extreme
points subsequently even after the oscillation origin O and
the oscillation axis A are determined, the control unit 3 can
obtain the respiratory rate of the subject S on the basis of the
number of extreme points specified per unit time.
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[0156] The biological information monitoring system 100
of the above embodiment may not have at least one of the
oscillation coordinate setting unit 34, the drawing compen-
sation unit 36, and the subject number determination unit in
the control unit 3.

[0157] 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.

[0158] Inthe embodiment described above, the number of
load detectors is not limited to four. It is also allowable to
use five or more load detectors by providing an additional
leg or additional legs for the bed BD. Alternatively, it is also
allowable to arrange the load detectors for only three of the
legs of the bed BD. Even when the three load detectors are
used, it is possible to detect a position of the center of gravity
G of the subject S on the plane of the bed BD provided that
the three load detectors are not arranged on a straight line.
[0159] Inthe embodiment described above, the load detec-
tors 11, 12, 13, 14 are arranged respectively on the under-
sides of the casters C,, C,, C;, C, attached to the lower ends
of the legs of the bed BD. However, there is no limitation
thereto. Each of the load detectors 11, 12, 13, 14 may be
provided respectively between one of the four legs of the bed
BD and the board of the bed BD. Alternatively, if each of the
four legs of the bed BD can be divided into upper and lower
portions, each of the load detectors 11, 12, 13, 14 may be
provided between upper leg and lower leg. Further alterna-
tively, the load detectors 11, 12, 13, 14 may be formed
integrally with the bed BD to construct a bed system BDS
comprising the bed BD and the biclogical information
monitoring system 100 of this embodiment (FIG. 27). Note
that in this specification, the “load detectors placed in the
bed” means the load detectors each of which is provided
between one of the four legs 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 leg and the lower
leg.

[0160] In the embodiment described above, it is also
allowable to provide a signal amplifying unit for amplifying
the load signal fed from the load detecting unit 1 and/or a
filtering unit for removing the noise from the load signal,
between the load detecting unit 1 and the A/D converting
unit 2.

[0161] In the biological information monitoring system
100 of the embodiment described above, the display unit 5
is not limited to the 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 respiratory condition
(respiratory rate, respiratory ventilation volume), the state of
the heartbeat, and the physical condition 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 S is under a sleeping state, a yellow lamp is turned
ON if the subject S is under an awaken state, and/or a red
lamp is turned ON if the subject S is under an apnea state.
Further alternatively, the display unit 5 may be a unit which
reports the respiratory condition and/or the physical condi-
tion of the subject S to the user by means of any sound or
voice. Further alternatively, it is also allowable that the
biological information monitoring system 100 does not have
the display unit 5. The biological information monitoring
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system 100 may have only an output terminal for outputting
the information. A monitor (display device) or the like,
which is provided to perform the display, will be connected
to the biological information monitoring system 100 by the
aid of the output terminal.

[0162] The notification unit 6 of the embodiment
described above performs the notification auditorily. How-
ever, the notification unit 6 may be constructed to perform
the notification visually by means of, for example, the
flashing or flickering of light. Alternatively, the notification
unit 6 may be constructed to perform the notification by
means of the vibration. Further, it is also allowable that the
biological information monitoring system 100 of the
embodiment described above does not have the notification
unit 6.

[0163] The present invention is not limited to the embodi-
ments 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.

[0164] In the respiration waveform drawing system
according to the above embodiments, the subject number
determination unit may determine that a number of peak
frequencies appeared in the frequency spectrum of the load
signal is the number of the subjects on the bed.

[0165] The respiration waveform drawing system accord-
ing to the above embodiments may further include an
oscillation coordinate setting unit configured to set an oscil-
lation origin and an oscillation axis of the respiratory
waveform of each of the subjects, the oscillation coordinate
setting unit may be configured to perform for each of the
subjects: obtaining a first extreme point at which a distance
between an initial origin and the position of the center of
gravity shifting from the initial origin is maximized, the
position of the center of gravity at a certain time point being
used as the initial origin; obtaining a second extreme point
which appears at an opposite side of the initial origin from
the first extreme point, and at which a distance between the
initial origin and the position of the center of gravity shifting
from the first extreme point is maximized; setting a direction
connecting the first and second extreme points as a direction
of a tentative oscillation axis; and setting a midpoint
between the first and second extreme points as a tentative
oscillation origin, wherein the waveform drawing unit may
be configured to draw the respiratory waveform of each of
the subjects by presenting a displacement, from the tentative
oscillation origin, of a position obtained by projecting the
position of the center of gravity onto the tentative oscillation
axis, with respect to time.

[0166] The respiration waveform drawing system accord-
ing to the above embodiments may further includes a
drawing compensation unit configured to compensate a
drawing state of the respiratory waveform of each of the
subjects, wherein the drawing compensation unit may
include: a predictive waveform generation unit configured to
generate a predictive waveform for each of the subjects
based on the respiratory waveform in a past; and a correction
distance calculation unit configured to calculate, for each of
the subjects, a distance between the respiratory waveform
and the predictive waveform at a predetermined sampling
time point, the drawing compensation unit may be config-
ured to compensate the drawing state of the respiratory
waveform of each of the subjects depending on the distance.
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[0167] In the biological information monitoring system
according to the above embodiments, a waveform which
presents a heartbeat of each of the subjects may be moni-
tored as the biological information.

[0168] According to the respiratory waveform drawing
system and the respiratory waveform drawing method of an
aspect of the present disclosure, it is possible to present an
almost real-time waveform indicating the respiration of the
subject.

1. A respiratory waveform drawing system for drawing
respiratory waveforms of subjects on a bed, the system
comprising:

a plurality of load detectors which are to be placed in the
bed or under legs of the bed, and each of which is
configured to detect loads of the subjects and output the
detected loads of the subjects as a load signal;

a subject number determination unit configured to deter-
mine a number of the subjects on the bed based on a
frequency spectrum of the load signal;

a waveform separation unit configured to separate a load
component of each of the subjects from the load signal
outputted from each of the plurality of load detectors,
in a case that the number of the subjects on the bed is
determined to be more than one;

a center of gravity position calculation unit configured to
calculate a position of a center of gravity of each of the
subjects based on the separated load component of each
of the subjects; and

a waveform drawing unit configured to draw a respiratory
waveform of each of the subjects based on a temporal
variation of the position of the center of gravity of each
of the subjects.

2. A respiratory waveform drawing system according to
claim 1, wherein the subject number determination umt
determines that a number of peak frequencies appeared in
the frequency spectrum of the load signal is the number of
the subjects on the bed.

3. A respiratory waveform drawing system according to
claim 1, further comprising an oscillation coordinate setting
unit configured to set an oscillation origin and an oscillation
axis of the respiratory waveform of each of the subjects, the
oscillation coordinate setting unit being configured to per-
form for each of the subjects:

obtaining a first extreme point at which a distance
between an initial origin and the position of the center
of gravity shifting from the initial origin is maximized,
the position of the center of gravity at a certain time
point being used as the initial origin;

obtaining a second extreme point which appears at an
opposite side of the initial origin from the first extreme
point, and at which a distance between the initial origin
and the position of the center of gravity shifting from
the first extreme point is maximized,

setting a direction connecting the first and second extreme
points as a direction of a tentative oscillation axis; and

setting a midpoint between the first and second extreme
points as a tentative oscillation origin,

wherein the waveform drawing unit is configured to draw
the respiratory waveform of each of the subjects by
presenting a displacement, from the tentative oscilla-
tion origin, of a position obtained by projecting the
position of the center of gravity onto the tentative
oscillation axis, with respect to time.
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4. A respiratory waveform drawing system according to a
claim 1, further comprising a drawing compensation unit
configured to compensate a drawing state of the respiratory
waveform of each of the subjects,

wherein the drawing compensation unit comprises:

a predictive waveform generation unit configured to
generate a predictive waveform for each of the
subjects based on the respiratory waveform in a past;
and

a correction distance calculation unit configured to
calculate, for each of the subjects, a distance between
the respiratory waveform and the predictive wave-
form at a predetermined sampling time point,

the drawing compensation unit being configured to com-

pensate the drawing state of the respiratory waveform

of each of the subjects depending on the distance.

5. biological information monitoring system for monitor-
ing a biological information of subjects on a bed, the system
comprising:

Jun. 6, 2019

a plurality of load detectors which are to be placed in the
bed or under legs of the bed, and each of which is
configured to detect loads of the subjects and output the
detected loads of the subjects as a load signal;

a subject number determination unit configured to deter-
mine a number of the subjects on the bed based on a
frequency spectrum of the load signal; and

a waveform separation unit configured to separate a load
component of each of the subjects from the load signal
outputted from each of the plurality of load detectors,
in a case that the number of the subjects on the bed is
determined to be more than one,

the separated load component is used for monitoring the
biological information of each of the subjects.

6. The biological information monitoring system accord-
ing to claim 5, wherein a waveform which presents a
heartbeat of each of the subjects is monitored as the bio-
logical information.
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