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(7) ABSTRACT

There is provided a biological information monitoring sys-
tem for monitoring biological information of a subject on a
bed, the system comprising: detectors which detect load of
the subject; a center of gravity position calculating unit
which acquires temporal variation of a center of gravity
position of the subject based on the detected load; a body
motion information determining unit which acquires infor-
mation on body motion of the subject based on the acquired
temporal variation; and a respiratory rate calculating unit
which calculates a respiratory rate of the subject based on
the acquired temporal variation and the information on the
body motion of the subject. The body motion information
includes information on large and small body motions of the
subject, and the body motion information determining unit
includes first and second body motion information deter-
mining units which determine the information on the large
and small body motions of the subject, respectively.

13.

~e =~

14

-




US 2018/0206793 A1

Jul. 26,2018 Sheet 1 of 17

Patent Application Publication

¥ LINQ IOVHOLS
!
| X
s
1INN 3 . .__|¥o1o313a
u LINA ONLLYINOWVO | | @ > [ avo
LINO T | |[oNuvinovo FNNTOA =l O |
LNdNI <3 LAdLNO NOILYILINIA | | @2 o
7 SO OVIAHYD AdoLvdidsad | | am | || € [._[woro31aa
T O~ =2 <[ avo’
Z0
ONIAZILON ©Q gg —/ gg — = | e
£ @ —
— =05 »8 | || Z | _[®0Ll0313d
2 3 LIND ONIVINDTVO | | ES c | avo]
LINN 2 | | ONILYINOIVO Y A o3 z o
AVdSIa F1Ivd LAVAH | | ayolvaidsad | | & -
o = . B O IGETE
g avo
9¢ — g — ze— e —/ —
— L
m |‘\\
T "bta

%

001



US 2018/0206793 A1

./

£€01S—— ddlS ONILVYTINOTIVO

d31S ONININYT1L3A
2E0ZS Ze0LS——1 NOILOW AQO€ TIVAS

Jul. 26,2018 Sheet 2 of 17

h [ d31s oNINWaI13a
+E0CS 1E01S NOILOW AQOE 94V

Patent Application Publication

=/

80LS ddlS AV1dSid

d3dls ONIOAnr
LO0LS NOILLIANOO TvOISAHd

d31S ONILLVINDTVYO
9018 1Nd1iNo0 OVIAdvYD
d3is

SOLS ™ ONILYINOTIVO 31V 1HvaH
bOLS — d31S ONILLVINOTVO JNNTOA

NOILLVHINIA AHOLVHIdSTd

N
s

€028 'e0LS—

d3dlsS ONILLYINOTVO
F1IVH AHOLVHIdSTHY

[y

¢O0LS ™

ddlS ONILYTINOTIVO
SNOOT ALINVYHD 40 °3INAID

F 3

L0ZS 'LOLS

d4d.ls ONILO3130d avO

Z "bta




Patent Application Publication

13, _[i-

Jul. 26,2018 Sheet 3 of 17 US 2018/0206793 A1

————
1 1
1

———

14

__i LN BD

A L

M




LOAD

Patent Application Publication  Jul. 26,2018 Sheet 4 of 17 US 2018/0206793 A1
Fig. 5

A P ‘ P12 ‘ P13 P1g .
3._......._._..__..’ s
| 3 |
| a ! @

T L T ST e : o S RS Sl
! 3 : E
; e | !

{ | S3

---------- 1 ; =5
| | e R
| pmmm e ———— :
! t : ;
| | .
I |

tio tyy te ti ta



Patent Application Publication  Jul. 26,2018 Sheet 5 of 17 US 2018/0206793 A1

Fig. 6

13. ' A4

| —~_—BD

v G(Xp13,Y p1a)
e
~L_.GaT

—
G(Xp12,Y p12)

G(XPH;Y P11) 7

12, | 1

P

Fig. 7

R e ettt SR B U U U U




Patent Application Publication  Jul. 26,2018 Sheet 6 of 17 US 2018/0206793 A1

Fig. 8




Patent Application Publication  Jul. 26,2018 Sheet 7 of 17 US 2018/0206793 A1

X
g i
\..,/\l'—
. Q)
o
o
7
N
: o
o
o —
i /\o
B
XW
< >
o))
o
'
B o
/"“\O




Patent Application Publication  Jul. 26,2018 Sheet 8 of 17 US 2018/0206793 A1

V46

10

Fig.

Vao




Patent Application Publication  Jul. 26,2018 Sheet 9 of 17 US 2018/0206793 A1

11cC
GT

\

11B

)

GT

11A

:




Patent Application Publication  Jul. 26,2018 Sheet 10 of 17  US 2018/0206793 A1

- GT

12

Fig.

Xm



US 2018/0206793 A1

Jul. 26,2018 Sheet 11 of 17

Patent Application Publication

LINA
1NdNI

VN

LINO JOVHOLS

, —

LINM
ONIALHILON

9—'

LINO
AV IdSI1d

g —/

2
A

A

A

A

A

=W
1INN mEo|| 8
- LINA ONLLYINOTVO | O 2| 2
Z| | oNILVINDTIVO JNNTOA 22=| 2
< O LN4L1NO NOLVILLNIA | [ Z30|| = 3
5 nuw IVIAQYVYD AHOLVHIdS3Y =58l 0 ﬁ
O
69| e eg — S 27
C = — 5 10
=z 0 1>
= LINN ONLIVINDTYO 35
21 | oY INOIWO 2y ae]|| L2
F1VY LUYIH | | A¥OLVHIdSTY z
Vi€ 3
@mk pe ze—’ 18— 1e—
e _/
€1 "bra

1IND ONILE3ANOD iV

P

H0104130

E

avo

L —

H010413d

F 3

avon

e —

J010313d

A

avon

zL—

H010313d

A

N

avon

L —

N

002



Patent Application Publication  Jul. 26,2018 Sheet 12 of 17  US 2018/0206793 A1

Fig. 14A
, SETTLING PERIOD ,
A 3 :
- ; |
€I
Qo
{4
=
e
]
@]
o
tzo t21 t25
TIME
Fig. 14B
s P E Pa. Pos ‘ P2 1Pas E Pos '
< e e > <> x>
§ § ‘[\/84 N g §
ol et ilpa ity .
: ; 133 ; ‘
0 Lo :
< .
= T
: : 82 ! N s T
Lo ; .| STABLE!RESPIRATION
84, Sz, Ss, 84:—, __.: STABLE ! ‘_ . PERIOD:
i 1 POSTURE : 5 81, S2, S3, S4
' PERIOD E —‘“—‘:
: é—.mmé' ; ( l
to to1 t22 tos t fos tos



US 2018/0206793 A1

Jul. 26,2018 Sheet 13 of 17

TARD)

gGT "bta ¥eT "bra

Patent Application Publication




Patent Application Publication  Jul. 26,2018 Sheet 14 of 17  US 2018/0206793 A1

X ﬂ/
(&) >
O
i
g g
[z O
N >
5 ]
@ >
O
i \_W )
' s
N
o 5
7] }*5')

Fig. 16A
GT2

X

v




Patent Application Publication  Jul. 26,2018 Sheet 15 of 17  US 2018/0206793 A1

~
0 o ™
3 TN ==
o &
4
Py
\ I
N
()]
+
~ IS
i I
o
s
Py

gt2



US 2018/0206793 A1

s
1
'
4
s
1
'
1
1
[
)
3
1
1
i
]
t
i
3
i
i
El
3
1
El

e T S,

Jul. 26,2018 Sheet 16 of 17

9 ¢ v £ z[L

0€:10
JNLL INISHHd

m\Xf\

W
T
<
N
R WV VDRV VUSRIV VORDPS AR DR

6T "Bta

Patent Application Publication



US 2018/0206793 A1

Jul. 26,2018 Sheet 17 of 17

Patent Application Publication

1INN
LNdNI

>

¥

LINA HOVHOLS

|

;] -

LINO
ONIALILON

[

g—'

LINN
AV1dSId

c—

1INN ONILY3IANOD OV

LINN S
u 1INA ONILYINOTVO | | @
L ONILLYINOTVO FNNTOA =8
< O 1Nd1no NOLLYILNIA | | 22
S6 OVIAHVO AMOIVHIHSTY | | Sm
QF zZ
pd
58 | se— ee —/ o
C m WM
prd
=3 LINN ONLVINDTYO =2
Q ONILYTNDTVO .
Z 31V o=
FLvH 18VIH | ayolveldsad | | 2
...L
9 — e ze e —/
c _/
0z "bta

A

b
A

4

40103134

avon

pL—

H010313d

A

avon

e —

401043130

A

avon

zL—

H01031304

A

N
N

avon

i—

sdad



US 2018/0206793 A1l

BIOMETRIC INFORMATION MONITORING
SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation Application of
International Application No. PCT/JP2016/004342 claiming
the conventional priority of Japanese patent Application No.
2015-191959 filed on Sep. 29, 2015 and Japanese patent
Application No. 2015-210444 filed on Oct. 27, 2015, and
titled “BIOMETRIC INFORMATION MONITORING
SYSTEM”. The disclosures of Japanese patent Applications
No. 2015-191959 and No. 2015-210444, and International
Application No. PCT/IP2016/004342 are incorporated
herein by reference in their entirety.

BACKGROUND

[0002] The present disclosure relates to a monitoring
system for monitoring biometric information (biological
information) by using a bed sensor.

[0003] Biometric 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, the respiratory
rate of the subject can be utilized to grasp the symptoms of,
for example, the sleep apnea syndrome (SAS) and the snore;
and to improve (alleviate) the symptoms. Further, it is also
useful to grasp how body of the patient or the care receiver
is moved on a bed.

[0004] The biometric information, for example, the respi-
ratory rate, which is obtained during the sleep of a subject,
is generally measured by attaching a respiration sensor to the
nostril and attaching an acceleration sensor to the breast
and/or the abdomen. Further, it has been also suggested that
load sensors are arranged under feet of a bed to measure the
respiratory rate 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 feet of a bed to 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 heart
rate movement (heart beat movement) of the subject living
body are acquired on the basis of the movement of the center
of gravity (Japanese Patent Publication No. 61-24010).

SUMMARY

[0005] In the case of the method in which the sensors are
attached to the nostril, the breast and/or the abdomen, it is
necessary for the subject to attach the measuring devices to
the body. The presence of the measuring device gives
discomfort and/or unpleasantness to the subject, and may
cause disturbance of sleep of the subject, restriction on
actions of the subject, such as walking to a lavatory at night,
and the delirium during hospitalization. Further, the mea-
suring device may be detached from the body of the subject
during the sleep of the subject depending on the postures of
the subject in sleep, and may result in a failure in the
measurement.

[0006] On the other hand, in the case of the methods
described in Japanese Patent No. 4883380 and Japanese
Patent Publication No. 61-24010 in which the load sensors
are arranged under the feet of the bed, it is feared that the
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measurement accuracy may be insufficient. Further, in the
case of the methods described in Japanese Patent No.
4883380 and Japanese Patent Publication No. 61-24010, it is
impossible to highly accurately acquire both of the body
motion information (information on a body motion) and the
respiration information (information on respiration) of the
subject.

[0007] In view of the above, an object of the present
disclosure is to solve the foregoing problems and provide a
monitoring system, which is a noninvasive sensor, for moni-
toring biometric information of a subject at a high accuracy
without giving any discomfort and any unpleasantness to the
subject.

[0008] According to a first aspect of the present disclo-
sure, there is provided a biological information monitoring
system for monitoring biological information of a subject on
a bed, the system including: a plurality of load detectors
which are placed in the bed or under feet of the bed and
which detect a load of the subject; a center of gravity
position calculating unit which acquires a temporal variation
of a center of gravity position of the subject based on the
detected load of the subject; a body motion information
determining unit which acquires information on a body
motion of the subject based on the acquired temporal
variation of the center of gravity position of the subject; and
a respiratory rate calculating unit which calculates a respi-
ratory rate of the subject based on the acquired temporal
variation of the center of gravity position of the subject and
the information on the body motion of subject acquired by
the body motion information determining unit, wherein the
body motion information is an information on a movement
of a whole body or a part of the whole body of the subject,
the movement being different from a movement caused by
a respiration of the subject;

[0009] the body motion information includes an informa-
tion on a large body motion of the subject and an informa-
tion on a small body motion of the subject, an amount of
movement of the center of gravity position of the subject
within a predetermined time period caused by the small
body motion being smaller than an amount of movement of
the center of gravity position of the subject within the
predetermined time period caused by the large body motion;

[0010] the body motion information determining unit
includes a first body motion information determining umt
which determines the information on the large body motion
of the subject and a second body motion information deter-
mining unit which determines the information on the small
body motion of the subject;

[0011] the first body motion information determining unit
determines a variation caused by the large body motion of
the subject included in the temporal variation of the center
of gravity position of the subject, based on a movement
distance of the center of gravity position within a predeter-
mined time period; and

[0012] the second body motion information determining
unit determines a variation, caused by the small body motion
of the subject, included in the temporal variation of the
center of gravity position of the subject, based on a move-
ment direction of the center of gravity position, the temporal
variation of the center of gravity position being a variation
from which the variation caused by the large body motion
determined by the first body motion information determin-
ing unit has been removed.
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[0013] According to a second aspect of the present dis-
closure, there is provided a biological information monitor-
ing system for monitoring biological information of a sub-
ject on a bed, the system including:

[0014] a plurality of load detectors which are placed in the
bed or under feet of the bed and which detect a load of the
subject;

[0015] a center of gravity position calculating unit which
acquires a temporal variation of a center of gravity position
of the subject based on the detected load of subject;
[0016] a body motion information determining unit which
acquires information on a body motion of the subject based
on the acquired temporal variation of the center of gravity
position of the subject; and

[0017] a respiratory rate calculating unit which calculates
a respiratory rate of the subject based on the acquired
temporal variation of center of gravity position of the subject
and the information on the body motion of the subject
acquired by the body motion information determining unit,
[0018] wherein the body motion information is an infor-
mation on a movement of a whole body or a part of the
whole body of the subject, the movement being different
from a movement caused by a respiration of the subject;
[0019] the temporal variation of the center of gravity
position includes a variation caused by a body motion of the
subject and a variation caused by a respiration of the subject;
and

[0020] the biological information monitoring system fur-
ther comprises a body axis determining unit which acquires
a body axis of the subject based on the variation caused by
the respiration.

[0021] According to a third aspect of the present disclo-
sure, there is provided a bed system includes a bed; and the
biological information monitoring system according to the
first or second aspect.

BRIEF DESCRIPTION OF DRAWINGS

[0022] FIG. 11is a block diagram depicting a configuration
of a biometric information monitoring system according to
an embodiment of the present disclosure.

[0023] FIG. 2 is a flow chart depicting a respiratory
condition detecting method according to the embodiment of
the present disclosure.

[0024] FIG. 3 is an illustrative view depicting an arrange-
ment of load detectors with respect to a bed.

[0025] FIG. 4 is an illustrative view depicting an arrange-
ment of four load detection areas defined on the upper
surface of the bed.

[0026] FIG. 5 depicts exemplary load signals fed from the
load detectors.
[0027] FIG. 6 depicts exemplary locus (trajectory, path) of

the center of gravity of a subject.

[0028] FIG. 7 depicts another exemplary locus of the
center of gravity of the subject.

[0029] FIG. 8 is an illustrative view for explaining a
method for judging the movement direction of the move-
ment vector.

[0030] FIG. 9A depicts locus obtained by removing the
locus of the movement of the center of gravity caused by the
large body motion of the subject from the locus of the center
of gravity of the subject on the bed depicted in FIG. 7.
[0031] FIG. 9B depicts locus obtained by removing the
locus of the movement of the center of gravity caused by the

Jul. 26,2018

large body motion of the subject from the locus of the center
of gravity of the subject on the bed depicted in FIG. 7
[0032] FIGS. 9C depicts locus obtained by removing the
locus of the movement of the center of gravity caused by the
large body motion of the subject from the locus of the center
of gravity of the subject on the bed depicted in FIG. 7.
[0033] FIG. 10 depicts a plurality of movement vectors
included in the locus of the center of gravity depicted in FIG.
9A.

[0034] FIG. 11A depicts locus obtained by removing the
locus of the movement of the center of gravity caused by the
small body motion of the subject from the locus of the center
of gravity of the subject on the bed depicted in FIG. 9A.
[0035] FIG. 11B depicts locus obtained by removing the
locus of the movement of the center of gravity caused by the
small body motion of the subject from the locus of the center
of gravity of the subject on the bed depicted in FIG. 9B.
[0036] FIGS. 11C depicts locus obtained by removing the
locus of the movement of the center of gravity caused by the
small body motion of the subject from the locus of the center
of gravity of the subject on the bed depicted in FIG. 9C.
[0037] FIG. 12 depicts a locus obtained by rotating the
locus GT of the center of gravity depicted in FIG. 11A so
that the body axis direction is coincident with the X direc-
tion.

[0038] FIG. 13 is a block diagram depicting a configura-
tion of a biometric information monitoring system according
to a modified embodiment.

[0039] FIG. 14A depicts exemplary measured values of a
body weight measured in the load detecting step according
to the modified embodiment.

[0040] FIG. 14B depicts exemplary load signals fed from
load detectors as detected in the load detecting step accord-
ing to the modified embodiment.

[0041] FIG. 15A depicts another exemplary locus of the
center of gravity of a subject, and FIG. 15B depicts a locus
of the center of gravity obtained by converting the locus of
the center of gravity depicted in FIG. 15A into the locus
based on a low sampling frequency.

[0042] FIG. 16A depicts locus obtained by removing the
locus of the movement of the center of gravity caused by the
large body motion of the subject from the locus of the center
of gravity of the subject on the bed depicted in FIG. 15A.
[0043] FIG. 16B depicts locus obtained by removing the
locus of the movement of the center of gravity caused by the
large body motion of the subject from the locus of the center
of gravity of the subject on the bed depicted in FIG. 15A.
[0044] FIG. 16C depicts locus obtained by removing the
locus of the movement of the center of gravity caused by the
large body motion of the subject from the locus of the center
of gravity of the subject on the bed depicted in FIG. 15A.
[0045] FIG. 17 depicts decomposition of the locus of the
center of gravity into the component of the respiration and
the component of the small body motion.

[0046] FIG. 18 depicts the component of respiration
extracted from the locus of the center of gravity depicted in
FIG. 16B.

[0047] FIG. 19 depicts an exemplary display screen of a
display unit 5.
[0048] FIG. 20 is a block diagram depicting an overall

configuration of a bed system according to an embodiment
of the present disclosure.
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EMBODIMENTS

First Embodiment

[0049] A first embodiment of the present disclosure will be
explained with reference to FIGS. 1 to 12.

[0050] As depicted in FIG. 1, a biometric information
monitoring system (biological information monitoring sys-
tem) 100 of this embodiment is provided to perform the
observation and the measurement in order to grasp the
biometric (biological) state or condition of a subject (a
human subject, that is, a person being monitored) on a bed.
The biometric information monitoring system 100 princi-
pally includes a load detecting unit 1, a control unit 3, a
storage unit 4, and a display unit 5. The load detecting unit
T and the control unit 3 are connected via an A/D converting
unit 2. A notifying unit 6 and an input unit 7 are further
connected to the control unit 3.

[0051] The load detecting unit 1 is provided with four load
detectors 11, 12, 13, 14. Each of the load detectors 11, 12,
13, 14 is a load detector which detects the load by using, for
example, a beam-type load cell. Such a load detector is
described, for example, in Japanese Patent No. 4829020 and
Japanese Patent No. 4002905. Each of the load detectors 11,
12, 13, 14 is connected to the A/D converting unit 2 by
means of wiring.

[0052] The A/D converting unit 2 is provided with an A/D
converter which converts the analog signal fed from the load
detecting unit 1 into the digital signal. The A/D converting
unit 2 is connected to each of the load detecting unit 1 and
the control unit 3 by means of wiring.

[0053] The control unit 3 is an exclusive or general-
purpose computer. A center of gravity position calculating
unit 31, a respiratory rate calculating unit 32, a respiratory
ventilation volume (tidal volume) calculating unit 33, a heart
rate calculating unit 34, a cardiac output calculating unit 35,
and a physical condition judging unit 36 are constructed
therein.

[0054] The storage unit 4 is a storage device which stores
the data used for the biometric 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 or the like for displaying the
information outputted from the control unit 3 for a user of
the biometric information monitoring system 100.

[0055] The notifying unit 6 is provided with a device for
visually or auditorily performing predetermined notification
on the basis of the information fed from the control unit 3,
for example, a speaker. The input unit 7 is an interface for
performing predetermined input for the control unit 3, which
may be a keyboard and a mouse.

[0056] An explanation will be made about the operation
for detecting and monitoring the biometric information, such
as the respiratory condition of the subject on the bed, by
using the biometric information monitoring system 100
described above.

[0057] As depicted in FIG. 2, the detection of the respi-
ratory condition of the subject, which is based on the use of
the biometric information monitoring system 100, includes
a load detecting step (S101), a center of gravity locus
calculating step (5102), a respiratory rate calculating step
(S103), a respiratory ventilation volume calculating step
(S104), a heart rate calculating step (S105), a cardiac output
calculating step (S106), and a physical condition judging
step (S107). The load detecting step (S101) is a step of
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detecting the load of the subject. The center of gravity locus
calculating step (S102) is a step 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. The respiratory rate calculating step (S103) is a step of
calculating the body motion, the respiratory condition, the
respiratory rate, and the temporal change thereof of the
subject on the basis of the acquired center of gravity locus.
The respiratory ventilation volume calculating step (S104) is
a step of calculating the ventilation volume (tidal volume) of
the respiration of the subject on the basis of the acquired
center of gravity locus. The heart rate calculating step
(5105) is a step of calculating the heart rate of the subject on
the basis of the detected load. The cardiac output calculating
step (S106) is a step of calculating the cardiac output of the
subject. The physical condition judging step (S107) is a step
of judging the physical condition of the subject on the basis
of the calculated respiratory rate and the respiratory venti-
lation volume of the subject. The detection of the respiratory
condition of the subject further includes a display step
(5108) of displaying the respiratory rate and the respiratory
ventilation volume of the subject calculated in the foregoing
steps and the physical condition of the subject judged in the
foregoing step.

Load Detecting Step

[0058] In order to perform the load detecting step S101,
the four load detectors 11, 12, 13, 14 of the load detecting
unit 1 are arranged under feet of a bed 1o be used by the
subject. Specifically, as depicted in FIG. 3, the load detectors
11, 12, 13, 14 are arranged respectively under casters C,, C,,
C,, C, attached to lower end portions of the feet disposed at
the four corners of the bed BD.

[0059] When the load detectors 11, 12, 13, 14 are arranged
under the casters C,, C,, Cs, C, respectively, the load, which
is applied to the upper surface of the bed BD, is thereby
detected in a dispersed manner by the four load detectors 11,
12, 13, 14. Specifically, as depicted in ig. 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.
[0060] 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 I1I positioned with the right
upper half of the body of the subject S lying on his/her back
at the central portion of the bed BD, is principally detected
by the load detector 13, and the load, which 1s applied to the
area IV positioned with the left upper half of the body of the
subject S in the same state, 1s 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
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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.

[0061] Each of the load detectors 11, 12, 13, 14 detects the
load (load change), and the load (load change) is outputted
as the analog signal to the A/D converting unit 2. The A/D
converting unit 2 converts the analog signal into the digital
signal while using the sampling period of, for example, 0.1
second, and the digital signal (hereinafter referred to as
“load signal”) is outputted to the control unit 3.

[0062] Exemplary load signals are depicted in FIG. 5.
FIG. 5 depicts the load signals si (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 during the period ranging from
the time t,, to the time t;; (period P,,) as depicted in FIG.
4. The subject S moved to the side of the areas I, IV of the
bed BD during the period ranging from the time t,, to the
timet,, (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, ;) 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,).

[0063] The subject S lay on his/her back at the central
portion of the bed BD as depicted in FIG. 4 during the period
P,,. Therefore, 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 during the period
P,,. 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.

[0064] The subject S moved to the side of the areas I, IV
of the bed BD during the period P,,. Therefore, the signals
S, 84, which are fed from the load detectors 11, 14 arranged
in the areas I, IV, exhibit the large load values during the
period P,, as compared with the period P, and the signals
S, 83, Which are fed from the load detectors 12, 13 arranged
in the areas II, IT1, exhibit the small load values as compared
with the period P .

[0065] The subject S moved to some extent to the central
side of the bed BD during the period P, as compared with
the period P,,. Therefore, the signals s,, s,, which are fed
from the load detectors 11, 14 arranged in the areas 1, TV,
exhibit the small load values during the period P 5 as
compared with the period P, ,, and the signals s., s,, which
are fed from the load detectors 12, 13 arranged in the areas
11, 111, exhibit the large load values as compared with the
period P, ,.

[0066] The subject S lay on his/her back at the central
portion of the bed BD during the period P, in the same
manner as the period P,. Therefore, the signals s, to s,
which are provided during the period P, are the same as the
signals s, to s, provided during the period P, ,. It is possible
to monitor whether or not the subject exists on the bed by
using the output from the load detector 1. Further, it is
possible to correctly monitor the subject by using the data
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fed from the center of gravity position calculating unit 31
and the respiratory rate calculating unit 32 as described later
on.

Center of Gravity Locus Calculating Step

[0067] In the center of gravity locus calculating step S102,
the center of gravity position calculating 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 0.1 second
described above) on the basis of the load signals s, to s, fed
from the load detectors 11 to 14 to acquire 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).
[0068] The calculation of the position G (X, Y) of the
center of gravity G by the center of gravity position calcu-
lating 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,2),
(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.

X_XHXWH+X12XW12+X13)<W13+X14XW14 [Math. 1]
N Wi + Wi + Wiz + Wiy
¥ Y XWi + Y XWp + Y3 XWis + Y X Wy [Math. 2]

Wi+ Wi + W5 + Wy

[0069] The center of gravity position calculating unit 31
acquires 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
acquired center of gravity locus GT is stored, for example,
in the storage unit 4.

[0070] An example of the center of gravity locus GT
calculated by the center of gravity position calculating unit
31 is depicted in FIG. 6. FIG. 6 depicts the positions G
Kpir: Yri): G Kpio: Yoio), G (Xpy5, Ypu3) of the center
of gravity G of the subject S on the bed BD at the times t,,,,
205 1130 included in the periods P,,, P,,, P,; depicted in
FIG. 5 respectively. An arrow of alternate long and short
dash line to connect P,,, P,,, P, indicates the center of
gravity locus GT of the center of gravity G of the subject S
moving from the position G (Xp,,, Yp,,) 10 G Xp 5, Y 3)-
When the center of gravity locus GT calculated by the center
of gravity position calculating unit 31 is used, it is thereby
possible to monitor that the subject S exists on the bed if the
center of gravity locus GT varies or the subject S does not
exist on the bed if the center of gravity locus GT does not

vary.
Respiratory Rate Calculating Step

[0071] In the respiratory rate calculating step S103, the
respiratory rate calculating unit 32 calculates the respiratory



US 2018/0206793 A1l

rate per unit time of the subject S on the basis of the center
of gravity locus GT calculated by the center of gravity
position calculating unit 31.

[0072] The respiration of human is performed by moving
the chest and the diaphragm to expand and shrink the lungs.
In this context, when the air is inhaled, i.e., when the lungs
are expanded, the diaphragm is lowered downwardly, and
the internal organs are also moved downwardly. On the other
hand, when the air is expired, i.e., when the lungs are shrunk,
the diaphragm is raised upwardly, and internal organs are
also moved upwardly. As a result of the research performed
by the inventors of the present invention, it has been found
out that the center of gravity G slightly moves in accordance
with the movement of the internal organs, and the movement
of the center of gravity G occurs approximately along the
extending direction of the backbone (body axis direction).

[0073] Therefore, the respiratory rate calculating unit 32
can calculate the respiratory rate per unit time of the subject
S on the basis of the locus of the reciprocating motion in the
body axis direction of the center of gravity G included in the
center of gravity locus GT calculated by the center of gravity
position calculating unit 31.

[0074] Specifically, the respiratory rate calculating step
S103, in which the respiratory rate calculating unit 32
calculates the respiratory rate, includes a large body motion
determining step S1031, a small body motion determining
step S1032 and a calculating step S1033. The large body
motion determining step S1031 is a step of determining the
locus of the center of gravity movement caused by the large
body motion such as the turning over (tossing and turning)
or the like of the subject S included in the center of gravity
locus GT of the subject S. The small body motion deter-
mining step $1032 is a step of determining the locus of the
center of gravity movement caused by the small body
motion such as the movement of hands and feet or the like
of the subject S. The calculating step S1033 is a step of
calculating the respiratory rate of the subject S by using the
locus of the center of gravity movement caused by the
respiration of the subject S extracted as a result of these steps
S1031 and S1032. More detailed procedures of the respira-
tory rate calculating step S103 will be explained as exem-
plified by a case in which the respiratory rate per one minute
is calculated by way of example.

[0075] At first, the respiratory rate calculating unit 32
extracts, from the storage unit 4, the center of gravity locus
GT of the subject S per one minute (i.e. the measurement
objective period). An example of the center of gravity locus
GT to be extracted is as depicted in FIG. 7. The center of
gravity locus GT depicted in FIG. 7 indicates that the subject
S makes one reciprocating motion in the left-right direction
on the bed in accordance with, for example, the turning over
during one minute as the measurement objective period. In
the first movement, the center of gravity G of the subject S
moves from the point A to the point B. In the second
movement, the center of gravity G of the subject S moves
from the point B to the point C. Note that the scale of the
center of gravity movement, which is caused by the respi-
ration of the subject S, is not expressed in FIG. 7, because
it is extremely smaller than the scale of the center of gravity
movement which is caused by the turning over of the subject
S.

[0076] Subsequently, the respiratory rate calculating unit
32 determines, in the large body motion determining step
S1031, the locus of the center of gravity movement caused
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by the large body motion of the subject S from the center of
gravity locus GT, and the locus is removed. In the present
disclosure, the term “large body motion” principally
includes the turning over and other discrete body motion
accompanied by the movement of the body portion, and the
large body motion also arises, for example, when the subject
is painful or the subject awakens. When the term is defined
in view of the movement of the center of gravity, the term
means the body motion in which the center of gravity G is
moved beyond a predetermined distance d in a certain
direction within a certain period. Therefore, it is arbitrary
that what one of the body motions of the subject S is the
“large body motion™. It is possible to determine what one is
the “large body motion” on the basis of the value of the
predetermined distance d. It is also possible to define that the
large body motion is the movement of the center of gravity
which is larger than the movement of the center of gravity
caused by the respiration to such an extent that the relative
distinction can be made (for example, the former is not less
than several times of the latter).

[0077] The respiratory rate calculating unit 32 judges that
the large body motion occurs if the center of gravity G
moves beyond the predetermined distance d substantially in
one direction, and the respiratory rate calculating unit 32
removes the center of gravity locus GT corresponding to the
period in which the center of gravity G moved beyond the
predetermined distance d substantially in one direction. It is
possible to judge whether or not the center of gravity G
moves substantially in one direction, for example, on the
basis of whether or not the angle, which is formed between
the motion vector of the center of gravity G provided during
a predetermined sampling period and the motion vector of
the center of gravity G provided during the next sampling
period, is not more than a predetermined angle. Note that the
large body motion, which is obtained in the large body
motion determining step S1031, principally includes the
turning over and other body motion accompanied by the
movement of the body portion. Therefore, it is possible to
monitor the turning over and the movement of the posture by
judging the content of the signal corresponding to the large
body motion with the machine learning or the like.

[0078] As depicted in FIG. 8, each of the motion vectors
v, to v, of the center of gravity G has the angle of not more
than about 5° with respect to the motion vector during the
immediately preceding sampling period. However, the
motion vector v has the angle of not less than 5° with
respect to the motion vector v, during the immediately
preceding sampling period. In such a situation, the following
assumption can be made. That is, the center of gravity G
moves in a substantially constant direction during the sam-
pling period corresponding to each of the motion vectors v,
to v,, and the movement direction is changed during the
sampling period corresponding to the motion vector vs. In
this section, the threshold value (5°) of the angle is referred
to by way of example, and the setting can be made to any
arbitrary angle. Note that the center of gravity locus GT may
be subjected to the filtering with a low-pass filter prior to
determine the large body motion based on the use of the
motion vector. Accordingly, the high frequency component
(noise) is removed, and it is possible to improve the accu-
racy of determination.

[0079] When the locus of the center of gravity movement
caused by the large body motion is removed from the center
of gravity locus GT depicted in FIG. 7, the loci, such as
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depicted in FIGS. 9A to 9C, are obtained. FIG. 9A depicts
the center of gravity locus GT of the subject S during the
period provided before the subject S performs the first large
body motion, i.e., the period in which the center of gravity
G of the subject S is positioned in the vicinity of the point
A depicted in FIG. 7. FIG. 9B depicts the center of gravity
locus GT of the subject S during the period provided until
the subject S performs the second large body motion after
performing the first large body motion, i.e., the period in
which the center of gravity G of the subject S is positioned
in the vicinity of the point B depicted in FIG. 7. FIG. 9C
depicts the center of gravity locus GT of the subject S during
the period provided after the subject S performs the second
large body motion, i.e., the period in which the center of
gravity G of the subject S is positioned in the vicinity of the
point C depicted in FIG. 7.

[0080] Each of the center of gravity loci GT depicted in
FIGS. 9A to 9C includes the locus which indicates the
reciprocating motion in one direction. This locus is the locus
of the center of gravity movement caused by the respiration
of the subject S. Each of the center of gravity loci GT
depicted in FIGS. 9A to 9C further includes the part which
is deviated from the reciprocating motion and which moves
slightly largely in arbitrary directions. This part is the locus
of the center of gravity movement caused by the small body
motion of the subject S. In the present disclosure, the term
“small body motion” means such a movement that the entire
body of the subject S does not greatly move but only parts
of the body, i.e., hands, feet, and/or face (head) move. When
the small body motion is defined in view of the movement
of the center of gravity, it means the body motion in which
the center of gravity G is moved within a range not exceed-
ing the predetermined distance d in the direction different
from the direction of the center of gravity movement caused
by the respiration of the subject S. The small body motion
can be also recognized as the small movement of the center
of gravity to such an extent that the small body motion can
be distinguished from the large body motion (for example,
the former is not more than a fraction (one-severalth) of the
latter).

[0081] Subsequently, in the small body motion determin-
ing step S1032, the respiratory rate calculating unit 32
determines the locus of the center of gravity movement
which is caused by the small body motion of the subject S
and which is included in the center of gravity locus GT, and
removes the determined locus. The locus of the center of
gravity movement caused by the small body motion can be
removed, for example, in accordance with the method of
outlier removal.

[0082] Specifically, it is assumed that the center of gravity
locus GT depicted in FIG. 9A includes forty-one motion
vectors from v to v, as depicted in FIG. 10. At first, the
respiratory rate calculating unit 32 acquires the direction of
the mode vector v, from the forty-one motion vectors. The
motion vectors vg to v, have the directions respectively.
However, as depicted in FIG. 10, some of the motion vectors
v 10 V4 have mutually identical directions respectively. The
direction of the mode vector v, is equal to the direction
which appears most frequently and which is included in the
directions of the motion vectors v to v,,. As clarified from
FIG. 10, the direction of the mode vector is equal to the
direction of any one of the motion vectors v, to v3;. The
direction of the mode vector v,is also approximately equal
to the direction in which the body axis of the subject S
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extends. Therefore, it is possible to acquire the direction in
which the body axis of the subject S extends, by acquiring
the direction of the mode vector v, (The respiratory rate
calculating unit 32 can be regarded as including a body axis
determining unit.)

[0083] Subsequently, the respiratory rate calculating unit
32 regards, as the majority vector, such a motion vector
included in the motion vectors v, to v, that the difference
between the direction of the vector itself and the direction of
the mode vector v, (or the direction having an angle of 180°
with respect to the direction of the mode vector v/ is not
more than a certain threshold value, while the respiratory
rate calculating unit 32 regards, as the minority vector, such
a motion vector that the difference between the direction of
the vector itself and the direction of the mode vector v, (and
the direction having an angle of 180° with respect to the
direction of the mode vector vy is larger than a certain
threshold value. Specifically, the motion vectors v, 0 V5.,
which have the direction extending substantially along the
body axis direction of the subject S, are regarded as the
majority vectors, and the other motion vectors v to v, are
regarded as the minority vectors. Then, the minority vectors
are removed (majority vectors are extracted). By doing so,
the respiratory rate calculating unit 32 removes the locus of
the movement of the center of gravity G caused by the body
motion of the subject S, i.e., the body motion component of
the center of gravity locus GT obtained in the first half of the
small body motion determining step S1032, and the respi-
ratory rate calculating unit 32 extracts the locus of the
movement of the center of gravity G caused by the respi-
ration of the subject S, i.e., the respiratory component of the
center of gravity locus GT (second half of the small body
motion determining step S1032).

[0084] Further, the respiratory rate calculating unit 32
removes the locus of the movement of the center of gravity
G caused by the body motion of the subject S (body motion
component of the center of gravity locus GT obtained in the
first half of the small body motion determining step S1032)
from each of the center of gravity loci GT depicted in FIGS.
9B and 9C as well in the same manner as described above,
and the respiratory rate calculating unit 32 extracts the locus
of the movement of the center of gravity G caused by the
respiration of the subject S (respiratory component of the
center of gravity locus GT) (second half of the small body
motion determining step S1032). Note that the small body
motion component, which is obtained in the first half of the
small body motion determining step S1032, is the movement
in which only part(s) of the body, i.e., hands, feet and/or face
(head) move(s). Therefore, the occurrence of, for example,
the convulsion of finger, the hiccup or the like may be
monitored by judging the content of the signal correspond-
ing to the small body motion with the machine learning or
the like. Further, it is also allowable to estimate whether the
subject is awaken or asleep by using the small body motion.

[0085] The respiratory components, which are extracted
from the center of gravity loci GT depicted in FIGS. 9A to
9C, are depicted in FIGS. 11A to 11C respectively. The total
number of times of the reciprocating motion of the center of
gravity locus GT depicted in FIGS. 11A to 11C represents
the respiratory rate of the subject S per 1 minute. Therefore,
the respiratory rate calculating unit 32 calculates the respi-
ratory rate per 1 minute of the subject S on the basis of the
center of gravity locus GT depicted in FIGS. 11A to 11C.
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[0086] Specifically, the respiratory rate calculating unit 32
firstly rotates the respiratory component of the center of
gravity locus GT of the subject S so that the direction of the
mode vector v,is coincident with the X axis direction (FIG.
12). Subsequently, the respiratory rate calculating unit 32
performs the filtering of a plurality of stages for the center
of gravity locus GT depicted in FIG. 12 by using a multi-
stage filter bank. The high frequency component is removed
as the noise in the filtering at each stage. On the other hand,
the filtering at the next stage is performed for the low
frequency component obtained by the filtering at each stage.
After performing the filtering a number of times correspond-
ing to the predetermined number of stages, the low fre-
quency component obtained at the final stage can be
regarded as the number of times of respiration. Further, it is
possible to perform the correct monitoring for whether the
subject exists on the bed or does not exist on the bed, by
using the output from the load detecting unit 1 described
above and the data of the respiratory rate calculating unit 32.
For example, when any baggage or the like is placed on the
bed, the output of the load detecting unit 1 changes. In this
case, if the respiratory rate is calculated by the respiratory
rate calculating unit 32 on the basis of the output of the load
detecting unit 1, it is possible to judge that what exists on the
bed is human subject not the baggage or the like. Further,
when the load, based on which the respiration has been
successfully detected, still exists, and the respiratory com-
ponent cannot be detected anymore, then it is considered that
the respiratory arrest has occurred. If the heart beat variation
is not observed as well, it is meant that the cardiac arrest has
occurred. In other words, it is also possible to judge at what
point in time the subject died. It is also possible to speculate
the situation to result in the death of the subject by means of,
for example, the analysis of the body motion, the respiration,
and the heart beat provided during a period preceding the
death of the subject. This is extremely important, for
example, for the investigation of any medical accident.

Respiratory Ventilation Volume Calculating Step

[0087] In the respiratory ventilation volume calculating
step S104, the respiratory ventilation volume calculating
unit 33 estimates the ventilation volume of one respiration
cycle of the subject S, on the basis of the locus of the center
of gravity movement based on the respiration (FIG. 12)
extracted by the respiratory rate calculating unit 32. Note
that the respiratory ventilation volume is the physical
amount corresponding to the depth of respiration.

[0088] The amplitude of one cycle depicted in FIG. 12
corresponds to one respiration cycle. In the case of the large
and deep respiration, when the lungs expand during the
inhalation, then the diaphragm is greatly moved and lowered
downwardly as compared with the ordinary inhalation, and
the internal organs are also greatly moved downwardly. On
the other hand, upon the expiration, i.., when the lungs
shrink, then the diaphragm is greatly moved and raised
upwardly as compared with the ordinary expiration, and the
internal organs are also greatly moved upwardly. On the
contrary, in the case of the small and shallow respiration, the
movement of the internal organs is small as compared with
the ordinary state. According to the research performed by
the inventors of the present invention, it has been found out
that the slight movement of the center of gravity G caused
by the movement of internal organs is affected by the size or
magnitude of the respiration. Specifically, the amplitude is
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increased as compared with the ordinary state when the
respiration is large and deep, while the amplitude is
decreased as compared with the ordinary state when the
respiration is small and shallow. The ventilation volume of
one respiration cycle can be estimated by being correlated
with the amplitude. For example, the following procedure is
performed in advance. That is, the subject performs the large
and deep respiration in a state in which the subject lies on
his/her back on the bed, and the ventilation volume and the
amplitude obtained in this state are recorded beforehand.
Further, the subject performs the small and shallow respi-
ration, and the ventilation volume and the amplitude
obtained in this state are recorded beforehand. The respira-
tory ventilation volume is calculated using the amplitude of
the acquired center of gravity locus based on the respiration.
It is also possible to estimate a minute volume (a ventilation
volume per one minute) by estimating the ventilation vol-
ume of one respiration cycle. When the number of times of
respiration per one minute and the minute volume are
known, it is thereby possible to monitor whether the respi-
ratory condition of the subject S is comprehensively in a
good state or in a bad state.

Heart Rate Calculating Step

[0089] In the heart rate calculating step S105, the heart
rate calculating unit 34 extracts the heart beat component
from the load signal fed from the load detecting unit 1.
Specifically, the following method is used. The heart beat
component is the signal component existing in a band of 0.5
Hz to 2.5 Hz. Therefore, the heart rate calculating unit 34
extracts the signal components in this frequency band from
the output values of the four load detectors 11 to 14.
Subsequently, the heart rate calculating unit 34 calculates the
center of gravity locus based on the heart beat component in
accordance with the same or equivalent method as that used
in the center of gravity locus calculating step S102 to
calculate the heart rate per unit time of the subject S based
on the calculated center of gravity locus.

Cardiac Output Calculating Step

[0090] In the cardiac output calculating step S106, the
cardiac output calculating unit 35 estimates the cardiac
output of one heart beat cycle of the subject S, on the basis
of the center of gravity locus based on the heart beat
extracted by the heart rate calculating unit 34. The amplitude
of one cycle corresponds to one heart beat cycle, in the same
manner as the respiratory ventilation volume calculating
step S104. Therefore, the cardiac output of one heart beat
cycle can be estimated by being correlated with the ampli-
tude. For example, the following procedure is performed in
advance. That is, the subject is in a state in which the subject
lies on his/her back on the bed, and the cardiac output and
the amplitude obtained in this state are recorded beforehand.
The cardiac output is calculated from the amplitude on the
basis of the center of gravity locus based on the acquired
heart beat. According to the heart rate and the cardiac output,
it is possible to monitor whether the blood pressure state of
the subject S is comprehensively in a good state or in a bad
state. Further, it is possible to monitor whether the health
status (condition of health) of the subject S is comprehen-
sively in a good state or in a bad state by using the number
of times of respiration per one minute and the minute
volume described above in combination with the heart rate
and the cardiac output.
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Physical Condition Judging Step

[0091] In the physical condition judging step S107, the
physical condition judging unit 36 judges the physical
condition of the subject S by comparing the respiratory rate
of the subject S determined by the respiratory rate calculat-
ing unit 32 and the respiratory ventilation volume of the
subject S calculated by the respiratory ventilation volume
calculating unit 33 with the reference data stored in the
storage unit 4.

[0092] The physical condition judging unit 36 can com-
pare the calculated values of the respiratory rate and the
respiratory ventilation volume of the subject S with the
values of the reference data stored in the storage unit 4 to
monitor, for example, whether the subject S is in the sleep
state or in the wakeful state. Further, the physical condition
judging unit 36 can monitor whether or not the subject S
snores and whether or not the subject S is in the apnea
condition. Further, the physical condition judging unit 36
can monitor whether or not the subject S falls into the
abnormal respiratory condition including, for example, the
tachypnea, the bradypnea, the hyperpnea, and the irregular
respiration. Besides, as for other examples of the physical
condition capable of being judged by the physical condition
judging unit 36, it is possible to monitor, for example, not
only the respiratory rate but also the length of time in which
the respiration stops and the length of time in which the
subject performs the respiration. Further, the direction of the
body axis is known. Therefore, it is also possible to monitor,
for example, the direction of the turning over of the subject
in accordance with the large body motion.

Display Step

[0093] In the display step S108, the respiratory rate of the
subject S calculated by the respiratory rate calculating unit
32, the respiratory ventilation volume of the subject S
calculated by the respiratory ventilation volume calculating
unit 33, the heart rate of the subject S calculated by the heart
rate calculating unit 34, the cardiac output of the subject S
calculated by the cardiac output calculating unit 35, and the
physical condition of the subject S judged by the physical
condition judging unit 36 are displayed on the monitor. The
user can monitor the respiratory rate, the respiratory venti-
lation volume, the heart rate, the cardiac output, and the
physical condition of the subject S by viewing or visually
observing the monitor.

[0094] The user of the biometric information monitoring
system 100 can also make the setting such that the notifi-
cation is made by the notifying unit 6 if the subject S results
in a predetermined condition. For example, the user can
make the setting such that the notification is made if the
subject S is in the apnea condition, by using the input unit
7

[0095] The effects of the biometric information monitor-
ing system 100 of this embodiment are summarized as
follows.

[0096] The biometric information monitoring system 100
of this embodiment calculates the respiratory rate of the
subject S by using the load detectors 11 to 14 arranged under
the feet of the bed BD. Therefore, it is unnecessary to attach
any measuring device to the body of the subject S. Neither
discomfort nor sense of incongruity is Given to the subject
S.
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[0097] The biometric information monitoring system 100
of this embodiment calculates the respiration rate of the
subject S on the basis of the locus of the position of the
center of gravity G of the subject S (temporal change of the
position of the center of gravity G). The information relevant
to the respiration of the subject S, which is included in the
locus of the position of the center of gravity G of the subject
S, is stable because the output intensity thereof is constant
without being affected by the position of the subject S on the
bed, unlike the information relevant to the respiration of the
subject S included in the output value fed from each of the
load sensors 11 to 14. Therefore, the biometric information
monitoring system 100 of this embodiment can correctly
calculate the respiratory rate of the subject S without being
affected by the position of the subject S on the bed.

[0098] The biometric information monitoring system 100
of this embodiment calculates the respiratory rate of the
subject S by removing the locus of the movement of the
center of gravity G caused by the body motion of the subject
S from the center of gravity locus GT of the subject S and
extracting only the locus of the movement of the center of
gravity G caused by the respiration of the subject S. There-
fore, the accuracy of the calculated respiratory rate is high.
Further, it is also possible to determine the ventilation
volume of the respiration of the subject S.

[0099] In particular, in the biometric information moni-
toring system 100 of this embodiment, the locus of the
movement of the center of gravity G caused by the large
body motion is removed on the basis of the movement
amount of the center of gravity G from the center of gravity
locus GT of the subject S, and then the locus of the
movement of the center of gravity G caused by the small
body motion is removed on the basis of the movement
direction of the center of gravity G. The small body motion
includes those in which the center of gravity position varies
at a period or a magnitude approximately equivalent to that
of the respiration. Therefore, it is not easy to separate them
by merely using a frequency filter. However, in the embodi-
ment described above, the locus of the movement of the
center of gravity G caused by the small body motion is
removed on the basis of the movement direction of the
center of gravity G. Therefore, only the locus of the move-
ment of the center of gravity G caused by the respiration of
the subject S can be extracted at a low noise from the center
of gravity locus GT, and it is possible to highly accurately
calculate the respiratory rate of the subject S.

Modified Embodiment

[0100] An explanation will be made with reference to
FIGS. 13 to 19 about a modified embodiment of the method
for detecting, for example, the respiratory condition of a
subject by using a biometric information monitoring system
200 according to the modified embodiment (FIG. 13). The
biometric information monitoring system 200 of the modi-
fied embodiment is the same as the biometric information
monitoring system 100 of the embodiment described above
except that the control unit 3 further comprises a body
motion information determining unit 37. The method of the
modified embodiment is different from the method of the
embodiment described above in the process contents of the
load detecting step S201 (FIG. 2) and the respiratory rate
calculating step S203 (FIG. 2).
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Load Detecting Step

[0101] In the load detecting step S201 of the modified
embodiment, the settling of the subject S on the bed BD and
the leaving of the subject S from the bed BD are also
detected. Further, the body weight of the subject 3 is also
measured.

[0102] Exemplary load signals detected in the load detect-
ing step S201 are depicted in FIG. 14B. FIG. 14B shows 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) from the load detectors 11, 12, 13, 14, respec-
tively, outputted during the period ranging from the time t,,
to the time t,,. The load detectors 11 to 14 are provided in
the areas I to IV depicted in FIG. 4 respectively in the same
manner as in the embodiment described above. The follow-
ing fact has been observed. That is, the subject S was absent
on the bed BD during the period (period P,,) ranging from
the time t,, to the time t, ;. The subject S sat down on the side
of the areas 11, III of the bed BD at the time t,,, and then the
subject S took such a position that the subject S lay on
his/her back at the center of the bed BD at the time t,,.
Further, the following fact has been observed. That is, the
subject S took arbitrary postures during the period (period
P,,) ranging from the time t,; to the time t,,, and then the
subject S sat down on the side of the areas II, III of the bed
BD again at the time t,,. After that, the subject S left the bed
BD at the time t,5.

[0103] The subject S is absent on the bed BD during the
period P,,. Therefore, all of the signals s, to s, fed from the
load detectors 11 to 14 are equal to one another during the
period P,,, and each of them exhibits the load value corre-
sponding to about %4 of the weight of the bed BD.

[0104] The signals s, to s, fed from the load detectors 11
to 14 greatly change at the time t,, at which the subject S is
seated in the areas II, IIT of the bed BD. Specifically, each of
the signals s, to s, is increased at the time t,,. The amount
of increase in the load value of the signal s,, s; fed from the
load detector 12, 13 corresponding to the area I1, III is larger
than the amount of increase in the load value of the signal
s, 54 fed from the load detector 11, 14 corresponding to the
area I, IV. Note that in this section, it is assumed that the
subject S seated on the bed BD has feet separated from the
floor and the entire body weight of the subject S is applied
onto the bed BD for convenience of the explanation.
[0105] 1In the load detecting step S201, the large increase
in the total value of the load values of the signals s, to s, as
generated at the time t,, is detected by the center of gravity
position calculating unit 31 (bed-leaving/settling judging
unit), and it is judged that the subject S is settled on the bed
BD on the basis of the detection. The result of judgment may
be displayed on the display unit 5.

[0106] The judgment of the settling of the subject S on the
bed BD, which is performed by the center of gravity position
calculating unit 31, may be made, for example, depending
on whether or not the increase in the total value of the load
values indicated by the signals s, to s, fed from the load
detectors 11 to 14 exceeds a predetermined value (the value
1s, for example, 40 kg, 55 kg, or 70 kg, and the value can be
arbitrarily set by using, for example, input unit 7).

[0107] The subject S, who is seated in the areas I, III of
the bed BD at the time t,,, greatly changes the posture so
that the subject S lies on his/her back at the central portion
of the bed BD at the time t,,. Therefore, the signals s, to s,
fed from the load detectors 11 to 14 also greatly change at
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the time t,,. The load values of the signals s, s; correspond-
ing to the area II and the area III are decreased. and the load
values of the signals s, s, corresponding to the area I and the
area IV are increased.

[0108] The subject S lies on his/her back at the central
portion of the bed BD during the period P,;. Therefore,
during the period P,;, the signals s,, s, 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, fed from the load detectors 11, 12 arranged on the foot
side of the subject S are approximately equal to one another.
In this modified embodiment, the period, in which the
subject S takes the stable posture on the bed BD and any
large body motion of the subject S does not occur as
described above, is referred to as “stable posture period”.
[0109] Further, as depicted in the enlarged part depicted in
FIG. 14B, each of the signals s, to s, fed from the load
detectors 11 to 14 always varies minutely resulting from, for
example, the respiration of the subject S during the stable
posture period as well, and each of the signals s, to s,
sporadically varies on account of the small body motion of
the subject S (variation sm depicted in the enlarged part of
FIG. 14B). In this modified embodiment, the period
included in the “stable posture period”, in which only the
variations of the signals s, to s, caused, for example, by the
respiration occur and the variations of the signals s, to s,
caused by the small body motion do not occur, is referred to
as “stable respiration period”. The calculation of, for
example, the respiration and the heart beat described later on
can be performed especially satisfactorily during the stable
respiration period.

[0110] The signals s, to s,, which are provided during the
period P, in which the subject S sits down in the areas I,
11T of the bed BD again, are the same as the signals s, to s,
which are provided during the period P,,.

[0111] The load value of each of the signals s, to s, fed
from the load detectors 11 to 14 is lowered at the time t,5 at
which the subject S leaves the areas II, 11T of the bed BD.
The load value of each of the signals s, to s, provided during
the period P, thereafter is equal to the value provided
during the period P,, in which only the load value corre-
sponding to about 4 of the weight of the bed BD is
exhibited.

[0112] In the load detecting step S201, the large decrease
in the total of the load values of the signals s, to s, as
generated at the time t, is detected by the center of gravity
position calculating unit 31. It is judged on the basis of the
detection that the subject S has left the bed BD. The
judgment result may be displayed on the display unit 5.
[0113] The period, which ranges until the center of gravity
position calculating unit 31 detects the leaving of the subject
S from the bed BD after the detection of the settling of the
subject S on the bed BD, is referred to as “settling period”
in this modified embodiment (FIG. 14A). In this modified
embodiment, various types of filtering are applied to the
center of gravity locus of the subject S which is obtained
during the settling period to acquire the biometric informa-
tion such as the respiratory rate of the subject S.

[0114] In the load detecting step S201, it is possible to
measure the body weight of the subject S at any single point
in time or a plurality of points in time of the settling period
by using the center of gravity position calculating unit 31
(body weight measuring unit). The body weight of the
subject S can be acquired by subtracting the weight of the



US 2018/0206793 A1l

bed BD previously stored in the storage unit 4 from the total
value of the load values of the signals s, to s,.

Respiratory Rate Calculating Step

[0115] In the respiratory rate calculating step S203, the
process contents of the large body motion determining step
S2031 and the process contents of the small body motion
determining step S2032 are different from the process con-
tents of the large body motion determining step S1031 and
the process contents of the small body motion determining
step S1032 included in the respiratory rate calculating step
S103. Detailed procedures of the respiratory rate calculating
step S203 will be explained as exemplified by a case in
which the respiratory rate per one minute is calculated.
[0116] At first, the body motion information determining
unit 37 extracts, from the storage unit 4, the center of gravity
locus GT2 of the subject S per one minute included in the
settling period. An example of the extracted center of gravity
locus GT2 is depicted in FIG. 15A. The center of gravity
locus GT2 depicted in FIG. 15A indicates the fact that the
subject S makes one reciprocating motion in the left-right
direction on the bed in accordance with the large body
motion (turning over or the like). Further, the center of
gravity locus GT2 indicates that the center of gravity G of
the subject S moves in each of the areas D, E, F during the
stable posture period in which no large body motion occurs.
The movement of the center of gravity G in the areas D, E,
F is caused, for example, by the respiration and the small
body motion of the subject S.

[0117] The large body motion information determining
unit (first body motion information determining unit) 37A,
which is included in the body motion information determin-
ing unit 37, determines and extracts the locus of the center
of gravity movement caused by the large body motion of the
subject S from the center of gravity locus GT2 (large body
motion determining step S2031). The large body motion
information determining unit 37A judges that the large body
motion has occurred if the center of gravity G moves in a
certain direction within a certain time period beyond a
certain distance, for example, if the center of gravity G
moves from one area to another area within a certain time.
The large body motion information determining unit 37A
extracts the center of gravity locus GT2 provided during this
period.

[0118] In the large body motion determining step S2031,
it is judged whether or not the center of gravity G moves in
a certain direction within a certain time period beyond a
certain distance, by using the following method. At first, the
center of gravity locus GT2 depicted in FIG. 15A is con-
verted into a center of gravity locus GT21 based on a lower
sampling frequency (FIG. 15B). The conversion can be
performed by thinning out the data of the center of gravity
position G acquired at a sampling frequency of 0.1 second
and/or by using the moving average process. Alternatively,
the conversion can be also performed by subjecting the
center of gravity locus GT2 to the frequency resolution and
extracting the predetermined low frequency component by
means of a low-pass filter.

[0119] With reference to FIG. 15B, the locus between the
point D1 and the point E1 exhibits, for example, the move-
ment in the right direction within 0.5 second beyond 30 cm.
Therefore, the respiratory rate calculating umit 32 judges that
the locus in this interval is the locus of the large body
motion. The respiratory rate calculating unit 32 removes the
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locus in this interval from the center of gravity locus GT2.
Similarly, the locus between the point E2 and the point F1
exhibits, for example, the movement in the left direction
within 0.5 second beyond 30 cm. Therefore, the large body
motion information determining unit 37A judges that the
locus in this interval is the locus of the large body motion.
The large body motion information determining unit 37A
removes the locus in this interval from the center of gravity
locus GT2. Note that the movement from the point D1 to the
point El and the movement from the point E2 to the point F1
may be identified as the movements related to the large body
motion on the basis of the fact that each movement is a
movement from one area to another area.

[0120] The loci, obtained by removing the locus of the
large body motion from the center of gravity locus GT2
depicted in FIG. ISA, are depicted in FIGS. 16A to 16C.
FIG. 16A depicts the center of gravity locus GT2 in the area
D, FIG. 16E depicts the center of gravity locus GT2 in the
area F, and FIG. 16C depicts the center of gravity locus GT2
in the area F. Each of the loci is the center of gravity locus
GT2 during the stable posture period.

[0121] Note that it is desirable that the low sampling
frequency has the period which is short (the frequency
which is large) to such an extent that the large body motion
is sufficiently extracted, and the low sampling frequency has
the period which is long (frequency which is small) to such
an extent that no influence is exerted by the variation of the
center of gravity caused by any other factor than the large
body motion such as the small body motion, the respiration
or the like. Further, the extent of the time and the extent of
the distance, on the basis of which it is to be judged that the
large body motion is caused when the movement occurs
within that time by that distance, can be optimized in
conformity with the feature of the apparatus of the biometric
information monitoring system 200.

[0122] Subsequently, the small body motion information
determining unit (second body motion information deter-
mining unit) 37B of the body motion information determin-
ing unit 37 determines and extracts the locus of the center of
gravity movement caused by the small body motion of the
subject S from the center of gravity locus GT2 during the
stable posture period (small body motion determining step
S2032). The step of removing the locus of the center of
gravity movement caused by the small body motion of the
subject S from the center of gravity locus GT2 during the
stable posture period will be explained. Here, a procedure in
which the small body motion locus and the respiration locus
are separated from the center of gravity locus GT2 in the
area E (FIG. 16B) will be explained as an example.
[0123] In the small body motion determining step S2032,
the center of gravity locus, which is calculated by the
respiratory rate calculating unit 32 using data of past mea-
surement, and which oscillates periodically in specified
directions, is identified as the center of gravity locus based
on the respiration The center of gravity locus, which is
different from the center of gravity locus as identified above,
is regarded as the center of gravity locus based on the small
body motion.

[0124] With reference to FIG. 16B, the center of gravity
locus GT2 includes the portions gtl, gt3 which represent the
movement of the center of gravity G caused by the respi-
ration and the portion gt2 which represents the movement of
the center of gravity G caused by the small body motion
(note that the portion gt2 represents the movement of the



US 2018/0206793 A1l

center of gravity G caused by the respiration as well). The
portion gt2, which represents the movement of the center of
gravity G caused by the small body motion, does not
periodically oscillate in any specified direction, unlike the
center of gravity loci of the portions gt1, gt3 which represent
the movement of the center of gravity G caused by the
respiration.

[0125] Therefore, one method is available to separate and
extract the locus of the center of gravity movement caused
by the small body motion. That is, only the center of gravity
locus (gtl, gt3), which oscillates periodically in specified
directions, is extracted, and it is regarded as the respiratory
component of the center of gravity movement. Then, the
other portion (gt2) is separated and extracted as the small
body motion. The separation and the extraction as described
above, for example, can be carried out in accordance with
the method as described below. The center of gravity varia-
tion, which is repeated periodically and which is included in
the center of gravity variations provided during a past
certain period in the stable respiration phase, is detected by
means of the frequency analysis such as the Fourier analysis
or the like. The direction of the center of gravity change
exhibited in the corresponding frequency is detected, and
this is regarded as the center of gravity variation caused by
the respiration. After that, the difference between the pres-
ently measured center of gravity variation and the center of
gravity variation caused by the respiration is extracted as the
variation caused by the small body motion. In this proce-
dure, if the component having the corresponding frequency
is not included in the presently measured center of gravity
variation and/or the amplitude of the presently measured
center of gravity variation has largely changed, then it is
regarded that the respiration condition of the subject S has
changed, and obtaining the difference by using the center of
gravity variation caused by the respiration is not performed.

[0126] Another method is available as depicted in F1G. 17.
That 1s, the portion (gt2), which does not form the center of
gravity locus oscillating periodically in any specified direc-
tion, 1s decomposed into the portion gt21 which constitutes
a part of the center of gravity locus oscillating periodically
in a specified direction and the other portion gt22. Then,
only the portion gt21, which constitutes the part of the center
of gravity locus oscillating periodically in the specified
direction, is returned to the position between the portion gtl
and the portion gt3 to acquire the center of gravity locus as
depicted in FIG. 18. This is used as the respiratory compo-
nent of the center of gravity movement. Meanwhile, the
portion gt22, which is decomposed from the portion gt2, is
separated and extracted as the small body motion. The
separation and the extraction as described above can be
carried out in accordance with the foregoing method.

[0127] After that, the respiratory component of the center
of gravity movement extracted by the body motion infor-
mation determining unit 37 is fed to the respiratory rate
calculating unit 32. In the respiratory rate calculating unit
32, the respiratory rate is calculated by the same or equiva-
lent means as that used in the embodiment described above.
Note that it is also appropriate that the body motion infor-
mation determining unit 37 determines only the locus of the
center of gravity movement caused by the large body motion
and the locus of the center of gravity movement caused by
the small body motion. That is, it is not necessarily indis-
pensable to separate and extract the loci caused by the large
and small body motions from the center of gravity locus. In
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this case, for example, the respiratory rate calculating unit
32 extracts the respiratory component from the center of
gravity locus with reference to the locus of the center of
gravity movement caused by the large body motion and the
locus of the center of gravity movement caused by the small
body motion each of which was determined by the body
motion information determining unit 37.

[0128] The steps of this modified embodiment can be also
carried out by using the biometric information monitoring
system 100 of the embodiment described above. In this case,
the step, which is performed by the body motion information
determining unit 37, can be performed by the respiratory rate
calculating unit 32. On the contrary, the steps of the embodi-
ment described above can be also carried out by using the
biometric information monitoring system 200 of this modi-
fied embodiment. In this case, the large body motion deter-
mining step S1031 may be performed by the large body
motion information determining unit 37A, and the small
body motion determining step S1032 may be performed by
the small body motion information determining unit 37B.
[0129] It is also possible to adopt the following modified
embodiments in the biometric information monitoring sys-
tem 100 of the embodiment described above.

[0130] In the biometric information monitoring system
100 of the embodiment described above, the heart rate is
calculated by extracting the signal component in the fre-
quency band of 0.5 Hz to 2.5 Hz corresponding to the heart
rate component from the output values of the four load
detectors 11 to 14. However, there is no limitation thereto.
The heart rate has the unique period in which a plurality of
center of gravity variations are combined, and thus, the heart
rate calculating unit 34 can estimate the displacement of the
center of gravity considered to be caused by the present heart
beat on the basis of the past calculation result. Therefore, the
locus caused by the heart beat can be extracted from the
center of gravity locus on the basis of the estimated dis-
placement of the center of gravity, and the heart rate can be
determined on the basis of the extracted locus.

[0131] The physical condition judging unit 36 of the
biometric information monitoring system 100 of the
embodiment described above judges the sleep/wakefulness
of the subject S on the basis of the values of the respiratory
ventilation volume and the respiratory rate of the subject S.
However, there is no limitation thereto. For example, the
result of another system, which can be used as a reference
data for judging the wakefulness/sleep, may be used as the
teacher data. Alternatively, the data, which is labeled in
relation to the condition of the subject in accordance with a
camera or a decision or judgment of a doctor, may be used
as the teacher data.

[0132] The physical condition judging unit 36 judges the
physical condition of the subject by integrally using the data
of various types of biometric information (for example,
body weight, body motion, respiration, and heart beat). In
this procedure, in order to raise the accuracy in judging the
physical condition, it is also allowable to perform the
machine learning based on the use of the teacher data. That
is, the function for judging whether the subject S is a sleep
state or a wakeful state is previously prepared by means of
the fitting from a large number of pieces of biometric
information (labeled teacher data), and the data of various
types of biometric information, which is obtained from the
biometric information monitoring system 100 of this
embodiment, is substituted into the function so as to acquire
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the physical condition (i.e. the sleep or the wakefulness).
That is, the algorithm of sleep/wakefulness can be obtained
by the machine learning based on the use of various types of
biometric information such as the leaving from the bed, the
settling on the bed, the large body motion, the small body
motion, the respiration, the apnea, the snore, the utterance,
and the heart beat and the operation thereof (mathematical
analysis including, for example, the four arithmetic opera-
tions, the integration, the differentiation, and the frequency
analysis), as obtained from the biometric information moni-
toring system 100 with reference to the teacher data labeled
as “during the wakefulness” or “during the sleep” sampled
from the subject.

[0133] The physical condition judging unit 36 of the
biometric information monitoring system 100 of the
embodiment described above can also detect the fall of the
subject S from the bed BD. Specifically, the physical con-
dition judging unit 36 can judge that the subject S has fallen
from the bed BD if the large body motion and the leaving
from the bed (or only the leaving from the bed) occur
(occurs) when the subject S is in the sleep state. Further, the
judgment result may be displayed on the display unit 5. The
judgment result may be notified to the user of the biometric
information monitoring system 100 by using the notifying
unit 6. Note that the physical condition judging unit 36 may
judge that the subject S has left the bed in accordance with
his/her own intention if the large body motion and the
leaving from the bed occur when the subject S is in the
wakeful state.

[0134] The physical condition judging unit 36 of the
biometric information monitoring system 100 of the
embodiment described above may judge whether the subject
S is alive or dead on the basis of various types of biometric
information acquired by the biometric information monitor-
ing system 100. Specifically, for example, the physical
condition judging unit 36 can judge that the subject S is dead
if all of the body motion of the subject S (large body motion
and small body motion acquired from the movement of the
center of gravity ), the respiration, and the heart beat stop
under a certain condition. The certain condition can be set on
the basis of the judgment of a doctor or the like as the user.

[0135] The physical condition judging unit 36 of the
biometric information monitoring system 100 of the
embodiment described above can also judge that the subject
in the apnea condition which 1 a symptom of the sleep apnea
syndrome. If a patient of the sleep apnea syndrome falls into
the apnea during the sleep, then the respiration and the body
motion stop during a certain period, and then inhalation is
performed greatly to cause the respiration and the body
motion. On the other hand, the heart beat continues through-
out the above period. Therefore, the physical condition
judging unit 36 can detect that the apnea condition has
occurred if the period, in which the respiration and the body
motion stop and the heart beat continues, continues for not
less than a certain time period.

[0136] The physical condition judging unit 36 may display
the judgment result on the display unit 5. The judgment
result may be notified to the user of the biometric informa-
tion monitoring system 100 by using the notifying unit 6
(nurse call). Further, the physical condition judging unit 36
may label the biometric information corresponding to the
period in which the apnea condition occurred, when storing
various types of measured biometric information in the
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storage unit 4. With this, it is made easier to observe the
symptom of the sleep apnea syndrome of the subject S after
the event (ex post fact).

[0137] The physical condition judging unit 36 of the
biometric information monitoring system 100 of the
embodiment described above can also detect the utterance
and the snore of the subject S. In general, the utterance is
performed simultaneously with the expiration. Therefore,
for example, if any high frequency component is generated
in the expiration period during the wakefulness or the sleep,
it is possible to judge that the high frequency component is
caused by the utterance. On the other hand, the snore
generally occurs during the inhalation. Therefore, for
example, if any high frequency component is generated in
the inhalation period during the sleep, it is possible to judge
that the high frequency component is caused by the snore.

[0138] When the center of gravity locus exhibits the
movement which is different from the ordinary movement,
then the notifying unit 6 of the biometric information
monitoring system 100 of the embodiment described above
may regard the movement as abnormal movement, and the
notifying unit 6 may perform the notification by using the
notifying unit 6 (nurse call). It is possible to appropriately
set what kind of movement is the “movement different from
the ordinary movement”. As an example, if a predetermined
large body motion or a small body motion continues for not
less than a certain time period in a successive manner, n it
is possible to judge that the “movement different from the
ordinary movement” has occurred, and to perform the nurse
call based on the judgement. When the nurse call signal is
received, it is also allowable to operate a camera which
captures the situation of the bed.

[0139] In the biometric information monitoring system
100 of the embodiment described above, the large body
motion extracted in the large body motion determining step
S1031, S2031 and the small body motion extracted in the
small body motion determining step S1032, S2032 may be
displayed on the display unit 5. Specifically, for example, as
depicted in FIG. 19, it is possible to display the locus of the
large body motion and the locus of the small body motion on
a screen area which is designed to imitate the upper surface
of the bed. When the history of the large body motion is
displayed together with the time, the user such as a doctor
or the like can thereby easily grasp the outline of the
behavior of the subject S during the sleep.

[0140] In the embodiment described above, the period,
which is provided between one large body motion and
another large body motion, is defined as the “stable posture
period”, and the respiratory component and the component
of the small body motion of the center of gravity locus are
extracted from the locus corresponding to the stable posture
period. However, the following fact has been observed. That
is, the center of gravity of the subject S is not stable, and a
relatively large variation of the center of gravity position
occurs immediately before the large body motion occurs and
immediately after the large body motion has occurred.
Therefore, by extracting the respiratory component and the
component of the small body motion only from the center of
gravity locus provided during the period obtained by further
removing, from the “stable posture period”, certain periods
provided immediately before and immediately after the large
body motion, it is possible to more correctly acquire the
biometric information such as the respiratory rate or the like.



US 2018/0206793 A1l

[0141] In the embodiment described above, the leaving
from the bed and the settling on the bed of the subject S are
judged on the basis of the total of the load values of the
signals s, to s, fed from the load sensors 11 to 14. However,
there is no limitation thereto. With reference to FIG. 14B,
the load from the bed BD is equally applied to the load
sensors 11 to 14 during the period P,, in which the subject
S is absent on the bed. In other words, the center of gravity
G is positioned at the center of the bed BD. When the subject
S is settled on the bed BD at the time t,,, the center of
gravity G is greatly moved to the side of the areas I, III. The
center of gravity position calculating unit 31 can judge the
settlement of the subject S on the bed on the basis of the
large movement of the center of gravity G as described
above. The leaving of the subject S from the bed can be also
judged in the same manner as described above.

[0142] In the embodiment described above, the direction,
in which the body axis of the subject S extends, is acquired
by acquiring the direction of the mode vector v, by the
respiratory rate calculating unit 32. However, it is also
allowable to acquire the direction by any means or any
processing unit distinct from the respiratory rate calculating
unit 32.

[0143] Inthe embodiment described above, the respiratory
rate calculating unit 32 is used to separate and extract the
body motion information relevant to the large body motion
(first information) and the body motion information relevant
to the small body motion (second information). However,
there is no limitation thereto. The body motion information
relevant to the large body motion may be separated and
extracted by any means (for example, a large body motion
information deriving unit) distinct from the respiratory rate
calculating unit 32, and similarly, the body motion informa-
tion relevant to the small body motion may be separated and
extracted by any means (for example, a small body motion
information deriving unit) distinct from the respiratory rate
calculating unit 32.

[0144] In the biometric information monitoring system
100 of the embodiment described above, the respiratory rate
calculating unit 32 calculates the respiratory rate of the
subject S by using the wavelet transformation. However, it
is also possible to use any other method. Specifically, for
example, the point positioned on the most positive side in
the X axis direction and the point positioned on the most
negative side in the X axis direction are firstly acquired from
the center of gravity locus GT depicted in FIG. 12 to
calculate the intermediate value Xm of the X coordinates of
the both points. As depicted in FIG. 12, the intermediate
value Xm can be regarded as the center of oscillation of the
center of gravity locus GT caused by the respiration of the
subject S. Subsequently, the respiratory rate calculating unit
32 acquires the number of times of movement of the center
of gravity locus GT from the negative side to the positive
side (or the positive side to the negative side) in the X axis
direction while crossing over the intermediate value Xm.
Based on the acquired number of times, the respiratory rate
calculating unit 32 calculates the frequency of the center of
gravity locus GT caused by the respiration of the subject S,
1.e., the respiratory rate.

[0145] Note that in the embodiment described above, each
of the load detectors 11, 12, 13, 14 is not limited to the load
sensor having the beam-type load cell. It is also possible to
use, for example, a force sensor.

Jul. 26,2018

[0146] Note that in the embodiment described above, the
number of load detectors is not limited to four. It is also
allowable to use five or more load detectors by providing an
additional foot or additional feet for the bed BD. Alterna-
tively, it is also allowable to arrange the load detectors for
only three of the feet of the bed BD. Even when the three
load detectors are used, it is possible to detect a position of
the center of gravity G of the subject S on the plane of the
bed BD provided that the three load detectors are not
arranged on a straight line.

[0147] Note that in the embodiment described above, the
load detectors 11, 12, 13, 14 are arranged respectively under
the casters C,, C,, C;, C, attached to the lower ends of the
feet of the bed BD. However, there is no limitation thereto.
Each of the load detectors 11, 12, 13, 14 may be provided
respectively between one of the four feet of the bed BD and
the board of the bed BD. Alternatively, if each of the four
feet of the bed BD can be divided into upper and lower
portions, each of the load detectors 11, 12, 13, 14 may be
provided between upper foot and lower foot. Further alter-
natively, the load detectors 11, 12, 13, 14 may be formed
integrally with the bed BD to construct a bed system EDS
comprising the bed BD and the biometric information moni-
toring system 100 of this embodiment (FIG. 20). Note that
in this specification, the “load detectors placed in the bed”
mean the load detectors each of which is provided between
one of the four feet of the bed BD and the board of the bed
BD as described above and the load detectors each of which
is provided between the upper foot and the lower foot.
[0148] Note that in the embodiment described above, it is
also allowable to provide a signal amplifying unit for
amplifying the load signal fed from the load detecting unit
1 and/or a filtering unit for removing the noise from the load
signal, between the load detecting unit 1 and the A/D
converting unit 2.

[0149] Note that in the biometric information monitoring
system 100 of the embodiment described above, the display
unit 5 is not limited to the unit which displays the informa-
tion 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 condi-
tion (respiratory rate, respiratory ventilation volume), the
state of the heart beat, 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
in the case of the sleep state, a yellow lamp is turned ON in
the case of the wakeful state, and/or a red lamp is turned ON
in the case of the apnea condition. Further alternatively, the
display unit 5 may be a unit which reports the respiratory
condition and the physical condition of the subject S to the
user by means of any sound or voice. Further alternatively,
it 1s also allowable that the biometric information monitor-
ing system 100 does not have the display unit 5. The
biometric information monitoring system 100 may have
only an output terminal for outputting the information. A
monitor (display device) or the like, which is provided to
perform the display, will be connected to the biometric
information monitoring system 100 by the aid of the output
terminal.

[0150] Note that the notifying unit 6 of the embodiment
described above performs the notification auditorily. How-
ever, the notifying unit 6 may be constructed to perform the
notification visually by means of, for example, the flashing
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or flickering of light. Alternatively, the notifying unit 6 may
be constructed to perform the notification by means of the
vibration. Further, it is also allowable that the biometric
information monitoring system 100 of the embodiment
described above does not have the notifying unit 6.

[0151] Note that the components of the biometric infor-
mation monitoring system 100 of the embodiment described
above, which are connected to one another by means of the
wirings, may be connected to one another in a wireless
manner.

[0152] In the embodiment described above, the body
weight is measured by the center of gravity position calcu-
lating unit 31. However, it is also allowable to distinctly
provide a body weight measuring unit in the control unit 3.
[0153] In the biometric information monitoring system of
the present disclosure, the second body motion information
determining unit determines the small body motion based on
the temporal variation of the center of gravity position from
which the large body motion determined by the first body
motion information determining unit has been removed.
However, in addition thereto or in place thereof, it is also
allowable to determine the small body motion on the basis
of the direction of movement of the center of gravity
position and/or the periodicity based on the influence of the
respiration.

[0154] The biometric information monitoring system of
the present disclosure can synchronously acquire not only
the large body motion information, the small body motion
information, and the respiratory rate, but also the body
weight, the heart beat, and the judgement result of the
physical condition judging unit.

[0155] The physical condition judging unit of the biomet-
ric information monitoring system of the present disclosure
may judge not only whether the subject is in the sleep state
or the wakeful state but also whether or not the subject is in
the delirium state, on the basis of the acquired body motion
information and/or the respiratory rate of the subject.
[0156] The bed-leaving/settling judging unit of the bio-
metric information monitoring system of the present disclo-
sure may judge not only whether or not the subject is present
on the bed but also the body weight and/or the body weight
variation of the subject on the basis of the detected load.
[0157] The display unit of the biometric information
monitoring system of the present disclosure may display the
present states and the temporal changes of the acquired body
motion information, the body axis direction, the respiration,
and the heart beat of the subject as the history of movement
of the center of gravity position on the bed.

[0158] 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.

[0159] In the biometric information monitoring system
according to the above embodiments, the body motion
information determining unit may include a first body
motion information determining unit which determines
information on a large body motion of the subject and a
second body motion information determining unit which
determines information on a small body motion of the
subject.

[0160] In the biometric information monitoring system
according to the above embodiments, the first body motion
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information determining unit may determine a variation
caused by the large body motion of the subject included in
the temporal variation of the center of gravity position of the
subject, based on a movement distance of the center of
gravity position within a predetermined time period.
[0161] In the biometric information monitoring system
according to the above embodiments, the second body
motion information determining unit may determine a varia-
tion, caused by the small body motion of the subject,
included in the temporal variation of the center of gravity
position of the subject, based on a movement direction of the
center of gravity position, the temporal variation of the
center of gravity position being a variation from which the
variation caused by the large body motion determined by the
first body motion information determining unit has been
removed.

[0162] In the biometric information monitoring system
according to the above embodiments, the respiratory rate
calculating unit may calculate the respiratory rate based on
the temporal variation of the center of gravity position of the
subject from which the variation caused by the large body
motion determined by the first body motion information
determining unit and the variation caused by the small body
motion determined by the second body motion information
determining unit have been removed.

[0163] In the biometric information monitoring system
according to the above embodiments, the information on the
large body motion, the information on the small body
motion, and the respiratory rate may be synchronously
acquired.

[0164] The biometric information monitoring system
according to the above embodiments may further comprise
a physical condition judging unit which judges whether the
subject 1s in a sleep state or a wakeful state based on the
acquired information on the body motion of the subject
and/or the respiratory rate of the subject.

[0165] The biometric information monitoring system
according to the above embodiments may further comprise
a bed-leaving/settling judging unit which judges whether or
not the subject is present on the bed based on the detected
load; and the physical condition judging unit may judge that
the subject has fallen from the bed in a case that the subject
is judged to be in the sleep state by the physical condition
judging unit and is judged to have left the bed by the
bed-leaving/settling judging unit.

[0166] The biometric information monitoring system
according to the above embodiments may further comprise
a heart rate calculating unit which acquires a heart rate of the
subject based on the acquired temporal variation of the
center of gravity position of the subject.

[0167] In the biometric information monitoring system
according to the above embodiments, the physical condition
judging unit may judge whether the subject is alive or dead
based the acquired information on the body motion, the
respiratory rate, and the heart rate of the subject.

[0168] The biometric information monitoring system
according to the above embodiments may further comprise
a display unit which displays a temporal variation of the
acquired information on the body motion of the subject as a
history of movement of the center of gravity position on the
bed

[0169] The biometric information monitoring system
according to the above embodiments may further comprise
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a notifying unit which performs notification based on the
acquired temporal variation of the center of gravity position
of the subject.

[0170] In the biometric information monitoring system
according to the above embodiments, the temporal variation
of the center of gravity position may include a variation
caused by the body motion of the subject and a variation
caused by respiration of the subject, and the biometric
information monitoring system may further comprise a body
axis determining unit which acquires a body axis of the
subject based on the variation caused by the respiration.

[0171] The biometric information monitoring system
according to the above embodiments may further comprise
a body weight measuring unit which acquires a body weight
of the subject based on the detected load.

[0172] The biometric information monitoring system
using the bed sensor of one aspect of the present disclosure,
can provide the monitoring system, which is the noninvasive
sensor, and which makes it possible to monitor the biometric
information of the subject at a high accuracy without giving
any discomfort and any unpleasantness to the subject. Fur-
ther, the biometric information monitoring system using the
bed sensor of one aspect of the present disclosure, makes it
possible to simultaneously and synchronously measure the
states of the biometric information including, for example
the body weight, the body motion, the respiration, the snore,
and the heart beat and the temporal changes thereof from the
time series data of the load sensors. Therefore, the physical
condition of the subject, which changes in time series, can
be also judged in synchronization with the biometric infor-
mation at the respective times.

[0173] According to the biometric information monitoring
system of one aspect of the present disclosure, it is possible
to quantitatively measure the respiratory rate and the ven-
tilation volume of the respiration based on the positional
change of the center of gravity, and it is possible to con-
tinuously monitor the respiratory condition of an inpatient in
the noninvasive and noncontact manner. Further, according
to the biometric information monitoring system of one
aspect of the present disclosure, it is possible to synchro-
nously detect the body motion information and the respira-
tion information, such as the respiratory rate or the like, as
well as the inspection items including, for example, the body
weight, the heart rate, the snore, and occurrence of the
leaving from the bed and the settling on the bed, by using
only the load detectors placed under the bed or in the bed.
Therefore, it is unnecessary to attach different sensors to the
subject for the respective items, and it is unnecessary to
synchronize the outputs from a plurality of sensors. Further,
it is possible to automatically input the respiratory condition
into the nursing record (vital record) and display the same,
and it is possible to automatically transmit information on
the deterioration of the respiratory condition to the nurse.
Therefore, it is possible to decrease the number of times of
the checking for the patient at night by the nurse, it is
possible to decrease the amount of work of the nurse, and it
is possible to improve the quality of the sleep of the patient.
Further, for example, when the falling from the bed, the
respiratory arrest, the cardiac arrest, or the death, which is
not anticipated by the medical staff, occurs, the biometric
information monitoring system of one aspect of the present
disclosure can be also utilized to investigate the cause
thereof.
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[0174] Further, the present invention can be described in
accordance with the following items:

[0175] Item 1. A biometric (biological) information moni-
toring system for monitoring biometric (biological) infor-
mation of a subject on a bed, the system comprising:

[0176] a plurality of load detectors which are placed in the
bed or under feet of the bed and which detect a load of the
subject;

[0177] a center of gravity position calculating unit which

acquires a temporal variation of a center of gravity position
of the subject based on the detected load of the subject;
[0178] abody motion information determining unit which
acquires information on a body motion of the subject based
on the acquired temporal variation of the center of gravity
position of the subject; and

[0179] a respiratory rate calculating unit which calculates
a respiratory rate of the subject based on the acquired
temporal variation of the center of gravity position of the
subject and the information on the body motion of the
subject acquired by the body motion information determin-
ing unit.

[0180] Item 2. The biometric information monitoring sys-
tem according to item 1, wherein the body motion informa-
tion determining unit includes a first body motion informa-
tion determining unit which determines information on a
large body motion of the subject and a second body motion
information determining unit which determines information
on a small body motion of the subject.

[0181] Item 3. The biometric information monitoring sys-
tem according to item 2, wherein the first body motion
information determining unit determines a variation caused
by the large body motion of the subject included in the
temporal variation of the center of gravity position of the
subject, based on a movement distance of the center of
gravity position within a predetermined time period.
[0182] Item 4. The biometric information monitoring sys-
tem according to item 2 or 3, wherein the second body
motion information determining unit determines a variation,
caused by the small body motion of the subject, included in
the temporal variation of the center of gravity position of the
subject, based on a movement direction of the center of
gravity position, the temporal variation of the center of
gravity position being a variation from which the variation
caused by the large body motion determined by the first
body motion information determining unit has been
removed.

[0183] Item 5. The biometric information monitoring sys-
tem according to any one of items 2 to 4, wherein the
respiratory rate calculating unit calculates the respiratory
rate based on the temporal variation of the center of gravity
position of the subject from which the variation caused by
the large body motion determined by the first body motion
information determining unit and the variation caused by the
small body motion determined by the second body motion
information determining unit have been removed.

[0184] Item 6. The biometric information monitoring sys-
tem according to any one of items 2 to 4, wherein the
information on the large body motion, the information on the
small body motion, and the respiratory rate are synchro-
nously acquired.

[0185] Item 7. The biometric information monitoring sys-
tem according to any one of items 1 to 6, further comprising
a physical condition judging unit which judges whether the
subject 1s in a sleep state or a wakeful state based on the
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acquired information on the body motion of the subject
and/or the respiratory rate of the subject.

[0186] Item 8. The biometric information monitoring sys-
tem according to item 7, further comprising:

[0187] a bed-leaving/settling judging unit which judges
whether or not the subject is present on the bed based on the
detected load, wherein:

[0188] the physical condition judging unit judges that the
subject has fallen from the bed in a case that the subject is
judged to be in the sleep state by the physical condition
judging unit and is judged to have left the bed by the
bed-leaving/settling judging unit.

[0189] Item 9. The biometric information monitoring sys-
tem according to any one of items 1 to 8, further comprising
a heart rate calculating unit which acquires a heart rate of the
subject based on the acquired temporal variation of the
center of gravity position of the subject.

[0190] Item 10. The biometric information monitoring
system according to item 9, wherein the physical condition
judging unit judges whether the subject is alive or dead
based on the acquired information on the body motion, the
respiratory rate, and the heart rate of the subject.

[0191] TItem 11. The biometric information monitoring
system according to any one of items 1 to 10, further
comprising a display unit which displays a temporal varia-
tion of the acquired information on the body motion of the
subject as a history of movement of the center of gravity
position on the bed.

[0192] TItem 12. The biometric information monitoring
system according to any one of items 1 to 11, further
comprising a notifying unit which performs notification
based on the acquired temporal variation of the center of
gravity position of the subject.

[0193] Item 13. The biometric information monitoring
system according to any one of items 1 to 12, wherein the
temporal variation of the center of gravity position includes
a variation caused by a body motion of the subject and a
variation caused by a respiration of the subject, and the
biometric information monitoring system further comprises
a body axis determining unit which acquires a body axis of
the subject based on the variation caused by the respiration.
[0194] Item 14. The biometric information monitoring
system according to any one of items 1 to 13, further
comprising a body weight measuring unit which acquires a
body weight of the subject based on the detected load.

[0195] Item 15. A bed system comprising:
[0196] a bed; and
[0197] the biometric information monitoring system as

defined in any one of items 1 to 14.

1. A biological information monitoring system for moni-
toring biological information of a subject on a bed, the
system comprising:

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

a center of gravity position calculating unit which
acquires a temporal variation of a center of gravity
position of the subject based on the detected load of the
subject;

a body motion information determining unit which
acquires information on a body motion of the subject
based on the acquired temporal variation of the center
of gravity position of the subject; and
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a respiratory rate calculating unit which calculates a
respiratory rate of the subject based on the acquired
temporal variation of the center of gravity position of
the subject and the information on the body motion of
the subject acquired by the body motion information
determining unit,

wherein the body motion information is an information on
a movement of a whole body or a part of the whole
body of the subject, the movement being different from
a movement caused by a respiration of the subject;

the body motion information includes an information on
a large body motion of the subject and an information
on a small body motion of the subject, an amount of
movement of the center of gravity position of the
subject within a predetermined time period caused by
the small body motion being smaller than an amount of
movement of the center of gravity position of the
subject within the predetermined time period caused by
the large body motion;

the body motion information determining unit includes a
first body motion information determining unit which
determines the information on the large body motion of
the subject and a second body motion information
determining unit which determines the information on
the small body motion of the subject;

the first body motion information determining unit deter-
mines a variation caused by the large body motion of
the subject included in the temporal variation of center
of gravity position of the subject, based on a movement
distance of the center of gravity position within a
predetermined time period; and

the second body motion information determining unit
determines a variation, caused by the small body
motion of the subject, included in the temporal varia-
tion of the center of gravity position of the subject,
based on a movement direction of the center of gravity
position, temporal variation of the center of gravity
position being a variation from which the variation
caused by the large body motion determined by the first
body motion information determining unit has been
removed.

2. The biological information monitoring system accord-
ing to claim 1, wherein the respiratory rate calculating unit
calculates the respiratory rate based on the temporal varia-
tion of the center of gravity position of the subject from
which the variation caused by the large body motion deter-
mined by the first body motion information determining unit
and the variation caused by the small body motion deter-
mined by the second body motion information determining
unit have been removed.

3. The biological information monitoring system accord-
ing to claim 1, wherein the information on the large body
motion, the information on the small body motion, and the
respiratory rate are synchronously acquired.

4. The biological information monitoring system accord-
ing to claim 1, further comprising a physical condition
judging unit which judges whether the subject is in a sleep
state or a wakeful state based on the acquired information on
the body motion of the subject and/or the respiratory rate of
the subject.

5. The biological information monitoring system accord-
ing to claim 4, further comprising:
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a bed-leaving/settling judging unit which judges whether
or not the subject is present on the bed based on the
detected load, wherein:

the physical condition judging unit judges that the subject
has fallen from the bed in a case that the subject is
judged to be in the sleep state by the physical condition
judging unit and is judged to have left the bed by the
bed-leaving/settling judging unit.

6. The biological information monitoring system accord-
ing to claim 1, further comprising a heart rate calculating
unit which acquires a heart rate of the subject based on the
acquired temporal variation of the center of gravity position
of the subject.

7. The biological information monitoring system accord-
ing to claim 6, wherein the physical condition judging unit
judges whether the subject is alive or dead based on the
acquired information on the body motion, the respiratory
rate, and the heart rate of the subject.

8. The biological information monitoring system accord-
ing to claim 1, further comprising a display unit which
displays a temporal variation of the acquired information on
the body motion of the subject as a history of movement of
the center of gravity position on the bed.

9. The biological information monitoring system accord-
ing to claim 1, further comprising a notifying unit which
performs notification based on the acquired temporal varia-
tion of the center of gravity position of the subject.

10. The biological information monitoring system accord-
ing to claim 1, further comprising a body weight measuring
unit which acquires a body weight of the subject based on
the detected load.

11. A bed system comprising;

a bed; and

the biological information monitoring system as defined
in claim 1.

12. A biological information monitoring system for moni-
toring biological information of a subject on a bed, the
system comprising:

a plurality of load detectors which are placed in the bed
or under feet of the bed and which detect a load of the
subject;
center of gravity position calculating unit which
acquires a temporal variation of a center of gravity
position of the subject based on the detected load of the
subject;
body motion information determining unit which
acquires information on a body motion of the subject
based on the acquired temporal variation of the center
of gravity position of the subject; and
respiratory rate calculating unit which calculates a
respiratory rate of the subject based on the acquired
temporal variation of the center of gravity position of
the subject and the information on the body motion of
the subject acquired by the body motion information
determining unit,
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wherein the body motion information is an information on
a movement of a whole body or a part of the whole
body of the subject, the movement being different from
a movement caused by a respiration of the subject;

the temporal variation of the center of gravity position
includes a variation caused by a body motion of the
subject and a variation caused by a respiration of the
subject; and

the biological information monitoring system further
comprises a body axis determining unit which acquires
a body axis of the subject based on the variation caused
by the respiration.

13. The biological information monitoring system accord-
ing to claim 12, further comprising a physical condition
judging unit which judges whether the subject is in a sleep
state or a wakeful state based on the acquired information on
the body motion of the subject and/or the respiratory rate of
the subject.

14. The biological information monitoring system accord-
ing to claim 13, further comprising:

a bed-leaving/settling judging unit which judges whether
or not the subject is present on the bed based on the
detected load, wherein:

the physical condition judging unit judges that the subject
has fallen from the bed in a case that the subject is
judged to be in the sleep state by the physical condition
judging unit and is judged to have left the bed by the
bed-leaving/settling judging unit.

15. The biological information monitoring system accord-
ing to claim 12, further comprising a heart rate calculating
unit which acquires a heart rate of the subject based on the
acquired temporal variation of the center of gravity position
of the subject.

16. The biological information monitoring system accord-
ing to claim 15, wherein the physical condition judging unit
judges whether the subject is alive or dead based on the
acquired information on the body motion, the respiratory
rate, and the heart rate of the subject.

17. The biological information monitoring system accord-
ing to claim 12, further comprising a display unit which
displays a temporal variation of the acquired information on
the body motion of the subject as a history of movement of
the center of gravity position on the bed.

18. The biological information monitoring system accord-
ing to claim 12, further comprising a notifying unit which
performs notification based on the acquired temporal varia-
tion of the center of gravity position of the subject.

19. The biological information monitoring system accord-
ing to claim 12, further comprising a body weight measuring
unit which acquires a body weight of the subject based the
detected load.

20. A bed system comprising:

a bed; and

the biological information monitoring system as defined
in claim 12.
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