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Description
[Technical Field]

[0001] The presentinvention relates to a body position
and pressure control apparatus preventing bedsores for
a bedridden person.

[Background Technology]

[0002] A bedridden elderly person or patient cannot
roll over as one wishes and mostly sleeps in the same
position for a long time. Then, a portion where a bone
projects and the body weight is concentrated is pres-
sured, thus causing bad blood circulation and developing
bedsores (pressure ulcers). To prevent bedsores, it is
necessary to change body positions periodically to dis-
tribute the body pressure. Itis a substantial burden, how-
ever, for a caregiver or nurse to change the body position
of the bed-ridden elderly person or patient. It is thus dif-
ficult to rely solely on manpower for prevention of bed-
sores.

[0003] A variety of apparatuses have been proposed
to prevent bedsores without manpower. For instance,
Patent Literatures 1 and 2 each disclose a bedsore pre-
venting apparatus having a mattress including a plurality
of air bags, a pressure sensor corresponding to each of
the air bags, and an air volume adjuster adjusting an air
volume of the air bags. Furthermore, Patent Literature 3
discloses a mattress having a seat being a collection of
a plurality of cells, a sensor disposed in each of the cells
to detect a bedsore portion, and a controller adjusting an
internal pressure of the cells.

[Related Art]
[Patent Literatures]
[0004]

Patent Literature 1: Japanese Patent Application
Publication No. 2002-528175
Patent Literature 2: Japanese Patent Laid-Open
Publication No. 2000-189472
Patent Literature 3: Japanese Patent Laid-Open
Publication No. 2006-320474

[0005] WO 2009/120270 A2 discloses an adaptive
cushion method and apparatus for minimizing forces on
body parts of a person on a chair or bed including an
overlay cushion having a plurality of individual air bladder
cells, each having thereon a novel stretchable piezore-
sistive force sensor, and an electro-pneumatic control
system for inflating and deflating individual cells to pres-
sures measured by a transducer.

[0006] US 2006/0112489 A1 discloses a patient sup-
port having a plurality of vertically-oriented on substan-
tially can-shaped inflatable bladders. The patient support
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includes a plurality of pressure sensors, a support layer,
and one or more filler portions.

[0007] US 5010 772 A discloses a capacitive meas-
uring pad constructed of transverse conductive strips
separated by a compressible insulator to form a matrix
of pressure sensitive capacitive nodes. The nodes are
repetitively scanned in sequence by a microcomputer to
measure their respective capacitances, from which
measurements a pressure map is then derived.

[Summary of the Invention]
[Shortcomings Resolved by the Invention]

[0008] The bedsore preventingapparatus of Patent Lit-
eratures 1 and 2 above requires a pressure sensor to be
disposed at each portion to detect body pressure. Each
pressure sensor requires electrodes and wirings, thus
inevitably increasing the number of electrodes and wir-
ings and complicating the apparatus configuration. Fur-
thermore, a sensor sheet including the pressure sensors
is not soft and has poor stretchability. Thus, the sensor
sheet placed on an upper surface of the mattress is dif-
ficult to fit along a body of a sleeper, thus causing a sense
of discomfort for the sleeper. In the case where the body
position is changed, the sensor sheet is difficult to follow
the body movement. In addition, the sensor sheet is dif-
ficult to follow the movement of inflation and deflation of
the air bags, thus deteriorating the detection accuracy of
body pressure distribution.

[0009] Thebedsore preventingapparatus of Patent Lit-
eratures 1 and 2 above prevents bedsores by inflating
and deflating the air bags in the mattress so as to change
the body position of the sleeper. Even if the body position
ofthe sleeperis changed, however, the body is constantly
in contact with the mattress. It is thus difficult to reduce
the pressure exerted on a bone projection portion, and
accordingly a bedsore prevention effect is not sufficient.
[0010] In view of the circumstances above, an object
of the present invention is to provide a body position and
pressure control apparatus capable of highly accurately
detecting body pressure distribution without causing a
sense of discomfort for a sleeper, changing body posi-
tions, and distributing body pressure.

[Means for Resolving the Shortcomings]
[0011]

(1) A body position and pressure control apparatus
according to claim 1.

The body position and pressure control apparatus
according to the present invention detects the body
pressure distribution of the sleeper with the elas-
tomer sensor. The elastomer sensor is provided with
the sheet sensor main body having the sensor thin
film composed of an elastomer. The term "composed
of an elastomer" herein means that a base material
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of the sensor thin film is an elastomer. Thus, another
component, such as, forexample, a conductivefiller,
may be included other than the elastomer compo-
nent.

The sensor main body is flexible and stretchable,
thus easily fitting along the body of the sleeper. Even
if the sensor main body is disposed proximate to the
sleeper, for example, on the upper surface of the
mattress, the sleeper hardly has a sense of discom-
fort, such as hardness and stiffness. In other words,
the sleeper is hardly under any strain. In addition,
the sensor main body easily follows the movement
of the divided portions of the mattress and the body
movement of the sleeper. The elastomer sensor can
thus highly accurately detect the body pressure dis-
tribution.

The body pressure adjuster in the body position and
pressure control apparatus of the present invention
individually controls the divided portions of the mat-
tress according to an instruction from the elastomer
sensor based on the data of the body pressure dis-
tribution of the sleeper, and thereby changes the
body pressure distribution of the sleeper. It is deter-
mined, for example, that the body pressure in a cer-
tain portion is high for a long period of time. Then,
the internal pressure of the divided portions corre-
sponding to the body portion may be reduced or the
divided portions may be dented downward. Thereby,
the body pressure in the portion can be reduced.
Alternatively, the divided portions corresponding to
other body portions may be projected upward so as
to change the body position. Increasing the number
of the divided portions relative to the sleeper, spe-
cifically, densely disposing small divided portions,
can prevent an increase of the body pressure dis-
tributed in other portions, even if the body pressure
in a particular portion is reduced by deflating the di-
vided portions. Thus, the body position and pressure
control apparatus according to the present invention
can effectively prevent bedsores by distributing the
body pressure or changing the body position of the
sleeper.

Inany configurations, the divided portions are dense-
ly disposed in an area corresponding to a portion of
the sleeper likely to cause bedsores.

Densely disposing the divided portions allows fine
adjustment of body pressure. This configuration thus
enables the body pressure in a portion likely to cause
bedsores to be further finely adjusted, thereby effec-
tively preventing bedsores. As described above,
since small divided portions relative to the sleeper
are densely disposed, the body pressure distributed
to other portions can be prevented from increasing
even if the body pressure in a particular portion is
reduced by deflating the divided portions.

(2) In the configuration (1) above, it is preferable that
the divided portions are composed of bag portions
filled with one of gas and liquid and that the body
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pressure adjuster supplies one of the gas and the
liquid to the bag portions to inflate the bag portions
and alternatively exhausts one of the gas and the
liquid from the bag portions to deflate the bag por-
tions, and thereby changes the body pressure dis-
tribution of the sleeper.

Inflating the bag portions pushes up a portion of the
sleeper in contact with the bag portions. Thereby,
the body pressure of the portion increases. Con-
versely, deflating the bag portions reduces the body
pressure of a portion of the sleeper in contact with
the bag portions. According to this configuration,
merely increasing or decreasing the filler amount of
the individual bag portions easily changes the body
pressure distribution of the sleeper. Since gas or lig-
uidisfilled inthe bag portions, the bag portions easily
deform to fit along the body of the sleeper. Thus, the
sleeper is hardly under any strain. Furthermore, us-
ing gas, such asair, as thefiller can reduce the weight
of the mattress.

(3) In the configuration (1) or (2) above, it is prefer-
able that a breathable cushion mat disposed closer
to the sleeper than the divided portions is further pro-
vided.

The elastomer sensor in the body position and pres-
sure control apparatus according to the present in-
vention has the sensor main body disposed above,
below, or inside the mattress in the thickness direc-
tion thereof. The sensor main body has the elas-
tomer sensor thin film, which has poor breathability.
Humidity is thus likely to be trapped between the
sensor main body and the sleeper, causing discom-
fort during sleep. In addition, the skin of the sleeper
gets wetdue to humidity, thus possibly likely to cause
bedsores.

Inthisregard, the breathable cushion matis provided
between the sleeper and the divided portions accord-
ing to this configuration. In the case where the sensor
main body is disposed above the divided portions,
for example, further placing the cushion mat on the
sensor main body releases humidity trapped be-
tween the sleeper and the sensor main body. Fur-
thermore, a sense of discomfort due to the place-
ment of the sensor main body is reduced. Accord-
ingly, the skin of the sleeper is prevented from being
wet, and concurrently comfort during sleep is im-
proved.

(4) Inthe configuration (3) above, itis preferable that
the mattress has a cover member covering the di-
vided portions; that the sensor main body and the
cushion mat are stacked in sequence on the sleeper
side of the divided portions inside the cover member;
and that the sensor main body and the cushion mat
are fixed to the cover member.

In order to accurately detect the body pressure dis-
tribution of the sleeper, itis preferable that the sensor
main body is provided proximate to the sleeper. In
the case where the sensor main body is placed on
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the upper surfaces of the divided portions, for exam-
ple, the sensor main body may move or wrinkle ac-
cording to the movement of the divided portions, thus
possibly preventing accurate detection of the body
pressure distribution of the sleeper.

According to this configuration, the sensor main body
is fixed to the cover member of the mattress along
with the cushion mat. Since the sensor main body is
fixed in a state separated from the divided portions,
the sensor main body is unlikely to move even if the
divided portions move. Thus, the body pressure dis-
tribution of the sleeper can be detected accurately
regardless of the movement of the divided portions.
Furthermore, the sensor main body and the cushion
mat are stacked in the sequence in the direction from
the divided portions to the sleeper in this configura-
tion. In other words, the cushion mat is placed on
the sensor main body. Thus, humidity is unlikely to
be trapped between the sleeper and the sensor main
body. In addition, the sleeper hardly has a sense of
discomfort due to the placement of the sensor main
body.

(5) In the configuration (4) above, it is preferable that
a sensor bag attachably/detachably fixed inside the
cover member is further provided and thatthe sensor
main body and the cushion mat are stored in the
sensor bag.

The sensor main body and the cushion mat are
stored in the attachable/detachable sensor bag, and
thereby the sensor main body and the like can easily
be removed together from the mattress. Thus, the
sensor bag is removed from the mattress and the
mattress is folded, and thereby the body position and
pressure control apparatus of the present invention
can be stored and packed compactly. It is also easy
to clean the mattress.

(6) In the configuration (3) above, it is preferable that
a sensor holder having the sensor main body and a
pair of cushion mats fixed on two sides in a thickness
direction of the sensor main body is further provided;
that the mattress includes a cover member covering
the divided portions; that the sensor holder is dis-
posed on the sleeper side of the divided portions
inside the cover member; and that the sensor holder
is fixed to the cover member.

In this configuration, the sensor holder is disposed
on the sleeper side of the divided portions. Specifi-
cally, the cushion mat, the sensor main body, and
the cushion mat are stacked in the sequence in the
direction from the divided portions to the sleeper.
Since the cushion mats are provided on the both
sides of the sensor main body, breathability and
cushioning capability are improved.

Furthermore, the sensor holder is fixed to the cover
member of the mattress. Namely, the sensor main
body is fixed in a state separated from the divided
portions, similar to the configuration (4) above. In
addition, the cushion mat is provided between the
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sensor main body and the divided portions. Thus,
the sensor main body does not come in contact with
the divided portions. Accordingly, the movement of
the sensor main body associated with the movement
of the divided portions can further be prevented in
this configuration. Thereby, the body pressure dis-
tribution of the sleeper can be accurately detected
regardless of the movement of the divided portions.
(7) Inthe configuration (6) above, itis preferable that
a sensor bag attachably/detachably fixed to the cov-
er member is further provided and that the sensor
holder is stored in the sensor bag.

The sensor holder is stored in the attachable/detach-
able sensor bag, and thereby the sensor holder can
easily be removed from the mattress. Similar to the
configuration (5) above, the sensor bag is removed
from the mattress and the mattress is folded, and
thereby the body position and pressure control ap-
paratus of the present invention can be stored and
packed compactly. It is also easy to clean the mat-
tress.

(8) In any of the configurations (1) to (7) above, it is
preferable that the sensor main body is provided with
a plurality of ventilation holes penetrating in a thick-
ness direction of the sensor thin film.

As described above, controlling humidity in the elas-
tomer sensor is important to provide comfort during
sleep and prevent bedsores for the sleeper. In this
configuration, the plurality of ventilation holes pene-
trating in the thickness direction are provided in the
sensor thinfilm. Thereby, the breathability of the sen-
sor thin film, eventually the sensor main body, is en-
hanced. Thus, an increase in humidity between the
sensor main body and the sleeper can be prevented.
(9) In any of the configurations (1) to (8) above, it is
preferable that the sensor main body has an elon-
gation at break of 50% or greater.

In this configuration, the sensor main body has ex-
cellent stretchability. Thus, the following capability
to the body of the sleeper is further improved and a
sense of discomfort of the sleeper is further reduced.
The durability of the sensor main body is also im-
proved. In the present specification, elongation at
break is measured in a method pursuant to JIS K
6251 (2004) and a dumbbell shape No. 5 is used as
a test piece.

(10) In any of the configurations (1) to (9) above, it
is preferable that, in the sensor main body, the elec-
trodes include band-shaped front electrodes dis-
posed on afront side of the sensor thin film and band-
shaped rear electrodes disposed on a rear side of
the sensor thin film; that the front electrodes and the
rear electrodes intersect viewed from a front-rear di-
rection to form detectors; and that electrostatic ca-
pacitance at the detectors is changed by input of the
load.

In general, electrostatic capacitance (capacitance)
of an electrostatic capacitance sensor provided with
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a dielectric film between a pair of electrodes can be
obtained in the expression below (1)

C=¢g&rS/d... (I

(C: Capacitance; gq: Permittivity in vacuum; ¢:
Relative permittivity of a dielectric film;

S: Area of electrodes; d: Distance between elec-
trodes)

For example, load is exerted on the sensor main
body of this configuration, and then the sensor thin
film (dielectric film) is compressed and is extended
for the amount in a parallel direction relative to elec-
trode surfaces. From the expression (1), the less the
thickness of the sensor thin film is, or the distance
between the electrodes d is, the greater the capac-
itance C of the detector is, the detector being pro-
vided between the front electrode and the rear elec-
trode.

In this configuration, the front electrodes and the rear
electrodes are both band shaped. The detectors are
provided utilizing intersections of the front electrodes
and the rear electrodes, thus reducing the number
of electrodes and wirings. In addition, a variety of
sensor main bodies can be configured having a dif-
ferent number and density of detectors by merely
changing the number and placement of the front
electrodes and the rear electrodes. Thus, a desired
sensor main body can easily be configured accord-
ing to divided portions.

(11) In any of the configurations (1) to (10) above, it
is preferable that the front electrodes and the rear
electrodes include an elastomer and a conductive
filler filled in the elastomer.

[0012] In this configuration, the front electrodes and
the rear electrodes can expand and contract along with
the sensor thin film. Thus, itis unlikely that the front elec-
trodes and the rear electrodes prevent the sensor thin
film from expanding and contracting. Furthermore, the
stretchability of the sensor main body further increases
as a whole. Thus, the following capability to the body of
the sleeperis further improved and a sense of discomfort
of the sleeper is further reduced. The durability of the
sensor main body is also improved.

[Brief Description of the Drawings]
[0013]

[Fig. 1] A schematic view of a body position and pres-
sure control apparatus according to a first embodi-
ment.

[Fig. 2] A cross-sectional view of Fig. 1 along line Il
-l
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[Fig. 3] Atransparent top view of a sensor main body.
[Fig. 4] A cross-sectional view of Fig. 3 along line IV
- IV.

[Fig. 5] A transparent top view of the sensor main
body and a mattress.

[Fig. 6] A top view of a sensor main body of a body
position and pressure control apparatus according
to a second embodiment.

[Fig. 7] An enlarged view of a portion corresponding
toan area surrounded by a dashed-dotted line in Fig.
3 in a sensor main body of a body position and pres-
sure control apparatus according to a third embodi-
ment.

[Fig. 8] A cross-sectional view of a body position and
pressure control apparatus according to a fourth em-
bodiment.

[Fig. 9] A cross-sectional view of a body position and
pressure control apparatus according to a fifth em-
bodiment.

[Fig. 10] A cross-sectional view of a body position
and pressure control apparatus according to a sixth
embodiment.

[Fig. 11] A cross-sectional view of a body position
and pressure control apparatus according to a sev-
enth embodiment.

[Description of the Numerical Characters]
[0014]

1: Body position and pressure control apparatus

2: Mattress; 20: Cover bag; 21: Air cell (bag portion);
210: Air supply outlet 22, 23, 25: Cover bag (Cover
member); 24, 26: Sensor bag

3: Elastomer sensor; 30: Sensor mainbody; 31: Sen-
sor thin film; 32: Front insulation coated layer

33: Rear insulation coated layer; 34: Front wiring
connector; 35: Rear wiring connector 36: Board; 37:
Sensor thin film; 38: Connector; 39: Wiring; 310:
Ventilation hole

40: Calculator; 41: Power circuit; 42: CPU; 43: RAM,;
44: ROM

45: Drive circuit

5: Air volume adjustment apparatus (Body pressure
adjuster); 50: Air pump; 51: Hose; 52: Electromag-
netic valve

6: Cushion mat

60: Sensor holder; 61, 62: Cushion mat

9: Bed; 91: Bed frame

01X - 14X: Front electrode; 01Y - 10Y: Rear elec-
trode; 01x - 14x: Front wiring

01y - 10y: Rear wiring; A0101 -A1410: Detector
01a-10a, 01b - 10b, 01c- 14c, 01d - 14d: Electrode
S: Sleeper

[Embodiments of the Invention]

[0015] Embodiments of a body position and pressure
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control apparatus according to the present invention are
explained below.

(First Embodiment)

[Configuration of Body position and pressure Control Ap-
paratus]

[0016] A configuration of the body position and pres-
sure control apparatus according to the present embod-
iment is first explained below. Fig. 1 is a schematic view
of the body position and pressure control apparatus ac-
cording to the present embodiment. Fig. 2 is a cross-
sectional view of Fig. 1 along line Il - 1. As shown in Figs.
1and 2, the body position and pressure control apparatus
1 according to the present embodiment has a mattress
2, an elastomer sensor 3, an air volume adjustment ap-
paratus 5, and a cushion mat 6.

[0017] The mattress 2 is disposed on a bed frame 90
of a bed 9. The mattress 2 has a cover bag 20 and air
cells 21. The cover bag 20 and the air cells 21 are both
composed of a urethane film. The air cells 21 are stored
inside the cover bag 20. As shown in Fig. 5 hereinafter
described, a total of 96 air cells 21 are disposed. An air
supply outlet 210 is provided in a lower surface of each
of the air cells 21. A hose 51 of the air volume adjustment
apparatus 5 is connected to the air supply outlet 210.
The air cells 21 are included in bag portions of the present
invention. A placement of the air cells 21 will be described
hereinafter.

[0018] Theelastomer sensor 3 hasasensormain body
30 and a calculator 40. The sensor main body 30 is dis-
posed on an upper surface of the mattress 2. A configu-
ration of the sensor main body 30 is first explained. Fig.
3 is a transparent top view of the sensor main body. Fig.
4 is a cross-sectional view of Fig. 3 along line IV - IV. A
front insulation coated layer and a rear insulation coated
layer are omitted in Fig. 3. Rear electrodes and rear wir-
ings are indicated by thin lines. A detector is indicated
by a hatched portion.

[0019] Asshownin Figs. 3 and 4, the sensor main body
30 has a sensor thin film 31, front electrodes 01X to 14X,
rear electrodes 01Y to 10Y, detectors A0101 to A1410,
front wirings 01x to 14x, rear wirings 01y to 10y, front
insulation coated layer 32, rear insulation coated layer
33, front wiring connector 34, and rear wiring connector
35. Of the reference numeral "Aaabb," the first two digits
"aa" correspond to the front electrodes 01X to 14X and
the last two digits "bb" correspond to the rear electrodes
01Y to 10Y. The sensor main body 30 has an elongation
at break of 300%.

[0020] The sensor thin film 31 is a urethane rubber
sheet. The sensor thin film 31 extends in X and Y direc-
tions (front-rear and left-right directions). The front-rear
direction of the sensor thin film 31 corresponds to the
vertical direction.

[0021] A total of 14 front electrodes 01X to 14X are
disposed on an upper surface of the sensor thin film 31.
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The front electrodes 01X to 14X each include an acrylic
rubber and a conductive carbon black. The front elec-
trodes 01X to 14X each have a band shape and extend
inthe X direction (left-right direction). The front electrodes
01X to 14X are provided apart at a predetermined dis-
tance in the Y direction (front-rear direction) in substan-
tially parallel to one another.

[0022] A total of 14 front wirings 01x to 14x are dis-
posed on the upper surface of the sensor thin film 31.
The front wirings 01x to 14x each include an acrylic rub-
ber and silver powders. The front wirings 01x to 14x each
have a linear shape. The front wiring connector 34 is
disposed at the front left corner of the sensor thin film 31.
The front wirings 01x to 14x connect left ends of the front
electrodes 01X to 14X, respectively, and the front wiring
connector 34.

[0023] The front insulation coated layer 32 is disposed
on the sensor thin film 31. The front insulation coated
layer 32 includes an acrylic rubber. The front insulation
coated layer 32 has a sheet shape. The front insulation
coated layer 32 covers from above the sensor thin film
31, the front electrodes 01X to 14X, and the front wirings
01x to 14x.

[0024] A total of 10 rear electrodes 01Y to 10Y are
disposed on a lower surface of the sensor thin film 31.
The rear electrodes 01Y to 10Y each include an acrylic
rubber and a conductive carbon black. The rear elec-
trodes 01Y to 10Y each have a band shape and extend
in the Y direction. The rear electrodes 01Y to 10Y are
provided apart at a predetermined distance in the X di-
rection in substantially parallel to each other.

[0025] Atotalof 10 rearwirings 01y to 10y are disposed
on the lower surface of the sensor thin film 31. The rear
wirings 01y to 10y each include an acrylic rubber and
silver powders. The rear wirings 01y to 10y each have a
linear shape. The rear wiring connector 35 is disposed
at the rear left comer of the sensor thin film 31. The rear
wirings 01y to 10y connect rear ends of the rear elec-
trodes 01Y to 10Y, respectively, and the rear wiring con-
nector 35.

[0026] The rear insulation coated layer 33 is disposed
below the sensor thin film 31. The rear insulation coated
layer 33 includes an acrylic rubber. The rear insulation
coated layer 33 has a sheet shape. The rear insulation
coated layer 33 covers from below the sensor thin film
31, the rear electrodes 01Y to 10Y, and the rear wirings
01y to 10y.

[0027] As indicated with the hatched portions in Fig. 3,
the detectors A0101 to A1410 are disposed at portions
where the front electrodes 01X to 14X and the rear elec-
trodes 01Y to 10Y intersect (overlap) vertically. The de-
tectors A0O101 to A1410 are each provided with a portion
of the front electrodes 01X to 14X, a portion of the rear
electrodes 01Y to 10Y, and a portion of the sensor thin
film 31. A total of 140 (14 X 10) detectors A0O101to A1410
are disposed across a substantially entire surface of the
sensor main body 30. Furthermore, the detectors A0101
to A1410 are densely disposed in an area corresponding



11 EP 2 394 623 B1 12

to the lower back of a sleeper (central area).

[0028] The placement of the detectors AO101to A1410
and the air cells 21 of the mattress 2 is explained. Fig. 5
is a transparent top view of the sensor main body and
the mattress. For explanation purposes, the components
other than the front electrodes, the rear electrodes, the
detectors, and the air cells are omitted in Fig. 5. The
external edge of the sensor thin film is indicated by a
dashed-dotted line. The front electrodes and the rear
electrodes are indicated by a solid line. The transparently
visible air cells are indicated by a thin line.

[0029] As shown in Fig. 5, one air cell 21 is disposed
every three detectors A0103 to A0308 and A1303 to
A1408 adjacent in the left-right direction. One air cell 21
is disposed every three detectors A0401 to A1202 and
A0409 to A1210 adjacent in the front-rear direction. For
otherdetectors, one aircell 21 is provided to one detector.
[0030] The detectors A0403 to A1208 are disposed in
the vicinity of the lower back of a sleeper S. Distances in
the up-down and left-right directions between the detec-
tors A0403 to A1208 are narrower than those between
the detectors disposed in the remaining area. In other
words, the detectors A0403 to A1208 are densely dis-
posed. The air cells 21 corresponding to the detectors
A0403 to A1208 are smaller than those in the remaining
area. A sacrum is located in the lower back of the sleeper
S. The lower back is one of the bone projection portions,
which are likely to develop bedsores. Thus, the air cells
21 are densely disposed in portions likely to develop bed-
sores.

[0031] A configuration of the calculator 40 is explained
below. As shown in Fig. 3, the calculator 40 is electrically
connected to the front wiring connector 34 and rear wiring
connector 35 of the sensor main body 30.

[0032] The calculator40 has a power circuit41, a CPU
(Central Processing Unit) 42, a RAM (Random Access
Memory) 43, a ROM (Read Only Memory) 44, and adrive
circuit 45.

[0033] The power circuit 41 applies a sinusoidal alter-
nating voltage to the detectors A0101 to A1410. The
ROM 44 stores in advance a map that indicates a corre-
spondence between capacitance and load (body pres-
sure) in the detectors A0O101 to A1410. The ROM 44 also
stores a threshold value of the body pressure. The RAM
43 temporarily stores an impedance and a phase input
from the front wiring connector 34 and the rear wiring
connector 35. The CPU 42 retrieves the capacitance of
the detectors A0101 to A1410 based on the impedance
and phase stored in the RAM 43, and then calculates
body pressure distribution in the sensor main body 30
from the capacitance. The drive circuit 45 is connected
to an air pump 50 and an electromagnetic valve 52 of the
air volume adjustment apparatus 5 hereinafter de-
scribed.

[0034] Referring back to Fig. 1, the air volume adjust-
ment apparatus 5 has the air pump 50, the hose 51, and
the electromagnetic valve 52. The air volume adjustment
apparatus 5 is included in a body pressure adjuster of
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the present invention. The air pump 50 is connected to
the calculator 40 and the drive circuit 45. The air pump
50 is connected to each of the air cells 21 of the mattress
2 by way of the hose 51 and the electromagnetic valve
52. In Fig. 1, only one hose 51 and one electromagnetic
valve 52 are indicated between the air pump 50 and the
air cells 21 for explanation purposes. The electromag-
netic valve 52 is a three-way valve, of which one way is
open to the air.

[0035] In response to an instruction to supply air from
the calculator 40, two ways of the electromagnetic valve
52 are opened and air is supplied from the air pump 50
to the air cell 21. In response to an instruction to exhaust
air from the calculator 40, one way open to the air of the
electromagnetic valve 52 is opened and air is exhausted
from the air cell 21.

[0036] The cushion mat 6 is a three-dimensional fabric
composed of polyethylene terephthalate and the like
("Fusion (registered trademark)" of Asahi Kasei Fibers
Corp.). The cushion mat 6 is disposed on the upper sur-
face of the sensor main body 30.

[Movement of Body Position and Pressure Control Ap-
paratus]

[0037] The movement of the body position and pres-
sure control apparatus 1 is explained below. Before the
sleeper S lies down on the body position and pressure
control apparatus 1, the capacitance C is first calculated
at each of the detectors A0101 to A1410. Specifically,
the capacitance C is calculated in scanning of the detec-
tor A010 to the detector A1410. The calculated capaci-
tance C is stored in the RAM 43 for each of the detectors
A0101 to A1410.

[0038] After the sleeper S lies down on the body posi-
tion and pressure control apparatus 1, the capacitance
C is calculated at each of the detectors A0O101 to A1410.
The calculated capacitance C is stored in the RAM 43
for each of the detectors A0101to A1410. From a change
amount AC of the capacitance C before and after the
sleeper S lies down, the CPU 42 calculates the body
pressure distribution in the sensor main body 30. Spe-
cifically, the capacitance C is substituted to the capaci-
tance-body pressure map previously stored in the ROM
44, and then the body pressure is calculated for any de-
tectors A0101 to A1410.

[0039] The calculated body pressure data are stored
in the RAM 43 for a predetermined period of time. The
CPU 42 compares the body pressure data with the
threshold value stored in the ROM 44. If the CPU 42
determines that the body pressure above the threshold
value continues for a predetermined period of time, the
CPU 42 causes the drive circuit 45 to drive the air volume
adjustment apparatus 5. Specifically, the electromagnet-
ic valve 52 of the air cell 21 corresponding to an area of
high body pressure is opened so as to exhaust air. Then,
the air cell 21 deflates. Thereby, the body pressure in the
area can be reduced. Conversely, the electromagnetic
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valve 52 of the air cell 21 corresponding to an area of
low body pressure is opened to supply air from the air
pump 50. Then, the air cell 21 inflates. Thus, the body
pressure can be distributed and the body position can be
changed.

[Functions and Effects]

[0040] Functions and effects of the body position and
pressure control apparatus 1 of the present embodiment
is explained below. The body position and pressure con-
trol apparatus 1 of the presentembodiment uses the elas-
tomer sensor 3 to detect the body pressure distribution
of the sleeper S. Specifically, the sleeper S lies down on
the sheet-type sensor main body 30 with the cushion mat
6 therebetween. The sensor main body 30 has the sensor
thin film 31 composed of a urethane rubber. The front
electrodes 01X to 14X and the rear electrodes 01Y to
10Y are also composed of an elastomer. Thus, it is un-
likely that the front electrodes 01X to 14X and the rear
electrodes 01Y to 10Y restrict expansion and contraction
ofthe sensor thin film 31. The sensor main body 30, which
is soft and stretchable, easily fits along the body of the
sleeper S. Furthermore, the sleeper S hardly has a sense
of discomfort, such as hardness and stiffness. In other
words, the sleeper S is hardly under any strain. In addi-
tion, the sensor main body 30 has high following capa-
bility to the movement of the air cells 21 and the body
movement of the sleeper S. The body position and pres-
sure control apparatus 1 of the present embodiment can
thus highly accurately detect the body pressure distribu-
tion. The sensor main body 30 also has high durability.

[0041] The front electrodes 01X to 14X and the rear
electrodes 01Y to 10Y included in the sensor main body
30 each have a band shape. The detectors A0101 to
A1410 are provided utilizing the intersections of the front
electrodes 01X to 14X and the rear electrodes 01Y to
10Y, thus reducing the number of electrodes and wirings.
Specifically, a total of 140 detectors A0O101 to A1410 are
provided in the sensor main body 30. To provide elec-
trodes to each of the detectors A0101 to A1410, 140 front
electrodes and 140 rear electrodes are required. The
sensor main body 30 of the present embodiment, how-
ever, requires only a total of 24 (14 + 10) front electrodes
01X to 14X and rear electrodes 01Y to 10Y to secure 140
detectors A0101 to A1410, thus reducing the number of
disposed electrodes and wirings. In addition, the number
and density of the detectors can be adjusted only by
changing the number and placement of the front elec-
trodes and the rear electrodes. Itis thus easy to configure
a desired sensor main body according to the number and
size of the air cells 21.

[0042] The body position and pressure control appa-
ratus 1 of the present embodiment has the mattress 2
provided with the numerous air cells 21 as divided por-
tions. Thus, the body pressure of the sleeper S can easily
be distributed or the body position can be changed by
supplying or exhausting air to or from the air cells 21.
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Accordingly, bedsores can effectively be prevented for
bedridden elderly persons or patients. Furthermore, the
air cells 21, which are filled with air, easily deform along
the body of the sleeper S, thus hardly causing any strain
on the sleeper S. Compared with the case of using liquid,
the weight of the mattress 2 is light.

[0043] The air cells 21 are most densely disposed in
the vicinity of the lower back of the sleeper S. Similarly,
the detectors A0403 to A1208 of the sensor main body
30 are also most densely disposed in the vicinity of the
lower back of the sleeper S. The lower back is one of the
portions where bedsores are likely to develop. The body
position and pressure control apparatus 1 of the present
embodiment can highly accurately detect the body pres-
sure distribution in the vicinity of the lower back and finely
adjust the body pressure in the vicinity of the lower back,
thereby effectively preventing bedsores. Furthermore,
the air cells 21 disposed in the vicinity of the lower back
are smaller than the air cells 21 disposed in the remaining
area. Even if the body pressure is reduced in the vicinity
of the lower back by deflating specific air cells 21, the
body pressure distributed in other portions can thus be
prevented from increasing.

[0044] Inthe body position and pressure control appa-
ratus 1 of the present embodiment, the cushion mat 6 is
disposed on the upper surface of the sensor main body
30. In otherwords, the cushion mat 6 is provided between
the sleeper S and the sensor main body 30. The cushion
mat 6 has high breathability. Humidity is thus unlikely to
be trapped between the sensor main body 30 and the
sleeper S, thereby preventing bedsores and improving
comfort during sleep.

(Second Embodiment)

[0045] A body position and pressure control apparatus
of the present embodiment is different from the body po-
sition and pressure control apparatus of the first embod-
iment mainly in a configuration of a sensor main body.
Thus, only the difference is explained herein.

[0046] Fig. 6 is a top view of the sensor main body of
the body position and pressure control apparatus accord-
ing to the present embodiment. In Fig. 6, components
corresponding to those in Fig. 3 are represented by the
same reference numerals. For explanation purposes, a
wiring is partially omitted in Fig. 6.

[0047] As shown in Fig. 6, a sensor main body 30 has
a board 36; a sensor thin film 37; a connector 38; elec-
trodes 01a to 10a, 01b to 10b, 01c to 14c, and 01d to
14d; and a wiring 39.

[0048] The board 36, which is composed of an elas-
tomer, has a rectangular plate shape. The board 36 is
elastically deformable. The sensor thin film 37 is dis-
posed on an upper surface of the board 36. The sensor
thin film 37, which is composed of an ethylene-propylene-
diene terpolymer (EPDM) mixed with a conductive filler,
has a rectangular plate shape. The sensor thin film 37
contains the conductive filler at a ratio of approximately
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45 vol% relative to 100 vol% of a volume of the sensor
thin film 37. In a state where no load is input (no-load
state), the sensor thin film 37 has high conductivity. With
the load exerted, the sensor thin film 37 deforms and
causes achange in a contact state of the conductivefiller.
Then, a three-dimensional conductive path collapses,
thus increasing the electric resistance of the sensor thin
film 37. Thus, the electric resistance of the sensor thin
film 37 increases in accordance with an increase in an
amount of elastic deformation. The connector 38 has a
square plate shape. The connector 38 is disposed at a
front left corner of the upper surface of the board 36.
[0049] Theelectrodes 01ato 10aare arrayed on afront
side of the sensor thin film 37 with a predetermined dis-
tance apart therebetween. The electrodes 01b to 10b are
arrayed on a rear side of the sensor thin film 37 with a
predetermined distance apart therebetween. The elec-
trodes 01a to 10a and the electrodes 01b to 10b are op-
posed to each other in the front-rear direction as shown
with dashed-dotted lines in Fig. 6.

[0050] The electrodes 01c to 14c are arrayed on a left
side of the sensor thin film 37 with a predetermined dis-
tance apart therebetween. The electrodes 01d to 14d are
arrayed on a right side of the sensor thin film 37 with a
predetermined distance apart therebetween. The elec-
trodes 01c to 14c and the electrodes 01d to 14d are op-
posed to each other in the left-right direction as shown
with dashed-dotted lines in Fig. 6. Intersections of the
dashed-dotted lines (a total of 140 = 14 X 10) are detec-
tors.

[0051] The electrodes 01a to 10a, 01b to 10b, O1c to
14c, and 01d to 14d and the connector 38 are each con-
nected by the wiring 39.

[0052] A calculator 40 is electrically connected to the
connector 38. A ROM 44 stores in advance a map that
indicates a correspondence between capacitance and
load (body pressure) in the detectors. The ROM 44 also
stores a threshold value of the body pressure. A power
circuit 41 applies a direct voltage to the detectors. The
direct voltage is applied to the total of 140 detectors se-
quentially in a scanning manner. The electric resistance
of each of the detectors is temporarily stored in a RAM
43. A CPU 42 calculates load distribution of the sensor
thin film 37 from the electric resistance stored in the RAM
43. A drive circuit 45 is connected to an air pump 50 and
an electromagnetic valve 52 in aforementioned Fig. 1.
[0053] The body position and pressure control appa-
ratus of the present embodiment has similar functions
and effects to the body position and pressure control ap-
paratus of the first embodiment with respect to the com-
ponents having common configurations. Furthermore,
the body position and pressure control apparatus of the
present embodiment can calculate body pressure distri-
bution from a change in the electric resistance of the sen-
sor main body 30.
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(Third Embodiment)

[0054] A body position and pressure control apparatus
of the present embodiment is different from the body po-
sition and pressure control apparatus of the first embod-
iment in that ventilation holes are provided in a sensor
thin film. Thus, only the difference is explained herein.
[0055] Fig. 7 is an enlarged view of a portion corre-
sponding to an area surrounded by a dashed-dotted line
in Fig. 3 in a sensor main body of the body position and
pressure control apparatus according to the present em-
bodiment. For explanation purposes, the size of the ven-
tilation holes is emphasized in Fig. 7. In Fig. 7, compo-
nents corresponding to those in Fig. 3 are represented
by the same reference numerals. As shown in Fig. 7, a
plurality of ventilation holes 310 are provided in a sensor
thin film 31. The ventilation holes 310 penetrate in the
thickness direction of the sensor thin film 31. The venti-
lation holes 310 are disposed so as to avoid front elec-
trodes 01X to 14X and rear electrodes 01Y to 10Y.
[0056] The body position and pressure control appa-
ratus of the present embodiment has similar functions
and effects to the body position and pressure control ap-
paratus of the first embodiment with respect to the com-
ponents having common configurations. In the body po-
sition and pressure control apparatus of the present em-
bodiment, the sensor thin film 31, namely, the sensor
main body 30, is breathable. Thus, humidity is unlikely
to be trapped between the sensor main body 30 and a
sleeper S, thereby improving comfort during sleep for the
sleeper and enhancing bedsore prevention effects.

(Fourth Embodiment)

[0057] A body position and pressure control apparatus
of the present embodiment is different from the body po-
sition and pressure control apparatus of the first embod-
iment in that a sensor main body and a cushion mat are
provided inside a mattress. Thus, only the difference is
explained herein.

[0058] Fig. 8 is a cross-sectional view of the body po-
sition and pressure control apparatus according to the
present embodiment. Fig. 8 corresponds to Fig. 2. In Fig.
8, components corresponding to those in Fig. 2 are thus
represented by the same reference numerals. As shown
in Fig. 8, in a body position and pressure control appa-
ratus 1 of the present embodiment, a sensor main body
30 and a cushion mat 6 are disposed inside a mattress 2.
[0059] The mattress 2 is provided with air cells 21 and
a cover bag 22. The air cells 21 and the cover bag 22
are both composed of a urethane film. The air cells 21
are stored inside the cover bag 22 and is disposed in a
lower portion of the cover bag 22. An air supply outlet
210 is provided to a lower surface of each of the air cells
21. A hose 51 of an air volume adjustment apparatus 5
is connected to the air supply outlet 210. The cover bag
22isincluded in a cover member of the presentinvention.
[0060] A sensormainbody30isstored inside the cover
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bag 22. The sensor main body 30 is disposed on upper
surfaces of the air cells 21. The sensor main body 30 and
the air cells 21 are not fixed. A configuration of the sensor
main body 30 is identical to that in the first embodiment.
[0061] The cushion mat 6 is disposed on an upper sur-
face of the sensor main body 30. The cushion mat 6 is
bonded to a periphery of the sensor main body 30. An
upper surface of the cushion mat 6 is bonded to an in-
ternal surface of an upper skin of the cover bag 22. Thus,
the sensor main body 30 is fixed to the cover bag 22
through the cushion mat 6.

[0062] The body position and pressure control appa-
ratus of the present embodiment has similar functions
and effects to the body position and pressure control ap-
paratus of the first embodiment with respect to the com-
ponents having common configurations. In the body po-
sition and pressure control apparatus 1 of the present
embodiment, the sensor main body 30 is fixed to the cov-
er bag 22 of the mattress 2 along with the cushion mat
6. The sensor main body 30, however, is not fixed to the
air cells 21. Since the sensor main body 30 is fixed in a
state separated from the air cells 21, the sensor main
body 30 is unlikely to move even if the air cells 21 move.
Thus, body pressure distribution of a sleeper can be ac-
curately detected regardless of the movement of the air
cells 21.

(Fifth Embodiment)

[0063] A body position and pressure control apparatus
of the present embodiment is different from the body po-
sition and pressure control apparatus of the fourth em-
bodiment in that a sensor main body and a cushion mat
are provided inside a sensor bag. Thus, only the differ-
ence is explained herein.

[0064] Fig. 9 is a cross-sectional view of the body po-
sition and pressure control apparatus according to the
presentembodiment. Fig. 9 corresponds to Fig. 8. In Fig.
9, components corresponding to those in Fig. 8 are thus
represented by the same reference numerals. As shown
in Fig. 9, a body position and pressure control apparatus
1 of the present embodiment has a mattress 2, a sensor
bag 24, a sensor main body 30, and a cushion mat 6.
[0065] The mattress 2 is provided with air cells 21 and
a cover bag 23. The air cells 21 are stored inside the
cover bag 23 and is disposed in a lower portion of the
cover bag 23. A plurality of snap buttons (not shown in
the drawing) to attach a sensorbag 24 are provided along
a periphery of an internal surface of an upper skin of the
cover bag 23. The cover bag 23 is included in a cover
member of the present invention.

[0066] The sensor bag 24 is stored inside the cover
bag 23 and is disposed above the air cells 21. A plurality
of snap buttons (not shown in the drawing) are provided
along a periphery of an upper surface of the sensor bag
24. The snap buttons of the cover bag 23 and the snap
buttons of the sensor bag 24 are engaged, and thereby
the sensor bag 24 is detachably attached to the cover
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bag 23.

[0067] The sensor main body 30 and the cushion mat
6 are stored inside the sensor bag 24. The cushion mat
6 is disposed on an upper surface of the sensor main
body 30 and is bonded to a periphery of the sensor main
body 30. The sensor main body 30 and the cushion mat
6 are fixed to the cover bag 23 through the sensor bag 24.
[0068] The body position and pressure control appa-
ratus of the present embodiment has similar functions
and effects to the body position and pressure control ap-
paratus of the fourth embodiment with respectto the com-
ponents having common configurations. In the body po-
sition and pressure control apparatus 1 of the present
embodiment, the sensor main body 30 and the cushion
bag 6 are fixed to the cover bag 23 in a state stored in
the sensor bag 24. The sensor bag 24 and the air cells
21 are notfixed herein. Thus, the movement of the sensor
main body 30 associated with the movement of the air
cells 21 is prevented. Accordingly, body pressure distri-
bution of a sleeper can be accurately detected regardless
of the movement of the air cells 21.

[0069] Furthermore, it is easy to attach and detach the
sensor bag 24 of the body position and pressure control
apparatus 1 according to the present embodiment. Thus,
it is easy to attach and detach the sensor main body 30
and the cushion mat 6. The sensor bag 24 is removed
from the mattress 2 and the mattress 2 is folded, and
thereby the body position and pressure control apparatus
1 can be stored and packed compactly. It is also easy to
clean the mattress 2.

(Sixth Embodiment)

[0070] A body position and pressure control apparatus
of the present embodiment is different from the body po-
sition and pressure control apparatus of the first embod-
iment in that a sensor holder is provided inside a mat-
tress. Thus, only the difference is explained herein.
[0071] Fig. 10 is a cross-sectional view of the body
position and pressure control apparatus according to the
present embodiment. Fig. 10 corresponds to Fig. 2. In
Fig. 10, components corresponding to those in Fig. 2 are
thus represented by the same reference numerals. As
shown in Fig. 10, a body position and pressure control
apparatus 1 of the present embodiment has a mattress
2 and a sensor holder 60.

[0072] The mattress 2 is provided with air cells 21 and
a cover bag 22. The air cells 21 are stored inside the
cover bag 22 and is disposed in a lower portion of the
cover bag 22.

[0073] The sensor holder 60 is stored inside the cover
bag 22 and is disposed on upper surfaces of the air cells
21. The sensor holder 60 and the air cells 21 are not
fixed. The sensor holder 60 is provided with a sensor
main body 30 and a pair of cushion mats 61 and 62. A
configuration of the sensor main body 30 is identical to
thatin the first embodiment. The pair of cushion mats 61
and 62 are each composed of a three-dimensional fabric
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(same as above), such as polyethylene terephthalate and
the like. The pair of cushion mats 61 and 62 are disposed
on two sides in the thickness direction (vertical direction)
of the sensor main body 30. The pair of cushion mats 61
and 62 are each bonded to a periphery of the sensor
main body 30. An upper surface of the sensor holder 60
(upper surface of the upper cushion mat 61) is bonded
to an internal surface of an upper skin of the cover bag
22. Thereby, the sensor holder 60 is fixed to the cover
bag 22. In other words, the sensor main body 30 is fixed
to the cover bag 22 through the cushion mat 61.

[0074] The body position and pressure control appa-
ratus of the present embodiment has similar functions
and effects to the body position and pressure control ap-
paratus of the first embodiment with respect to the com-
ponents having common configurations. In the body po-
sition and pressure control apparatus 1 of the present
embodiment, the pair of cushion mats 61 and 62 are dis-
posed on the two vertical sides of the sensor main body
30, thus improving breathability and cushioning capabil-
ity. Furthermore, the cushion mat 62 is provided between
the sensor main body 30 and the air cells 21. The sensor
main body 30 is fixed to the cover bag 22 of the mattress
2 along with the cushion mats 61 and 62. Thus, the move-
ment of the sensor main body 30 associated with the
movement of the air cells 21 is prevented. Accordingly,
body pressure distribution of a sleeper can be accurately
detected regardless of the movement of the air cells 21.

(Seventh Embodiment)

[0075] A body position and pressure control apparatus
of the present embodiment is different from the body po-
sition and pressure control apparatus of the sixth embod-
iment in that a sensor holder is provided inside a sensor
bag. Thus, only the difference is explained herein.
[0076] Fig. 11 is a cross-sectional view of the body
position and pressure control apparatus according to the
present embodiment. Fig. 11 corresponds to Fig. 10. In
Fig. 11, components corresponding to those in Fig. 10
are thus represented by the same reference numerals.
As shown in Fig. 11, abody position and pressure control
apparatus 1 of the present embodiment has a mattress
2, a sensor bag 26, and a sensor holder 60.

[0077] The mattress 2 is provided with air cells 21 and
a cover bag 25. The air cells 21 are stored inside the
cover bag 25 and is disposed in a lower portion of the
cover bag 25. A plurality of hook-and-loop fasteners (not
shown in the drawing) to attach a sensor bag 26 are pro-
vided along a periphery of an internal surface of an upper
skin of the cover bag 25. The cover bag 25 is included
in a cover member of the present invention.

[0078] The sensor bag 26 is stored inside the cover
bag 25 and is disposed above the air cells 21. A plurality
of hook-and-loop fasteners (not shown in the drawing)
are provided along a periphery of an upper surface of the
sensor bag 26. The hook-and-loop fasteners of the cover
bag 25 and the hook-and-loop fasteners of the sensor
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bag 26 are engaged, and thereby the sensor bag 26 is
detachably attached to the cover bag 25.

[0079] The sensorholder 60 is stored inside the sensor
bag 26. The sensor holder 60 is fixed to the cover bag
25 through the sensor bag 26.

[0080] The body position and pressure control appa-
ratus of the present embodiment has similar functions
and effects to the body position and pressure control ap-
paratus of the sixth embodiment with respect to the com-
ponents having common configurations. In the body po-
sition and pressure control apparatus 1 of the present
embodiment, the sensor holder 60 is fixed to the cover
bag 25 in a state stored in the sensor bag 26. The sensor
bag 26 and the air cells 21 are not fixed herein. Thus,
the movement of the sensor main body 30 associated
with the movement of the air cells 21 is prevented. Ac-
cordingly, body pressure distribution of a sleeper can be
accurately detected regardless of the movement of the
air cells 21.

[0081] Furthermore, it is easy to attach and detach the
sensor bag 26 of the body position and pressure control
apparatus 1 according to the present embodiment. Thus,
it is easy to attach and detach the sensor main body 30
and the cushion mat 6. The sensor bag 26 is removed
from the mattress 2 and the mattress 2 is folded, and
thereby the body position and pressure control apparatus
1 can be stored and packed compactly. It is also easy to
clean the mattress 2.

(Others)

[0082] The embodiments of the body position and
pressure control apparatus according to the present in-
vention are explained above. The present invention is
not, however, particularly limited to the above embodi-
ments. The present invention may be embodied in vari-
ous modifications and improvements possibly performed
by those skilled in the art.

[0083] As the sensor main body of the elastomer sen-
sor, for example, an electrostatic capacitance sensor is
used in the first and third through seventh embodiments,
and a resistance increase sensor is used in the second
embodiment. Thus, the configuration, shape, size and
the like of the sensor main body are not particularly lim-
ited. The electricity output from the sensor main body
may be in any one of voltage, electric resistance, electric
capacitance, and the like.

[0084] An elastomer for the sensor thin film in the sen-
sor main body is not limited to a specific type. For the
elastomer sensor in the first and third through seventh
embodiments, for instance, itis preferable to use an elas-
tomer having high elongation, strength, and relative per-
mittivity in view of enhancement in durability against re-
peated expansion and contraction and electrostatic ca-
pacitance. Examples of preferred materials may include
a silicone rubber, an acrylonitrile-butadiene copolymer
rubber, an acrylic rubber, an epichlorohydrin rubber, a
chlorosulfonated polyethylene, a chlorinated polyethyl-
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ene, a urethane rubber, a natural rubber, an isoprene
rubber, foams of the above listed materials, and a ure-
thane foam. For the elastomer sensor in the second em-
bodiment, examples of preferred materials in view of
compatibility with the conductive filler may include a sil-
icone rubber, an ethylene-propylene copolymer rubber,
a natural rubber, a styrene-butadiene copolymer rubber,
an acrylonitrile-butadiene copolymer rubber, and an
acrylic rubber. In the second embodiment, the electric
resistance of the sensor thinfilm increases in accordance
with an increase in the amount of elastic deformation
(load). It is possible, however, to use a sensor thin film
that decreases electric resistance in accordance with an
increase in load. The behavior of the electric resistance
of the sensor thin film can be adjusted by a type of an
elastomer in the base material or a type and mixing ratio
of the conductive filler.

[0085] An elastomer is included in the electrodes and
wirings of the sensor main body in the first and third
through seventh embodiments. In this case, there is an
advantage in which the electrodes and wirings expand
and contract, thus deforming along with the sensor thin
film. The electrodes and wirings may be provided directly
on the sensor thin film. Alternatively, the electrodes and
wirings may be provided on a separate elastomer film in
advance and the film may be laminated to the sensor thin
film. In this case, examples of the elastomer film may
include an elastomer, which is suitable for the sensor thin
film as described above, a butyl rubber and an ethylene-
propylene copolymer rubber, which have higher durabil-
ity than the elastomer. The electrodes and wiring may be
composed of a metal material or a material provided by
metal plating a surface of an organic fiber. In any em-
bodiment, the number and placement of the electrodes
are not particularly limited. For the sensor main body in
the first and third through seventh embodiments, for ex-
ample, the number, width and length of the band-shaped
front electrodes and rear electrodes may be determined
appropriately. For instance, electrodes having wide and
narrow widths may be mixed and placed. The number
and placement of the detectors may be adjusted by
changing the placement of the front electrodes and the
rear electrodes.

[0086] One sensor main body is used to detect the
body pressure distribution in the embodiments above. A
plurality of sensor main bodies, however, may be used
to detect the body pressure distribution. For example, a
sensor main body densely provided with detectors and
a sensor main body sparsely provided with detectors may
be prepared separately. The former may be placed in a
portion likely to cause bedsores and the latter may be
placed in other portions.

[0087] The body pressure distribution of the whole
body ofthe sleeper is detected in the embodiments above
so as to distribute the body pressure and change the
body position. However, the sensor main body may be
placed only in a portion likely to cause bedsores to dis-
tribute the body pressure and change the body position.
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[0088] The sensor main body is placed on the upper
surface of the mattress in the first to third embodiments.
The sensor main body, however, may be placed below
the mattress or inside the mattress as in the fourth to
seventh embodiments. In the first to third embodiments,
the sensor main body and the mattress may be entirely
bonded or not be bonded. In the case where the sensor
main body is placed on the upper surface of the mattress
as in the first to third embodiments, it is preferred that
the sensor main body is not entirely bonded so that the
sensor main body can easily follow the movement of the
divided portions. In this case, the sensor main body can
be prevented from being displaced, for example, by fixing
a plurality of portions on the external edge of the sensor
main body to the mattress.

[0089] In the fifth embodiment, the snap buttons are
used to attach the sensor bag to the cover bag (cover
member). Inthe seventh embodiment, the hook-and-loop
fasteners are used to attach the sensor bag to the cover
bag. A method of fixing the sensor bag, however, is not
limited to the above. For instance, buttons may be pro-
vided to the sensor bag and button holes may be provided
to the cover member. In this case, the sensor bag can
be attached or detached by fastening or unfastening the
buttons.

[0090] The cushion matis placed on the upper surface
of the sensor main body in the embodiments above. A
material of the cushion mat is not limited as long as the
material has breathability and cushioning capability. In
addition to the embodiments above, a mat using a
"Breathair (registered trademark)" of Toyobo Co., Ltd.
may be used. Furthermore, no cushion mat may be
placed. In the third embodiment in particular, the sensor
main body is provided with the ventilation holes. Itis thus
hardly necessary to place a cushion matin view of breath-
ability, compared with the other embodiments. In the third
embodiment, the ventilation holes are provided in the
sensor thin film in portions where neither the front elec-
trodes nor the rear electrodes are provided. The ventila-
tion holes, however, may be provided in portions where
the front electrodes or the rear electrodes are provided.
[0091] Inthe body position and pressure control appa-
ratus, a cover may be placed to cover the upper most
surface that contacts a sleeper, thus preventing the body
position and pressure control apparatus, specifically, the
cushion mat, the sensor main body, and the mattress
from getting dirty, and improving the design. In this case,
the cover is preferably breathable.

[0092] The mattress is composed of the cover bag and
the plurality of divided portions (air cells) in the embodi-
ments above. The mattress, however, is not limited to
the structure in the embodiments above. The structure
of the mattress may be determined appropriately accord-
ing to a method of changing the body pressure distribu-
tion. For instance, the mattress itself may be a collection
of a plurality of divided portions. In the case where the
divided portions are bag portions, gas other than air or
liquid such as water may be filled.
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[0093] The divided portions of the mattress only have
to be disposed so as to correspond to the detectors. It is
not necessary, however, that the divided portions and
the detectors are provided one to one. For example, two
or more detectors may be disposed to one divided por-
tion. Conversely, one detector may be disposed over two
or more divided portions.

[0094] To change the body pressure distribution, a va-
riety of methods may be employed in addition to supply-
ing and exhausting fluid to the bag portions (divided por-
tions) of the mattress to inflate and deflate the bag por-
tions. For instance, actuators may be incorporated into
the divided portions to vertically move the upper surfaces
of the divided portions, the actuators each employing an
electric-field responsive polymer, such as a dielectric
elastomer. Alternatively, viscomagnetic fluid may be
used to change the hardness of the divided portions.

Claims

1. A body position and pressure control apparatus (1)
comprising:

a mattress (2) comprising a plurality of divided
portions (21) and configured to support a sleeper
(S);

an elastomer sensor (3) comprising a sheet sen-
sor main body (30) and a calculator (40), the
sensor main body (30) being disposed one of
above, below, and inside the mattress(2) in a
thickness direction thereof; comprising an elas-
tomer sensor thin film (31, 37), a plurality of elec-
trodes (01a-10a, 01b-10b, 01c-14c, 01d-14d)
connected to the sensor thin film (31, 37), a plu-
rality of detectors (A0101-A1410) provided be-
tween the electrodes (01a-10a, 01b-10b, 01c-
14c, 01d-14d) and corresponding to the divided
portions (21); and being capable of outputting
input load as electricity,

the calculator (40) configured to calculate body
pressure distribution of the sleeper (S) from the
output electricity; and

a body pressure adjuster (5) configured to con-
trol each of the divided portions (21) based on
the body pressure distribution data detected by
the elastomer sensor (3) and thereby changing
the body pressure distribution of the sleeper (S),
characterized in that the divided portions (21)
are disposed in a higher density in an area cor-
responding to a portion of the sleeper (S) likely
to develop bedsores.

2. The body position and pressure control apparatus
(1) according to claim 1, characterized in that
the divided portions (21) are composed of bag por-
tions (21) filled with one of gas and liquid, and
the body pressure adjuster (5) configured to supply
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one of the gas and the liquid to the bag portions (21)
to inflate the bag portions (21) and alternatively to
exhaust one of the gas and the liquid from the bag
portions (21) to deflate the bag portions (21), and
thereby to change the body pressure distribution of
the sleeper (S).

3. The body position and pressure control apparatus
(1) according to one of claims 1 and 2, further com-
prising:

a breathable cushion mat (6, 61, 62) disposed
closer to the sleeper (S) than the divided por-
tions (21).

4. The body position and pressure control apparatus

(1) according to claim 3, characterized in that

the mattress (2) comprises a cover member (22, 23,
25) configured to cover the divided portions (21),
the sensor main body (30) and the cushion mat (6,
61, 62) are stacked in sequence on the sleeper (S)
side of the divided portions (21) inside the cover
member (22, 23, 25), and

the sensor main body (30) and the cushion mat (6,
61, 62) are fixed to the cover member (22, 23, 25).

5. The body position and pressure control apparatus
(1) according to claim 4, further comprising:

a sensor bag (24, 26) attachably/detachably
fixed inside the covermember (22, 23, 25), char-
acterized in that

the sensor main body (30) and the cushion mat
(6,61, 62) are stored in the sensor bag (24, 26).

6. The body position and pressure control apparatus
(1) according to claim 3, further comprising:

a sensor holder (60) comprising the sensor main
body (30) and a pair of cushion mats (6, 61, 62)
fixed on two sides in a thickness direction of the
sensor main body (30), characterized in that
the mattress (2) comprises a cover member (22,
23, 25) configured to cover the divided portions
(21),

the sensorholder (60) is disposed on the sleeper
(S) side of the divided portions (21) inside the
cover member (22, 23, 25), and

the sensor holder (60) is fixed to the cover mem-
ber (22, 23, 25).

7. The body position and pressure control apparatus
(1) according to claim 6, further comprising:

a sensor bag (24, 26) attachably/detachably
fixed to the cover member (22, 23, 25), charac-
terized in that

the sensor holder (60) is stored in the sensor
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bag (24, 26).

The body position and pressure control apparatus
(1) according to one of claims 1 to 7, characterized
in that

the sensor main body (30) is provided with a plurality
of ventilation holes (310) and configured to penetrate
in a thickness direction of the sensor thinfilm (31, 37).

The body position and pressure control apparatus
(1) according to one of claims 1 to 8, characterized
in that

the sensor main body (30) has an elongation at break
of 50% or greater.

The body position and pressure control apparatus
(1) according to one of claims 1 to 9, characterized
in that in the sensor main body (30), the electrodes
(01a-10a, 01b-10b, 01c-14c, 01d-14d) comprises
band-shaped front electrodes (01X-14X) disposed
on a front side of the sensor thin film (31, 37) and
band-shaped rear electrodes (01Y-10Y) disposed
on a rear side of the sensor thin film (31, 37), the
front electrodes (01X-14X) and the rear electrodes
(01Y-10Y) intersect viewed from a front-rear direc-
tion to form detectors (A0101-A1410), and electro-
static capacitance at the detectors (A0101-A1410)
is changed by input of the load.

The body position and pressure control apparatus
(1) according to claim 10, characterized in that
the front electrodes (01X-14X) and the rear elec-
trodes (01Y-10Y) comprise an elastomer and a con-
ductive filler filled in the elastomer.

Patentanspriiche

1.

Vorrichtung zur Steuerung von Kérperdruck und -po-
sition (1), die Folgendes umfasst:

eine Matratze (2), die eine Vielzahl abgeteilter
Abschnitte (21) umfasst und

ausgestaltet ist, einen Schlafer (S) zu stitzen;
einen Elastomersensor (3), der einen Bogen-
sensor-Hauptkérper (30) und einen Rechner
(40) umfasst,

wobei der Sensorhauptkdrper (30) entwe-
der Uber, unter oder in der Matratze (2) in
einer Richtung ihrer Starke angeordnet ist;
wobei er Folgendes umfasst: eine Elasto-
mersensor-Dinnschicht (31, 37), eine Viel-
zahl Elektroden (01a-10a, 01b-10b, O1c-
14c, 01d-14d), die an die Sensor-Dinn-
schicht (31, 37) angeschlossen sind, und
eine Vielzahl Detektoren (A0101-A1410),
die zwischen den Elektroden (01a-10a,
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01b-10b, 01c-14c, 01d-14d) angeordnet
sind und den abgeteilten Abschnitten (21)
entsprechen; und der eine Eingangslast als
elektrischen Strom ausgeben kann,

wobei der Rechner (40) ausgestaltet ist,
Korperdruckverteilung des Schlafers (S)
aus dem Ausgabestrom zu berechnen; und

ein Kérperdruck-Einstellelement (5), das ausge-
staltet ist, jeden der abgeteilten Abschnitte (21)
basierend auf den Daten zur Kérperdruckvertei-
lung zu steuern,

die von dem Elastomersensor (3) erfasst wur-
den, und hierdurch die Korperdruckverteilung
des Schlafers (S) verandert, dadurch gekenn-
zeichnet, dass

die abgeteilten Abschnitte (21) in hdherer Dichte
in einem Bereich angeordnet sind, der einem
Abschnitt des Schlafers (S) entspricht, in dem
es mit héherer Wahrscheinlichkeit zu Wundlie-
gen kommen kann.

Vorrichtung zur Steuerung von Kérperdruck und -po-
sition (1) nach Anspruch 1, dadurch gekennzeich-
net, dass

die abgeteilten Abschnitte (21) aus Taschenab-
schnitten (21) entstehen, die entweder mit Gas oder
mit Flissigkeit gefiillt sind, und

das Korperdruck-Einstellelement (5) ausgestaltet
ist, den Taschenabschnitten (21) entweder das Gas
oder die Flussigkeit zuzufihren, um die Taschenab-
schnitte (21) aufzupumpen, und alternativ entweder
das Gas oder die Fllssigkeit aus den Taschenab-
schnitten (21) abzupumpen, um die Taschenab-
schnitte (21) zu entleeren und hierdurch die Korper-
druckverteilung des Schlafers (S) zu verandern.

Vorrichtung zur Steuerung von Kérperdruck und -po-
sition (1) nach Anspruch 1 oder 2, die weiterhin Fol-
gendes umfasst:

eine luftdurchlassige Polsterauflage (6, 61, 62),
die naher zum Schlafer (S) angeordnet ist als
die abgeteilten Abschnitte (21).

Vorrichtung zur Steuerung von Kérperdruck und -po-
sition (1) nach Anspruch 3, dadurch gekennzeich-
net, dass

die Matratze (2) ein Hillelement (22,23, 25) umfasst,
das ausgestaltet ist, die abgeteilten Abschnitte (21)
abzudecken,

der Sensorhauptkérper (30) und die Polsterauflage
(6, 61, 62) nacheinander auf der dem Schlafer (S)
zugewandten Seite der abgeteilten Abschnitte (21)
im Innern des Hillelements (22, 23, 25) gestapelt
sind, und

der Sensorhauptkérper (30) und die Polsterauflage
(6,61,62)am Hullelement (22, 23, 25) befestigt sind.
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Vorrichtung zur Steuerung von Kérperdruck und -po-
sition (1) nach Anspruch 4, die weiterhin Folgendes
umfasst:

eine Sensorentasche (24, 26), die anbring-
bar/abnehmbarim Innern des Hiillelements (22,
23, 25) befestigt ist, dadurch gekennzeichnet,
dass der Sensorhauptkérper (30) und die Pols-
terauflage (6, 61 62) in der Sensorentasche (24,
26) verstaut sind.

Vorrichtung zur Steuerung von Kérperdruck und -po-
sition (1) nach Anspruch 3, die weiterhin Folgendes
umfasst:

eine Sensorenhalterung (60), die den Sensor-
hauptkérper (30) und ein Paar Polsterauflagen
(6, 61, 62) umfasst, die an zwei Seiten in einer
Richtung der Starke des Sensorhauptkdrpers
(30) angebracht sind, dadurch gekennzeich-
net, dass

die Matratze (2) ein Huillelement (22, 23, 25) um-
fasst, das ausgestaltet ist, die abgeteilten Ab-
schnitte (21) abzudecken,

die Sensorenhalterung (60) auf der dem Schla-
fer (S) zugewandten Seite der abgeteilten Ab-
schnitte (21) im Innern des Hillelements (22,
23, 25) angeordnet ist, und

die Sensorenhalterung (60) am Hiillelement (22,
23, 25) befestigt ist.

Vorrichtung zur Steuerung von Kérperdruck und -po-
sition (1) nach Anspruch 6, die weiterhin Folgendes
umfasst:

eine Sensorentasche (24, 26), die anbring-
bar/abnehmbarim Innern des Hiillelements (22,
23, 25) befestigt ist, dadurch gekennzeichnet,
dass die Sensorenhalterung (60) in der Senso-
rentasche (24, 26) verstaut ist.

Vorrichtung zur Steuerung von Kérperdruck und -po-
sition (1) nach einem der Anspriiche 1 bis 7, dadurch
gekennzeichnet, dass

der Sensorhauptkdrper (30) mit einer Vielzahl Bellf-
tungsbohrungen (310) versehen ist, die ausgestaltet
sind, in eine Richtung der Starke der Sensor-Dinn-
schicht (31, 37) einzudringen.

Vorrichtung zur Steuerung von Kérperdruck und -po-
sition (1) nach einem der Anspriiche 1 bis 8, dadurch
gekennzeichnet, dass

der Sensorhauptkérper (30) eine Bruchdehnung von
50 % oder mehr aufweist.

Vorrichtung zur Steuerung von Kérperdruck und -po-
sition (1) nach einem der Anspriiche 1 bis 9, dadurch
gekennzeichnet, dass im Sensorhauptkorper (30)
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die Elektroden (01a-10a, 01b-10b, 01c-14c, 01d-
14d) streifenférmige Frontelektroden (01X-14X) um-
fassen, die auf einer Vorderseite der Sensordiinn-
schicht (31, 37) angeordnet sind, und streifenférmi-
ge Rickelektroden (01Y-10Y) umfassen, die auf ei-
ner Ruckseite der Sensordiinnschicht (31, 37) an-
geordnet sind, die Frontelektroden (01X-14X) und
die Rickelektroden (01Y-10Y) sich aus einer Rich-
tung von vorne nach hinten gesehen kreuzen, um
Detektoren (A0101-A1410) zu bilden, und die elek-
trostatische Kapazitdt an den Detektoren (A0101-
A1410) durch die Eingabe des Gewichtes verandert
wird.

Vorrichtung zur Steuerung von Kérperdruck und -po-
sition (1) nach Anspruch 10, dadurch gekennzeich-
net, dass

die Frontelektroden (01X-14X) und die Rickelektro-
den (01Y-10Y) ein Elastomer und einen stromleiten-
den Flllstoff, der in das Elastomer gefillt ist, umfas-
sen.

Revendications

1.

Appareil de commande de position et pression cor-
porelles (1) comprenant :

un matelas (2) comprenant une pluralité de por-
tions divisées (21) et configuré pour supporter
un dormeur (S) ;

un capteur élastomere (3) comprenant un corps
principal de capteur en feuille (30) et un calcu-
lateur (40),

le corps principal de capteur (30) étant disposé
d’'une maniére parmi au-dessus, en dessous et
a l'intérieur du matelas (2) dans une direction
d’épaisseurde celui-ci ; comprenant un film min-
ce de capteur élastomere (31, 37), une pluralité
d’électrodes (01a-10a, 01b-10b, 01c-14c, 01d-
14d) connectées au film mince de capteur (31,
37), une pluralité de détecteurs (A0101-
A01410) prévus entre les électrodes (01a-10a,
01b-10b, 01c-14c, 01d-14d) et correspondant
aux portions divisées (21) ; et étant capable
d’émettre une charge d’entrée comme électrici-
té, le calculateur (40) étant configuré pour cal-
culer la distribution de pression corporelle du
dormeur (S) a partir de I'électricité émise ; et
undispositif d’ajustement de pression corporelle
(5) configuré pour commander chacune des por-
tions divisées (21) en fonction des données de
distribution de pression corporelle détectées par
le capteur élastomeére (3) et changeant de ce
fait la distributeur de pression corporelle du dor-
meur (S), caractérisé en ce que les portions
divisées (21) sont disposées en une densité su-
périeure dans une zone correspondant a une
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portion du dormeur (S) susceptible de dévelop-
per des escarres.

Appareil de commande de position et pression cor-
porelles (1) selon la revendication 1, caractérisé en
ce que

les portions divisées (21) sont composées de por-
tions de sac (21) remplies d’'une matiére parmi du
gaz et du liquide, et

le dispositif d’ajustement de pression corporelle (5)
est configuré pour alimenter une matiére parmi le
gaz et le liquide aux portions de sac (21) afin de
gonfler les portions de sac (21) et en variante pour
faire s’échapper une matiére parmile gazetle liquide
des portions de sac (21) afin de dégonfler les por-
tions de sac (21) et de changer de ce fait la distribu-
tion de pression corporelle du dormeur (S).

Appareil de commande de position et pression cor-
porelles (1) selonune desrevendications 1 et 2, com-
prenant en outre :

un tapis de coussin respirant (6, 61, 62) disposé
plus prés du dormeur (S) que les portions divi-
sées (21).

Appareil de commande de position et pression cor-
porelles (1) selon la revendication 3, caractérisé en
ce que

le matelas (2) comprend un élément de recouvre-
ment (22, 23, 25) configuré pour recouvrir les por-
tions divisées (21),

le corps principal de capteur (30) et le tapis de cous-
sin (6, 61, 62) sont empilés en séquence sur le coté
dudormeur (S) des portions divisées (21) al'intérieur
de I'élément de recouvrement (22, 23, 25), et

le corps principal de capteur (30) et le tapis de cous-
sin (6, 61, 62) sont fixés al’élémentde recouvrement
(22, 23, 25).

Appareil de commande de position et pression cor-
porelles (1) selon la revendication 4, comprenant en
outre :

un sac de capteur (24, 26) fixé de maniére a
pouvoir étre attaché/détaché a lintérieur de
I'élément de recouvrement (22, 23, 25), carac-
térisé en ce que le corps principal de capteur
(30) et le tapis de coussin (6, 61, 62) sont stoc-
kés dans le sac de capteur (24, 26).

6. Appareil de commande de position et pression cor-

porelles (1) selon la revendication 3, comprenant en
outre :

un support de capteur (60) comprenant le corps
principal de capteur (30) et une paire de tapis
de coussin (6, 61, 62) fixés des deux cbétés dans
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une direction d’épaisseur du corps principal de
capteur (30), caractérisé en ce que le matelas
(2) comprend un élément de recouvrement (22,
23, 25) configuré pour recouvrir les portions di-
visées (21),

le support de capteur (60) est disposé sur le c6té
du dormeur (S) des portions divisées (21) a I'in-
térieur de I'élément de recouvrement (22, 23,
25), et

le support de capteur (60) est fixé a I'élément
de recouvrement (22, 23, 25).

Appareil de commande de position et pression cor-
porelles (1) selon la revendication 6, comprenant en
outre :

un sac de capteur (24, 26) fixé de maniéere a
pouvoir étre attaché/détaché a I'élément de re-
couvrement (22, 23, 25), caractérisé en ce que
le support de capteur (60) est stocké dans le sac
de capteur (24, 26).

Appareil de commande de position et pression cor-
porelles (1) selon une des revendications 1 a 7, ca-
ractérisé en ce que

le corps principal de capteur (30) est pourvu d’une
pluralité d’orifices de ventilation (310) et configuré
pour pénétrer dans une direction d’épaisseur du film
mince de capteur (31,37).

Appareil de commande de position et pression cor-
porelles (1) selon une des revendications 1 a 8, ca-
ractérisé en ce que

le corps principal de capteur (30) a un allongement
a la rupture de 50 % ou supérieur.

Appareil de commande de position et pression cor-
porelles (1) selon une des revendications 1 a 9, ca-
ractérisé en ce que dans le corps principal de cap-
teur (30), les électrodes (01a-10a, 01b-10b, 01c-
14c¢, 01d-14d) comprennent des électrodes avant en
forme de bande (01X-14X) disposées sur un cbté
avant du film mince de capteur (31, 37) et des élec-
trodes arriere en forme de bande (01Y-10Y) dispo-
sées sur un coté arriere du film mince de capteur
(31, 37), les électrodes avant (01X-14X) et les élec-
trodes arriere (01Y-10Y) se coupent, vues depuis
une direction avant-arriere, pour former des détec-
teurs (A0101-A1410) et la capacitance électrostati-
que au niveau des détecteurs (A0101-A1410) est
changée par I'entrée de la charge.

Appareil de commande de position et pression cor-
porelles (1) selon la revendication 10, caractérisé
en ce que

les électrodes avant (01X-14X) et les électrodes ar-
riere (01Y-10Y) comprennent un élastomeére et une
charge conductrice versée dans I'élastomere.
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