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PRESSURE SENSOR FOR MONITORING A
SUBJECT AND PRESSURE SENSOR WITH
INFLATABLE BLADDER

FIELD OF THE INVENTION

[0001] The present invention pertains to an inflatable blad-
der having a pressure sensor for use in monitoring vital signs,
such as the presence of a person and their heartbeat and
breathing rates, in an human or animal, e.g., an infant sleeping
in acrib, a patient in a hospital setting, a person with a chronic
disease, a person in an elder-care setting, or an animal athome
or in the care of a professional, and a pressure sensor device
for use with an inflatable bladder.

BACKGROUND

[0002] Historically, monitoring vital signs of a person has
required expensive equipment, such as an electrocardiogram
(EKG) or a ballistocardiograph (BCG). In addition to being
prohibitively expensive for many situations (e.g., home use),
both EKGs and BCGs can be too cumbersome for use outside
of medical facilities. EKGs, for example, typically necessi-
tate attaching electrodes to the bodies of users, while BCGs
rely on large, heavy, and unaesthetic force-measuring plat-
forms that users lie on.

[0003] In more recent times, devices including piezoelec-
tric films or arrays of sensors have been developed to measure
heart and respiration rates. A user can lie on the device, and
the film or sensors can generate a signal indicative of the
user’s heart rate and/or respiration rate. However, these
devices can also be expensive. Existing devices on which a
user can lie for comfort already exist. Utilizing existing com-
ponents increasing manufacturing efficiency and reduces
cost.

SUMMARY

[0004] Disclosed herein are embodiments of an apparatus
for monitoring a subject at rest. One embodiment of an appa-
ratus for monitoring a subject at rest comprises an inflatable
bladder having a cavity comprising a fluid and a housing
comprising a recess and hermetically sealed within a seam of
the inflatable bladder. Within the housing is a pressure sensor
located within the recess, the pressure sensor having a sensing
side exposed to the cavity of the inflatable bladder and a
reference side exposed to ambient air and a printed circuit
board located within the recess and coupled to with the pres-
sure sensor, wherein the pressure sensor is operable to detect
a pressure change within the cavity due to a force exerted by
a subject on the inflatable bladder.

[0005] Also disclosed herein are embodiments of pressure
sensing device for use with an inflatable bladder. One
embodiment disclosed herein comprises a housing compris-
ing a recess and configured to be welded in a seam of the
inflatable bladder. A pressure sensor is located within the
recess, the pressure sensor having a sensing side configured to
be exposed to the cavity of the inflatable bladder and a refer-
ence side configured to be exposed to ambient air. A printed
circuit board is located within the recess in communication
with the pressure sensor. The pressure sensor is operable to
detect a pressure change within the cavity due to a force
exerted by a subject on the inflatable bladder.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The description herein makes reference to the
accompanying drawings, wherein like reference numerals
refer to like parts throughout the several views, and wherein:
[0007] FIG. 1isa perspective view of an embodiment of an
apparatus for measuring a subject at rest as disclosed herein;
[0008] FIG. 2 is an exploded view of a portion of FIG. 1;
[0009] FIG. 3isacross sectional view of a pressure sensing
device shown in FIG. 2 along line A,

[0010] FIG. 4A is a cross sectional expanded view of FIG.
3 along line A;

[0011] FIG. 4B is a cross sectional view of FIG. 3 along line
A;
[0012] FIG. 5is a cross sectional side view of the embodi-
ment in FIG. 3 along line B;

[0013] FIG. 6isaperspective view of an embodiment of the
pressure sensing device disclosed herein;

[0014] FIG. 7 is a plan view of another embodiment of a
pressure sensing device disclosed herein;

[0015] FIG. 8 is a perspective view of the pressure sensing
device with a frangible cap;

[0016] FIG. 9is an exploded side view of an apparatus for
measuring a subject at rest;

[0017] FIG. 10 is a plan view of another embodiment of an
apparatus for measuring a subject at rest as disclosed herein;
[0018] FIG. 11A is a plan view of another embodiment of
an apparatus for measuring a subject at rest as disclosed
herein;

[0019] FIG. 11B is a plan view of another embodiment of
an apparatus for measuring a subject at rest as disclosed
herein;

[0020] FIG. 12 is a plan view of another embodiment of an
apparatus for measuring a subject at rest as disclosed herein;
[0021] FIG. 13 is a plan view of another embodiment of an
apparatus for measuring a subject at rest as disclosed herein;
and

[0022] FIG. 14 is a side view of an embodiment of an
apparatus for measuring a subject at rest in use with a subject.

DETAILED DESCRIPTION

[0023] A pressure sensor apparatus is provided for moni-
toring the presence and health status of human and animal
subjects/patients. The apparatus utilizes an inflatable air mat-
tress, bladder or pad adapted to the placed between a subject
and a support substrate, such as a bed, cushion, infant crib,
chair or the like. Welded in place at the corner or edge of the
bladder is an inflation valve used to provide an air nozzle
through which fluid is pumped. In accordance with the inven-
tion, ahousing that is sized and configured in substantially the
same dimensions as the inflation valve is provided to hold a
pressure sensor module, which monitors the pressure changes
in the pad in response to a subject’s heart function or respi-
ration. The new housing is sized and configured substantially
identical to the old housing so that tooling and equipment
used to assemble the mattress can be used with minimal
modification to insert and weld into place the new housing.

[0024] As shown in FIG. 1, an inflatable mattress or fluid
bladder 10 is operably connected to a pump or inflated by the
presence of foam 12 for filling a cavity within the fluid blad-
der 10 to a preselected pressure with a gas or liquid through
inflation valve 13. The pump 12 can be a rotary type pump or
another type of pump. The pump 12 can be fluidly coupled to
the bladder 10 via a hose, or the pump can be coupled directly
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to the inflation valve 13 and be electrically driven as shown.
The pump 12 inflates the bladder 10 through inflation valve
13 located in a corner or an edge of the bladder 10. The pump
12 can be disconnected from the inflation valve 13 with the
inflation valve configured to maintain the air pressure within
the bladder when the bladder is sufficiently filled with fluid.

[0025] To incorporate a monitoring system for a subject at
restinto such an existing bladder, an assembly as shown in the
remaining figures has been developed. The assembly has a
housing 14 (shown in FIG. 2) that is substantially the same
size and shape as the inflation valve 13 so that the same
tooling can be used and the same sealing process can be used
in order to incorporate the monitoring device.

[0026] FIG.2isa perspective view of the housing 14 of the
monitoring assembly and a corner of the fluid bladder 10. As
seen in FIGS. 3-5, the housing 14 has a pressure sensor
module 15 comprising a pressure sensor 16 connected to a
printed circuit board (PCB) 18, which generates electrical
signals in response to the pressure sensor 16 output. The
housing 14 accepts the pressure module 15 in a tracked recess
20 within the housing 14. The pressure sensor 16 is at the
distal end of the tracked recess 20 and positioned between the
distal end and the PCB 18. The pressure sensor 16 has two
sides. The reference side 22 is exposed to ambient air, while
the sensing side 24 is exposed to the fluid within the cavity of
the bladder 10. The pressure sensor 16 includes a stem 26
through which the sensing side 24 of the pressure sensor 16 is
exposed to the fluid within the bladder 10.

[0027] The distal end 28 of the housing includes a tubular
aperture 30 (shown in FIG. 4A) that is sized so that the stem
26 can snugly fit through the aperture 30. The proximal end 32
of the housing 14 is open to permit insertion of the pressure
sensing module 15. The opening 33 at the proximal end 32 of
the tracked recess 20 is sized to accommodate a plug 34 which
can be made of flexible material. The plug 34 when inserted
into the opening 33 of the proximal end 32 of the housing 14
seals the pressure sensor module 15 within the housing 14.
The plug 34 can be seen inserted in FIG. 6. The flexible plug
34 includes two apertures: a first aperture 36 can provide a
conduit for ambient air so that the reference side 22 of the
pressure sensor 16 is exposed to ambient air. The second
aperture 38 can be sized to snugly fit a wire providing elec-
trical conduit between the PCB 18 and a device external to the
mattress 10. FIG. 2 illustrates the conduit 39.

[0028] As shown in FIG. 7, the tubular aperture 30 of the
housing 14 can be connected to a plurality of tubes 40 of one
or more lengths terminating in different locations within the
bladder 10. The plurality of tubes 40 permits sampling of
pressure in different locations throughout the bladder 10
while only requiring one pressure sensor module 15. Alter-
natively or in combination with, more than one housing 14
can be welded at different locations in the seam of the bladder
10.

[0029] The apertures 36, 38 on the plug 34 are sealed with
a frangible cap 42, shown in FIG. 8. The cap 42 can be a single
cap sealing both the first and second apertures 36, 38, or the
cap 42 can be two distinct caps each sealing one of the first
and the second apertures 36, 38. The frangible cap(s) 42
remains on during manufacture of the mattress 10 so that the
housing 14 and pressure sensor module 15 can be subjected to
a dunk test to confirm that a hermetic seal has been formed
between the housing 14 and the bladder 10 and between the
tubular aperture 30 on the distal end 28 of the housing 14 and
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the stem 26. After the dunk test, the frangible cap(s) 42 is
removed to permit operation of the device.

[0030] The fluid bladder 10 can be inflated with air or
another fluid, such as water, gel, another gas, or acombination
thereof. For example, compressed gas (e.g., compressed air or
CO,) can be used to inflate the bladder 10. The bladder is
inflated as described earlier. It is also contemplated that the
housing 14 of the monitoring assembly can be configured
with a valve through which to inflate the bladder. As illus-
trated in FIG. 9, the fluid bladder 10 can comprise two shells
43 that are sealed along their periphery. The shells may be
made of virtually any conventional material that is air or
water-tight. Exemplary materials include but are not limited
to plastic (e.g., polyethylene, polypropylene, latex, vinyl,
etc.) and fabric (e.g., canvas). Fabrics may be treated with a
plastic or other coating to make them air or fluid-tight, as
required. The bladder 10 may be covered for comfort or
protection, so long as the covering does not substantially
insulate the cavity of the bladder 10 from the vibrations
generated by the subjects heart and/or lung function.

[0031] Plastic shells may be hermetically sealed with ultra-
sonic welding as a non-limiting example. Other means of
sealing the bladder 10 and the housing 14 known to those
skilled in the art may be used. When the shells are welded, the
tubular aperture 30 in the distal end 28 of the housing 14
melts, providing a hermetic seal so that fluid within the cavity
of the mattress 10 is exposed to the sensing side 24 of the
pressure sensor 16 through the stem 26.

[0032] The bladder 10 can cover a smaller area of the sub-
strate 50. For example, in FIG. 10, a mattress is the substrate
50 shown with a pillow 52, with the bladder 10 sized to
accommodate an area on which the torso of a subject is
expected to be positioned. As noted, the substrate 50 can be a
mattress, crib, cot, hospital bed, home bed, chair and the like.
Alternatively, the bladder 10 can be sized to extend over a
large portion of the substrate 50 upon which the subject is to
lay, as shown in FIG. 11A. For example, the bladder 10 may
be sized similar to a mattress 50. Thus, the size of the fluid
bladder 10 can allow the fluid bladder 10 to sense pressure
changes over a wide range of positions of the subject on the
substrate. That is, even if the pressure sensor 16 is far from a
source of a pressure change (e.g., a beating heart or inhaling
or exhaling lungs of the subject), the pressure change can
create a wave within the bladder 10 propagating the pressure
change to the sensor 16. As noted above, the bladder 10 may
contain a plurality of housings 14 around its perimeter. For
example, a housing 14 may be welded into each corner of the
bladder 10.

[0033] The fluid bladder 10 can include multiple discrete
compartments, with each compartment including a housing
14 with a pressure sensor module 15. For example, as illus-
trated in FIG. 11B, the bladder 10 of FIG. 11 A can be formed
into two discrete compartments such that the housing 14 in
the upper compartment senses heart rate and respiration and
the housing 14 in the lower compartment senses whether the
subject is sitting up, for example. As illustrated in FIG. 12, if
the substrate 50 is large enough for two subjects, the bladder
10 can include two discrete compartments 10, 10", each
including its own housing 14 with pressure sensor module 15
for separately detecting the vital signs of the two subjects.
However, the pressure detected by a single sensor 16 can
indicate vital signs of multiple subjects. For example, each of
the plurality of tubes 40 extending from the tubular aperture
30 of the housing 14 may terminate one in each compartment.
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This is illustrated in FIG. 13. The tube 40' can be hermetically
sealed between the two compartments 10', 10".

[0034] Inuse, as shown in FIG. 14, the inflated bladder 10
is placed between the subject 60 and the substrate 50 such as
a bed or crib mattress. When the subject 60 is lying on the
bladder 10, each of the user’s heart beats and breaths can
create a force on the bladder 10 that is transmitted to the fluid.
As a result of the force input to the bladder 10 from a heart
beat or breath, a wave can propagate through the fluid and be
detected by the pressure sensor 16. The PCB 18 of the pres-
sure sensor module 15 can output an electrical pressure signal
a to a controller 44, which can analyze the pressure signal o
to determine a heart rate, respiration rate, and/or other vital
signs of the subject on the mattress 10. While changes in the
dynamic pressure in the bladder 10 are used to monitor car-
diopulmonary health status data (i.e., vital signs), static pres-
sure in the bladder 10 can be used to measure a subject’s
weight. In this manner, the bladder 10 can be used to provide
weight data (e.g., over time), or to detect the presence or
absence ofthe subject on the bladder 10. The controller 44 can
also be configured to determine other characteristics of the
subject based on the pressure signal ., such as blood pressure,
tossing and turning movements, rolling movements, limb
movements, or the identity of the subject.

[0035] The controller 44, which can include a memory and
a CPU for executing a program stored on the memory, can be
hard-wired to the sensor module 15, in wireless communica-
tion with the sensor module 15 using, e.g., a standard wireless
protocol (IEEE 802.11, Bluetooth, etc.), or the controller 44
can communicate with the sensor module 15 in other ways
known to those skilled in the art. The controller 44 can include
a transmitter, a display screen, and controls. The transmitter
can relay the status signal } to a database or other source. The
transmitter can be a wireless transmitter operating using a
standard wireless protocol (e.g., IEEE 802.11, RF, Bluetooth,
or 3G), though the transmitter can alternatively be hardwired
to the remote source using a phone line, Ethernet line, or other
connection. As a result, the database can store sleep informa-
tion produced as a result of the status signal 3, and the subject
can be alerted to sleep issues based on long-term sleep trends
or provided with other communications regarding the sub-
ject’s sleep (e.g., an alarm warning of apnea), fitness level,
cardiovascular condition, or other health information.
[0036] Thecontrols canbeused, forexample, to instruct the
sensor module 15 and/or controller 44 to operate in a privacy
mode in which data is not detected, retained, displayed, trans-
mitted, and/or analyzed, or to communicate with the database
to obtain sleep information (e.g., sleep trends, sleep scores
from previous nights, sleeping tips). The database can alter-
natively or additionally be accessible using a computer, e.g.,
via the internet.

[0037] While the invention has been described in connec-
tion with what is presently considered to be the most practical
example, it is to be understood that the invention is not to be
limited to the disclosed example but, on the contrary, is
intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the
appended claims, which scope is to be accorded the broadest
interpretation so as to encompass all such modifications and
equivalent structures as is permitted under the law.

What is claimed is:

1. An apparatus for monitoring a subject at rest comprising:

an inflatable bladder comprising a cavity housing a fluid
and a hermetically sealed seam;
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a housing comprising a recess and hermetically sealed
within the seam;

a pressure sensor located within the recess, the pressure
sensor having a sensing side exposed to the cavity of the
inflatable bladder and a reference side exposed to ambi-
ent air; and

a printed circuit board located within the recess and
coupled to the pressure sensor, wherein the pressure
sensor is operable to detect a pressure change within the
cavity dueto a force exerted by a subject on the inflatable
bladder.

2. The apparatus of claim 1, wherein the housing has a
distal end having a tubular aperture providing a conduit
between the recess and the cavity and a proximal end having
an opening through which the pressure sensor and printed
circuit board are inserted into the recess.

3. The apparatus of claim 2, wherein the pressure sensor
has a stem fit within the tubular aperture through which the
sensing side of the pressure sensor is exposed to the fluid
within the cavity.

4. The apparatus of claim 2, wherein the housing further
comprises a plug inserted within the opening in the proximal
end, the plug having a first aperture through which the refer-
ence side of the pressure sensor is exposed to ambient air and
a second aperture through which electrical conduit extends
between the printed circuit board and an external controller.

5. The apparatus of claim 4, wherein the first and second
apertures are sealed with a frangible cap configured for
removal prior to use.

6. The apparatus of claim 4, wherein the controller is con-
figured to determine at least one vital sign of a subject on the
inflatable bladder based on a signal from the printed circuit
board.

7. The apparatus of claim 6, wherein the at least one vital
sign is one or more of a heart rate, a respiration rate, move-
ment, weight and presence of the subject on the inflatable
bladder.

8. The apparatus of claim 1, wherein the force exerted on
the inflatable bladder originates from at least one of a heart
rate and a respiration rate of the subject.

9. The apparatus of claim 2, wherein the housing further
comprises a plurality of tubes extending from the tubular
aperture, each of the plurality of tubes terminating in a dif-
ferent location within the cavity of the inflatable bladder.

10. The apparatus of claim 9, wherein the inflatable bladder
comprises a plurality of compartments, each compartment
having a cavity, wherein each of the plurality of tubes is in
fluid communication with a different one of the plurality of
compartments.

11. The apparatus of claim 1, further comprising one or
more housings, wherein the housings are hermetically sealed
in different locations around a perimeter of the inflatable
bladder.

12. The apparatus of claim 11, wherein the inflatable blad-
der comprises a plurality of compartments, each compart-
ment having a cavity, wherein the housing are positioned at
locations around the perimeter so that each housing is in fluid
communication with a different one of the plurality of com-
partments.

13. The apparatus of claim 1, wherein the inflatable bladder
comprises two plastic shells hermetically sealed.

14. The apparatus of claim 1, wherein the housing is further
configured to communicate fluid to the cavity from a source
external the inflatable bladder.
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15. The apparatus of claim 1, wherein the housing is sized
and configured to have substantially the same dimension as an
inflation valve.

16. A pressure sensing device for use with an inflatable
bladder, the device comprising:

ahousing comprising a recess and configured to be welded
in a seam of the inflatable bladder;

a pressure sensor located within the recess, the pressure
sensor having a sensing side configured to be exposed to
the cavity of the inflatable bladder and a reference side
configured to be exposed to ambient air; and

a printed circuit board located within the recess and
coupled to the pressure sensor, wherein the pressure
sensor is operable to detect a pressure change within the
cavity dueto a force exerted by a subject on the inflatable
bladder.

17. The device of claim 16, wherein the housing has a distal
end having a tubular aperture providing a conduit from the
recess and a proximal end having an opening through which
the pressure sensor and printed circuit board are inserted into
the recess.
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18. The device of claim 17, wherein the pressure sensor has
a stem fit within the tubular aperture through which the sens-
ing side of the pressure sensor is configured for exposure to a
fluid.

19. The device of claim 17, wherein the housing further
comprises a plug configured to close the opening within the
proximal end of the housing, the plug having a first aperture
through which the reference side of the pressure sensor is
exposed to ambient air and a second aperture sized to fit
electrical conduit between the printed circuit board and an
external controller.

20. The device of claim 19, wherein the first and second
apertures are sealed with a frangible cap.

21. The device of claim 17, wherein the housing further
comprises a plurality of tubes extending from the tubular
aperture and configured to terminate as different locations
within the cavity of the inflatable bladder.

22.The device of claim 16, wherein the housing is a plastic
material.
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