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DESCRIPTION

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Patent Application No. 15/881,421 filed January
26, 2018, entitled "MATTRESS WITH SENSOR MODULE FOR PATIENT CARE," with attorney
docket number 18340/008001.

BACKGROUND

[0002] Pressure ulcers (e.g., pressure sores, bedsores, or decubitus ulcers) often occur on
skin overlying sacrum, coccyx, heels, hips, elbows, knees, back of shoulders, back of the
cranium, etc. Pressure ulcers are localized damage to the skin and/or underlying tissue caused
by pressure, or pressure in combination with shear and/or friction. Pressure ulcers may
develop in individuals who are bedridden or confined to a wheelchair.

[0003] US 2015/128354 A1 discloses a resting body support, such as a mattress or an
encasement for a resting body support, comprising a sensor layer which may incorporate a
mattress adjustment system.

SUMMARY

[0004] In general, in one aspect, the invention relates to a user posture support device for
patient care as defined by the claims.

[0005] In general, in one aspect, the user posture support device for patient care may be a
bed or a mattress.

[0006] In general, in one aspect, the invention relates to a method for patient care as defined
by the claims.

[0007] Other aspects and advantages of the invention will be apparent from the following
description and the appended claims.

BRIEF DESCRIPTION OF DRAWINGS

[0008]

FIG. 1A shows a schematic diagram and a perspective view diagram of an air mattress with
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sensor module for patient care according to one or more embodiments of the invention.

FIG. 1B shows a top view diagram and a cross-sectional view diagram of an air mattress with
sensor module for patient care according to one or more embodiments of the invention.

FIGS. 2A and 2B show example air mattress with sensor module for patient care according to
one or more embodiments of the invention.

FIG. 3A shows example details of a sensor module according to one or more embodiments of
the invention.

FIG. 3B shows an example cross-sectional view of the sensor module according to one or
more embodiments of the invention.

FIG. 3C shows an example perspective view of the sensor module according to one or more
embodiments of the invention.

FIG. 4 shows an example graph of topographical data of the sensor module according to more
or more embodiments of the present disclosure.

FIGS. 5A and 5B show method flow charts according to one or more embodiments of the
invention.

FIGS. 6 and 7 show example display screenshots according to one or more embodiments of
the invention.

FIGS. 8A and 8B show a computing system according to one or more embodiments of the
invention.

DETAILED DESCRIPTION

[0009] Specific embodiments will now be described in detail with reference to the
accompanying figures. Like elements in the various figures are denoted by like reference
numerals for consistency. Like elements may not be labeled in all figures for the sake of
simplicity.

[0010] In the following detailed description of embodiments of the disclosure, numerous
specific details are set forth in order to provide a more thorough understanding of the
disclosure. However, it will be apparent to one of ordinary skill in the art that the disclosure may
be practiced without these specific details. In other instances, well-known features have not
been described in detail to avoid unnecessarily complicating the description.

[0011] Throughout the application, ordinal numbers (e.g., first, second, third, etc.) may be
used as an adjective for an element (i.e., any noun in the application). The use of ordinal
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numbers does not imply or create a particular ordering of the elements nor limit any element to
being only a single element unless expressly disclosed, such as by the use of the terms
"before," "after,” "single," and other such terminology. Rather, the use of ordinal numbers is to
distinguish between the elements. By way of an example, a first element is distinct from a
second element, and the first element may encompass more than one element and succeed
(or precede) the second element in an ordering of elements.

[0012] It is to be understood that the singular forms "a,” "an," and "the" include plural referents
unless the context clearly dictates otherwise. Thus, for example, reference to "a horizontal
beam" includes reference to one or more of such beams.

[0013] Terms like "approximately,” "substantially,” efc., mean that the recited characteristic,
parameter, or value need not be achieved exactly, but that deviations or variations, including
for example, tolerances, measurement error, measurement accuracy limitations and other
factors known to those of skill in the art, may occur in amounts that do not preclude the effect
the characteristic was intended to provide.

[0014] Although multiple dependent claims are not introduced, it would be apparent to one of
ordinary skill in that that the subject matter of the dependent claims of one or more
embodiments may be combined with other dependent claims. For example, even though claim
3 does not directly depend from claim 2, even if claim 2 were incorporated into independent
claim 1, claim 3 is still able to be combined with independent claim 1 that would now recite the
subject matter of dependent claim 2.

[0015] In general, embodiments of the invention relate to a mattress for patient care. The
mattress includes a number of compressible cells and a number of sensors corresponding to
the number of compressible cells. Each compressible cell is configured to contact, when
inflated, a user in a contact area of a plurality of contact areas of the user. Each sensor is
configured to generate a number of measurements, where each measurement relates to the
contact area of a corresponding compressible cell. Each sensor is further configured to send
the number of measurements to a pressure control device.

[0016] FIG. 1A shows a schematic diagram and a perspective view diagram of an air mattress
with sensor module for patient care according to one or more embodiments of the invention. In
one or more embodiments, one or more of the modules and elements shown in FIG. 1A may
be omitted, repeated, and/or substituted. Accordingly, embodiments of an air mattress with
sensor module for patient care should not be considered limited to the specific arrangements
of modules shown in FIG. 1A.

[0017] Specifically, FIG. 1A shows a schematic view (100a) and an example 3-dimensional
(3D) perspective view (100b) of the air mattress with sensor module for patient care used by a
user (112). In particular, in the 3D perspective view (100b), the longitudinal direction of the
user (112) is denoted as "L" while the sideways direction of the user (112) is denoted as "C". In
one or more embodiments of the invention, the air mattress with sensor module for patient
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care depicted in FIG. 1A may be included in a bed, a wheel chair, or other device for
supporting the user (112) in a pre-determined posture, such as lying, sitting, standing, leaning,
etc. postures. The air mattress with sensor module for patient care includes multiple
compressible cells (e.g., compressible cell A (111a), compressible cell B (111b), compressible
cell C (111¢)) disposed on a base (150) and coupled to a pressure control device (130). The
base (150) is a structural element that supports the multiple compressible cells (e.g.,
compressible cell A (111a), compressible cell B (111b), compressible cell C (111c)) against the
user (112) in the pre-determined posture. For example, the base (150) may be constructed
using memory foam of a particular density. As used herein, memory foam refers to viscoelastic
polyurethane foam or low-resilience polyurethane foam (LRPu) that softens in reaction to body
heat and conforms to a body contour within a few minutes. In another example, the base (150)
may be a film or a sheet of suitable material (e.g., vinyl, plastic, cloth, etc. or other material
used to construct the compressible cells) that connects the multiple compressible cells (e.g.,
compressible cell A (111a), compressible cell B (111b), compressible cell C (111¢)) into a single
item.

[0018] In one or more embodiments of the invention, the user (112) is a patient, such as a
human patient or an animal patient. In one or more embodiments, the compressible cell is a
flexible enclosure configured to contain a volume of compressible fluid, such as air, a
mixture/combination of air or other gas with liquid (e.g., water), a gel that contains air or other
gas pocket(s)/bubble(s), etc. For example, the flexible enclosure may be constructed using
flexible material, such as rubber, vinyl, thermoplastic polyurethane (TPU), polyvinyl chloride
(PVCQ), latex, textile reinforced urethane, and have any shape or size. In particular, the flexible
enclosure may be constructed using a film of such flexible material.

[0019] In one or more embodiments, the compressible cells (e.g., compressible cell A (111a),
compressible cell B (111b), compressible cell C (111c)) are inflated and/or deflated via an
intake (130e) (e.g., a valve, hose, tube, pipe, etc.) to maintain and/or adjust a fluid pressure.
Throughout this disclosure, the term "inflate" refers to the act of supplying fluid to increase
pressure while the term "deflate” refers to the act of releasing fluid to decrease pressure. For
example, the compressible cells may include an air cell that is inflated and/or deflated using air
to maintain and/or adjust an air pressure. In one or more embodiments, one or more of the
compressible cells (e.g., compressible cell A (111a)) are inflated and/or deflated by a pressure
control device (130). In one or more embodiments, one or more of the compressible cells (e.g.,
compressible cell B (111b)) are inflated and/or deflated by the pressure control device (130) via
intervening compressible cells (e.g., compressible cell A (111a)) and connecting fluid channels
(e.g., channel (111d)). The fluid channel is a fluid passage connecting two or more
compressible cells. In one or more embodiments, the fluid channel has a substantially smaller
(e.g., by a factor of 4 or more) cross-sectional area than the connected compression cells such
that the connected compression cells maintain respective shapes/sizes substantially
independent of each other. In one or more embodiments, all compression cells (e.g.,
compressible cell A (111a), compressible cell B (111b), compressible cell C (111c)) are
connected together using intervening fluid channels and receive fluids from a single pressure
control device (i.e., pressure control device (130)). In one or more embodiments, the
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compression cells (e.g., compressible cell A (111a), compressible cell B (111b), compressible
cell C (111c¢)) are divided into multiple compression cell groups. The compression cell group is
a group of compression cells that are connected together using intervening fluid channels and
receive fluids from a single pressure control device (e.g., pressure control device (130)). In
other words, the air mattress with sensor module for patient care depicted in FIG. 1A may
include multiple pressure control devices (e.g., pressure control device (130)) each used to
inflate and/or deflate one compression cell group.

[0020] In one or more embodiments, the pressure control device (130) may include a pump,
for example an air pump. The fluid pressure (e.g., air pressure) may be maintained and/or
adjusted statically to remain a constant level, or maintained/adjusted dynamically to have
varying levels with respect to time. In one or more embodiments, the pressure control device
(130) may adjust the fluid pressures of multiple compression cell groups in a pre-determined
sequence. For example, the pressure control device (130) may inflate (i.e., supply additional
fluid to increase the fluid pressure) a first compression cell group while deflating (i.e., release
fluid to decrease the fluid pressure) a second compression cell group during a first adjustment
time period. In this context, the first adjustment time period is an inflation time period for the
first compression cell group and is a deflation time period for the second compression cell
group. Subsequently, the pressure control device (130) may deflate the first compression cell
group while inflate the second compression cell group during a second adjustment time period.
In this context, the second adjustment time period is a deflation time period for the first
compression cell group and is an inflation time period for the second compression cell group.
The first adjustment time period and the second adjustment time period may be recurring time
periods that alternate between each other. In one or more embodiments, the first adjustment
time period and the second adjustment time period are separated by an inactive time period
during which the first compression cell group and the second compression cell group are not
being inflated or deflated. For example, the pump may be turned off or otherwise inactive
during the inactive time period. In one or more embodiments, the inflation time period of the
first compressible cell group and the deflation time period of the second compressible cell
group do not overlap each other and are separated by an inactive time period. In one or more
embodiments, the deflation time period of the first compressible cell group and the inflation
time period of the second compressible cell group do not overlap each other and are
separated by an inactive time period. In one or more embodiments, each compressible cell
group is inflated and deflated using the method described in reference to FIG. 5B below.

[0021] In one or more embodiments, the enclosure of the air cell includes one or more pin
holes such that the air pressure is maintained and/or adjusted with air constantly flowing in
from the intake then exiting through the pin hole(s). This air flow may affect temperature and
humidity in the vicinity of the user (112). In particular, the air flow may alter the microclimate
near the user's skin in a manner that reduces the risk of pressure ulcers.

[0022] In one or more embodiments, by way of the pressure control device (130), the
compressible cell (e.g., compressible cell A (111a), compressible cell B (111b)) is configured to
inflate based at least on a characteristic of a contact area (e.g., contact area A (110a), contact
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area B (110b)) of the user (112). In response to inflating, the compressible cell A (111a) and
compressible cell B (111b) contacts the user (112) in the contact area A (110a) (e.g., lower leg
area) and contact area B (110b) (e.g., shoulder blade area), respectively. Once inflated, the
compressible cell exhibits an inflated contour based on a pre-inflation contour and the
characteristic of the contact area. As used herein, the inflated contour is an outline or other
type of shape of the compressible cell subsequent to being inflated. In contrast, the pre-
inflation contour is an outline or other type of shape of the compressible cell prior to being
inflated. In one or more embodiments, the characteristic of the contact area includes a body
contour area and/or an underlying body composition of the user (112) in the contact of the user
(112). For example, the inflated contour of the compressible cell A (111a) substantially
conforms to the body contour of the lower leg of the user (112) to the extent bounded by the
pre-inflation contour of the compressible cell A (111a). Similarly, the inflated contour of the
compressible cell B (111b) substantially conforms to the body contour of the shoulder of the
user (112) to the extent bounded by the pre-inflation contour of the compressible cell B (111b).

[0023] At the contact area A (110a), the weight and compliableness (i.e., soft or hard) of the
lower leg portion of the user (112), the fluid pressure and compliableness of the compressible
cell A (111a), and a force (e.g., tension) in the flexible enclosure of the compressible cell A
(111a) interact with each other to reach a balance of forces. Similarly, at the contact area B
(110b), the weight and compliableness of the shoulder blade portion of the user (112), the fluid
pressure and compliableness of the compressible cell B (111b), and the force (e.g., tension) in
the flexible enclosure of the compressible cell B (111b) interact with each other to reach
another balance of forces. Due to different body compositions of the user (112) at the lower leg
(i.e., dominated by flesh) versus the shoulder blade (i.e., dominated by bone), the balance of
forces at the contact area A (110a) differs from the balance of forces at the contact area B
(110b) to result in different pressures applied to and received by the user (112) at the contact
area A (110a) and the contact area B (110b). The pressure applied to and received by the user
(112) at a particular contact area is referred to as the skin pressure at the contact area. To
further enlarge the difference in skin pressures applied to and received by the user (112), the
balance of forces at the contact area A (110a) may further differ from the balance of forces at
the contact area B (110b) due to different body contours of the lower leg versus shoulder
blade, as well as different pre-inflation contours of the compressible cell A (111a) versus
compressible cell B (111b). Furthermore, the skin pressures may also depend on the overall
body weight of the user (112).

[0024] In one or more embodiments, one or more pressure sensors are disposed on one or
more compressible cells (e.g., the sensor (120) on the compressible cell A (111a)). For
example, the pressure sensor (e.g., the sensor (120)) may be disposed at the interface
between the compressible cell (e.g., compressible cell A (111a)) and the base (150). In another
example, the pressure sensor (e.g., the sensor (120)) may be disposed at the interface
between the user (112) and the compressible cell (e.g., compressible cell A (111a)). In yet
another example, the pressure sensor (e.g., the sensor (120)) may be disposed in a bed
sheet, duvet cover, comforter, quilt, or other bedding items. In one or more embodiments, the
sensor (120) is configured to generate a pressure measurement representing the interface
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pressure exerted at the corresponding interface. In one or more embodiments, the sensor
(120) is further configured to send a signal (representing the pressure measurement) to the
pressure control device (130) to facilitate adjusting the air pressure of the compressible cell A
(111a) based at least on the pressure measurement. For example, the signal may be displayed
by the pressure control device (130) to a healthcare professional. In another example, the
signal may trigger an automatic action of the pressure control device (130). In one or more
embodiments, the sensor (120) may also include a temperature sensor or humidity sensor.

[0025] In one or more embodiments, if the pressure measurement exceeds a pre-determined
high threshold indicating skin ulcer risk (referred to the pressure ulcer risk index), the pressure
control device (130) releases, manually controlled or automatically triggered, certain amount of
fluid (e.g., air) from the compressible cell A (111a), via intervening compressible cell(s) and
fluid channel(s)), to reduce the interface pressure, and therefore reducing the corresponding
skin pressure for mitigating the skin ulcer risk.

[0026] According to the invention, if the pressure measurement exceeds another pre-
determined high threshold indicating over-compression of the compressible cell A (111a)
(referred to the bottom out condition), the pressure control device (130) injects, manually
controlled or automatically triggered, certain amount of fluid (e.g., air) into the compressible
cell A (111a), via intervening compressible cell(s) and fluid channel(s)), to correct the bottom
out condition. For example, the bottom out condition may occur when the user (112) is sitting
over the compressible cell A (111a) causing the fluid to be pushed out of the compressible cell
A (111a). In another example, the bottom out condition may occur when the user (112) has
excessively high body weight causing the fluid in the compressible cell A (111a) to be pushed
out. In yet another example, the bottom out condition may occur during a deflation cycle if too
much fluid (e.g., air) is released considering the user's body weight and/or posture induced
body weight concentration. In the bottom out condition, the top surface and the bottom surface
of the compressible cell A (111a) may eventually come into contact with each other at one or
more locations within the compressible cell A (111a) and cause permanent deformation of the
compressible cell A (111a).

[0027] In one or more embodiments, if the pressure measurement is less than a pre-
determined low threshold indicating lack of body support, the pressure control device (130)
injects, manually controlled or automatically triggered, certain amount of fluid (e.g., air) into the
compressible cell A (111a), via intervening compressible cell(s) and fluid channel(s)), to
increase the interface pressure for improving the support of the posture of the user (112).

[0028] In one or more embodiments, the compressible cell C (111c¢) has an inflated height that
is higher than the compressible cell A (111a) and compressible cell B (111b). The air pressure
of the compressible cell C (111c) serves to impede a lateral movement of the user (112) to
prevent the user (112) from leaving or accidentally rolling or falling off the compressible cells
and/or the base (150). Although the user (112) is shown in FIG. 1A as lying on the
compressible cells (e.g., compressible cell A (111a), compressible cell B (111b), compressible
cell C (111c)), as noted above, the user (112) may also assume other postures (e.g., sitting,
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standing, leaning, etc.) with respect to the compressible cells.

[0029] In one or more embodiments, the compressible cells (e.g., compressible cell A (111a),
compressible cell B (111b), compressible cell C (111c¢)) are inflated and deflated using the
method described in reference to FIG. 5A below.

[0030] FIG. 1B shows a top view diagram and a cross-sectional view diagram according to one
or more embodiments of the invention. In one or more embodiments, one or more of the
modules and elements shown in FIG. 1B may be omitted, repeated, and/or substituted.
Accordingly, embodiments of an air mattress with sensor module for patient care should not be
considered limited to the specific arrangements of modules shown in FIG. 1B.

[0031] Specifically, FIG. 1B shows a top view (200) and corresponding cross-sectional view A
(210) and cross-sectional view B (220) of an example user posture support device. The
example user support device depicted in FIG. 1B has a different layout than the user support
device depicted in the 3D perspective view (100b) depicted in FIG. 1A above. Specifically, the
top view (200) shows compressible cells (e.g., compressible cell A (111a), compressible cell B
(111b), compressible cell C (111c)) as parallel rectangles along the longitudinal direction "L" of
a user (not shown) that, e.g., may correspond to the user (112) depicted in FIG. 1A above.
Correspondingly, the cross-sectional view A (210) shows a cross-section of the parallel
compressible cells depicted in the top view (200). Each of the parallel rectangular shaped
compressible cells (e.g., compressible cell A (111a), compressible cell B (111b), compressible
cell C (11 1¢)) is depicted as an oval shaped cross-section along the sideways direction "C" in
the cross-sectional view A (210). In one or more embodiments, adjacent parallel rectangular
shaped compressible cells (e.g., compressible cell A (111a), compressible cell B (111b)) are
connected via fluid channels (e.g., channel (111d)). In one or more embodiments, odd
numbered parallel rectangular shaped compressible cells (e.g., compressible cell A (111a),
compressible cell C (111c)) are connected via fluid channels (not shown) into a first
compressible cell group while even numbered parallel rectangular shaped compressible cells
(e.g., compressible cell B (111b)) are connected via fluid channels (not shown) into a second
compressible cell group. As described in reference to FIG. 1A above, the first compressible cell
group and the second compressible cell group may be inflated/deflated in a pre-determined
alternating time sequence to reduce skin pressure concentration to a particular region of the
body of the user (112). In one or more embodiments, inflating/deflating compressible cell
group(s) in a pre-determined alternating time sequence is performed using the method
described in reference to FIG. 5B below.

[0032] The base (150) depicted in FIG. 1B above is shown as two layers (i.e., foam base A
(150a) and foam based B (150b), e.g., constructed using memory foam) overlapping each
other where the sensor layer (121) is disposed in-between the foam base A (150a) and the
foam based B (150b). For example, the sensor layer (121) may include multiple pressure
sensors, such as the sensor (120) depicted in FIG. 1A above.

[0033] The cross-sectional view B (220) shows a variation of the cross-sectional view A (210)
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where five parallel rectangular shaped compressible cells are omitted from the example
depicted in the top view (200) and corresponding cross-sectional view A (210).

[0034] FIGS. 2A and 2B show examples of an air mattress with sensor module for patient care
according to one or more embodiments. In one or more embodiments, one or more of the
modules and elements shown in FIGS. 2A and 2B may be omitted, repeated, and/or
substituted. Accordingly, embodiments of the air mattress with sensor module for patient care
should not be considered limited to the specific arrangements of modules shown in FIGS. 2A
and 2B.

[0035] Specifically in FIG. 2A, the example (310) shows inflated compressible cells (e.g.,
compressible cell A (111a), compressible cell B (111b)) that are parallel to each other along the
sideways direction "C". Additional inflated compressible cells (e.g., compressible cell C (111c))
with elevated heights are added along the perimeter of the parallel compressible cells to
prevent the user from leaving or accidentally rolling or falling off the air mattress with sensor
module for patient care.

[0036] In addition, the example (320) shows a variation to the example (310) where each of
the inflated compressible cells (e.g., compressible cell A (111a), compressible cell B (111b))
has raised ends (e.g., end A (320a), end B (320b)) to prevent the user from leaving or
accidentally rolling or falling off the air mattress with sensor module for patient care.

[0037] The example (330) shows the air mattress with sensor module for patient care
configured as a bed having a mattress depicted in the example (310). In particular, the bed
includes a pressure control device (130) having a controller (130a) and an air pump (130b). In
one or more embodiments, the controller (130a) may be part of a computing system described
in reference to FIGS. 8A and 8B below. For example, the controller (130a) may exchange data
and other information with a cloud based computing resource depicted in FIGS. 8A and 8B
below.

[0038] In one or more embodiments, the air pump (130b) is used to inflate and/or deflate the
compressible cells (e.g., compressible cell A (111a), compressible cell B (111b), compressible
cell C (111c)) via one or more intakes (e.g., intake (130e), intake (130f)). By having separate
and independent intakes (e.g., intake (130e), intake (130f), the air pressures of the
compressible cell A (111a) and compressible cell B (111b) are separately and independently
adjustable using separate air outputs of the air pump (130b). This allows different body
portions (e.g., lower leg, shoulder blades) of the user to experience different skin pressures. In
one or more embodiments, the compressible cell A (111a) and compressible cell B (111b)
belong to separate compressible cell groups and are separately and independently adjustable
using the separate and independent intakes (e.g., intake (130e), intake (1301)).

[0039] The sensor layer (121) generates pressure measurements for sending via a signal
cable (130c) to the controller (130a) that controls the air pump (130b) via a controlling cable
(130d). According to the displayed pressure readings, reflecting the skin pressures applied to
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and received by different body portions (e.g., lower leg, shoulder blades) of the user, a
healthcare professional may adjust the pressure outputs of the air pump (130b) to lower the air
pressure of one or more of the compressible cell(s) to reduce corresponding skin pressure(s)
and ulcer risk(s). In another example, the healthcare professional may adjust the pressure
outputs of the air pump (130b) to raise the air pressure to improve support to the user's
posture. In yet another example, the pressure measurements may be analyzed to detect an
excessive pressure ulcer risk index, a bottom out condition, a change in user posture (e.g.,
from the lying posture to the sitting posture), an intentional or accidental user movement away
from the bed, or other pre-determined condition. Each of these detected conditions (referred to
as notable condition) may generate a specific alert to the healthcare professional for taking
appropriate patient care actions. In one or more embodiments, the pressure measurements
are analyzed by the controller (130a) to detect these conditions and generate corresponding
alerts. In one or more embodiments, the pressure measurements are transmitted by the
controller (130a) to a cloud based computing resource that in turn detects these conditions and
generates corresponding alerts. For example, the cloud based computing resource may
transmit the alerts to a healthcare professional who is remote from the bed and user depicted
in the example (330). An example of the controller (130a) interacting with the cloud based
computing resource is described in reference to FIGS. 8A and 8B below. An example of the
controller (130a) and/or the cloud based computing resource analyzing the pressure
measurements to detect notable conditions is described in reference to FIGS. 6 and 7 below.

[0040] In addition to the various layout patterns for compressible cells shown and described in
reference to FIG. 2A above, FIG. 2B shows additional example layouts (410-440) of the
compressible cells for the air mattress with sensor module for patient care. Although specific
shapes of the compressible cells are shown in FIGS. 2A and 2B, other shapes may also be
used without deviating from the invention.

[0041] TABLE 1 shows example parameters of the compressible cells and associated
components of the air mattress with sensor module for patient care depicted in FIGS. 1A-2B
above. The height range refers to the vertical dimension perpendicular to the aforementioned
longitudinal direction "L" and the sideways direction "C". The width range refers to the shorter
of the other two dimensions along either the longitudinal direction "L" or the sideways direction
"C".

TABLE 1

Height Range Width Range
Compressible Cell A or B 0.4~20cm 9.5~40cm
Compressible Cell C 0~40cm 0~15¢cm
Channel N/A 0~20cm
Foam Base A 0~20cm >30cm
Foam Base B 0~20cm >30cm

[0042] FIG. 3A shows example details of a sensor module (201) according to one or more
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embodiments. In one or more embodiments, the sensor (120) depicted in FIG. 1A above is
included in the sensor module (201). In one or more embodiments, the sensor module (201)
corresponds to the sensor layer (121) depicted in FIGS. 1B and 2A above. In one or more
embodiments, one or more of the modules and elements shown in FIG. 3A may be omitted,
repeated, and/or substituted. Accordingly, embodiments of the air mattress with sensor module
for patient care should not be considered limited to the specific arrangements of modules
shown in FIG. 3A.

[0043] As shown in FIG. 3A, the sensor module (201) includes a first layer electrode (301), a
second layer electrode (303), wires (305), and connectors (307a-b). The various components
and structures of the sensor module (201) listed above may interact directly or indirectly with
one another. Each of these components will be described below in more detail.

[0044] In one or more embodiments, the first layer electrode (301) may be a conducting
electrode in the shape of a rectangle. In one or more embodiments, the sensor module (201)
may include more than one first layer electrode (301). In the case where the sensor module
(201) includes more than one first layer electrodes (301), multiple first layer electrodes (301)
are disposed in parallel to each other forming a 2D plane, and are highlighted in FIG. 3A using
the same hatch pattern. In one or more embodiments, multiple first layer electrodes (301) are
constructed from depositing electrically conducting material onto a substrate to form the
pattern of parallel rectangles shown in FIG. 3A. As used herein, electrically conducting material
is a material that allows the flow of electrical current in one or more directions.

[0045] In one or more embodiments, the particular shape and size of the first layer electrode
(301), the number of first layer electrodes (301) in the sensor module (201), and the distance
between each of the multiple first layer electrodes (301) may vary, based on the particular
application of the sensor module (201). For example, the first layer electrode (301) may have a
circular, elliptical, or other curvilinear shape.

[0046] In one or more embodiments, the second layer electrode (303) may be a conducting
electrode in the shape of a rectangle. In one or more embodiments, the sensor module (201)
may include more than one second layer electrode (303). In the case where the sensor
module (201) includes more than one second layer electrodes (303), multiple second layer
electrodes (303) are disposed in parallel to each other forming a 2D plane, and are highlighted
in FIG. 3A using the same hatch pattern. In one or more embodiments, the multiple second
layer electrodes (303) are constructed from depositing electrically conducting material onto a
substrate to form the pattern of parallel rectangles shown in FIG. 3A.

[0047] In one or more embodiments, the particular shape and size of the second layer
electrode (303), the number of second layer electrodes (303) in the sensor module (201), and
the distance between each of the plurality of second layer electrodes (303) may vary, based on
the particular application of the sensor module (201), without departing from the scope of the
invention. For example, the second layer electrode (303) may have a circular, elliptical, or
other curvilinear shape.
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[0048] In one or more embodiments, the first layer electrode (301) and the second layer
electrode (303) are disposed to be perpendicular with each other and overlapping each other
in the 2D plane. As shown in FIG. 3A, the first layer electrode (301) is obscured by the second
layer electrode (303) in each overlapping region (e.g., overlapping region (302)). In one or
more embodiments, the first layer electrode (301) and the second layer electrode (303) may
form any angle other than being perpendicular with each other. The first layer electrode (301)
and the second layer electrode (303) may have, but is not limited to, the same material
composition.

[0049] In one or more embodiments, the wires (305) may be electrical wires made of copper
(e.g., etched copper pattern in a flexible printed circuit board (flex-PCB) construction) or silver
(e.qg., silver paste screen-printed onto a laminated polymer film). The wires (305) may be
insulated with a plastic material, such as polyethylene terephthalate (PET), thermoplastic
polyurethane (TPU), polyimide (PI), etc. The wires (305) may be wires of a ribbon connector
with one end of the ribbon connector including one of the connectors (307a-b) and the other
end with trimmed and exposed wires (305).

[0050] The connectors (307a-b) may be connector heads of a ribbon connector. The
connectors (307a-b) may be male or female connector heads. One of the connectors (307a-b)
is an input connector and the other of the connectors (307a-b) is an output connector. The
connectors (307a-b) are configured to be connected to the I/O circuits of the computing device
(105).

[0051] In one or more embodiments, although FIG. 3A only shows two connectors (307a-b),
the sensor module (201) may have more than two connectors (307a-b) without departing from
the scope of the invention.

[0052] As shown in FIG. 3A, in one or more embodiments, the wires (305) electrically connect
the connector (307a) with the first layer electrode (301) and the connector (307b) with the
second layer electrode (303). One of ordinary skill would appreciate that the connection
scheme between the electrode layers and the connectors (307a-b) may vary without departing
from the scope of the invention

[0053] FIG. 3B shows an example cross-sectional view of the sensor module (201) according
to one or more embodiments of the invention. In one or more embodiments, FIG. 3B shows an
example cross-sectional view of the sensor layer (121) depicted in FIGS. 1B and 2A above. In
one or more embodiments, one or more of the modules and elements shown in FIG. 3B may
be omitted, repeated, and/or substituted. Accordingly, embodiments of the air mattress with
sensor module for patient care should not be considered limited to the specific arrangements
of modules shown in FIG. 3B.

[0054] As shown in FIG. 3B, a user (106) (e.g., a patient, such as a human patient or an
animal patient) may be lying down on, sitting on, or stepping on the sensor module (201). As
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shown in the cross-sectional view, the sensor module (201) is disposed in-between a padding
(102) and extended padding portion (102), which may correspond to the foam base A (150a)
and foam base B (150a) depicted in FIG. 1B above. Specifically, the sensor module (201)
includes a substrate A (309a), a substrate B (309b), a spacer layer (311), and openings (313).
The various components and structures of the sensor module (201) listed above may interact
directly or indirectly with one another. Each of these components will be described below in
more detail.

[0055] In one or more embodiments of the invention, the substrate A (309a) and the substrate
B (309b) include flexible films, the materials of which may be one independently selected from
the group consisting of. polyethylene terephthalate (PET), thermoplastic polyurethane (TPU),
polyimide (PI), other plastics, other flexible materials, and combinations thereof. In one or more
embodiments, the substrate A (309a) and/or the substrate B (309b) may be supplemented with
a padding (102) of cloth or some other soft material, such as cotton, flax wool, ramie, silk,
leather and fur etc. that can minimize or reduce noise as well as enhance comfort level when
the user (106) interacts with the substrate A (309a) and/or the substrate B (309b).

[0056] In one or more embodiments of the invention, the thickness of the substrate A (309a)
and the substrate B (309b) may be, but is not limited to, 0.0014 millimeter (mm) or more. In an
example construction (referred to as construction A), the padding (102) may have a nominal
thickness 2 centimeter (cm) separating the user (106) from the sensor module (201), and the
substrate A (309a) and/or the substrate B (309b) may include a PET film having nominal
thickness 0.025mm laminated with a Pl film having nominal thickness 0.025mm. In another
example construction (referred to as construction B), the padding (102) may have a nominal
thickness greater than 5cm separating the user (106) from the sensor module (201), and the
substrate A (309a) and/or the substrate B (309b) may include a PET film having nominal
thickness 0.188mm laminated with a PI film having nominal thickness 0.025mm. Although the
padding (102) is shown to be disposed between the user (106) and the sensor module (201),
in one or more embodiments, the padding (102) may extend to include an extended padding
portion (102a) to enclose at least a portion of the sensor module (201). For example, while the
as-shown portion of the padding (102) may be disposed between the user (106) and the
sensor module (201), the extended padding portion (102a) of the padding (102) may be
disposed on a different side of the sensor module (201) that is not in contact with the user
(106). Further, the padding (102) and substrate A (309a) may be integrated or otherwise
combined into a single item. Similarly, the padding (102a) and substrate B (309b) may be
integrated or otherwise combined.

[0057] In one or more embodiments of the invention, the spacer layer (311) is a flexible and
deformable insulating material, which may be one selected from the group consisting of
polyethylene terephthalate (PET), thermoplastic polyurethane (TPU), polyimide (PI), synthetic
or natural sponge, foamed plastics, and combinations thereof. In one or more embodiments of
the invention, the thickness of the spacer layer (311) may be, but is not limited to, 3 mm or
more. In the example construction A, the spacer layer (311) may include a TPU film with
nominal thickness 0.02mm. In the example construction B, the spacer layer (311) may include
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a TPU film with nominal thickness between 0.2mm and 0.5mm.

[0058] As shown in FIG. 3B, the first layer electrode (301) includes multiple laminated layers
(e.qg., layer (301a), layer (301b)) and is disposed on the substrate A (309a). Similarly, the
second layer electrode (303) includes multiple laminated layers (e.g., layer (303a), layer
(303b)) and is disposed on the substrate B (309b). In one or more embodiments, the first layer
electrode may be disposed on the substrate B (309b) and the second layer electrode may be
disposed on the substrate A (309a). In one or more embodiments, the layer (301a) and/or
layer (303a) are constructed using copper (e.g., etched copper pattern in a flex-PCB
construction) or silver (e.g., silver paste screen-printed onto a laminated polymer film). For
example, the flex-PCB may include the layer (301a) and the substrate A (309a), or the layer
(303a) and the substrate B (309b). In another example, the laminated polymer film (screen-
printed using silver paste) may include the layer (301a) and the substrate A (309a), or the
layer (303a) and the substrate B (309b). In one or more embodiments, the layer (301a) and
the layer (303a) are connected to corresponding wires of the wires (305) depicted in FIG. 3A
above.

[0059] In one or more embodiments, the layer (301b) and/or layer (303b) are constructed
using carbon/graphite paste or other electrically resistive material having higher resistance
than the layer (301a) and/or layer (303a). For example, the layer (301b) and/or layer (303b)
may be screen-printed or otherwise coated, using carbon/graphite paste or other electrically
resistive material, over the flex-PCB or the laminated polymer film (with prior screen-printed
silver paste). As used herein, the electrically resistive material is an electrically conductive
material with higher electrical resistivity than copper or silver. In one or more embodiments, the
screen-printed or coated carbon/graphite of the layer (301b) and/or layer (303b) has a
thickness in the range of 5-15 micrometer (um).

[0060] In one or more embodiments, the layer (301a) and layer (301b) may have the same
nominal dimensions in both width and length directions. For example, the nominal width may
be approximately 1 inch. In one or more embodiments, the layer (301b) is wider (e.g., 1.25
inch) than and overlaps the layer (301a) (e.g., 1 mm) in the width direction. In one or more
embodiments, the layer (301b) is separated into sections in the length direction where each
section overlaps one opening site of the openings (313) along the layer (301a). An example of
the layer (301b) separated into sections is described in reference to FIG. 3C below.

[0061] In one or more embodiments, the spacer layer (311) includes openings (313). The
openings (313) include a number of opening sites where each opening site corresponds to
(e.g., aligned with) an overlapping region (e.g., overlapping region (302)) of the substrate A
(309a) and the substrate B (309b). When the user (106) applies an external force (e.g., by
lying down, sitting, or stepping) on the surface of the sensor module (201), either directly or
indirectly via the padding (102), the spacer layer (311) is deformed such that the first layer
electrode (301) and the second layer electrode (303) are brought together in electrical contact
with each other through the openings (313) in the spacer layer (311). As noted above, more
than one first layer electrode (301) and more than one second layer electrode (303) may exist
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in the sensor module (201). Depending on the size of the area where the user (106) applies
the force onto the sensor module (201), more than one first layer electrode (301) and more
than one second layer electrode (303) may be brought together in electrical contact with each
other simultaneously through multiple opening sites of the openings (313) in the spacer layer
(311).

[0062] In one or more embodiments, each opening site of the openings (313) defines a point
of contact (referred to as a sensing point of the sensor module (201)) between the first layer
electrode (301) and the second layer electrode (303). The area of electrical contact at each
opening site when the force is applied to the sensor module (201) is referred to as the opening
site contact area, or simply contact area. The pressure exerted between the first layer
electrode (301) and the second layer electrode (303) at each opening site contact area when
the force is applied to the sensor module (201) is referred to as the opening site contact
pressure, or simply contact pressure. The electrical resistance between the first layer electrode
(301) and the second layer electrode (303) through each opening site contact area when the
force is applied to the sensor module (201) is referred to as the opening site contact
resistance, or simply contact resistance.

[0063] In one or more embodiments, the contact resistance is a function of the contact
pressure. For example within certain range of the contact pressure (referred to as the linear
sensitivity range of contact pressure), higher contact pressure may lower the contact
resistance, and lower contact pressure may increase the contact resistance. In contrast, the
contact resistance may be substantially independent of the contact pressure when the contact
pressure is outside of the linear sensitivity range of contact pressure. For example, the contact
resistance may approach infinity when the contact pressure is less than the lower limit of the
linear sensitivity range of contact pressure. In another example, the contact resistance may
approach a constant when the contact pressure exceeds the upper limit of the linear sensitivity
range of contact pressure. The linear sensitivity range of contact pressure, or simply linear
sensitivity range, is the range of contact pressure between these lower and upper limits. The
ratio of the resulting decrease in the contact resistance to an increase in contact pressure at
each opening site within the linear sensitivity range is referred to as the opening site sensing
sensitivity, or simply sensing sensitivity.

[0064] In one or more embodiments, one or more of the thicknesses, contact areas, and
material types of the padding (102), substrate A (309a), substrate B (309b), the first layer
electrode (301), the second layer electrode (303), and the spacer layer (311) are selected to
enhance the sensing sensitivity. For example, the thickness and material type of the padding
(102) may be selected such that throughout a predetermined weight range (e.g., 20 kg - 500
kg or 44 Ib - 1100 Ib), the weight of the user (106) is transferred into a contact pressure within
the linear sensitivity range. In one or more embodiments, in addition to the functionalities of
reducing noise and enhancing comfort level of the user (106), the padding (102) is further
configured to transfer, collectively with the substrate A (309a) and the substrate B (309b), the
weight of the user (106) into a contact pressure, in each contact area throughout the sensor
module (201), that is within the linear sensitivity range.
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[0065] In the example construction A or example construction B, each opening site of the
openings (313) may include one or more holes each shaped as a square, rectangle, circle, dot,
cross, etc. For example, each opening site may include a single
square/rectangle/circle/dot/cross shaped hole. The contact area and the contact resistance are
based on the single square/rectangle/circle/dot/cross shaped hole. In another example, each
opening site may include multiple square/rectangle/circle/dot/cross shaped holes. The contact
area and the contact resistance are based on the combined area and the combined electrical
resistance of these multiple square/rectangle/circle/dot/cross shaped holes. Each hole may
have an X-dimension or Y-dimension between 0.1cm and 12cm. Further, let L denotes the
thickness of the first layer electrode (301) and/or the second layer electrode (303), and let A
denotes the area of each hole, the ratio L/A is less than 12,000 in one or more embodiments.
Additional example constructions are listed in TABLE 2 below. While TABLE 2 corresponds to a
user weight range of 20Kg-500Kg, one or more embodiments may correspond to a different
user weight range or a subset of the user weight range shown in TABLE 2. For example, an
embodiment for a baby as the user may correspond to a user weight range of 1Kg-10Kg.
TABLE 2

User weight 20Kg-500Kg Example Mattress Pad Example Mattress
Padding thickness (mm) 0-20 0

Substrate thickness (mm) 0.025-0.3 0.025-0.3
Spacer thickness (mm) 0.02-3 0.02-3

Opening contact area (cm?)  {1-96 1-96

Contact pressure (g/cm2) 5-70 5-70

Sensitivity (Ohm/cm? 100 - 100000 100 - 100000

[0066] FIG. 3C shows an example perspective view of the sensor module (201) according to
one or more embodiments.

[0067] In accordance with one or more embodiments, FIG. 3C shows an example of a 3D
perspective view of the sensor module (201) depicted in FIGS. 3A and 3B above. In one or
more embodiments, one or more of the modules and elements shown in FIG. 3C may be
omitted, repeated, and/or substituted. Accordingly, embodiments of the air mattress with
sensor module for patient care should not be considered limited to the specific arrangements
of modules shown in FIG. 3C.

[0068] In the example shown in FIG. 3C, the layer (301b) is wider than and overlaps the layer
(301a) in the width direction. Further, the layer (301b) is separated into sections in the length
direction where each section overlaps one opening site of the openings (313) along the layer
(301a). The openings (313) includes an example opening site A (313a) having a single
hexagonal shaped hole, an example opening site B (313b) having a matrix of 11 hexagonal
shaped holes, an example opening site C (313c) having a matrix of 4 hexagonal shaped holes,
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etc. The layer (303a) and layer (303b) are obscured by the substrate B (309b) and are not
explicitly shown. Although the layer (301b) is shown as separated into sections and the
openings (313) are shown as including different layouts of opening sites in the example
depicted in FIG. 3C, other configurations of the layer (301b) and the openings (313) are also
possible in other examples. For example, the layer (301b) may include a contiguous
rectangular shape superimposing multiple opening sites of the openings (313) throughout at
least a portion of the entire length of the layer (301b) while the openings (313) may include
consistent layouts of opening sites throughout at least a portion of the spacer layer (311). In
one or more embodiments, in addition to the pressure sensors described above, the sensor
module (201) may also includes one or more temperature sensors and/or humidity sensors for
generating temperature and/or humidity measurements in addition to the pressure
measurements.

[0069] FIG. 4 shows an example graph of topographical data (401) of the sensor module (201)
according to more or more embodiments of the present disclosure. In one or more
embodiments, the output signal generated by the sensor module (201) is processed by a
computing device depicted in FIG. 8A below to produce the topographical data (401) of FIG. 4.
In one or more embodiments, the output signal is dependent on a contact resistance between
the first layer electrode (301) and the second layer electrode (303) at the openings (313) of the
spacer layer (311). In one or more embodiments, the output signal may also include one or
more temperature and/or humidity measurements in addition to the contact resistance based
pressure measurements. In one or more embodiments, the topographical data (401) is sent
from the computing device to the controller (130a) for displaying the graph.

[0070] As shown in FIG. 4, the graph of the topographical data (401) contains three major
axes: an x-axis (403), a y-axis (404), and a z-axis (405). Each of the three axes will be
described below in more detail.

[0071] In one or more embodiments, the x-axis (403) and the y-axis (404) represent the 2D
planar surface of the sensor module (201). Each point on the X-Y plane represents a point of
contact (i.e., a sensing point) between the first layer electrode (301) and the second layer
electrode (303). The number of points on each of the x-axis (403) and the y-axis (404)
depends on the size of the sensor module (201). For example, in a sensor module (201) with
six-by-six electrode layer array matrix, there are six data points on the x-axis (403) and six
data points on the y-axis (404).

[0072] In one or more embodiments, the z-axis (405) represents a depth value that depicts a
distribution of a user's weight on the surface of the sensor module (201). When a user or a
user's weight presses down, directly or indirectly, on the surface of the sensor module (201)
and causes a part of the first layer electrode (301) to contact a part of the second layer
electrode (301) through the opening (313) in the spacer layer (311), the physical and electrical
contact between the first layer electrode (301) and the second layer electrode (303) generates
the output signal that is outputted from the sensor module (201) to the computing (105). The
computing device (105) processes the output signal to calculate a z-axis (405) depth value.
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For example, the value (i.e., z-axis (405) depth value) may represent a magnitude of a sensed
analog current induced by an applied voltage across a contact resistance at a sensing point of
the sensor module (201). In one or more embodiments, the contact resistance decreases as
the contact pressure increases at the sensing point and, therefore, the value also represents
the contact pressure at the sensing point. In this context, each sensing point is a pressure
sensor. For example within a certain range of contact pressure, higher contact pressure may
lower the contact resistance with a substantially linear relationship between contact resistance
and contact pressure.

[0073] As shown in FIG. 4, the topography data (401) is obtained from a six-by-three sensor
array corresponding to x=1, 2, 3, 4, 5, 6 along the x-axis (403) and y=1, 2, 3 along the y-axis
(404). As shown in FIG. 4, the user or the user's weight is applying a larger external force near
the center of the x-axis (403) (corresponding to x=3, 4) and at one side of the y-axis (404)
(corresponding to y=1). In other words, based on the topographical data (401) shown in FIG.
4, it is detected that a part of the user's body pressing down on the sensor module (201) is
approximately at the center of one side of the sensor module (201).

[0074] In one or more embodiments, the user's posture and a movement by the user on the
surface of the sensor module (201) are determined using the topographical data (401). From
the movement by the user on the surface of the sensor module (201), healthcare professionals
may determine changes in the user's posture, breathing rhythm, the user's frequency of
cough, and other actions of the user while the user is on the sensor pad.

[0075] FIG. 5A shows a flow chart of a method in accordance with one or more embodiments.
For example, the method depicted in FIG. 5A may be practiced using the air mattress with
sensor module for patient care described in reference to FIGS. 1A-1B, 2A-2B, 3A-3C, and 4
above. In one or more embodiments, one or more of the elements shown in FIG. 5A may be
omitted, repeated, and/or performed in a different order. Accordingly, embodiments of the air
mattress with sensor module for patient care should not be considered limited to the specific
arrangements of elements shown in FIG. 5A.

[0076] Initially in STEP 501, compressible cells of an air mattress are inflated. In one or more
embodiments, each compressible cell contacts a user of the air mattress in one of contact
areas of the user based on a posture of the user. In one or more embodiments, the
compressible cells are divided into compressible cell groups that are inflated independent of
each other, e.g., using separate air intakes or separate air pumps.

[0077] In Step 502, a number of measurements are generated, by sensors corresponding to
the compressible cells. In one or more embodiments, each measurement relates to the contact
area of a corresponding compressible cell. For example, each measurement may correspond
to a pressure measurement, temperature measurement, and/or humidity measurement for the
contact area of the corresponding compressible cell. In one or more embodiments, a mapping
is generated to associate each sensor in the sensor module to a compressible cell of the air
mattress. Based on the mapping, the pressure/temperature/humidity measurement of each
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sensor is assigned to the corresponding compressible cell. Based on the user's posture, each
compressible cell is associated with a particular contact area of the user's body. Accordingly,
the pressure/temperature/humidity measurement of each sensor is associated with the
corresponding contact area of the user's body.

[0078] In Step 503, a pressure ulcer risk index and/or a bottom out condition indicator are
computed based on the number of measurements. In one or more embodiments, the pressure
ulcer risk index represents a likelihood that the user may develop a pressure ulcer at a
particular contact area due to sustained skin pressure. For example, the pressure ulcer risk
index of a particular contact area of the user's body may be computed by multiplying the
pressure measurement of a sensor corresponding to the contact area and a length of time
during which the pressure measurement exceeds a pre-determined pressure level. In addition,
the multiplication product may be adjusted higher based on the temperature and/or humidity
measurement associated with the contact area exceeding a pre-determined temperature
and/or humidity level. In one or more embodiments, the pressure ulcer risk index may be
computed by combining (e.g., averaging or selecting the maximum value) the multiplication
products, with optional temperature/humidity based adjustment, associated with multiple
contact areas that are deemed as high risk areas for developing pressure ulcers. For example,
the high risk areas may correspond to typical locations on the air mattress where the user's
shoulder, buttock, ankle, etc. may be in contact.

[0079] In one or more embodiments, the bottom out condition indicator indicates the
occurrence of the bottom out condition at one or more compressible cells. In one or more
embodiments, the bottom out condition indicator may be computed by comparing the pressure
measurement to a pre-determined bottom out pressure level. For example, the pre-determined
bottom out pressure level may be determined based on the top surface and the bottom surface
of the compressible cell coming into hard contact with each other. In one or more
embodiments, the bottom out condition indicator is computed during a deflation time period of
the compressible cell. In one or more embodiments, (a) the pressure ulcer risk index exceeds
a pre-determined threshold and (b) the bottom out indicator indicates the occurrence of the
bottom out condition are referred to as notable conditions.

[0080] In Step 504, a determination is made as to whether (a) the pressure ulcer risk index
exceeds a pre-determined threshold and/or (b) the bottom out indicator indicates the
occurrence of the bottom out condition. If the determination is positive, i.e., either (a) or (b) has
occurred, the method proceeds to Step 506. If the determination is negative, i.e., neither (a)
nor (b) has occurred, the method proceeds to Step 505.

[0081] In Step 505, the pressure measurements are further analyzed to determine if the user
is changing posture or leaving the air mattress. In one or more embodiments, the user
changing posture is detected based on a significant change of the pressure distribution over
the air mattress. This indicates that the user's body weight is moving to different locations on
the air mattress, leading to the conclusion that the user is changing posture, e.g., from the
lying posture to the sitting posture. In one or more embodiments, the user leaving the air
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mattress is detected when all pressure measurements are less than a pre-determined low
level. This indicates that the user's body weight is no longer supported by the air mattress,
leading to the conclusion that the user has left the air mattress or has accidentally fallen from
the air mattress. In one or more embodiments, the user changing posture or leaving the air
mattress is detected based on detecting a movement of the pressure distribution over a time
period (e.g., 3 seconds, 10 seconds, 1 minute, etc.). For example, a movement of the
geometric centroid of the topographical data depicted in FIG. 4 above in a consistent direction
over the time period (e.g., 3 seconds, 10 seconds, 1 minute, etc.) may represent the user
changing posture or leaving the air mattress either intentionally or accidentally. In one or more
embodiments, (a) the pressure ulcer risk index exceeds a pre-determined threshold, (b) the
bottom out indicator indicates the occurrence of the bottom out condition, and (c) the user
changing posture or leaving the air mattress either intentionally or accidentally are referred to
as notable conditions.

[0082] If the determination in Step 505 is positive, i.e., it is determined that the user is leaving
the air mattress, the method proceeds to Step 506. If the determination in Step 505 is
negative, i.e., it is determined that the user is not leaving the air mattress, the method returns
to Step 502.

[0083] In Step 506, a determination is made as to whether the duration of the notable
condition(s) detected in Step 504 and/or Step 505 has sustained an extended time period
(e.g., 3 seconds, 10 seconds, 1 minute, 10 minutes, 1 hour, etc.), referred to as the sustained
duration. If the determination is negative, i.e., none of the notable condition(s) has not
sustained the extended time period, the method proceeds to Step 507.

[0084] If the determination is positive, i.e., at least one notable condition has sustained the
extended time period, the method proceeds to Step 508.

[0085] In Step 507, the fluid (e.g., air) supplied to a target compressible cell is adjusted to
alleviate the notable condition(s). In one or more embodiments, the target compressible cell is
selected from the compressible cells of the air mattress based on a pre-determined criterion.
For example, the target compressible cell may correspond to the sensor whose pressure
measurement is used in computing the pressure ulcer risk index and/or the bottom out
condition leading to detecting the notable condition(s). In such example, the fluid (e.g., air)
supplied to the target compressible cell may be decreased to alleviate the pressure ulcer risk
or increased to alleviate the bottom out condition. In another example, the target compressible
cell may correspond to a compressible cell that is pivotal in the user changing posture, such as
the compressible cell under the user's buttock when changing between the lying posture and
the sitting posture. In such example, the fluid (e.g., air) supplied to the target compressible cell
may be adjusted to assist posturing changing of the user to prevent the user from leaving or
accidentally rolling or falling off the air mattress during the posture changing maneuver. In yet
another example, the target compressible cell may correspond to the compressible cell C
(111c¢) depicted in FIGS. 1A and 1B above. In such example, the fluid (e.g., air) supplied to the
target compressible cell may be increased to impede a lateral movement of the user to prevent
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the user from leaving or accidentally rolling or falling off the air mattress.

[0086] In one or more embodiments, the target compressible cell may belong to a
compressible cell group. In such embodiments, adjusting the fluid (e.g., air) supplied to the
target compressible cell is performed by adjusting the fluid (e.g., air) supplied to the
compressible cell group that the target compressible cell belongs. Upon completing the fluid
(e.g., air) supply adjustment to the target compressible cell, the method returns to Step 502.

[0087] In Step 508, an alert is generated in response to detecting at least one notable
condition sustained over the extended period. In one or more embodiments, the alert is sent to
a care taker of the user. Accordingly, the care taker may perform appropriate actions. For
example, the alert may be displayed on the controller (130a) depicted in FIG. 2A above. In
another example, the alert may be generated by a cloud based computing resource and sent
to or retrieved by the care taker's device for display. The care taker's device may be a mobile
device or a desktop device remote from the air mattress.

[0088] An example of performing the flow chart depicted in FIG. 1A above is described in
reference to FIGS. 6 and 7 below.

[0089] FIG. 5B shows a flow chart of a method in accordance with one or more embodiments.
For example, the method depicted in FIG. 5B may be practiced using the air mattress with
sensor module for patient care described in reference to FIGS. 1A-1B, 2A-2B, 3A-3C, and 4
above. In one or more embodiments, one or more of the elements shown in FIG. 5B may be
omitted, repeated, and/or performed in a different order. Accordingly, embodiments of the air
mattress with sensor module for patient care should not be considered limited to the specific
arrangements of elements shown in FIG. 5B.

[0090] Initially in Step 511, a compressible cell group of an air mattress is inflated. In one or
more embodiments, multiple compressible cell groups are inflated independent of each other,
e.g., using separate air intakes or separate air pumps according to different inflation time
schedules.

[0091] In Step 512, a number of measurements are generated, by sensors corresponding to
the compressible cells in the compressible cell group. In one or more embodiments, each
measurement relates to the contact area of a corresponding compressible cell. For example,
each measurement may correspond to a pressure measurement, temperature measurement,
and/or humidity measurement for the contact area of the corresponding compressible cell. In
one or more embodiments, a mapping is generated to associate each sensor in the sensor
module to a compressible cell of the compressible cell group. Based on the mapping, the
pressure/temperature/humidity measurement of each sensor is assigned to the corresponding
compressible cell. Based on the user's posture, each compressible cell is associated with a
particular contact area of the user's body. Accordingly, the pressure/temperature/humidity
measurement of each sensor is associated with the corresponding contact area of the user's
body.
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[0092] In Step 513, a determination is made as to whether a measurement exceeds a pre-
determined high level. Each pressure measurement associated with each corresponding
compressible cell in the compressible cell group is compared to the pre-determined high level
for making the determination. In one or more embodiments, the determination is based on at
least one pressure measurement exceeding the pre-determined high level. In one or more
embodiments, the determination is based on all pressure measurements exceeding the pre-
determined high level. If the determination is positive, i.e., the measurement has exceeded the
pre-determined high level, the method proceeds to Step 514. If the determination is negative,
i.e., the measurement has not exceeded the pre-determined high level, the method returns to
Step 511.

[0093] In Step 514, a timing loop is executed to wait for a pre-determined time period, referred
to as the inactive time period. When the inactive time period has elapsed, the method
proceeds to Step 515.

[0094] In Step 515, the compressible cell group inflated in Step 511 is deflated. In one or more
embodiments, multiple compressible cell groups are deflated independent of each other, e.g.,
using separate air intakes or separate air pumps according to different deflation time
schedules.

[0095] In Step 516, a number of measurements are generated for the compressible cell group
in substantially the same way as Step 512.

[0096] In Step 517, a determination is made as to whether a measurement is less than a pre-
determined low level. Each pressure measurement associated with each corresponding
compressible cell in the compressible cell group is compared to the pre-determined low level
for making the determination. In one or more embodiments, the determination is based on at
least one pressure measurement being less than the pre-determined low level. In one or more
embodiments, the determination is based on all pressure measurements being less than the
pre-determined low level. If the determination is positive, i.e., the measurement is less than the
pre-determined low level, the method proceeds to Step 518. If the determination is negative,
i.e., the measurement is not less than the pre-determined low level, the method returns to Step
515.

[0097] In Step 518, a timing loop is executed to wait for a pre-determined time period, referred
to as the inactive time period. When the inactive time period has elapsed, the method returns
to Step 511.

[0098] In one or more embodiments, the pressure ulcer risk of the user is reduced by
alternating between inflation and deflation of adjacent compressible cell groups using the
method described above. In one or more embodiments, alternating between inflation and
deflation of a compressible cell group using the method described above based on pressure
measurements prevents the bottom out condition from occurring.
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[0099] An example of performing the flow chart depicted in FIG. 1B above is described in
reference to FIGS. 6 and 7 below.

[0100] FIG. 6 shows an example screenshot A (600) in accordance with one or more
embodiments. For example, the example screenshot A (600) depicted in FIG. 6 may be
generated using the air mattress with sensor module for patient care described in reference to
FIGS. 1A-1B, 2A-2B, 3A-3C, and 4 above. In one or more embodiments, one or more of the
elements shown in FIG. 6 may be omitted, repeated, and/or organized in a different order.
Accordingly, embodiments of the air mattress with sensor module for patient care should not
be considered limited to the specific arrangements of elements shown in FIG. 6.

[0101] In one or more embodiments, the example screenshot A (600) is displayed on the
controller (130a) depicted in FIG. 2A above. In one or more embodiments, the example
screenshot A (600) is displayed on a device used by a healthcare professional. In particular,
the device is used to access the cloud computing resource that exchange data and other
information with the controller (130a) depicted in FIG. 2A above.

[0102] As shown in FIG. 6, the screenshot A (600) includes a pressure distribution (601) where
the pressure measurements across the air mattress are represented by shading according to
the scale (610). In particular, the pressure distribution (601) includes high pressure contact
areas (602), (604), and (606) where corresponding pressure measurements (603), (605), and
(607) are annotated. In one or more embodiments, the pressure distribution (601) is generated
by individual pressure measurements from a sensor module having a large number of sensors
(e.g., 50 columns by 100 rows) such that the pressure distribution (601) appears visually
continuous. In one or more embodiments, the pressure distribution (601) is generated by
interpolating individual pressure measurements from a sensor module having a modest
number of sensors (e.g., 10 columns by 20 rows) such that the pressure distribution (601)
appears visually continuous. In one or more embodiments, the pressure measurements are
performed on repetitive basis using the method described in reference to FIG. 5A above. In
such embodiments, the high pressure contact areas (602), (604), and (606) correspond to
where the aforementioned notable conditions exist. For example, the high pressure contact
area (602) may correspond to a high pressure ulcer risk index. In another example, the high
pressure contact area (604) may correspond to a bottom out condition. In yet another
example, the high pressure contact area (606) may show a consistent movement and
correspond to the user changing posture or leaving the air mattress.

[0103] In one or more embodiments, pressure of target compressible cells are adjusted based
on notable conditions using the method described in reference to FIG. 5A above. For example,
the compressible cell corresponding to the high pressure contact area (602) may incrementally
deflate to reduce pressure ulcer risk. In another example, the compressible cell corresponding
to the high pressure contact area (604) may incrementally inflate to alleviate the bottom out
condition.

[0104] In one or more embodiments, notable conditions are logged and displayed as the
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notable condition history (612). Control functions and status of the air pump and other
mechanisms of the bed are displayed in the menu (611). Using the menu (611), the care taker
may perform adjustment in response to viewing the pressure distribution (601) and the notable
condition history (612).

[0105] FIG. 7 shows an example screenshot B (700) in accordance with one or more
embodiments. For example, the example screenshot B (700) depicted in FIG. 7 may be
generated using the air mattress with sensor module for patient care described in reference to
FIGS. 1A-1B, 2A-2B, 3A-3C, and 4 above. In one or more embodiments, one or more of the
elements shown in FIG. 7 may be omitted, repeated, and/or organized in a different order.
Accordingly, embodiments of the air mattress with sensor module for patient care should not
be considered limited to the specific arrangements of elements shown in FIG. 7.

[0106] In one or more embodiments, the example screenshot B (700) is displayed on the
controller (130a) depicted in FIG. 2A above. In one or more embodiments, the example
screenshot B (700) is displayed on a device used by a healthcare professional. In particular,
the device is used to access the cloud computing resource that exchange data and other
information with the controller (130a) depicted in FIG. 2A above.

[0107] As shown in FIG. 7, the screenshot B (700) includes a pressure duration map (701)
superimposing an outline (702) of a user's body lying on the air mattress. In one or more
embodiments, the outline (702) may be generated based on the pressure distribution (601)
depicted in FIG. 6 above. In one or more embodiments, the pressure duration map (701) is
divided into a grid having multiple columns along the longitudinal direction of the user (denoted
as "L") and multiple rows along the sideways direction of the user (denoted as "C"). The
shading of each divided section (e.g., section (703), section (704), etc.) in the pressure
duration map (701) represents, according to the scale (710), the length of time that the
pressure measurement associated with the divided section has exceeded a pre-determined
level. In one or more embodiments, the pre-determined level corresponds to a skin pressure
level above which the risk of developing a pressure ulcer is increased. For example, the
pressure measurement of the section (703) has exceeded the pre-determined level for
approximately 120 minutes indicating high pressure ulcer risk. The pressure measurement of
the section (704) has exceeded the pre-determined level for approximately 10 minutes
indicating nominal pressure ulcer risk.

[0108] In one or more embodiments, each column of the pressure duration map (701)
corresponds to a compressible cell in top view (200) depicted in FIG. 1B above. In one or more
embodiments, the rows and columns of the pressure duration map (701) correspond to the
rows and columns of compressible cells in the example (420) depicted in FIG. 2B above. In
one or more embodiments, the compressible cells associated with odd numbered columns of
the pressure duration map (701) belong to a compressible cell group (referred to the odd
compressible cell group) while the compressible cells associated with even numbered columns
of the pressure duration map (701) belong to another compressible cell group (referred to the
even compressible cell group). The odd and even compressible cell groups may be inflated
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and deflated in alternating sequence of recurring time periods to reduce the pressure duration
experienced by the user. In particular, a larger fraction of the body weight of the user is
supported by the odd compressible cell group when the odd compressible cell group is being
inflated while the even compressible cell group is being deflated. In contrast, a larger fraction
of the body weight of the user is supported by the even compressible cell group when the odd
compressible cell group is being deflated while the even compressible cell group is being
inflated. In one or more embodiments, inflating/deflating the odd and even compressible cell
groups are performed using the method described in reference to FIG. 5B above. Using such
method, the inflation and deflation time periods are determined based on the pressure
measurements to prevent over-deflation/under-inflation that may result in bottom out
conditions.

[0109] In one or more embodiments, notable conditions are logged and displayed as the
notable condition history (712). Control functions and status of the air pump and other
mechanisms of the bed are displayed in the menu (711). Using the menu (711), the care taker
may perform adjustments in response to viewing the pressure duration map (701) and the
notable condition history (712).

[0110] Embodiments may be implemented on a computing system. Any combination of mobile,
desktop, server, router, switch, embedded device, or other types of hardware may be used.
For example, as shown in FIG. 8A, the computing system (800) may include one or more
computer processors (802), non-persistent storage (804) (e.g., volatile memory, such as
random access memory (RAM), cache memory), persistent storage (806) (e.g., a hard disk, an
optical drive such as a compact disk (CD) drive or digital versatile disk (DVD) drive, a flash
memory, etc.), a communication interface (812) (e.g., Bluetooth interface, infrared interface,
network interface, optical interface, etc.), and numerous other elements and functionalities.

[0111] The computer processor(s) (802) may be an integrated circuit for processing
instructions. For example, the computer processor(s) may be one or more cores or micro-
cores of a processor. The computing system (800) may also include one or more input devices
(810), such as a touchscreen, keyboard, mouse, microphone, touchpad, electronic pen, or any
other type of input device.

[0112] The communication interface (812) may include an integrated circuit for connecting the
computing system (800) to a network (not shown) (e.g., a local area network (LAN), a wide
area network (WAN) such as the Internet, mobile network, or any other type of network) and/or
to another device, such as another computing device.

[0113] Further, the computing system (800) may include one or more output devices (808),
such as a screen (e.g., a liquid crystal display (LCD), a plasma display, touchscreen, cathode
ray tube (CRT) monitor, projector, or other display device), a printer, external storage, or any
other output device. One or more of the output devices may be the same or different from the
input device(s). The input and output device(s) may be locally or remotely connected to the
computer processor(s) (802), non-persistent storage (804), and persistent storage (806).
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Many different types of computing systems exist, and the aforementioned input and output
device(s) may take other forms.

[0114] Software instructions in the form of computer readable program code to perform
embodiments of the invention may be stored, in whole or in part, temporarily or permanently,
on a non-transitory computer readable medium such as a CD, DVD, storage device, a diskette,
a tape, flash memory, physical memory, or any other computer readable storage medium.
Specifically, the software instructions may correspond to computer readable program code
that, when executed by a processor(s), is configured to perform one or more embodiments of
the invention.

[0115] The computing system (800) in FIG. 8A may be connected to or be a part of a network.
For example, as shown in FIG. 8B, the network (820) may include multiple nodes (e.g., node X
(822), node Y (824)). Each node may correspond to a computing system, such as the
computing system shown in FIG. 8A, or a group of nodes combined may correspond to the
computing system shown in FIG. 8A. By way of an example, embodiments of the invention may
be implemented on a node of a distributed system that is connected to other nodes. By way of
another example, embodiments of the invention may be implemented on a distributed
computing system having multiple nodes, where each portion of the invention may be located
on a different node within the distributed computing system. Further, one or more elements of
the aforementioned computing system (800) may be located at a remote location and
connected to the other elements over a network.

[0116] Although not shown in FIG. 8B, the node may correspond to a blade in a server chassis
that is connected to other nodes via a backplane. By way of another example, the node may
correspond to a server in a data center. By way of another example, the node may correspond
to a computer processor or micro-core of a computer processor with shared memory and/or
resources.

[0117] The nodes (e.g., node X (822), node Y (824)) in the network (820) may be configured
to provide services for a client device (826). For example, the nodes may be part of a cloud
computing system. The nodes may include functionality to receive requests from the client
device (826) and transmit responses to the client device (826). The client device (826) may be
a computing system, such as the computing system shown in FIG. 8A. Further, the client
device (826) may include and/or perform all or a portion of one or more embodiments of the
invention.

[0118] The computing system or group of computing systems described in FIG. 8A and 8B
may include functionality to perform a variety of operations disclosed herein. For example, the
computing system(s) may perform communication between processes on the same or different
system. A variety of mechanisms, employing some form of active or passive communication,
may facilitate the exchange of data between processes on the same device. Examples
representative of these inter-process communications include, but are not limited to, the
implementation of a file, a signal, a socket, a message queue, a pipeline, a semaphore, shared
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memory, message passing, and a memory-mapped file. Further details pertaining to a couple
of these nonlimiting examples are provided below.

[0119] Based on the client-server networking model, sockets may serve as interfaces or
communication channel end-points enabling bidirectional data transfer between processes on
the same device. Foremost, following the client-server networking model, a server process
(e.g., a process that provides data) may create a first socket object. Next, the server process
binds the first socket object, thereby associating the first socket object with a unique name
and/or address. After creating and binding the first socket object, the server process then waits
and listens for incoming connection requests from one or more client processes (e.g.,
processes that seek data). At this point, when a client process wishes to obtain data from a
server process, the client process starts by creating a second socket object. The client process
then proceeds to generate a connection request that includes at least the second socket object
and the unique name and/or address associated with the first socket object. The client process
then transmits the connection request to the server process. Depending on availability, the
server process may accept the connection request, establishing a communication channel with
the client process, or the server process, busy in handling other operations, may queue the
connection request in a buffer until server process is ready. An established connection informs
the client process that communications may commence. In response, the client process may
generate a data request specifying the data that the client process wishes to obtain. The data
request is subsequently transmitted to the server process. Upon receiving the data request,
the server process analyzes the request and gathers the requested data. Finally, the server
process then generates a reply including at least the requested data and transmits the reply to
the client process. The data may be transferred, more commonly, as datagrams or a stream of
characters (e.g., bytes).

[0120] Shared memory refers to the allocation of virtual memory space in order to substantiate
a mechanism for which data may be communicated and/or accessed by multiple processes. In
implementing shared memory, an initializing process first creates a shareable segment in
persistent or non-persistent storage. Post creation, the initializing process then mounts the
shareable segment, subsequently mapping the shareable segment into the address space
associated with the initializing process. Following the mounting, the initializing process
proceeds to identify and grant access permission to one or more authorized processes that
may also write and read data to and from the shareable segment. Changes made to the data
in the shareable segment by one process may immediately affect other processes, which are
also linked to the shareable segment. Further, when one of the authorized processes accesses
the shareable segment, the shareable segment maps to the address space of that authorized
process. Often, only one authorized process may mount the shareable segment, other than
the initializing process, at any given time.

[0121] Other techniques may be used to share data, such as the various data described in the
present application, between processes without departing from the scope of the invention. The
processes may be part of the same or different application and may execute on the same or
different computing system.
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[0122] Rather than or in addition to sharing data between processes, the computing system
performing one or more embodiments of the invention may include functionality to receive data
from a user. For example, in one or more embodiments, a user may submit data via a
graphical user interface (GUI) on the user device. Data may be submitted via the graphical
user interface by a user selecting one or more graphical user interface widgets or inserting text
and other data into graphical user interface widgets using a touchpad, a keyboard, a mouse, or
any other input device. In response to selecting a particular item, information regarding the
particular item may be obtained from persistent or non-persistent storage by the computer
processor. Upon selection of the item by the user, the contents of the obtained data regarding
the particular item may be displayed on the user device in response to the user's selection.

[0123] By way of another example, a request to obtain data regarding the particular item may
be sent to a server operatively connected to the user device through a network. For example,
the user may select a uniform resource locator (URL) link within a web client of the user
device, thereby initiating a Hypertext Transfer Protocol (HTTP) or other protocol request being
sent to the network host associated with the URL. In response to the request, the server may
extract the data regarding the particular selected item and send the data to the device that
initiated the request. Once the user device has received the data regarding the particular item,
the contents of the received data regarding the particular item may be displayed on the user
device in response to the user's selection. Further to the above example, the data received
from the server after selecting the URL link may provide a web page in Hyper Text Markup
Language (HTML) that may be rendered by the web client and displayed on the user device.

[0124] Once data is obtained, such as by using techniques described above or from storage,
the computing system, in performing one or more embodiments of the invention, may extract
one or more data items from the obtained data. For example, the extraction may be performed
as follows by the computing system in FIG. 8A. First, the organizing pattern (e.g., grammar,
schema, layout) of the data is determined, which may be based on one or more of the
following: position (e.g., bit or column position, Nth token in a data stream, etc.), attribute
(where the attribute is associated with one or more values), or a hierarchical/tree structure
(consisting of layers of nodes at different levels of detail-such as in nested packet headers or
nested document sections). Then, the raw, unprocessed stream of data symbols is parsed, in
the context of the organizing pattern, into a stream (or layered structure) of tokens (where
each token may have an associated token "type").

[0125] Next, extraction criteria are used to extract one or more data items from the token
stream or structure, where the extraction criteria are processed according to the organizing
pattern to extract one or more tokens (or nodes from a layered structure). For position-based
data, the token(s) at the position(s) identified by the extraction criteria are extracted. For
attribute/value-based data, the token(s) and/or node(s) associated with the attribute(s)
satisfying the extraction criteria are extracted. For hierarchical/layered data, the token(s)
associated with the node(s) matching the extraction criteria are extracted. The extraction
criteria may be as simple as an identifier string or may be a query presented to a structured
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data repository (where the data repository may be organized according to a database schema
or data format, such as XML).

[0126] The extracted data may be used for further processing by the computing system. For
example, the computing system of FIG. 8A, while performing one or more embodiments of the
invention, may perform data comparison. Data comparison may be used to compare two or
more data values (e.g., A, B). For example, one or more embodiments may determine whether
A>B,A=B,A!=B, A< B, etc. The comparison may be performed by submitting A, B, and an

opcode specifying an operation related to the comparison into an arithmetic logic unit (ALU)
(i.e., circuitry that performs arithmetic and/or bitwise logical operations on the two data values).
The ALU outputs the numerical result of the operation and/or one or more status flags related
to the numerical result. For example, the status flags may indicate whether the numerical result
is a positive number, a negative number, zero, etc. By selecting the proper opcode and then
reading the numerical results and/or status flags, the comparison may be executed. For
example, in order to determine if A> B, B may be subtracted from A (i.e., A- B), and the status

flags may be read to determine if the result is positive (i.e., if A> B, then A- B> 0). In one or
more embodiments, B may be considered a threshold, and A is deemed to satisfy the
threshold if A= B or if A> B, as determined using the ALU. In one or more embodiments of the
invention, A and B may be vectors, and comparing A with B requires comparing the first
element of vector A with the first element of vector B, the second element of vector A with the
second element of vector B, etc. In one or more embodiments, if A and B are strings, the
binary values of the strings may be compared.

[0127] The computing system in FIG. 8A may implement and/or be connected to a data
repository. For example, one type of data repository is a database. A database is a collection
of information configured for ease of data retrieval, modification, re-organization, and deletion.
Database Management System (DBMS) is a software application that provides an interface for
users to define, create, query, update, or administer databases.

[0128] The user, or software application, may submit a statement or query into the DBMS.
Then the DBMS interprets the statement. The statement may be a select statement to request
information, update statement, create statement, delete statement, etc. Moreover, the
statement may include parameters that specify data, or data container (database, table,
record, column, view, etc.), identifier(s), conditions (comparison operators), functions (e.g. join,
full join, count, average, etc.), sort (e.g. ascending, descending), or others. The DBMS may
execute the statement. For example, the DBMS may access a memory buffer, a reference or
index a file for read, write, deletion, or any combination thereof, for responding to the
statement. The DBMS may load the data from persistent or non-persistent storage and
perform computations to respond to the query. The DBMS may return the result(s) to the user
or software application.

[0129] The computing system of FIG. 8A may include functionality to present raw and/or
processed data, such as results of comparisons and other processing. For example,
presenting data may be accomplished through various presenting methods. Specifically, data
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may be presented through a user interface provided by a computing device. The user interface
may include a GUI that displays information on a display device, such as a computer monitor
or a touchscreen on a handheld computer device. The GUI may include various GUI widgets
that organize what data is shown as well as how data is presented to a user. Furthermore, the
GUI may present data directly to the user, e.g., data presented as actual data values through
text, or rendered by the computing device into a visual representation of the data, such as
through visualizing a data model.

[0130] For example, a GUI may first obtain a notification from a software application
requesting that a particular data object be presented within the GUI. Next, the GUI may
determine a data object type associated with the particular data object, e.g., by obtaining data
from a data attribute within the data object that identifies the data object type. Then, the GUI
may determine any rules designated for displaying that data object type, e.g., rules specified
by a software framework for a data object class or according to any local parameters defined
by the GUI for presenting that data object type. Finally, the GUI may obtain data values from
the particular data object and render a visual representation of the data values within a display
device according to the designated rules for that data object type.

[0131] Data may also be presented through various audio methods. In particular, data may be
rendered into an audio format and presented as sound through one or more speakers
operably connected to a computing device.

[0132] Data may also be presented to a user through haptic methods. For example, haptic
methods may include vibrations or other physical signals generated by the computing system.
For example, data may be presented to a user using a vibration generated by a handheld
computer device with a predefined duration and intensity of the vibration to communicate the
data.

[0133] The above description of functions present only a few examples of functions performed
by the computing system of FIG. 8A and the nodes and/ or client device in FIG. 8B. Other
functions may be performed using one or more embodiments of the invention.

[0134] While one or more embodiments have been described with respect to a limited number
of embodiments, those skilled in the art, having benefit of this disclosure, will appreciate that
other embodiments may be devised which do not depart from the scope as disclosed herein.
Accordingly, the scope should be limited only by the attached claims.
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Patentkrav

1. Brugerholdningsstatteindretning til patientpleje, omfattende:

en flerhed af komprimerbare celler (111a, 111b, 111c), der hver iseer er konfi-
gureret til:

i oppustet tilstand at komme i kontakt med en bruger (112) i et kontaktomrade
af en flerhed af kontaktomrader hos brugeren;

en trykreguleringsindretning (130); og

en flerhed af sensorer (120), der svarer til flerheden af komprimerbare celler
og er konfigureret til at:

generere en flerhed af malinger, hvor enhver af flerheden af malinger vedrerer
kontaktomradet af en tilsvarende komprimerbar celle; og

sende flerhneden af malinger til trykreguleringsindretningen, hvor trykregule-
ringsindretningen (130) er konfigureret til at:

tilfere luft for at puste flerheden af komprimerbare celler (111a, 111b, 111c) op
baseret pa flerheden af malinger, hvorved oppustning af flerheden af kompri-
merbare celler pa basis af flerheden af malinger omfatter:

detektering, baseret pa flerheden af malinger, herunder trykmalinger, af en
fladbundstilstand af en komprimerbar celle af flerheden af komprimerbare cel-
ler, hvor fladbundstilstanden detekteres ved at sammenligne trykmalingen for
den komprimerbare celle og en forudbestemt teerskel, der angiver overkompri-
mering af den komprimerbare celle, og forekommer, nar trykmalingen for den
komprimerbare celle overstiger den forudbestemte teerskel, hvilket indikerer
overkomprimering af den komprimerbare celle; og

tilfersel af fluid til den komprimerbare celle for at lindre fladbundstilstanden.

2. Brugerholdningsstetteindretning ifalge krav 1, hvor trykreguleringsindretnin-
gen er konfigureret til at frigive luften for at justere et oppustningsniveau for

flerheden af komprimerbare celler baseret pa flerheden af malinger.
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3. Brugerholdningsstetteindretning ifalge krav 1 eller 2, hvor oppustning af fler-
heden af komprimerbare celler pa basis af flerheden af malinger omfatter:
beregning, baseret pa flerheden af malinger, af et tryksarsrisikoindeks;
iterativt valg, som svar p3, at tryksarsrisikoindekset overstiger en forudbestemt
teerskelveerdi, af en komprimerbar celle af flerheden af komprimerbare celler
baseret pa et forudbestemt kriterium for reduktion af tryksarsrisikoindekset; og
iterativ justering, som svar p3a, at tryksarsrisikoindekset overstiger en forudbe-
stemt teerskelveerdi, af luften, der tilferes den komprimerbare celle for at af-
hjeelpe en tryksarsrisiko,

hvor enhver af flerheden af malinger omfatter en kontakttrykmaling i kontakt-

omradet.

4. Brugerholdningsstgtteindretning ifalge krav 1, 2 eller 3,

hvor flerheden af sensorer kan anbringes mellem brugeren og flerheden af
komprimerbare celler, og

hvor flerheden af malinger omfatter mindst én valgt fra en gruppe bestaende

af en temperaturmaling og en fugtighedsmaling af kontaktomradet.

5. Brugerholdningsstetteindretning ifalge krav 3, hvor oppustning af flerheden
af komprimerbare celler pa basis af flerheden af malinger omfatter:
detektering af en vedvarende varighed af tryksarsrisikoindekset, der overstiger
den forudbestemte teerskel; og

generering, som svar pa detekteringen, af en advarsel til en brugerens plejer.

6. Brugerholdningsstetteindretning ifalge krav 1 til 5, hvor oppustning af fler-
heden af komprimerbare celler pa basis af flerheden af malinger omfatter:
beregning, baseret pa flerheden af malinger, af en indikation af, at brugeren
forlader madrassen;

valg, som svar pa indikationen af, at brugeren forlader madrassen, af en kom-
primerbar celle af flerheden af komprimerbare celler baseret pa et forudbe-

stemt kriterium for at fastholde brugeren pa madrassen; og
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justering af den Iuft, der er tilfart til den komprimerbare celle, for at lette fast-

holdelse af brugeren pa madrassen.

7. Brugerholdningsstetteindretning ifalge krav 6, hvor oppustning af flerheden
af komprimerbare celler pa basis af flerheden af malinger omfatter:
detektering af en vedvarende varighed af indikationen af, at brugeren forlader
madrassen; og

generering, som svar pa detekteringen, af en advarsel til en brugerens plejer.

8. Brugerholdningsstetteindretning ifalge krav 1 til 7, hvor oppustning af fler-
heden af komprimerbare celler pa basis af flerheden af malinger omfatter:
detektering, baseret pa flerheden af malinger, af en indikation af, at brugeren
gendrer stilling;

valg, som svar pa indikationen af, at brugeren aendrer stilling, af en kompri-
merbar celle af flerheden af komprimerbare celler baseret pa et forudbestemt
kriterium for at hjeelpe brugeren med at sendre stilling; og

justering af den luft, der tilfares den komprimerbare celle, for at hjeelpe bruge-

ren med at eendre stilling.

9. Brugerholdningsstetteindretning ifalge krav 1 til 8,

hvor flerheden af komprimerbare celler er koblet sammen for at danne et kom-
primerbart cellelag,

hvor flerheden af sensorer er koblet sammen at danne et sensorlag, og

hvor sensorlaget er koblet til det komprimerbare cellelag for at opretholde et
tilsvarende forhold mellem flerheden af komprimerbare celler og flerheden af

sensorer.

10. Brugerholdningsstatteindretning ifalge et hvilket som helst af kravene 1 til

9, hvor brugerholdningsstetteindretningen er en madras.
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11. Brugerholdningsstatteindretning ifalge et hvilket som helst af kravene 1 til

9, hvor brugerholdningsstetteindretningen er en seng.

12. Brugerholdningsstetteindretning ifelge krav 11, nar den er afthaengig af
krav 9, hvor sensorlaget er integreret i et stykke senget@j, der er adskilt fra og

koblet til det komprimerbare cellelag.

13. Fremgangsmade til patientbehandling, omfattende:

oppustning ved hjeelp af en trykreguleringsindretning (130) af en flerhed af
komprimerbare celler (111a, 111b, 111c), der hver iseer kommer | kontakt med
en bruger (112)

i et kontaktomrade af en flerhed af kontaktomrader for brugeren; og
generering ved hjeelp af en flerhed af sensorer (120)

svarende til flerheden af komprimerbare celler, af en flerhed af malinger, hvor
enhver af flerheden af malinger vedrerer kontaktomradet af en tilsvarende
komprimerbar celle,

hvor flerheden af sensorer er koblet til at danne et sensorlag (121),

hvor flerheden af komprimerbare celler er koblet sammen for at danne et kom-
primerbart cellelag;

hvor sensorlaget er fastgjort til det komprimerbare cellelag for at opretholde et
tilsvarende forhold mellem flerheden af komprimerbare celler og flerheden af
sensorer,;

detektering, baseret pa flerheden af malinger, herunder trykmalinger, af en
fladbundstilstand af en komprimerbar celle af flerheden af komprimerbare cel-
ler, hvor fladbundstilstanden detekteres ved at sammenligne trykmalingen for
den komprimerbare celle og en forudbestemt teerskel, der angiver overkompri-
mering af den komprimerbare celle, og forekommer, nar trykmalingen for den
komprimerbare celle overstiger den forudbestemte teerskel, hvilket indikerer
overkomprimering af den komprimerbare celle; og

tilfersel af fluid til den komprimerbare celle for at lindre fladbundstilstanden.
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14. Fremgangsmade ifelge krav 13, hvor trykreguleringsindretningen tilferer
luft for at puste flerheden af komprimerbare celler op baseret pa flerheden af
malinger og frigiver luften for at justere et oppustningsniveau for flerheden af

komprimerbare celler baseret pa flerheden af malinger.
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